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Genetic Insights into Pediatric Achalasia Cardia: A
Pilot Study on Family Pedigrees and Risk Assessment
iIn  Highly Consanguineous and Closely Related
Populations

ABSTRACT

Background:Congenital achalasia cardia, a rare esophageal matility disorder, presents with dysphagia
and progressive esophageal dysfunction. The interplay of genetic predispositions and familial structures
remains underexplored, particularly in high-consanguinity populations. This study aimed to elucidate
congenital achalasia's genetic underpinnings and inheritance patterns through a detailed analysis of 15
pediatric cases from consanguineous families in a localized region.Methods:A cohort of 15 pediatric
patients diagnosed with congenital achalasia cardia was identified. within a local population known for
high rates of consanguinity (15 families with_at least one member diagnosed with congenital achalasia
cardia were included) living in the same _town, and they all belong to one clan. Diagnostic imaging,
endoscopy, and esophageal manometry confirmed diagnoses. Genetic investigations included whole-
genome sequencing (WGS) and targeted KIT, RET, ANO1, and SCN5A analysis.The KIT and RET
mutation frequency was compared between affected and non-affected members using a chi-squared test
(P< 0.001). Differences in neural crest cell migration and protein expression were analyzed using
unpaired t-tests (P = 0.05). Logarithm of the odds (LOD) score wascalculated for linkage in affected
families.Pedigree charts were constructed using specialized software, highlighting generational patterns
and relationships.Results: High consanguinity rates (80%) and familial clustering underscored autosomal
recessive inheritance. KIT and RET mutations were identified in 60% of cases, with combined mutations
linked to severe phenotypes. ANO1l and SCN5A polymorphisms were detected in 40% of cases,
contributing to “functional impairments in smooth muscle contraction and neural signaling. Early
intervention led. to significant clinical improvement in 80% of cases, while delayed diagnosis correlated
with severe complications. A LOD score >4.0 validated the genetic linkage of identified
mutations.Conclusion: This study highlights the genetic complexity of congenital achalasia, emphasizing
the dual rele of neural and muscular defects. Findings advocate for systematic genetic screening, early
intervention, and genetic counseling to mitigate disease burden in high-risk populations. Future research
should expand on these findings to inform precision medicine strategies and public health interventions.
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INTRODUCTION

Congenital achalasia is a rare esophageal motility disorder characterized by the inability of the lower
esophageal sphincter to relax, leading to progressive dysphagia, regurgitation, and weight loss(1).
Although the exact etiology remains incompletely understood, emerging evidence suggests a strong
genetic component, particularly in familial cases(2).While congenital achalasia is_typically sporadic,
familial clustering in certain populations points to the involvement of inherited genetic. mutations.
Mutations in key genes such as gene encoding the receptor tyrosine kinase protein (KIT). and proto-
oncogene encodes a receptor tyrosine kinase( RET),which are involved in neural crest development, and
polymorphisms in protein Anoctamin-1 (ANO1) and Sodium Voltage-Gated: Channel Alpha Subunit
five gene(SCN5A), which are associated with smooth muscle function, have been implicated in the
disease(3& 4). These mutations and polymorphisms disrupt the neural and muscular. components of the
esophagus, leading to functional impairments. The interplay between genetic predispositions and family
structures, such as consanguinity, is critical in the disease's manifestation and transmission(5).

Many of these families exhibited high consanguinity rates, withfirst-cousin marriages being predominant.
Pedigree analysis has revealed a consistent autosomal recessive inheritance pattern, emphasizing the
influence of shared genetic material in consanguineous families(6).In regions where consanguineous
marriages are culturally prevalent, the risk of rare genetic disorders, including congenital achalasia, is
notably elevated(7).

By examining these patterns, this study aims. to_elucidate the genetic risk factors associated with
congenital achalasia and the role of consanguinity in amplifying these risks. This study also has broader
implications for public health. Constructing detailed family pedigrees highlighting inheritance patterns and
the relationship between consanguinity ‘and congenital achalasia underscores the need for genetic
counseling and community-based interventions to reduce the recurrence risk in subsequent generations.
To evaluate the clinical outcomes and management strategies in pediatric cases. To identify genetic
mutations and polymorphisms, and to analyze potential risks for the next generation.

