
ABSTRACT
Congenital hypothyroidism (CH) is the most common neonatal 
endocrine disorder and a leading preventable cause of intellectual 
disability if not diagnosed and treated early. In Bangladesh, neonatal 
screening for CH was initiated in 1999 with support from the 
International Atomic Energy Agency using radioimmunoassay-based 
thyroid-stimulating hormone (TSH) measurement. Recent national 
data indicate an increasing incidence, highlighting the growing public 
health importance of CH in the country.
This review explores the genetic landscape of CH in Bangladesh and its 
implications for diagnosis and personalized therapeutics. CH is 
genetically heterogeneous, broadly classified into thyroid dysgenesis and 
dyshormonogenesis. Mutations in genes such as TSHR, PAX8, NKX2-1, 
and FOXE1 are associated with thyroid dysgenesis, while defects in TPO, 
TG, DUOX2, and SLC5A5 underlie dyshormonogenesis. Available 
studies from Bangladesh, though limited, reveal a predominance of TPO 
gene mutations, indicating dyshormonogenesis as a significant 
contributor. Additional mutations in TSHR and NKX2.5 genes further 
highlight genetic diversity and complexity.
Integrating genetic screening into neonatal CH programs in 
Bangladesh is essential for improving etiological diagnosis, enabling 
personalized treatment, and reducing healthcare burden. Strengthening 
national genomic research and screening strategies will be critical to 
advancing precision medicine in CH management.
Keywords: Congenital hypothyroidism, genetics, Bangladesh, personalized 
therapeutics, dyshormonogenesis, thyroid dysgenesis, neonatal screening

Bangladesh J. Nucl. Med. Vol. 28 No. 2 July  2025
DOI: https://doi.org/10.3329/bjnm.v28i2.89151

INTRODUCTION 

Thyroid hormones are crucial for standard growth and 
neurological progress during early life. Congenital 
hypothyroidism (CH) is the most common neonatal 
endocrine disease that can lead to severe 
neurodevelopmental impairment if not detected through 
newborn screening and ensure early treatment to prevent 
intellectual disability.

Neonatal screening for CH in Bangladesh began in 1999 
through a regional project supported by the International 
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Atomic Energy Agency (IAEA), using a cost-effective 
radioimmunoassay (RIA) method to measure 
thyroid-stimulating hormone (TSH). The initial 
estimated prevalence was approximately 1 in 2,000 
newborns (1). Subsequently, a government-approved 
national screening program reported a higher incidence 
of 1 in 1,825 births between July 2018 and June 2022, 
based on screening around 500,000 newborns, 
suggesting an increasing trend (2).

CH has been broadly classified into two forms: 1) 
dysfunction of the hypothalamic–pituitary–thyroid 
(HPT) axis present at birth, resulting in insufficient 
thyroid hormone production or reduced function 
(dyshormonogenesis); and 2) thyroid dysgenesis (TD), 
characterized by a defect in thyroid gland development, 
which accounts for approximately 85% of cases (3, 4).

However, recent advances in molecular techniques have 
greatly enhanced our understanding of the effect of 
single-gene mutations and multiple-gene polymorphisms 
in CH pathogenesis. Global ongoing research into the 
genetic origin of CH is continually revealing new 
regulatory pathways, suggesting that a substantial 
proportion of primary congenital hypothyroidism may 
result from the combined effect of rare variants across 
multiple genes involved in thyroid development and 
function (5, 6). The ENDO-European Reference Network 
(ERN) initiative 2020-2021 consensus guidelines on CH 
recommend genetic testing to improve diagnosis, 
treatment, or prognosis of the patients (3).

Bangladesh lacks a comprehensive genetic characterization 
of CH and screening status. It is inevitable to investigate 
the genetic etiology of CH and thereby evaluate the impact 
of genetic testing on the management and prognosis of 
patients with CH. Few studies have been conducted to find 

the genetic mutation in diagnosed CH patients attending 
tertiary hospitals. This systematic review summarizes 
published evidence on genetic causes of CH in Bangladesh 
and explores the priorities for genetic screening as 
diagnostic practices and clinical application to improve 
management of CH.

GENETIC MECHANISMS UNDERLYING CONGENITAL 
HYPOTHYROIDISM

CH is a genetically heterogeneous disorder. Numerous 
genetic mutations have been identified that disrupts cell 
signaling pathways affecting thyroid gland development, 
hormone synthesis, or regulation of the 
hypothalamic–pituitary–thyroid (HPT) axis (Figure 1). 
Key genes associated with thyroid dysgenesis include the 

thyroid-stimulating hormone receptor (TSHR) and 
thyroid-specific transcription factors expressed during 
early thyroid development, such as PAX8, NKX2–1, 
FOXE1, and others (7). Whereas several genes are 
implicated in the dyshormonogenesis, including 
thyroglobulin (TG), TSH receptor (TSHR), 
thyroperoxidase (TPO), sodium/chloride symporter 
(SLC5A5), dual oxidase 2 (DUOX2), membrane 
transporters pendrin (SLC26A4), monocarboxylate 
transporter 8 (SLC16A2), and dehalogenase 
(DEHAL1/IYD) (8). This group includes inherited defects 
in the biochemical steps required for thyroid hormone 
production. Mutations impair iodine uptake, organification, 
coupling, or hormone release, resulting in reduced thyroid 
hormone synthesis despite a structurally normal gland (9). 

GENETIC STUDIES FOR CONGENITAL HYPO- 
THYROIDISM IN BANGLADESH 

The present systematic review has summarized available 
genetic investigations for CH in Bangladesh to show the 

frequencies of the common mutagenic trend in CH 
(Table 1). Although there is limited data, the studies 
include both thyroid dysgenesis (TD) and 
dyshormonogenesis (TDH). 

The most prevalent gene mutation found is 
thyroperoxidase (TPO), which is frequently associated 
with TDH (10,14,15). TPO (a glycosylated hemoprotein) 
is the major enzyme in thyroid hormone biosynthesis, and 
it catalyzes both iodination and coupling of iodotyrosine 
residues in TG (thyroglobulin) (Figure 2).

Figure 2: Enzymatic role of TPO in the synthesis of 
thyroxine (T4). Impairment of enzymatic function 
results reduced hormone production. 

Begum et al. (10) analyzed how mutations affect the 
structural integrity, domain arrangement, and folding 
patterns of the TPO protein using molecular docking with 
heme, as heme is crucial for TPO's catalytic activity. 
Molecular simulation with heme showed that mutant 
TPO proteins have lower binding affinity than the wild 
type, indicating that mutations could reduce enzyme 
activity, thereby decreasing thyroid hormone synthesis. 
Researchers also found mutations in genes responsible 
for TD, including TSHR, Thyroid transcription factor 
NKX2.5, and PAX8 (Table 1) (11-14). A study 
investigated mutations in the TSHR gene in 21 patients 
with dysgenesis and found that mutant proteins exhibited 
reduced binding affinity for small-molecule thyrogenic 
drugs compared with the wild type, as determined by 
molecular docking and molecular dynamics simulations 

(13). Thus, the findings demonstrated that TSHR 
mutations can impair drug binding, providing insights for 
targeted drug design and therapeutic strategies in 
congenital hypothyroidism with dysgenesis.

Another study used high-resolution melting (HRM) 
analysis, a rapid, high-throughput real-time PCR method 
that detects DNA variations based on melting behavior (15). 
This study evaluated HRM as an effective screening tool for 
congenital hypothyroidism (CH) in Bangladeshi patients 
with dyshormonogenesis and found it to be a reliable, 
cost-effective approach for identifying common TPO gene 
mutations (c.1117G>T, c.1193G>C, c.2173A>C).

IMPACT OF GENETIC TESTING ON DIAGNOSIS 
AND PERSONALIZED TREATMENT OF CH

Studying mutations in genetic disorders like congenital 
hypothyroidism is crucial for understanding disease 
development and severity. Congenital hypothyroidism 
can be categorized as permanent or transient, influencing 
treatment duration. Transient congenital hypothyroidism 
may resolve itself and can be linked to maternal factors 
such as iodine imbalance, anti-thyroid drugs, or thyroid 
antibodies during pregnancy. Genetic testing aids in 
differentiating between transient and permanent forms, 
potentially allowing for the cessation of thyroxine 
therapy in certain patients. Kara et al. (16) found that 
genetic analysis re-evaluated diagnoses in a study cohort 
and resulted in treatment discontinuation for five patients 
with specific gene mutations such as, monoallelic THSR 
(thyroid-stimulating hormone receptor) or DUOX2 (Dual 
oxidase 2). Timely identification of transient cases can 
significantly reduce unnecessary medical treatments and 
healthcare usage.

CONCLUSION

Several studies highlight the importance of genetic 
screening for congenital hypothyroidism. Identifying the 
specific genetic cause can determine if a patient requires 
lifelong hormone replacement therapy, as is the case for 
genetic causes, or if a temporary treatment plan is 
sufficient for acquired cases such as those related to 
iodine deficiency. Early diagnosis and treatment are 
crucial to prevent severe developmental delays and 

cognitive impairments. In Bangladesh, since there is 
increasing trend of CH incidence, it is urgent to develop 
and practice early newborn genetic screening that may 
outweigh the burden of lifelong follow-up and treatment.
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Spearman’s correlation Quantitative analysis revealed a 
significant positive correlation between ADCL severity 
scores and perfusion abnormalities as measured by 
Z-scores (ρ = 0.609, p = 0.002). This indicates that 
children with more severe ASD symptoms exhibited 
more profound cerebral hypoperfusion.

When comparing perfusion deficits across severity 
groups, children with high–moderate ASD had 
significantly greater perfusion abnormalities compared to 
both mild and low–moderate groups (p < 0.05). These 
findings confirm that the severity of cortical perfusion 
deficits parallels the clinical severity of ASD.