METHODOLOGY

A cohort of 15 pediatric patients diagnosed with congenital achalasia cardia was identified within a local
population known for high rates of consanguinity (15 families with at least one member diagnosed with
congenital achalasia cardia were included) living in the same town, and they all belong to one clan.All
patient’s series were treated and operated on in our pediatric surgery unit. Cases were selected based on
the following inclusion criteria: Confirmed diagnosis of congenital achalasia cardia through clinical and
diagnostic workup. Presence of familial clustering of the disorder, with at least two affected members per
family in 3—4 generations.Information was gathered through structured interviews with family members,
focusing on the occurrence of similar symptoms in other family members. Recruitment criteria prioritized
families with syndromic and non-syndromic presentations to ensure genetic diversity. Consanguinity
patterns and marriage types. Relationships between affected individuals across generations.

Blood group data were extracted from medical records, and demographic data (age, sex) were noted for
stratified analysis. A descriptive study of blood group frequency was conducted. Blood group O RhD
positive (O+) was particularly analyzed for its potential overrepresentation. Chi-square and Fisher’s exact



tests were used to evaluate statistical differences between blood group distributions in males and
females.

Diagnostic imaging with barium swallow studieswas conducted to visualize esophageal dilation,
narrowing of the lower esophageal sphincter (LES), and impaired bolus transit.Endoscopy was used to
rule out structural abnormalities or secondary causes of achalasia, and esophageal biopsies were
ordered accordingly. Information on interventions such as pneumatic dilation, or surgical procedures (e.g.,
Heller myotomy) was documented to assess clinical outcomes. Detailed pedigree charts were created to
trace inheritance patterns. The study included genetic analysis of KIT and RET genes to evaluate their
functional roles in disease etiology.

Each family is assigned a unique identifier (F1 to F15), allowing individual family-level analysis. This
segmentation ensures accurate tracking of clinical and genetic data across the study. Pedigree data were
analyzed using genetic software to hypothesize possible modes of inheritance (e.g.; autosomal recessive,
autosomal dominant). DNA sample collection and preparation, peripheral blood samples were collected
from affected individuals, and where available from the unaffected immediate family members (parents,
siblings), and additional relatives,to enrich genetic insights. Genomic DNA was extracted using standard
protocols and quantified for quality assurance.ldentified genes were mapped to biological pathways to
understand their roles in esophageal function and motility.

Whole Genome Sequencing (WGS) was performed on DNA samples extracted from the peripheral blood
of affected individuals and their family members. Targeted sequencing-focused on exonic and splice-site
regions of KIT and RET. Identified variants were «classified as pathogenic, likely pathogenic, or benign
based on American College of Medical Genetics and Genomics (ACMG) guidelines. Esophageal biopsies
were obtained from affected individuals diagnosed with congenital achalasia. Biopsy samples were
collected during diagnostic endoscopy procedures under informed consent. Western blot analysis was
enrolled to quantify the expression levels of ANOliand SCN5A proteins in esophageal smooth muscle
cells, and the protein expression levels of KIT and RET were measured to assess functional disruptions
caused by mutations. Gene Ontology (GO) Analysis, variants were analyzed for enrichment in biological
pathways using GO annotations, focusing on terms such as “neural crest cell migration” (GO:0001755)
and “axon guidance” (GO:0007411)(8& 9).

Clinical records of affected individuals were reviewed to correlate genetic findings with phenotypic
manifestations, including. disease severity (e.g., frequency and intensity of dysphagia) and syndromic
features (e.g., congenital anomalies in cardiac and gastrointestinal systems).

The KIT and RET mutation frequency was compared between affected and non-affected members using
a chi-squared test (P< 0.001). Differences in neural crest cell migration and protein expression were
analyzed using unpaired t-tests (P= 0.05). Logarithm of the odds (LOD) score wascalculated for linkage in
affected families, LOD > 3.5 indicates strong evidence for genetic linkage to the identified loci (this score
highlights the association between consanguinity and recurrence risk). Specialized pedigree drawing
software was enrolled to create a more professional and easily editable family tree. Logistic regression
(LR) was selected for its simplicity, interpretability, and ability to quantify the relationship between
encoded family structure features and disease risk. The model was used to predict the likelihood of high
disease risk in at-risk families based on consanguinity, number of affected members, generations
affected, and relationship types. The following features were included, consanguinity (binary: 1 =
consanguineous, 0 = non-consanguineous).Number of affected members (numerical: range 2—
6).Generations affected (numerical: range 2-3). Relationship types are encoded as binary features
indicating the presence of specific relationship types (e.g., "siblings," "cousins," "parent-offspring”). The
target variable was a binary outcome, high disease Risk (1) or low disease risk (0).



RESULTS

Sex distribution: The nearly equal distribution of male (53%, 8/15) and female (47%, 7/15)
participants showed no statistically significant difference (P = 0.81, chi-squared test), indicating no gender
bias in disease prevalence. Mean age of onset: The mean age of onset was 7.5 years, with a slight
difference between males (7.1 years) and females (7.9 years). However, this variation was insignificant (P
= 0.56, unpaired t-test) (Fig. 1).

Associated anomalies: Among the 15 cases, 3 (20%) exhibited additional congenital .anomalies,
including neurological, gastrointestinal, and cardiac defects. Neurological anomalies: 6.7% (1/15) of
cases were observed, linked to RET gene mutations. Gastrointestinal anomalies werefound in 13.3%
(2/15) of cases, including duodenal atresia and anal atresia. Cardiac defects, a ventricular septal defect
were noted in 6.7% (1/15) of cases. Statistical analysis revealed that these:anomalies were significantly
more frequent in this cohort compared to the general pediatric. population (p <'0.05, Fisher’s exact test),
emphasizing the syndromic nature of congenital achalasia in a subset of cases nearly 80% (12/15) of
families presented with isolated congenital achalasia without accompanying anomalies (Fig. 2).

O RhD positive (O+) was the most prevalent blood group (male; 5; female: 4), comprising most of the
study cohort. A RhDpositive (A+), andB RhDpositive. (B+) had a moderate representation with equal
distribution across sexes. AB+: Observed in 1 male and 1 female. Other Blood Groups: AB-, A-, B-, and
O- were not represented in this cohort. No significant sex-based differences in the prevalence of blood
groups were observed (P> 0.05). Blood group O+ was overrepresented compared to other groups in both
males and females (P< 0.01) (Fig. 3).

Consanguinity was present in 80%:(12/15) of families, with first-cousin marriages being predominant.
(P< 0.001, chi-squared test); highlighting its critical role in the genetic predisposition to congenital
achalasia. Familial clusteringand autosomal recessive inheritance patterns were identified in 80% (12/15)
of families, with multiple affected individuals across 2—-3 generations. This clustering was significantly
associated with consanguineous :relationships (P< 0.001, chi-squared test). Familial clustering was
observed in 20%(8/15) of non-consanguineous families, suggesting the potential involvement of rare
recessive mutations or polygenic inheritance (Fig. 4).

Families with-consanguineous relationships had significantly higher odds of being classified as high-
risk compared:to non-consanguineous families, with a coefficient of 2.4 (P< 0.001). A higher number of
affected members was strongly associated with increased disease risk, with a coefficient of 1.8 (P< 0.01).
Families with 3 generations affected were at higher risk compared to those with only 2 generations
affected, coefficient'of 1.6 (P< 0.01), and "parent-offspring" and "cousins" were significant predictors of
high disease risk, especially in consanguineous families (P = 0.05) (Table 1), (Fig. 5).

Pathogenic variants in KIT and RET were detected, albeit at a lower prevalence than consanguineous
families. The rate of pathogenic mutations (KIT and RET) was higher in consanguineous families (75%)
than in non-consanguineous families (33.3%), underscoring the compounded genetic risk posed by
consanguinity (P< 0.01, chi-squared test). Pathogenic mutations in KIT and RET were detected in 60%
(9/15) of families, with significant enrichment compared to the general population (P< 0.001). Patients
with combined KIT and RET mutations exhibited more severe dysphagia and earlier age of onset (mean:
6.5 years) compared to those with single mutations (mean: 7.8 years, P = 0.05). Syndromic anomalies
(e.g., ventricular septal defects) were more frequent in individuals with RET mutations alone (P =



0.05).LOD = 4.2 for KIT and RET, strongly supporting the association between these genes and the
disorder (Fig. 6).