Taken together, these results demonstrate that the frontal 
cortex is the most consistently and severely affected 
region across all severity levels of ASD, while the 
temporal and parietal lobes show progressive involvement 
with increasing severity. Symptom-specific correlations 
further highlight the neurobiological underpinnings of 
clinical features such as speech delay, hyperactivity, poor 
eye contact, and cognitive dysfunction. Moreover, the 
statistically significant association between ADCL scores 
and perfusion abnormalities underscores the clinical 
relevance of brain perfusion SPECT as a valuable 
complementary tool in the comprehensive assessment of 
ASD.

DISCUSSION

This study demonstrated reproducible, severity-dependent 
patterns of cerebral hypoperfusion in children with ASD. 
The most frequently affected regions were the frontal, 
temporal, and parietal cortices, which correspond closely 
to the domains of executive functioning, language, social 
cognition, and visuospatial processing—core areas of 
impairment in ASD. Importantly, the degree of 
hypoperfusion increased with symptom severity, 
supporting the concept that regional cerebral blood flow 
abnormalities reflect not only the presence but also the 
progression of clinical deficits in ASD.

Our findings are consistent with prior international 
studies, reinforcing the universality of perfusion 
abnormalities in ASD pathophysiology. Studies reported 
prefrontal and temporal cortical hypoperfusion in 
children with ASD, findings replicated across multiple 
independent cohorts (8, 9). Similar reports were also 

demonstrated, where abnormal hemispheric asymmetry 
and reduced rCBF in temporal regions using SPECT, 
linked those abnormalities to impaired social 
communication, a finding corroborated by various 
independent cohorts (10, 11). Few authors highlighted 
frontal lobe dysfunction as a hallmark of ASD, describing 
it as a “frontal disconnection syndrome” affecting 
higher-order integrative functions (7).

South Asian researchers reported widespread perfusion 
abnormalities in Indian children with ASD, including 
both cortical and subcortical regions, with 
severity-dependent changes resembling those observed in 
our cohort (6). The convergence of findings across 
diverse populations suggests that cerebral hypoperfusion 
is not an isolated regional phenomenon but a robust 
marker of ASD-related neurobiological dysfunction.

The symptom–perfusion correlations observed in this 
study provide compelling evidence for the 
neurobiological underpinnings of clinical manifestations. 
Speech delay, the most frequent presenting symptom, 
was strongly associated with frontal and temporal 
hypoperfusion, implicating networks involved in 
expressive language, semantic processing, and working 
memory. These results align with Ohnishi et al. (5) and   
Ratnam BV et al. (12) who demonstrated reduced 
activation in Broca’s and Wernicke’s homologous regions 
in children with ASD.

Hyperactivity was universally correlated with frontal 
lobe deficits, consistent with the role of the prefrontal 
cortex in inhibitory control, attention, and impulse 
regulation. This was previously demonstrated as delayed 
frontal maturation in ASD, potentially contributing to 
attentional dysregulation (4).

Cognitive dysfunction was most strongly associated with 
combined frontal and parietal hypoperfusion, reflecting 
disruption of fronto-parietal networks critical for 
executive function and working memory. Finally, poor 
eye contact, a defining social deficit, was associated with 
hypoperfusion in both frontal and parietal cortices, 
regions implicated in gaze processing and visuospatial 
attention, supporting functional MRI studies showing 
reduced activation in the “social brain” network during 
eye-contact tasks (13-17).

The diagnosis of ASD remains behaviorally driven, 
reliant on DSM-5 criteria and structured interviews. 
Although these methods are well-established, they lack 
objective biomarkers and are susceptible to variability 
based on cultural context, caregiver reporting, and 
examiner expertise. The results of this study suggest that 
brain perfusion SPECT could serve as a valuable 
complementary tool, particularly in resource-limited 
settings such as Bangladesh, where advanced 
neuroimaging modalities like fMRI or PET are less 
accessible.

Beyond diagnosis, perfusion imaging may have 
significant value in monitoring therapeutic interventions. 
Several studies have demonstrated normalization of 
rCBF following behavioral therapy or pharmacological 
treatment, correlating with clinical improvement (18-22). 
Thus, SPECT has potential utility in both tracking 
treatment response and providing prognostic insights.

CONCLUSION 

This study demonstrates that 99m Tc- ECD brain SPECT 
reliably identifies severity-dependent patterns of regional 
cerebral hypoperfusion in children with ASD in 
Bangladesh. The most consistently affected regions were 
the frontal, temporal, and parietal cortices, which 
correspond to the domains of executive functioning, 
language, and social cognition. The observed perfusion 
deficits showed a significant correlation with clinical 
severity and specific symptomatology, highlighting the 
neurobiological basis of behavioral manifestations in 
ASD. These findings support the utility of brain perfusion 
SPECT as a potential functional biomarker for the 
diagnosis, severity stratification, and longitudinal 
monitoring of ASD, particularly in resource-limited 
settings where advanced functional imaging modalities 
may not be widely accessible.

LIMITATION 

The study acknowledges several limitations including a 
small sample size from a single center, potentially 
affecting the generalizability of results. The possibility of 
residual confounding remains despite efforts to exclude 
patients with brain abnormalities and comorbid disorders. 
A cross-sectional design limits the ability to infer causal 
relationships regarding perfusion abnormalities. 

Furthermore, while SPECT imaging is valuable, its 
spatial resolution is inferior to PET or fMRI. Future 
research should focus on larger, multicenter studies with 
longitudinal designs to assess cerebral perfusion changes. 
Integrating SPECT with other imaging modalities and 
biological markers may enhance understanding of ASD 
neurobiology, with studies needed to explore the effects 
of treatments on perfusion patterns for better diagnostic 
and prognostic capabilities.
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ABSTRACT
Congenital hypothyroidism (CH) is the most common neonatal 
endocrine disorder and a leading preventable cause of intellectual 
disability if not diagnosed and treated early. In Bangladesh, neonatal 
screening for CH was initiated in 1999 with support from the 
International Atomic Energy Agency using radioimmunoassay-based 
thyroid-stimulating hormone (TSH) measurement. Recent national 
data indicate an increasing incidence, highlighting the growing public 
health importance of CH in the country.
This review explores the genetic landscape of CH in Bangladesh and its 
implications for diagnosis and personalized therapeutics. CH is 
genetically heterogeneous, broadly classified into thyroid dysgenesis and 
dyshormonogenesis. Mutations in genes such as TSHR, PAX8, NKX2-1, 
and FOXE1 are associated with thyroid dysgenesis, while defects in TPO, 
TG, DUOX2, and SLC5A5 underlie dyshormonogenesis. Available 
studies from Bangladesh, though limited, reveal a predominance of TPO 
gene mutations, indicating dyshormonogenesis as a significant 
contributor. Additional mutations in TSHR and NKX2.5 genes further 
highlight genetic diversity and complexity.
Integrating genetic screening into neonatal CH programs in 
Bangladesh is essential for improving etiological diagnosis, enabling 
personalized treatment, and reducing healthcare burden. Strengthening 
national genomic research and screening strategies will be critical to 
advancing precision medicine in CH management.
Keywords: Congenital hypothyroidism, genetics, Bangladesh, personalized 
therapeutics, dyshormonogenesis, thyroid dysgenesis, neonatal screening
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INTRODUCTION 

Thyroid hormones are crucial for standard growth and 
neurological progress during early life. Congenital 
hypothyroidism (CH) is the most common neonatal 
endocrine disease that can lead to severe 
neurodevelopmental impairment if not detected through 
newborn screening and ensure early treatment to prevent 
intellectual disability.

Neonatal screening for CH in Bangladesh began in 1999 
through a regional project supported by the International 

Atomic Energy Agency (IAEA), using a cost-effective 
radioimmunoassay (RIA) method to measure 
thyroid-stimulating hormone (TSH). The initial 
estimated prevalence was approximately 1 in 2,000 
newborns (1). Subsequently, a government-approved 
national screening program reported a higher incidence 
of 1 in 1,825 births between July 2018 and June 2022, 
based on screening around 500,000 newborns, 
suggesting an increasing trend (2).

CH has been broadly classified into two forms: 1) 
dysfunction of the hypothalamic–pituitary–thyroid 
(HPT) axis present at birth, resulting in insufficient 
thyroid hormone production or reduced function 
(dyshormonogenesis); and 2) thyroid dysgenesis (TD), 
characterized by a defect in thyroid gland development, 
which accounts for approximately 85% of cases (3, 4).

However, recent advances in molecular techniques have 
greatly enhanced our understanding of the effect of 
single-gene mutations and multiple-gene polymorphisms 
in CH pathogenesis. Global ongoing research into the 
genetic origin of CH is continually revealing new 
regulatory pathways, suggesting that a substantial 
proportion of primary congenital hypothyroidism may 
result from the combined effect of rare variants across 
multiple genes involved in thyroid development and 
function (5, 6). The ENDO-European Reference Network 
(ERN) initiative 2020-2021 consensus guidelines on CH 
recommend genetic testing to improve diagnosis, 
treatment, or prognosis of the patients (3).

Bangladesh lacks a comprehensive genetic characterization 
of CH and screening status. It is inevitable to investigate 
the genetic etiology of CH and thereby evaluate the impact 
of genetic testing on the management and prognosis of 
patients with CH. Few studies have been conducted to find 

the genetic mutation in diagnosed CH patients attending 
tertiary hospitals. This systematic review summarizes 
published evidence on genetic causes of CH in Bangladesh 
and explores the priorities for genetic screening as 
diagnostic practices and clinical application to improve 
management of CH.

GENETIC MECHANISMS UNDERLYING CONGENITAL 
HYPOTHYROIDISM

CH is a genetically heterogeneous disorder. Numerous 
genetic mutations have been identified that disrupts cell 
signaling pathways affecting thyroid gland development, 
hormone synthesis, or regulation of the 
hypothalamic–pituitary–thyroid (HPT) axis (Figure 1). 
Key genes associated with thyroid dysgenesis include the 

thyroid-stimulating hormone receptor (TSHR) and 
thyroid-specific transcription factors expressed during 
early thyroid development, such as PAX8, NKX2–1, 
FOXE1, and others (7). Whereas several genes are 
implicated in the dyshormonogenesis, including 
thyroglobulin (TG), TSH receptor (TSHR), 
thyroperoxidase (TPO), sodium/chloride symporter 
(SLC5A5), dual oxidase 2 (DUOX2), membrane 
transporters pendrin (SLC26A4), monocarboxylate 
transporter 8 (SLC16A2), and dehalogenase 
(DEHAL1/IYD) (8). This group includes inherited defects 
in the biochemical steps required for thyroid hormone 
production. Mutations impair iodine uptake, organification, 
coupling, or hormone release, resulting in reduced thyroid 
hormone synthesis despite a structurally normal gland (9). 

GENETIC STUDIES FOR CONGENITAL HYPO- 
THYROIDISM IN BANGLADESH 

The present systematic review has summarized available 
genetic investigations for CH in Bangladesh to show the 

frequencies of the common mutagenic trend in CH 
(Table 1). Although there is limited data, the studies 
include both thyroid dysgenesis (TD) and 
dyshormonogenesis (TDH). 

The most prevalent gene mutation found is 
thyroperoxidase (TPO), which is frequently associated 
with TDH (10,14,15). TPO (a glycosylated hemoprotein) 
is the major enzyme in thyroid hormone biosynthesis, and 
it catalyzes both iodination and coupling of iodotyrosine 
residues in TG (thyroglobulin) (Figure 2).

Figure 2: Enzymatic role of TPO in the synthesis of 
thyroxine (T4). Impairment of enzymatic function 
results reduced hormone production. 

Begum et al. (10) analyzed how mutations affect the 
structural integrity, domain arrangement, and folding 
patterns of the TPO protein using molecular docking with 
heme, as heme is crucial for TPO's catalytic activity. 
Molecular simulation with heme showed that mutant 
TPO proteins have lower binding affinity than the wild 
type, indicating that mutations could reduce enzyme 
activity, thereby decreasing thyroid hormone synthesis. 
Researchers also found mutations in genes responsible 
for TD, including TSHR, Thyroid transcription factor 
NKX2.5, and PAX8 (Table 1) (11-14). A study 
investigated mutations in the TSHR gene in 21 patients 
with dysgenesis and found that mutant proteins exhibited 
reduced binding affinity for small-molecule thyrogenic 
drugs compared with the wild type, as determined by 
molecular docking and molecular dynamics simulations 

(13). Thus, the findings demonstrated that TSHR 
mutations can impair drug binding, providing insights for 
targeted drug design and therapeutic strategies in 
congenital hypothyroidism with dysgenesis.

Another study used high-resolution melting (HRM) 
analysis, a rapid, high-throughput real-time PCR method 
that detects DNA variations based on melting behavior (15). 
This study evaluated HRM as an effective screening tool for 
congenital hypothyroidism (CH) in Bangladeshi patients 
with dyshormonogenesis and found it to be a reliable, 
cost-effective approach for identifying common TPO gene 
mutations (c.1117G>T, c.1193G>C, c.2173A>C).

IMPACT OF GENETIC TESTING ON DIAGNOSIS 
AND PERSONALIZED TREATMENT OF CH

Studying mutations in genetic disorders like congenital 
hypothyroidism is crucial for understanding disease 
development and severity. Congenital hypothyroidism 
can be categorized as permanent or transient, influencing 
treatment duration. Transient congenital hypothyroidism 
may resolve itself and can be linked to maternal factors 
such as iodine imbalance, anti-thyroid drugs, or thyroid 
antibodies during pregnancy. Genetic testing aids in 
differentiating between transient and permanent forms, 
potentially allowing for the cessation of thyroxine 
therapy in certain patients. Kara et al. (16) found that 
genetic analysis re-evaluated diagnoses in a study cohort 
and resulted in treatment discontinuation for five patients 
with specific gene mutations such as, monoallelic THSR 
(thyroid-stimulating hormone receptor) or DUOX2 (Dual 
oxidase 2). Timely identification of transient cases can 
significantly reduce unnecessary medical treatments and 
healthcare usage.

CONCLUSION

Several studies highlight the importance of genetic 
screening for congenital hypothyroidism. Identifying the 
specific genetic cause can determine if a patient requires 
lifelong hormone replacement therapy, as is the case for 
genetic causes, or if a temporary treatment plan is 
sufficient for acquired cases such as those related to 
iodine deficiency. Early diagnosis and treatment are 
crucial to prevent severe developmental delays and 

cognitive impairments. In Bangladesh, since there is 
increasing trend of CH incidence, it is urgent to develop 
and practice early newborn genetic screening that may 
outweigh the burden of lifelong follow-up and treatment.
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Spearman’s correlation Quantitative analysis revealed a 
significant positive correlation between ADCL severity 
scores and perfusion abnormalities as measured by 
Z-scores (ρ = 0.609, p = 0.002). This indicates that 
children with more severe ASD symptoms exhibited 
more profound cerebral hypoperfusion.

When comparing perfusion deficits across severity 
groups, children with high–moderate ASD had 
significantly greater perfusion abnormalities compared to 
both mild and low–moderate groups (p < 0.05). These 
findings confirm that the severity of cortical perfusion 
deficits parallels the clinical severity of ASD.

Taken together, these results demonstrate that the frontal 
cortex is the most consistently and severely affected 
region across all severity levels of ASD, while the 
temporal and parietal lobes show progressive involvement 
with increasing severity. Symptom-specific correlations 
further highlight the neurobiological underpinnings of 
clinical features such as speech delay, hyperactivity, poor 
eye contact, and cognitive dysfunction. Moreover, the 
statistically significant association between ADCL scores 
and perfusion abnormalities underscores the clinical 
relevance of brain perfusion SPECT as a valuable 
complementary tool in the comprehensive assessment of 
ASD.

DISCUSSION

This study demonstrated reproducible, severity-dependent 
patterns of cerebral hypoperfusion in children with ASD. 
The most frequently affected regions were the frontal, 
temporal, and parietal cortices, which correspond closely 
to the domains of executive functioning, language, social 
cognition, and visuospatial processing—core areas of 
impairment in ASD. Importantly, the degree of 
hypoperfusion increased with symptom severity, 
supporting the concept that regional cerebral blood flow 
abnormalities reflect not only the presence but also the 
progression of clinical deficits in ASD.

Our findings are consistent with prior international 
studies, reinforcing the universality of perfusion 
abnormalities in ASD pathophysiology. Studies reported 
prefrontal and temporal cortical hypoperfusion in 
children with ASD, findings replicated across multiple 
independent cohorts (8, 9). Similar reports were also 

demonstrated, where abnormal hemispheric asymmetry 
and reduced rCBF in temporal regions using SPECT, 
linked those abnormalities to impaired social 
communication, a finding corroborated by various 
independent cohorts (10, 11). Few authors highlighted 
frontal lobe dysfunction as a hallmark of ASD, describing 
it as a “frontal disconnection syndrome” affecting 
higher-order integrative functions (7).

South Asian researchers reported widespread perfusion 
abnormalities in Indian children with ASD, including 
both cortical and subcortical regions, with 
severity-dependent changes resembling those observed in 
our cohort (6). The convergence of findings across 
diverse populations suggests that cerebral hypoperfusion 
is not an isolated regional phenomenon but a robust 
marker of ASD-related neurobiological dysfunction.

The symptom–perfusion correlations observed in this 
study provide compelling evidence for the 
neurobiological underpinnings of clinical manifestations. 
Speech delay, the most frequent presenting symptom, 
was strongly associated with frontal and temporal 
hypoperfusion, implicating networks involved in 
expressive language, semantic processing, and working 
memory. These results align with Ohnishi et al. (5) and   
Ratnam BV et al. (12) who demonstrated reduced 
activation in Broca’s and Wernicke’s homologous regions 
in children with ASD.

Hyperactivity was universally correlated with frontal 
lobe deficits, consistent with the role of the prefrontal 
cortex in inhibitory control, attention, and impulse 
regulation. This was previously demonstrated as delayed 
frontal maturation in ASD, potentially contributing to 
attentional dysregulation (4).

Cognitive dysfunction was most strongly associated with 
combined frontal and parietal hypoperfusion, reflecting 
disruption of fronto-parietal networks critical for 
executive function and working memory. Finally, poor 
eye contact, a defining social deficit, was associated with 
hypoperfusion in both frontal and parietal cortices, 
regions implicated in gaze processing and visuospatial 
attention, supporting functional MRI studies showing 
reduced activation in the “social brain” network during 
eye-contact tasks (13-17).

The diagnosis of ASD remains behaviorally driven, 
reliant on DSM-5 criteria and structured interviews. 
Although these methods are well-established, they lack 
objective biomarkers and are susceptible to variability 
based on cultural context, caregiver reporting, and 
examiner expertise. The results of this study suggest that 
brain perfusion SPECT could serve as a valuable 
complementary tool, particularly in resource-limited 
settings such as Bangladesh, where advanced 
neuroimaging modalities like fMRI or PET are less 
accessible.

Beyond diagnosis, perfusion imaging may have 
significant value in monitoring therapeutic interventions. 
Several studies have demonstrated normalization of 
rCBF following behavioral therapy or pharmacological 
treatment, correlating with clinical improvement (18-22). 
Thus, SPECT has potential utility in both tracking 
treatment response and providing prognostic insights.