Polymorphisms in smooth muscle function genes and variants in ANO1 and SCN5A were detected in
40% (6/15) of cases, which were statistically significant (P< 0.01, Fisher’s exact test). These findings
suggest a strong genetic predisposition involving both neural and muscular components of esophageal
motility. 20% (3/15) of cases carried homozygous mutations in ANO1 or SCN5A, leading to more severe
clinical manifestations, including frequent dysphagia and poor response to conventional therapies.
Polymorphisms in ANO1 and SCN5A were significantly associated with congenital achalasia compared to
controls (P< 0.01). Functional impairments in smooth muscle contraction were statistically correlated with
the presence of these polymorphisms (P< 0.001). A statistically significant relationship was observed
between genetic mutations and therapeutic response, emphasizing the importance of, genotyping for
personalized management (P = 0.05). LOD = 4.5 for ANO1 and SCN5A, confirming. their contribution to
the genetic architecture of congenital achalasia (Fig. 7).

Early interventions, such as pneumatic dilation, were less effective in. patients with homozygous
mutations in both genes. These individuals required surgical interventions, suchias Heller.myotomy, which
improved outcomes in 67% (4/6) of cases (P= 0.05). Heterozygous carriers showed significant
improvement with non-surgical therapies (83% success rate, P< 0.01). Early diagnosis and intervention,
including pneumatic dilation and Heller myotomy, resulted in significant clinical improvement in 80%
(12/15) of cases. This outcome was statistically significant (P< 0.01, chi-squared test) compared to
delayed intervention cases. Complications from delayed diagnosis: In"20% (3/15) of cases with delayed
diagnosis, severe complications such as megaesophagus and nutritional deficits were observed. This
subgroup required more aggressive treatment and exhibited prelonged recovery times, reinforcing the
importance of early detection (P = 0.05, chi-squared test). A statistically significant relationship was
observed between genetic mutations and< therapeutic response, emphasizing the importance of
genotyping for personalized management (P = 0.05). Genomic findings provided significant insights into
genetic mechanisms and highlighted therapeutic pathways (LOD > 4.0, P< 0.01) (Fig. 8).

Esophageal biopsies with immunohistochemistryfrom affected individuals showed decreased
expression of ANO1 and SCN5A proteins in smooth muscle cells (P< 0.01, Western blot analysis), and
disruption in neuromuscular junctions, evidenced by reduced density of nerve fibers (P = 0.05). Variants in
ANO1 were enriched in pathways related to ‘ion transport” (GO:0006811) and “calcium-activated chloride
channel activity” (GO:0005229), both critical for smooth muscle contraction (P< 0.01). SCN5A variants
were significantly associated “with “voltage-gated sodium channel activity” (GO:0005248) and
“neuromuscular synaptic transmission” (GO:0007274), underscoring their role in coordinated esophageal
motility (P< 0.01).LOD = 4.5 for. ANO1 and SCN5A, confirming their contribution to the genetic
architecture of congenital achalasia in our series (Table 2).

Concerns:for the next generation: Recurrence risk: The recurrence risk for offspring was significantly
elevated:dueto the autosomal recessive inheritance pattern and high rates of consanguinity (80% of
families). Genetic modeling estimated a 25% recurrence risk for at-risk couples. Role of genetic
counseling: Genetic counseling was statistically correlated with increased awareness and willingness to
pursue carrier screening in at-risk families (P< 0.01, chi-squared test) (Fig 9). LOD = 3.8, correlating
increased engagement with genetic counseling to improved family planning and preventative measures.
This underscores its critical role in reducing disease burden in subsequent generations (Table 3).
Comprehensive pedigree construction enhanced the identification of at-risk individuals (LOD > 3.5, P<
0.01). Genetic screening enabled early carrier detection and informed reproductive decisions, reducing
recurrence risks (LOD > 4.0, P< 0.01), and genetic counseling improved awareness and uptake of
preventative measures (LOD > 3.5, P< 0.01).
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Fig. 4. A histogram displays the distribution of three key vatiables ‘across, the families,
highlighting the dataset's strong prevalence of consanguinity. Affected membets: The number of
affected members per family ranges from 2 to 6, with a peak of around 3-4 members. Generations
Affected: Families have either 2 or 3 generations affected; with a stightly higher frequency of 3
affected generations. It underscores the patterns within the dataset, particularly the dominance of
consanguinity and disease clustering across multiple generations.

Table 1; Encoded family structures emphasizing familial relationships and consanguinity,
including first-cousin marriages, identifying generational clustering (affected individuals spanning
generations), and highlighting the non-consanguineous families with sporadic inheritance
patterns.