CONCLUSION 

This study demonstrates that 99m Tc- ECD brain SPECT 
reliably identifies severity-dependent patterns of regional 
cerebral hypoperfusion in children with ASD in 
Bangladesh. The most consistently affected regions were 
the frontal, temporal, and parietal cortices, which 
correspond to the domains of executive functioning, 
language, and social cognition. The observed perfusion 
deficits showed a significant correlation with clinical 
severity and specific symptomatology, highlighting the 
neurobiological basis of behavioral manifestations in 
ASD. These findings support the utility of brain perfusion 
SPECT as a potential functional biomarker for the 
diagnosis, severity stratification, and longitudinal 
monitoring of ASD, particularly in resource-limited 
settings where advanced functional imaging modalities 
may not be widely accessible.

LIMITATION 

The study acknowledges several limitations including a 
small sample size from a single center, potentially 
affecting the generalizability of results. The possibility of 
residual confounding remains despite efforts to exclude 
patients with brain abnormalities and comorbid disorders. 
A cross-sectional design limits the ability to infer causal 
relationships regarding perfusion abnormalities. 

Furthermore, while SPECT imaging is valuable, its 
spatial resolution is inferior to PET or fMRI. Future 
research should focus on larger, multicenter studies with 
longitudinal designs to assess cerebral perfusion changes. 
Integrating SPECT with other imaging modalities and 
biological markers may enhance understanding of ASD 
neurobiology, with studies needed to explore the effects 
of treatments on perfusion patterns for better diagnostic 
and prognostic capabilities.
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Figure 1: Genetic involvement with congenital hypothyroidism. TRH- Thyrotropin releasing hormone; TSH-Thyroid 
stimulating hormone; T4- Thyroxine; T3-Triiodothyronine
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ABSTRACT
Congenital hypothyroidism (CH) is the most common neonatal 
endocrine disorder and a leading preventable cause of intellectual 
disability if not diagnosed and treated early. In Bangladesh, neonatal 
screening for CH was initiated in 1999 with support from the 
International Atomic Energy Agency using radioimmunoassay-based 
thyroid-stimulating hormone (TSH) measurement. Recent national 
data indicate an increasing incidence, highlighting the growing public 
health importance of CH in the country.
This review explores the genetic landscape of CH in Bangladesh and its 
implications for diagnosis and personalized therapeutics. CH is 
genetically heterogeneous, broadly classified into thyroid dysgenesis and 
dyshormonogenesis. Mutations in genes such as TSHR, PAX8, NKX2-1, 
and FOXE1 are associated with thyroid dysgenesis, while defects in TPO, 
TG, DUOX2, and SLC5A5 underlie dyshormonogenesis. Available 
studies from Bangladesh, though limited, reveal a predominance of TPO 
gene mutations, indicating dyshormonogenesis as a significant 
contributor. Additional mutations in TSHR and NKX2.5 genes further 
highlight genetic diversity and complexity.
Integrating genetic screening into neonatal CH programs in 
Bangladesh is essential for improving etiological diagnosis, enabling 
personalized treatment, and reducing healthcare burden. Strengthening 
national genomic research and screening strategies will be critical to 
advancing precision medicine in CH management.
Keywords: Congenital hypothyroidism, genetics, Bangladesh, personalized 
therapeutics, dyshormonogenesis, thyroid dysgenesis, neonatal screening
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INTRODUCTION 

Thyroid hormones are crucial for standard growth and 
neurological progress during early life. Congenital 
hypothyroidism (CH) is the most common neonatal 
endocrine disease that can lead to severe 
neurodevelopmental impairment if not detected through 
newborn screening and ensure early treatment to prevent 
intellectual disability.

Neonatal screening for CH in Bangladesh began in 1999 
through a regional project supported by the International 

Atomic Energy Agency (IAEA), using a cost-effective 
radioimmunoassay (RIA) method to measure 
thyroid-stimulating hormone (TSH). The initial 
estimated prevalence was approximately 1 in 2,000 
newborns (1). Subsequently, a government-approved 
national screening program reported a higher incidence 
of 1 in 1,825 births between July 2018 and June 2022, 
based on screening around 500,000 newborns, 
suggesting an increasing trend (2).

CH has been broadly classified into two forms: 1) 
dysfunction of the hypothalamic–pituitary–thyroid 
(HPT) axis present at birth, resulting in insufficient 
thyroid hormone production or reduced function 
(dyshormonogenesis); and 2) thyroid dysgenesis (TD), 
characterized by a defect in thyroid gland development, 
which accounts for approximately 85% of cases (3, 4).

However, recent advances in molecular techniques have 
greatly enhanced our understanding of the effect of 
single-gene mutations and multiple-gene polymorphisms 
in CH pathogenesis. Global ongoing research into the 
genetic origin of CH is continually revealing new 
regulatory pathways, suggesting that a substantial 
proportion of primary congenital hypothyroidism may 
result from the combined effect of rare variants across 
multiple genes involved in thyroid development and 
function (5, 6). The ENDO-European Reference Network 
(ERN) initiative 2020-2021 consensus guidelines on CH 
recommend genetic testing to improve diagnosis, 
treatment, or prognosis of the patients (3).

Bangladesh lacks a comprehensive genetic characterization 
of CH and screening status. It is inevitable to investigate 
the genetic etiology of CH and thereby evaluate the impact 
of genetic testing on the management and prognosis of 
patients with CH. Few studies have been conducted to find 

the genetic mutation in diagnosed CH patients attending 
tertiary hospitals. This systematic review summarizes 
published evidence on genetic causes of CH in Bangladesh 
and explores the priorities for genetic screening as 
diagnostic practices and clinical application to improve 
management of CH.

GENETIC MECHANISMS UNDERLYING CONGENITAL 
HYPOTHYROIDISM

CH is a genetically heterogeneous disorder. Numerous 
genetic mutations have been identified that disrupts cell 
signaling pathways affecting thyroid gland development, 
hormone synthesis, or regulation of the 
hypothalamic–pituitary–thyroid (HPT) axis (Figure 1). 
Key genes associated with thyroid dysgenesis include the 

thyroid-stimulating hormone receptor (TSHR) and 
thyroid-specific transcription factors expressed during 
early thyroid development, such as PAX8, NKX2–1, 
FOXE1, and others (7). Whereas several genes are 
implicated in the dyshormonogenesis, including 
thyroglobulin (TG), TSH receptor (TSHR), 
thyroperoxidase (TPO), sodium/chloride symporter 
(SLC5A5), dual oxidase 2 (DUOX2), membrane 
transporters pendrin (SLC26A4), monocarboxylate 
transporter 8 (SLC16A2), and dehalogenase 
(DEHAL1/IYD) (8). This group includes inherited defects 
in the biochemical steps required for thyroid hormone 
production. Mutations impair iodine uptake, organification, 
coupling, or hormone release, resulting in reduced thyroid 
hormone synthesis despite a structurally normal gland (9). 

GENETIC STUDIES FOR CONGENITAL HYPO- 
THYROIDISM IN BANGLADESH 

The present systematic review has summarized available 
genetic investigations for CH in Bangladesh to show the 

frequencies of the common mutagenic trend in CH 
(Table 1). Although there is limited data, the studies 
include both thyroid dysgenesis (TD) and 
dyshormonogenesis (TDH). 

The most prevalent gene mutation found is 
thyroperoxidase (TPO), which is frequently associated 
with TDH (10,14,15). TPO (a glycosylated hemoprotein) 
is the major enzyme in thyroid hormone biosynthesis, and 
it catalyzes both iodination and coupling of iodotyrosine 
residues in TG (thyroglobulin) (Figure 2).

Figure 2: Enzymatic role of TPO in the synthesis of 
thyroxine (T4). Impairment of enzymatic function 
results reduced hormone production. 

Begum et al. (10) analyzed how mutations affect the 
structural integrity, domain arrangement, and folding 
patterns of the TPO protein using molecular docking with 
heme, as heme is crucial for TPO's catalytic activity. 
Molecular simulation with heme showed that mutant 
TPO proteins have lower binding affinity than the wild 
type, indicating that mutations could reduce enzyme 
activity, thereby decreasing thyroid hormone synthesis. 
Researchers also found mutations in genes responsible 
for TD, including TSHR, Thyroid transcription factor 
NKX2.5, and PAX8 (Table 1) (11-14). A study 
investigated mutations in the TSHR gene in 21 patients 
with dysgenesis and found that mutant proteins exhibited 
reduced binding affinity for small-molecule thyrogenic 
drugs compared with the wild type, as determined by 
molecular docking and molecular dynamics simulations 

(13). Thus, the findings demonstrated that TSHR 
mutations can impair drug binding, providing insights for 
targeted drug design and therapeutic strategies in 
congenital hypothyroidism with dysgenesis.

Another study used high-resolution melting (HRM) 
analysis, a rapid, high-throughput real-time PCR method 
that detects DNA variations based on melting behavior (15). 
This study evaluated HRM as an effective screening tool for 
congenital hypothyroidism (CH) in Bangladeshi patients 
with dyshormonogenesis and found it to be a reliable, 
cost-effective approach for identifying common TPO gene 
mutations (c.1117G>T, c.1193G>C, c.2173A>C).

IMPACT OF GENETIC TESTING ON DIAGNOSIS 
AND PERSONALIZED TREATMENT OF CH

Studying mutations in genetic disorders like congenital 
hypothyroidism is crucial for understanding disease 
development and severity. Congenital hypothyroidism 
can be categorized as permanent or transient, influencing 
treatment duration. Transient congenital hypothyroidism 
may resolve itself and can be linked to maternal factors 
such as iodine imbalance, anti-thyroid drugs, or thyroid 
antibodies during pregnancy. Genetic testing aids in 
differentiating between transient and permanent forms, 
potentially allowing for the cessation of thyroxine 
therapy in certain patients. Kara et al. (16) found that 
genetic analysis re-evaluated diagnoses in a study cohort 
and resulted in treatment discontinuation for five patients 
with specific gene mutations such as, monoallelic THSR 
(thyroid-stimulating hormone receptor) or DUOX2 (Dual 
oxidase 2). Timely identification of transient cases can 
significantly reduce unnecessary medical treatments and 
healthcare usage.