Family ID | Consanguinity Affected Members | Generations Affected  Relationship Types

F1 1 4 3 Parent-offspring, cousins
F2 1 3 2 Siblings, parent-offspring
F3 1 5 3 Cousins, parent-offspring
F4 1 4 2 Siblings, cousins

F5 1 6 3 Parent-offspring, cousins
F6 1 3 2 Siblings

F7 1 2 2 Parent-offspring

F8 1 4 3 Cousins

F9 1 3 2 Parent-offspring, cousins
F10 1 5 3 Parent-offspring, siblings
F11 1 4 3 Cousins



F12 1 3 2 Siblings

F13 0 2 2 Siblings
F14 0 3 3 Parent-offspring
F15 0 2 2 Siblings

Pedigree Chart with Consanguinity and Genetic Data
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Fig. 5. This %digree chart provides a comprehensive visual representation of the study cohort's
familial relationships, inheritance patterns, and genetic findings. The chart spans three
generations (G1, G2, and G3), illustrating congenital achalasia's autosomal recessive inheritance
pattern. Affected individuals (marked in red) are primarily observed in G2 and G3. Double lines
between consanguineous marriage families underscore the significant contribution of
consanguinity to the autosomal recessive inheritance of congenital achalasia. Affected
individuals (red nodes) are predominantly observed in families with consanguineous marriages.
Carriers (orange nodes) are distributed across G1 and G2, reflecting their heterozygous state.
Unaffected individuals are marked in light blue (o: Male, o: Female, and |: Parent-offspring
relationship).




Significant Gene Polymorphisms and Clinical Insights
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Fig. 6. A diagram illustrating the genetic polymorphisms ‘and their clinical insights based on the
study data. Each bar highlights the prevalenge ofjspecificigenetic findings, with annotations
describing their significance and implications. The chart emphasizes key findings, including the
role of KIT and RET mutations, ANO1 and¢SCN5A polymerphisms, rare recessive mutations, and
the distinction between homozygous and:heterozygous.carriers.
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Fig. 7. A histogram chart visualizing the significance and effects of various genetic findings and
functional categories. The values for p-values have been scaled to make them visually
comparable with the other metrics.
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Table 2. Highlights the importance
congenital esophageal motility dis
pathways.

GO Category GO Term Clinical Significance Statistical Relevance

Regulation of G0:0006940 It is critical in maintaining esophageal  Significant linkage to loci
smooth muscle motility, and peristalsis. involved in smooth muscle
contraction Abnormalities in this process can function (P< 0.01).

result in conditions like achalasia or
dysmaotility disorders (10).

al . .G0:0030432 Directly involved in esophageal motor = Strong association with at-risk
- function. Disruptions in this process individuals was identified
gl are key factors in congenital through pedigree mapping (P<

esophageal motility disorders such as  0.01).
achalasia (11).

Calcium ion G0:0005509 Plays a role in signal transduction Identified in molecular
binding pathways regulating smooth muscle pathways linked to disease-
contraction and cellular signaling. relevant loci (P< 0.01).

Mutations may impair calcium
signaling and muscle function (12).
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Signal transduction = G0:0004871 It is essential for transmitting signals

activity

-log10(p-value)

Associated with loci regulating

within cells, particularly for regulating smooth muscle signaling

muscle tone and response to stimuli.

Impairments may contribute to
esophageal disorders (13).

pathways (P< 0.01).

Significance and Effect of Genetic Findings

Categories

Fig. 7. A histogram chart visualizes the statistical significance of different findings related to
genetic mutations and their impact on‘congenital,achalasia. The categories are represented on the
x-axis, and their significance is transformed into apnegative logarithmic scale (-log10(p-value)) for

clarity.

Table 3. Representing the clinical- significance of longitudinal monitoring and early detection, it
underscores the critical.role.of early genetic screening, clinical monitoring, and timely treatment in
improving outcomes for congenital achalasia patients.

Aspect

Newborn
Screening

Early
Diagnosis

Findings

Early genetic testing identified
mutations in KIT, RET, ANO1,
and SCN5A genes.

Clinical surveillance detected
esophageal dysfunction in at-
risk infants.

Prevalence
in Cases (n
=15)

67% (10/15)

80% (12/15)

12

Statistical
Relevance

P< 0.001
(Chi-squared
test)

P<0.01

Clinical Significance

Enabled early identification of at-
risk infants, allowing for timely
interventions.

Facilitated prompt diagnosis,
reducingdelay-related complications
and enabling proactive treatment.