CONCLUSION

Several studies highlight the importance of genetic 
screening for congenital hypothyroidism. Identifying the 
specific genetic cause can determine if a patient requires 
lifelong hormone replacement therapy, as is the case for 
genetic causes, or if a temporary treatment plan is 
sufficient for acquired cases such as those related to 
iodine deficiency. Early diagnosis and treatment are 
crucial to prevent severe developmental delays and 

cognitive impairments. In Bangladesh, since there is 
increasing trend of CH incidence, it is urgent to develop 
and practice early newborn genetic screening that may 
outweigh the burden of lifelong follow-up and treatment.
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Spearman’s correlation Quantitative analysis revealed a 
significant positive correlation between ADCL severity 
scores and perfusion abnormalities as measured by 
Z-scores (ρ = 0.609, p = 0.002). This indicates that 
children with more severe ASD symptoms exhibited 
more profound cerebral hypoperfusion.

When comparing perfusion deficits across severity 
groups, children with high–moderate ASD had 
significantly greater perfusion abnormalities compared to 
both mild and low–moderate groups (p < 0.05). These 
findings confirm that the severity of cortical perfusion 
deficits parallels the clinical severity of ASD.

Taken together, these results demonstrate that the frontal 
cortex is the most consistently and severely affected 
region across all severity levels of ASD, while the 
temporal and parietal lobes show progressive involvement 
with increasing severity. Symptom-specific correlations 
further highlight the neurobiological underpinnings of 
clinical features such as speech delay, hyperactivity, poor 
eye contact, and cognitive dysfunction. Moreover, the 
statistically significant association between ADCL scores 
and perfusion abnormalities underscores the clinical 
relevance of brain perfusion SPECT as a valuable 
complementary tool in the comprehensive assessment of 
ASD.

DISCUSSION

This study demonstrated reproducible, severity-dependent 
patterns of cerebral hypoperfusion in children with ASD. 
The most frequently affected regions were the frontal, 
temporal, and parietal cortices, which correspond closely 
to the domains of executive functioning, language, social 
cognition, and visuospatial processing—core areas of 
impairment in ASD. Importantly, the degree of 
hypoperfusion increased with symptom severity, 
supporting the concept that regional cerebral blood flow 
abnormalities reflect not only the presence but also the 
progression of clinical deficits in ASD.

Our findings are consistent with prior international 
studies, reinforcing the universality of perfusion 
abnormalities in ASD pathophysiology. Studies reported 
prefrontal and temporal cortical hypoperfusion in 
children with ASD, findings replicated across multiple 
independent cohorts (8, 9). Similar reports were also 

demonstrated, where abnormal hemispheric asymmetry 
and reduced rCBF in temporal regions using SPECT, 
linked those abnormalities to impaired social 
communication, a finding corroborated by various 
independent cohorts (10, 11). Few authors highlighted 
frontal lobe dysfunction as a hallmark of ASD, describing 
it as a “frontal disconnection syndrome” affecting 
higher-order integrative functions (7).

South Asian researchers reported widespread perfusion 
abnormalities in Indian children with ASD, including 
both cortical and subcortical regions, with 
severity-dependent changes resembling those observed in 
our cohort (6). The convergence of findings across 
diverse populations suggests that cerebral hypoperfusion 
is not an isolated regional phenomenon but a robust 
marker of ASD-related neurobiological dysfunction.

The symptom–perfusion correlations observed in this 
study provide compelling evidence for the 
neurobiological underpinnings of clinical manifestations. 
Speech delay, the most frequent presenting symptom, 
was strongly associated with frontal and temporal 
hypoperfusion, implicating networks involved in 
expressive language, semantic processing, and working 
memory. These results align with Ohnishi et al. (5) and   
Ratnam BV et al. (12) who demonstrated reduced 
activation in Broca’s and Wernicke’s homologous regions 
in children with ASD.

Hyperactivity was universally correlated with frontal 
lobe deficits, consistent with the role of the prefrontal 
cortex in inhibitory control, attention, and impulse 
regulation. This was previously demonstrated as delayed 
frontal maturation in ASD, potentially contributing to 
attentional dysregulation (4).

Cognitive dysfunction was most strongly associated with 
combined frontal and parietal hypoperfusion, reflecting 
disruption of fronto-parietal networks critical for 
executive function and working memory. Finally, poor 
eye contact, a defining social deficit, was associated with 
hypoperfusion in both frontal and parietal cortices, 
regions implicated in gaze processing and visuospatial 
attention, supporting functional MRI studies showing 
reduced activation in the “social brain” network during 
eye-contact tasks (13-17).

The diagnosis of ASD remains behaviorally driven, 
reliant on DSM-5 criteria and structured interviews. 
Although these methods are well-established, they lack 
objective biomarkers and are susceptible to variability 
based on cultural context, caregiver reporting, and 
examiner expertise. The results of this study suggest that 
brain perfusion SPECT could serve as a valuable 
complementary tool, particularly in resource-limited 
settings such as Bangladesh, where advanced 
neuroimaging modalities like fMRI or PET are less 
accessible.

Beyond diagnosis, perfusion imaging may have 
significant value in monitoring therapeutic interventions. 
Several studies have demonstrated normalization of 
rCBF following behavioral therapy or pharmacological 
treatment, correlating with clinical improvement (18-22). 
Thus, SPECT has potential utility in both tracking 
treatment response and providing prognostic insights.

CONCLUSION 

This study demonstrates that 99m Tc- ECD brain SPECT 
reliably identifies severity-dependent patterns of regional 
cerebral hypoperfusion in children with ASD in 
Bangladesh. The most consistently affected regions were 
the frontal, temporal, and parietal cortices, which 
correspond to the domains of executive functioning, 
language, and social cognition. The observed perfusion 
deficits showed a significant correlation with clinical 
severity and specific symptomatology, highlighting the 
neurobiological basis of behavioral manifestations in 
ASD. These findings support the utility of brain perfusion 
SPECT as a potential functional biomarker for the 
diagnosis, severity stratification, and longitudinal 
monitoring of ASD, particularly in resource-limited 
settings where advanced functional imaging modalities 
may not be widely accessible.

LIMITATION 

The study acknowledges several limitations including a 
small sample size from a single center, potentially 
affecting the generalizability of results. The possibility of 
residual confounding remains despite efforts to exclude 
patients with brain abnormalities and comorbid disorders. 
A cross-sectional design limits the ability to infer causal 
relationships regarding perfusion abnormalities. 

Furthermore, while SPECT imaging is valuable, its 
spatial resolution is inferior to PET or fMRI. Future 
research should focus on larger, multicenter studies with 
longitudinal designs to assess cerebral perfusion changes. 
Integrating SPECT with other imaging modalities and 
biological markers may enhance understanding of ASD 
neurobiology, with studies needed to explore the effects 
of treatments on perfusion patterns for better diagnostic 
and prognostic capabilities.
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Patient 
type 

Patient 
no. 

Gene 
studied 

Mutation identified Reference 

Dyshormon
ogenesis 

36 TPO Gene Four mutations: three nonsynonymous 
c.1117G>T (p.Ala373Ser), c.1193G>C 
(p.Ser398Thr), c.2173A>C (p.Thr725Pro), 
and one synonymous c.2145C>T 
(p.Pro715Pro).  

Begum et al., 
2019 (10) 

Dysgenesis 40 NKX2.5  Nucleotide substitutions (c.1051G>T) in 9, 
deletions (c.1143 delT-) in 8, and both 
substitution and deletion in 4 patients 

Khatun et al., 
2020 (11) 

Dysgenesis 01 (case 
study) 

Thyroid 
transcription 
factor 2   

Exon2; Nucleotide substitution (c.1051G>T)  Khatun et al., 
2021 (12) 

Dysgenesis 21 TSHR  Exon10: Two nonsynonymous 
mutations (p.Ser508Leu, p.Glu727Asp). 

Begum et al., 
2023 (13)  

Dyshormon
ogenesis 
(n=19); 
Dysgenesis 
(n=08) 

27 TPO, TSHR, 
PAX8 

TPO: four mutations- c.1117G>T, 
c.1193G>C, c.2145 C>T, and c.2173A>C 
TSHR: three mutations- c.2181G>C, 
c.2161G>C, and c.1523C>T. 
PAX8: no mutation in exon 3  

Konika et al., 
2024 (14) 

Dyshormon
ogenesis 

36 TPO  Non-synonymous mutations c.1117G>T, 
c.1193G>C, and c.2173A>C 

Begum et al., 
2024 (15)  

Table 1: Genetic analysis of congenital hypothyroidism in Bangladesh 



Bangladesh J. Nucl. Med. Vol. 28, No. 2,  July 2025 Azim   et.  al

ABSTRACT
Congenital hypothyroidism (CH) is the most common neonatal 
endocrine disorder and a leading preventable cause of intellectual 
disability if not diagnosed and treated early. In Bangladesh, neonatal 
screening for CH was initiated in 1999 with support from the 
International Atomic Energy Agency using radioimmunoassay-based 
thyroid-stimulating hormone (TSH) measurement. Recent national 
data indicate an increasing incidence, highlighting the growing public 
health importance of CH in the country.
This review explores the genetic landscape of CH in Bangladesh and its 
implications for diagnosis and personalized therapeutics. CH is 
genetically heterogeneous, broadly classified into thyroid dysgenesis and 
dyshormonogenesis. Mutations in genes such as TSHR, PAX8, NKX2-1, 
and FOXE1 are associated with thyroid dysgenesis, while defects in TPO, 
TG, DUOX2, and SLC5A5 underlie dyshormonogenesis. Available 
studies from Bangladesh, though limited, reveal a predominance of TPO 
gene mutations, indicating dyshormonogenesis as a significant 
contributor. Additional mutations in TSHR and NKX2.5 genes further 
highlight genetic diversity and complexity.
Integrating genetic screening into neonatal CH programs in 
Bangladesh is essential for improving etiological diagnosis, enabling 
personalized treatment, and reducing healthcare burden. Strengthening 
national genomic research and screening strategies will be critical to 
advancing precision medicine in CH management.
Keywords: Congenital hypothyroidism, genetics, Bangladesh, personalized 
therapeutics, dyshormonogenesis, thyroid dysgenesis, neonatal screening
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INTRODUCTION 

Thyroid hormones are crucial for standard growth and 
neurological progress during early life. Congenital 
hypothyroidism (CH) is the most common neonatal 
endocrine disease that can lead to severe 
neurodevelopmental impairment if not detected through 
newborn screening and ensure early treatment to prevent 
intellectual disability.

Neonatal screening for CH in Bangladesh began in 1999 
through a regional project supported by the International 

Atomic Energy Agency (IAEA), using a cost-effective 
radioimmunoassay (RIA) method to measure 
thyroid-stimulating hormone (TSH). The initial 
estimated prevalence was approximately 1 in 2,000 
newborns (1). Subsequently, a government-approved 
national screening program reported a higher incidence 
of 1 in 1,825 births between July 2018 and June 2022, 
based on screening around 500,000 newborns, 
suggesting an increasing trend (2).

CH has been broadly classified into two forms: 1) 
dysfunction of the hypothalamic–pituitary–thyroid 
(HPT) axis present at birth, resulting in insufficient 
thyroid hormone production or reduced function 
(dyshormonogenesis); and 2) thyroid dysgenesis (TD), 
characterized by a defect in thyroid gland development, 
which accounts for approximately 85% of cases (3, 4).

However, recent advances in molecular techniques have 
greatly enhanced our understanding of the effect of 
single-gene mutations and multiple-gene polymorphisms 
in CH pathogenesis. Global ongoing research into the 
genetic origin of CH is continually revealing new 
regulatory pathways, suggesting that a substantial 
proportion of primary congenital hypothyroidism may 
result from the combined effect of rare variants across 
multiple genes involved in thyroid development and 
function (5, 6). The ENDO-European Reference Network 
(ERN) initiative 2020-2021 consensus guidelines on CH 
recommend genetic testing to improve diagnosis, 
treatment, or prognosis of the patients (3).

Bangladesh lacks a comprehensive genetic characterization 
of CH and screening status. It is inevitable to investigate 
the genetic etiology of CH and thereby evaluate the impact 
of genetic testing on the management and prognosis of 
patients with CH. Few studies have been conducted to find 

the genetic mutation in diagnosed CH patients attending 
tertiary hospitals. This systematic review summarizes 
published evidence on genetic causes of CH in Bangladesh 
and explores the priorities for genetic screening as 
diagnostic practices and clinical application to improve 
management of CH.

GENETIC MECHANISMS UNDERLYING CONGENITAL 
HYPOTHYROIDISM

CH is a genetically heterogeneous disorder. Numerous 
genetic mutations have been identified that disrupts cell 
signaling pathways affecting thyroid gland development, 
hormone synthesis, or regulation of the 
hypothalamic–pituitary–thyroid (HPT) axis (Figure 1). 
Key genes associated with thyroid dysgenesis include the 

thyroid-stimulating hormone receptor (TSHR) and 
thyroid-specific transcription factors expressed during 
early thyroid development, such as PAX8, NKX2–1, 
FOXE1, and others (7). Whereas several genes are 
implicated in the dyshormonogenesis, including 
thyroglobulin (TG), TSH receptor (TSHR), 
thyroperoxidase (TPO), sodium/chloride symporter 
(SLC5A5), dual oxidase 2 (DUOX2), membrane 
transporters pendrin (SLC26A4), monocarboxylate 
transporter 8 (SLC16A2), and dehalogenase 
(DEHAL1/IYD) (8). This group includes inherited defects 
in the biochemical steps required for thyroid hormone 
production. Mutations impair iodine uptake, organification, 
coupling, or hormone release, resulting in reduced thyroid 
hormone synthesis despite a structurally normal gland (9). 

GENETIC STUDIES FOR CONGENITAL HYPO- 
THYROIDISM IN BANGLADESH 

The present systematic review has summarized available 
genetic investigations for CH in Bangladesh to show the 

frequencies of the common mutagenic trend in CH 
(Table 1). Although there is limited data, the studies 
include both thyroid dysgenesis (TD) and 
dyshormonogenesis (TDH). 

The most prevalent gene mutation found is 
thyroperoxidase (TPO), which is frequently associated 
with TDH (10,14,15). TPO (a glycosylated hemoprotein) 
is the major enzyme in thyroid hormone biosynthesis, and 
it catalyzes both iodination and coupling of iodotyrosine 
residues in TG (thyroglobulin) (Figure 2).

Figure 2: Enzymatic role of TPO in the synthesis of 
thyroxine (T4). Impairment of enzymatic function 
results reduced hormone production. 

Begum et al. (10) analyzed how mutations affect the 
structural integrity, domain arrangement, and folding 
patterns of the TPO protein using molecular docking with 
heme, as heme is crucial for TPO's catalytic activity. 
Molecular simulation with heme showed that mutant 
TPO proteins have lower binding affinity than the wild 
type, indicating that mutations could reduce enzyme 
activity, thereby decreasing thyroid hormone synthesis. 
Researchers also found mutations in genes responsible 
for TD, including TSHR, Thyroid transcription factor 
NKX2.5, and PAX8 (Table 1) (11-14). A study 
investigated mutations in the TSHR gene in 21 patients 
with dysgenesis and found that mutant proteins exhibited 
reduced binding affinity for small-molecule thyrogenic 
drugs compared with the wild type, as determined by 
molecular docking and molecular dynamics simulations 

(13). Thus, the findings demonstrated that TSHR 
mutations can impair drug binding, providing insights for 
targeted drug design and therapeutic strategies in 
congenital hypothyroidism with dysgenesis.

Another study used high-resolution melting (HRM) 
analysis, a rapid, high-throughput real-time PCR method 
that detects DNA variations based on melting behavior (15). 
This study evaluated HRM as an effective screening tool for 
congenital hypothyroidism (CH) in Bangladeshi patients 
with dyshormonogenesis and found it to be a reliable, 
cost-effective approach for identifying common TPO gene 
mutations (c.1117G>T, c.1193G>C, c.2173A>C).

IMPACT OF GENETIC TESTING ON DIAGNOSIS 
AND PERSONALIZED TREATMENT OF CH

Studying mutations in genetic disorders like congenital 
hypothyroidism is crucial for understanding disease 
development and severity. Congenital hypothyroidism 
can be categorized as permanent or transient, influencing 
treatment duration. Transient congenital hypothyroidism 
may resolve itself and can be linked to maternal factors 
such as iodine imbalance, anti-thyroid drugs, or thyroid 
antibodies during pregnancy. Genetic testing aids in 
differentiating between transient and permanent forms, 
potentially allowing for the cessation of thyroxine 
therapy in certain patients. Kara et al. (16) found that 
genetic analysis re-evaluated diagnoses in a study cohort 
and resulted in treatment discontinuation for five patients 
with specific gene mutations such as, monoallelic THSR 
(thyroid-stimulating hormone receptor) or DUOX2 (Dual 
oxidase 2). Timely identification of transient cases can 
significantly reduce unnecessary medical treatments and 
healthcare usage.

CONCLUSION

Several studies highlight the importance of genetic 
screening for congenital hypothyroidism. Identifying the 
specific genetic cause can determine if a patient requires 
lifelong hormone replacement therapy, as is the case for 
genetic causes, or if a temporary treatment plan is 
sufficient for acquired cases such as those related to 
iodine deficiency. Early diagnosis and treatment are 
crucial to prevent severe developmental delays and 

cognitive impairments. In Bangladesh, since there is 
increasing trend of CH incidence, it is urgent to develop 
and practice early newborn genetic screening that may 
outweigh the burden of lifelong follow-up and treatment.
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Spearman’s correlation Quantitative analysis revealed a 
significant positive correlation between ADCL severity 
scores and perfusion abnormalities as measured by 
Z-scores (ρ = 0.609, p = 0.002). This indicates that 
children with more severe ASD symptoms exhibited 
more profound cerebral hypoperfusion.

When comparing perfusion deficits across severity 
groups, children with high–moderate ASD had 
significantly greater perfusion abnormalities compared to 
both mild and low–moderate groups (p < 0.05). These 
findings confirm that the severity of cortical perfusion 
deficits parallels the clinical severity of ASD.

Taken together, these results demonstrate that the frontal 
cortex is the most consistently and severely affected 
region across all severity levels of ASD, while the 
temporal and parietal lobes show progressive involvement 
with increasing severity. Symptom-specific correlations 
further highlight the neurobiological underpinnings of 
clinical features such as speech delay, hyperactivity, poor 
eye contact, and cognitive dysfunction. Moreover, the 
statistically significant association between ADCL scores 
and perfusion abnormalities underscores the clinical 
relevance of brain perfusion SPECT as a valuable 
complementary tool in the comprehensive assessment of 
ASD.

DISCUSSION

This study demonstrated reproducible, severity-dependent 
patterns of cerebral hypoperfusion in children with ASD. 
The most frequently affected regions were the frontal, 
temporal, and parietal cortices, which correspond closely 
to the domains of executive functioning, language, social 
cognition, and visuospatial processing—core areas of 
impairment in ASD. Importantly, the degree of 
hypoperfusion increased with symptom severity, 
supporting the concept that regional cerebral blood flow 
abnormalities reflect not only the presence but also the 
progression of clinical deficits in ASD.