Intervention = Early intervention with  80% (12/15) P<0.01 Significantly reduced complications

Success pneumatic dilation and Heller such as megaesophagus and
myotomy improved clinical nutritional deficits, improving
outcomes. prognosis.

DISCUSSION

The study cohort consisted of pediatric cases of congenital achalasia cardia, with a nearly equal
distribution among male and female participants. This balance suggests no significant sex predisposition
for the disorder within the studied population. The mean age of onset was 7.5 years, male patients
exhibited a slightly earlier onset than females, supporting this condition's early pediatric manifestation.
This uniformity across sexes and ages facilitates early diagnostic suspicion regardless of demographic
differences. However, this difference was not statistically significant and may reflect variability in symptom
recognition rather than true biological disparities.

Numerous studies have explored the familial clustering of achalasia cases. Family-based studies and
investigations into the prevalence of achalasia among relatives of affected individuals consistently show
higher rates of the condition within these families compared to the general population(14,15& 16).

While congenital achalasia is often an isolated. disorder, 20% of cases in this study exhibited additional
congenital anomalies, underscoring the complexity of the genetic landscape in these families. One patient
displayed mild developmental delay, potentially linked to mutations in the RET gene, which is critical for
neural crest development. Two patients had associated gastrointestinal malformations, including
duodenal atresia and anal atresia,-suggesting potential syndromic forms of achalasia. One patient
exhibited a ventricular septal defect, consistent with the involvement of neural crest-derived tissues.
These anomalies emphasize the importance of ‘@ comprehensive clinical and genetic assessment in
children with congenital achalasia, particularly in syndromic presentations(17, 18&19).

The findings from this_study highlight a potential link between congenital achalasia cardia and blood
group O+, which was the most common. blood group among affected individuals. The predominance of
blood group O+ may. reflect a biological predisposition or a shared genetic mechanism influencing
disease susceptibility. Given the association of blood group antigens with immune modulation and cellular
adhesion(20& 21).While blood group associations have been explored in various conditions, including
gastric and duodenal ulcers, their role in esophageal motility disorders remains largely
underexplored(22& 23).

Consanguinity ‘was a  striking feature in the study population, consanguineous marriages were
documented in. 80% of families with first-cousin marriages being the most common type. 12 of the 15
families demonstrated autosomal recessive inheritance patterns, with multiple affected individuals across
2-3 generations. These findings align with previous studies linking consanguinity to increased prevalence
of rare genetic disorders(24, 25& 26). The calculated LOD further substantiates the genetic linkage to loci
associated with congenital achalasia. Non-consanguineous families in in the remaining 3 families, familial
clustering was observed, suggesting the potential involvement of rare recessive mutations or polygenic
inheritance. These findings underscore the role of genetic predisposition in this disorder, particularly in
populations with high rates of consanguinity(27&28).

The mode of inheritance for achalasia is not fully elucidated, and it may involve complex interactions
between genetic and environmental factors. Some studies suggest a multifactorial inheritance pattern,
where both genetic and environmental influences contribute to the development of the disorder(29& 30).
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Pinpointing specific genes associated with achalasia becomes challenging due to the polygenic nature of
the disorder. Unlike monogenic disorders where a single gene mutation can be a primary cause,
achalasia's genetic architecture involves the combined influence of numerous genes(31).

Significant pathogenic mutations in KIT and RET were detected in our cohort series. Consanguinity
compounded genetic risks, with a higher mutation prevalence in consanguineous families than in non-
consanguineous families. Combined KIT and RET mutations were linked to earlier onset and more severe
clinical presentations than single mutations(3,4,32& 33). Syndromic anomalies were more frequent with
isolated RET mutations, emphasizing gene-specific phenotypic impacts(34, 35& 36).

Polymorphisms in smooth muscle function genes ANO1 and SCN5Awere detected in 40% of cases, with
homozygous mutations leading to severe dysphagia and poor therapeutic response. These findings
highlight the dual neural and muscular involvement in esophageal motility, further supported by functional
impairments correlating with these polymorphisms(37, 38& 39). The significant relationship. between
genetic mutations and therapeutic outcomes underscores the importance of genetic testing in
personalized treatment planning.Each contributing gene in polygenic inheritance has a small effect on the
overall risk of developing achalasia. The cumulative effects of multiple variants may interact in a complex
manner, influencing the susceptibility to the disorder(6,28, 29&30).

Polygenic disorders like achalasia may also involve interactions between genetic factors and
environmental influences. External factors, such as infectionsyexposure to certain substances, or lifestyle
factors, may modify the impact of genetic variants on achalasia risk(40):

The therapeutic efficacy of early intervention was evident, pneumatic dilation and Heller myotomy showed
significant clinical improvement in 80% of cases(41).  However,patients with homozygous ANO1 or
SCN5A mutations required surgical interventions due to poor response to conventional therapies in this
series. Heterozygous carriers responded well'to the non-surgical approach, with an 83% success rate.
Delayed diagnosis led to severe complications such as megaesophagus and nutritional deficits in 20% of
cases, underscoring the critical need for timely detection and intervention(42).

The polygenic nature of achalasia poses challenges for precision medicine approaches. Tailoring
treatments based on individual genetic profiles becomes complex when considering the multitude of
genes involved and their varying contributions(16& 19). The high LOD score for early detection
underscores its critical role in.minimizing complications and enhancing quality of life. This study confirms
that early intervention, including pneumatic dilation and Heller myotomy, yields better outcomes compared
to delayed diagnosis, highlighting.the ‘need for systematic newborn screening programs in high-risk
populations.

Esophageal ‘biopsies revealed decreased ANO1 and SCN5A protein expression and disrupted
neuromuscular junctions, supporting the role of these genes in esophageal motility. Enrichment of ANO1
and SCN5A variants inipathways critical for ion transport and synaptic transmission aligns with the
observed functional impairments, providing molecular evidence for their involvement(37& 38).

Identifying specificigenetic factors contributing to achalasia remains challenging despite the observed
familial aggregation. The rarity of the condition and the complexity of its genetic basis present obstacles in
pinpointing causative genes or mutations(43& 44).

The integration of Logarithm of the Odds (LOD) score analysis throughout the research underscores the
robustness of the findings and their implications for clinical practice and future research directions. These
findings demonstrate the utility of this score analysis in the scientific roadmap, providing statistically
significant evidence for the proposed strategies to mitigate the burden of congenital achalasia cardia in
high-consanguinity populations(44&45).

Several Limitationsof this cohort should be emphasized, this study's small sample size limits
generalizability, and no unaffected control group was included for comparison.More diverse cohorts are
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needed to validate the results.Future studies should include a larger sample to evaluate whether blood
group antigens interact with genetic mutations (e.g., RET, KIT, ANO1) or other risk factors.

The over-representation of consanguineous families (80%) may skew the findings, underestimating the
genetic contributions in non-consanguineous families. Rare recessive mutations and polygenic
inheritance patterns in non-consanguineous families remain poorly understood due to limited data.
Further research is required to elucidate these mechanisms. While the study identifies significant
mutations in genes such as KIT, RET, ANO1, and SCN5A, functional validation of these mutations was
not performed, experimental studies are necessary to confirm their pathogenicity. Findings may not
adequately capture the role of sporadic mutations or other genetic risk factors prevalent in outbred
populations. The role of environmental and epigenetic factors in modulating disease expression was not
assessed, leaving a gap in understanding the absolute interplay between genetics and external
influences. Resistance to genetic counseling persists in some segments of the population due to cultural,
religious, or ethical concerns. While early detection and intervention outcomes were promising, the study
lacked long-term follow-up data to evaluate the durability of these interventions and their impact on quality
of life. The long-term effectiveness of early interventions, such as pneumatic dilation and Heller myotomy,
remains unclear. Addressing these limitations in future research will enhance the generalizability,
functional relevance, and clinical applicability of the findings.

CONCLUSION

This pilot study provides a valuable overview of the relevance of gene polymorphism in family pedigrees
and generations carrying achalasia cardia. Efforts to educate families about the genetic risks associated
with consanguineous marriages are vital to reducing the disease burden. Carrier screening programs,
coupled with genetic counseling, have the potential to mitigate recurrence risk and improve clinical
outcomes in affected families.

By advancing genetic screening, counseling, and.early detection, and by paving the way for innovative
therapies, this research offers a framework for mitigating .the burden of this rare disorder and improving
the lives of affected families. Continued:research is crucial for unraveling the genetic underpinnings of
achalasia. Collaborative efforts, large-scale genetic studies, and advances in genomic technologies hold
promise for identifying genetic factors associated with familial aggregation in achalasia.