Our findings are consistent with prior international 
studies, reinforcing the universality of perfusion 
abnormalities in ASD pathophysiology. Studies reported 
prefrontal and temporal cortical hypoperfusion in 
children with ASD, findings replicated across multiple 
independent cohorts (8, 9). Similar reports were also 

demonstrated, where abnormal hemispheric asymmetry 
and reduced rCBF in temporal regions using SPECT, 
linked those abnormalities to impaired social 
communication, a finding corroborated by various 
independent cohorts (10, 11). Few authors highlighted 
frontal lobe dysfunction as a hallmark of ASD, describing 
it as a “frontal disconnection syndrome” affecting 
higher-order integrative functions (7).

South Asian researchers reported widespread perfusion 
abnormalities in Indian children with ASD, including 
both cortical and subcortical regions, with 
severity-dependent changes resembling those observed in 
our cohort (6). The convergence of findings across 
diverse populations suggests that cerebral hypoperfusion 
is not an isolated regional phenomenon but a robust 
marker of ASD-related neurobiological dysfunction.

The symptom–perfusion correlations observed in this 
study provide compelling evidence for the 
neurobiological underpinnings of clinical manifestations. 
Speech delay, the most frequent presenting symptom, 
was strongly associated with frontal and temporal 
hypoperfusion, implicating networks involved in 
expressive language, semantic processing, and working 
memory. These results align with Ohnishi et al. (5) and   
Ratnam BV et al. (12) who demonstrated reduced 
activation in Broca’s and Wernicke’s homologous regions 
in children with ASD.

Hyperactivity was universally correlated with frontal 
lobe deficits, consistent with the role of the prefrontal 
cortex in inhibitory control, attention, and impulse 
regulation. This was previously demonstrated as delayed 
frontal maturation in ASD, potentially contributing to 
attentional dysregulation (4).

Cognitive dysfunction was most strongly associated with 
combined frontal and parietal hypoperfusion, reflecting 
disruption of fronto-parietal networks critical for 
executive function and working memory. Finally, poor 
eye contact, a defining social deficit, was associated with 
hypoperfusion in both frontal and parietal cortices, 
regions implicated in gaze processing and visuospatial 
attention, supporting functional MRI studies showing 
reduced activation in the “social brain” network during 
eye-contact tasks (13-17).

The diagnosis of ASD remains behaviorally driven, 
reliant on DSM-5 criteria and structured interviews. 
Although these methods are well-established, they lack 
objective biomarkers and are susceptible to variability 
based on cultural context, caregiver reporting, and 
examiner expertise. The results of this study suggest that 
brain perfusion SPECT could serve as a valuable 
complementary tool, particularly in resource-limited 
settings such as Bangladesh, where advanced 
neuroimaging modalities like fMRI or PET are less 
accessible.

Beyond diagnosis, perfusion imaging may have 
significant value in monitoring therapeutic interventions. 
Several studies have demonstrated normalization of 
rCBF following behavioral therapy or pharmacological 
treatment, correlating with clinical improvement (18-22). 
Thus, SPECT has potential utility in both tracking 
treatment response and providing prognostic insights.

CONCLUSION 

This study demonstrates that 99m Tc- ECD brain SPECT 
reliably identifies severity-dependent patterns of regional 
cerebral hypoperfusion in children with ASD in 
Bangladesh. The most consistently affected regions were 
the frontal, temporal, and parietal cortices, which 
correspond to the domains of executive functioning, 
language, and social cognition. The observed perfusion 
deficits showed a significant correlation with clinical 
severity and specific symptomatology, highlighting the 
neurobiological basis of behavioral manifestations in 
ASD. These findings support the utility of brain perfusion 
SPECT as a potential functional biomarker for the 
diagnosis, severity stratification, and longitudinal 
monitoring of ASD, particularly in resource-limited 
settings where advanced functional imaging modalities 
may not be widely accessible.

LIMITATION 

The study acknowledges several limitations including a 
small sample size from a single center, potentially 
affecting the generalizability of results. The possibility of 
residual confounding remains despite efforts to exclude 
patients with brain abnormalities and comorbid disorders. 
A cross-sectional design limits the ability to infer causal 
relationships regarding perfusion abnormalities. 

Furthermore, while SPECT imaging is valuable, its 
spatial resolution is inferior to PET or fMRI. Future 
research should focus on larger, multicenter studies with 
longitudinal designs to assess cerebral perfusion changes. 
Integrating SPECT with other imaging modalities and 
biological markers may enhance understanding of ASD 
neurobiology, with studies needed to explore the effects 
of treatments on perfusion patterns for better diagnostic 
and prognostic capabilities.
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ABSTRACT
Congenital hypothyroidism (CH) is the most common neonatal 
endocrine disorder and a leading preventable cause of intellectual 
disability if not diagnosed and treated early. In Bangladesh, neonatal 
screening for CH was initiated in 1999 with support from the 
International Atomic Energy Agency using radioimmunoassay-based 
thyroid-stimulating hormone (TSH) measurement. Recent national 
data indicate an increasing incidence, highlighting the growing public 
health importance of CH in the country.
This review explores the genetic landscape of CH in Bangladesh and its 
implications for diagnosis and personalized therapeutics. CH is 
genetically heterogeneous, broadly classified into thyroid dysgenesis and 
dyshormonogenesis. Mutations in genes such as TSHR, PAX8, NKX2-1, 
and FOXE1 are associated with thyroid dysgenesis, while defects in TPO, 
TG, DUOX2, and SLC5A5 underlie dyshormonogenesis. Available 
studies from Bangladesh, though limited, reveal a predominance of TPO 
gene mutations, indicating dyshormonogenesis as a significant 
contributor. Additional mutations in TSHR and NKX2.5 genes further 
highlight genetic diversity and complexity.
Integrating genetic screening into neonatal CH programs in 
Bangladesh is essential for improving etiological diagnosis, enabling 
personalized treatment, and reducing healthcare burden. Strengthening 
national genomic research and screening strategies will be critical to 
advancing precision medicine in CH management.
Keywords: Congenital hypothyroidism, genetics, Bangladesh, personalized 
therapeutics, dyshormonogenesis, thyroid dysgenesis, neonatal screening
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INTRODUCTION 

Thyroid hormones are crucial for standard growth and 
neurological progress during early life. Congenital 
hypothyroidism (CH) is the most common neonatal 
endocrine disease that can lead to severe 
neurodevelopmental impairment if not detected through 
newborn screening and ensure early treatment to prevent 
intellectual disability.

Neonatal screening for CH in Bangladesh began in 1999 
through a regional project supported by the International 

Atomic Energy Agency (IAEA), using a cost-effective 
radioimmunoassay (RIA) method to measure 
thyroid-stimulating hormone (TSH). The initial 
estimated prevalence was approximately 1 in 2,000 
newborns (1). Subsequently, a government-approved 
national screening program reported a higher incidence 
of 1 in 1,825 births between July 2018 and June 2022, 
based on screening around 500,000 newborns, 
suggesting an increasing trend (2).

CH has been broadly classified into two forms: 1) 
dysfunction of the hypothalamic–pituitary–thyroid 
(HPT) axis present at birth, resulting in insufficient 
thyroid hormone production or reduced function 
(dyshormonogenesis); and 2) thyroid dysgenesis (TD), 
characterized by a defect in thyroid gland development, 
which accounts for approximately 85% of cases (3, 4).

However, recent advances in molecular techniques have 
greatly enhanced our understanding of the effect of 
single-gene mutations and multiple-gene polymorphisms 
in CH pathogenesis. Global ongoing research into the 
genetic origin of CH is continually revealing new 
regulatory pathways, suggesting that a substantial 
proportion of primary congenital hypothyroidism may 
result from the combined effect of rare variants across 
multiple genes involved in thyroid development and 
function (5, 6). The ENDO-European Reference Network 
(ERN) initiative 2020-2021 consensus guidelines on CH 
recommend genetic testing to improve diagnosis, 
treatment, or prognosis of the patients (3).

Bangladesh lacks a comprehensive genetic characterization 
of CH and screening status. It is inevitable to investigate 
the genetic etiology of CH and thereby evaluate the impact 
of genetic testing on the management and prognosis of 
patients with CH. Few studies have been conducted to find 

the genetic mutation in diagnosed CH patients attending 
tertiary hospitals. This systematic review summarizes 
published evidence on genetic causes of CH in Bangladesh 
and explores the priorities for genetic screening as 
diagnostic practices and clinical application to improve 
management of CH.

GENETIC MECHANISMS UNDERLYING CONGENITAL 
HYPOTHYROIDISM

CH is a genetically heterogeneous disorder. Numerous 
genetic mutations have been identified that disrupts cell 
signaling pathways affecting thyroid gland development, 
hormone synthesis, or regulation of the 
hypothalamic–pituitary–thyroid (HPT) axis (Figure 1). 
Key genes associated with thyroid dysgenesis include the 

thyroid-stimulating hormone receptor (TSHR) and 
thyroid-specific transcription factors expressed during 
early thyroid development, such as PAX8, NKX2–1, 
FOXE1, and others (7). Whereas several genes are 
implicated in the dyshormonogenesis, including 
thyroglobulin (TG), TSH receptor (TSHR), 
thyroperoxidase (TPO), sodium/chloride symporter 
(SLC5A5), dual oxidase 2 (DUOX2), membrane 
transporters pendrin (SLC26A4), monocarboxylate 
transporter 8 (SLC16A2), and dehalogenase 
(DEHAL1/IYD) (8). This group includes inherited defects 
in the biochemical steps required for thyroid hormone 
production. Mutations impair iodine uptake, organification, 
coupling, or hormone release, resulting in reduced thyroid 
hormone synthesis despite a structurally normal gland (9). 

GENETIC STUDIES FOR CONGENITAL HYPO- 
THYROIDISM IN BANGLADESH 

The present systematic review has summarized available 
genetic investigations for CH in Bangladesh to show the 

frequencies of the common mutagenic trend in CH 
(Table 1). Although there is limited data, the studies 
include both thyroid dysgenesis (TD) and 
dyshormonogenesis (TDH). 

The most prevalent gene mutation found is 
thyroperoxidase (TPO), which is frequently associated 
with TDH (10,14,15). TPO (a glycosylated hemoprotein) 
is the major enzyme in thyroid hormone biosynthesis, and 
it catalyzes both iodination and coupling of iodotyrosine 
residues in TG (thyroglobulin) (Figure 2).

Figure 2: Enzymatic role of TPO in the synthesis of 
thyroxine (T4). Impairment of enzymatic function 
results reduced hormone production. 

Begum et al. (10) analyzed how mutations affect the 
structural integrity, domain arrangement, and folding 
patterns of the TPO protein using molecular docking with 
heme, as heme is crucial for TPO's catalytic activity. 
Molecular simulation with heme showed that mutant 
TPO proteins have lower binding affinity than the wild 
type, indicating that mutations could reduce enzyme 
activity, thereby decreasing thyroid hormone synthesis. 
Researchers also found mutations in genes responsible 
for TD, including TSHR, Thyroid transcription factor 
NKX2.5, and PAX8 (Table 1) (11-14). A study 
investigated mutations in the TSHR gene in 21 patients 
with dysgenesis and found that mutant proteins exhibited 
reduced binding affinity for small-molecule thyrogenic 
drugs compared with the wild type, as determined by 
molecular docking and molecular dynamics simulations 

(13). Thus, the findings demonstrated that TSHR 
mutations can impair drug binding, providing insights for 
targeted drug design and therapeutic strategies in 
congenital hypothyroidism with dysgenesis.

Another study used high-resolution melting (HRM) 
analysis, a rapid, high-throughput real-time PCR method 
that detects DNA variations based on melting behavior (15). 
This study evaluated HRM as an effective screening tool for 
congenital hypothyroidism (CH) in Bangladeshi patients 
with dyshormonogenesis and found it to be a reliable, 
cost-effective approach for identifying common TPO gene 
mutations (c.1117G>T, c.1193G>C, c.2173A>C).

IMPACT OF GENETIC TESTING ON DIAGNOSIS 
AND PERSONALIZED TREATMENT OF CH

Studying mutations in genetic disorders like congenital 
hypothyroidism is crucial for understanding disease 
development and severity. Congenital hypothyroidism 
can be categorized as permanent or transient, influencing 
treatment duration. Transient congenital hypothyroidism 
may resolve itself and can be linked to maternal factors 
such as iodine imbalance, anti-thyroid drugs, or thyroid 
antibodies during pregnancy. Genetic testing aids in 
differentiating between transient and permanent forms, 
potentially allowing for the cessation of thyroxine 
therapy in certain patients. Kara et al. (16) found that 
genetic analysis re-evaluated diagnoses in a study cohort 
and resulted in treatment discontinuation for five patients 
with specific gene mutations such as, monoallelic THSR 
(thyroid-stimulating hormone receptor) or DUOX2 (Dual 
oxidase 2). Timely identification of transient cases can 
significantly reduce unnecessary medical treatments and 
healthcare usage.

CONCLUSION

Several studies highlight the importance of genetic 
screening for congenital hypothyroidism. Identifying the 
specific genetic cause can determine if a patient requires 
lifelong hormone replacement therapy, as is the case for 
genetic causes, or if a temporary treatment plan is 
sufficient for acquired cases such as those related to 
iodine deficiency. Early diagnosis and treatment are 
crucial to prevent severe developmental delays and 

cognitive impairments. In Bangladesh, since there is 
increasing trend of CH incidence, it is urgent to develop 
and practice early newborn genetic screening that may 
outweigh the burden of lifelong follow-up and treatment.
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Spearman’s correlation Quantitative analysis revealed a 
significant positive correlation between ADCL severity 
scores and perfusion abnormalities as measured by 
Z-scores (ρ = 0.609, p = 0.002). This indicates that 
children with more severe ASD symptoms exhibited 
more profound cerebral hypoperfusion.

When comparing perfusion deficits across severity 
groups, children with high–moderate ASD had 
significantly greater perfusion abnormalities compared to 
both mild and low–moderate groups (p < 0.05). These 
findings confirm that the severity of cortical perfusion 
deficits parallels the clinical severity of ASD.

Taken together, these results demonstrate that the frontal 
cortex is the most consistently and severely affected 
region across all severity levels of ASD, while the 
temporal and parietal lobes show progressive involvement 
with increasing severity. Symptom-specific correlations 
further highlight the neurobiological underpinnings of 
clinical features such as speech delay, hyperactivity, poor 
eye contact, and cognitive dysfunction. Moreover, the 
statistically significant association between ADCL scores 
and perfusion abnormalities underscores the clinical 
relevance of brain perfusion SPECT as a valuable 
complementary tool in the comprehensive assessment of 
ASD.

DISCUSSION

This study demonstrated reproducible, severity-dependent 
patterns of cerebral hypoperfusion in children with ASD. 
The most frequently affected regions were the frontal, 
temporal, and parietal cortices, which correspond closely 
to the domains of executive functioning, language, social 
cognition, and visuospatial processing—core areas of 
impairment in ASD. Importantly, the degree of 
hypoperfusion increased with symptom severity, 
supporting the concept that regional cerebral blood flow 
abnormalities reflect not only the presence but also the 
progression of clinical deficits in ASD.

Our findings are consistent with prior international 
studies, reinforcing the universality of perfusion 
abnormalities in ASD pathophysiology. Studies reported 
prefrontal and temporal cortical hypoperfusion in 
children with ASD, findings replicated across multiple 
independent cohorts (8, 9). Similar reports were also 

demonstrated, where abnormal hemispheric asymmetry 
and reduced rCBF in temporal regions using SPECT, 
linked those abnormalities to impaired social 
communication, a finding corroborated by various 
independent cohorts (10, 11). Few authors highlighted 
frontal lobe dysfunction as a hallmark of ASD, describing 
it as a “frontal disconnection syndrome” affecting 
higher-order integrative functions (7).

South Asian researchers reported widespread perfusion 
abnormalities in Indian children with ASD, including 
both cortical and subcortical regions, with 
severity-dependent changes resembling those observed in 
our cohort (6). The convergence of findings across 
diverse populations suggests that cerebral hypoperfusion 
is not an isolated regional phenomenon but a robust 
marker of ASD-related neurobiological dysfunction.

The symptom–perfusion correlations observed in this 
study provide compelling evidence for the 
neurobiological underpinnings of clinical manifestations. 
Speech delay, the most frequent presenting symptom, 
was strongly associated with frontal and temporal 
hypoperfusion, implicating networks involved in 
expressive language, semantic processing, and working 
memory. These results align with Ohnishi et al. (5) and   
Ratnam BV et al. (12) who demonstrated reduced 
activation in Broca’s and Wernicke’s homologous regions 
in children with ASD.

Hyperactivity was universally correlated with frontal 
lobe deficits, consistent with the role of the prefrontal 
cortex in inhibitory control, attention, and impulse 
regulation. This was previously demonstrated as delayed 
frontal maturation in ASD, potentially contributing to 
attentional dysregulation (4).

Cognitive dysfunction was most strongly associated with 
combined frontal and parietal hypoperfusion, reflecting 
disruption of fronto-parietal networks critical for 
executive function and working memory. Finally, poor 
eye contact, a defining social deficit, was associated with 
hypoperfusion in both frontal and parietal cortices, 
regions implicated in gaze processing and visuospatial 
attention, supporting functional MRI studies showing 
reduced activation in the “social brain” network during 
eye-contact tasks (13-17).

The diagnosis of ASD remains behaviorally driven, 
reliant on DSM-5 criteria and structured interviews. 
Although these methods are well-established, they lack 
objective biomarkers and are susceptible to variability 
based on cultural context, caregiver reporting, and 
examiner expertise. The results of this study suggest that 
brain perfusion SPECT could serve as a valuable 
complementary tool, particularly in resource-limited 
settings such as Bangladesh, where advanced 
neuroimaging modalities like fMRI or PET are less 
accessible.

Beyond diagnosis, perfusion imaging may have 
significant value in monitoring therapeutic interventions. 
Several studies have demonstrated normalization of 
rCBF following behavioral therapy or pharmacological 
treatment, correlating with clinical improvement (18-22). 
Thus, SPECT has potential utility in both tracking 
treatment response and providing prognostic insights.

CONCLUSION 

This study demonstrates that 99m Tc- ECD brain SPECT 
reliably identifies severity-dependent patterns of regional 
cerebral hypoperfusion in children with ASD in 
Bangladesh. The most consistently affected regions were 
the frontal, temporal, and parietal cortices, which 
correspond to the domains of executive functioning, 
language, and social cognition. The observed perfusion 
deficits showed a significant correlation with clinical 
severity and specific symptomatology, highlighting the 
neurobiological basis of behavioral manifestations in 
ASD. These findings support the utility of brain perfusion 
SPECT as a potential functional biomarker for the 
diagnosis, severity stratification, and longitudinal 
monitoring of ASD, particularly in resource-limited 
settings where advanced functional imaging modalities 
may not be widely accessible.

LIMITATION 

The study acknowledges several limitations including a 
small sample size from a single center, potentially 
affecting the generalizability of results. The possibility of 
residual confounding remains despite efforts to exclude 
patients with brain abnormalities and comorbid disorders. 
A cross-sectional design limits the ability to infer causal 
relationships regarding perfusion abnormalities. 

Furthermore, while SPECT imaging is valuable, its 
spatial resolution is inferior to PET or fMRI. Future 
research should focus on larger, multicenter studies with 
longitudinal designs to assess cerebral perfusion changes. 
Integrating SPECT with other imaging modalities and 
biological markers may enhance understanding of ASD 
neurobiology, with studies needed to explore the effects 
of treatments on perfusion patterns for better diagnostic 
and prognostic capabilities.
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