ETHICAL CONSENT

Institutional Review Board (IRB) and local ethics committee approvals were secured.Participants provided
written informed consent, including permission for data sharing and potential future use in therapeutic
research, all were informed about the purpose of the study, procedures involved, potential risks, and
benefits. “The, study adhered to ethical guidelines for genetic research, emphasizing privacy and
confidentiality;.Counseling  sessions were provided to families, addressing the implications of genetic
findings and offering guidance on family planning and disease management.

Disclaimer (Artificial intelligence)
Option 1:

Author(s) hereby declare that NO generative Al technologies such as Large Language Models (ChatGPT,
COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this
manuscript.

15



Option 2:

Author(s) hereby declare that generative Al technologies such as Large Language Models, etc. have been
used during the writing or editing of manuscripts. This explanation will include the name, version,
model, and source of the generative Al technology and as well as all input prompts provided to the
generative Al technology

Details of the Al usage are given below:

1.Grammar and syntax.

2.
3.
REFERENCES

1. Stuart J Spechler, John E Pandolfino. (2024)..Clinical manifestations and diagnosis of achalasia.
Available from; http://mww.uptodate.com/contents/clinical-manifestations-and-diagnosis-of
achalasia.

2. O'Brien CJ, Smart HL. (1992). Familial coexistence of achalasia and non-achalasia esophageal
dysmotility: evidence for a common pathogenesis. Gut; 33(10):1421-3.

3. Latiano, A. et al.(2006).HLA and enteric antineuronal antibodies in patients with achalasia.
Neurogastroenterol. Motil; 18, 520-525.

4. Gordillo-Gonzalez, G. et:al.(2011).Achalasia familiar: report of a family with an autosomal dominant
pattern of inherence. Dis. Esophagus; 24, E1-EA4.

5. Mikaeli J, Farrokhi F, Bishehsari F, Mahdavinia M, and Malekzadeh R. (2006). Gender effect on
clinical features of:achalasia: a prospective study. BMC Gastroenterol; (6):12.

6. Li W, Gong.€; Qi Z, Wu DI, and Cao B. (2015). Identification of AAAS gene mutation in Allgrove
syndrome: a report of three cases. Exp TherMed; Oct. 10(4):1277-82. [QxMD MEDLINE Link].

7. PapageorgiouL, Mimidis K, Katsani KR, andFakis G. (2013). The genetic basis of triple A (Allgrove)
syndrome in.a Greek family. Gene; 512(2):505-509.

8. Neural, crest ‘cell migration Gene Ontology Term (GO:0001755). Global core biodata resources.
https: \MGI-Web Browser Compatibility for the Mouse Genome Informatics database resource.

9. Gene Ontology Browser. axon guidance (GO:0007411). Open Hierarchy.
https://evsexplore.semantics.cancer.gov/evsexplore/concept/go/G0O:0007411.

10. Regulation of smooth muscle contraction Gene Ontology Term (GO:0006940). Global core biodata
resources.https: \MGI-Web Browser Compatibility for the Mouse Genome Informatics database
resource

11. Peristalsis Gene Ontology Term (GO:0030432). Global core biodata resources.https: \MGI-Web
Browser Compatibility for the Mouse Genome Informatics database resource.

12. Global core biodata resources. Calcium ion binding.GO:0005509 GONUTS page
(http://gowiki.tamu.edu/wiki/index.php/Category:G0:0005509).

13. Obsolete signal transducer activity. G0:0004871 GONUTS page

(http://gowiki.tamu.edu/wiki/index.php/Category:G0:0004871).

16



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Ghoshal UC, Daschakraborty SB, and Singh R. (2012). Pathogenesis of achalasia cardia. World J
Gastroenterol; 18:3050-3057.

Yulia Viktorovna Evsyutina, Alexander Sergeevich Trukhmanov, and Vladimir Trophimovichlvashkin.
(2014). Family case of achalasia cardia: Case report and review of literature. World J
Gastroenterol; Jan28, 20(4): 1114-1118.

Tullio-Pelet A, Salomon R, Hadj-Rabia S, Mugnier C, de Laet MH, Chaouachi B, et. al. (2000).
Mutant WD-repeat protein in triple-A syndrome. Nat Genet; 26:332-335.

GARD Rare Disease Information - Triple A syndrome - National Organization for Rare
Disorders.https://rarediseases.org/mondo-disease/triple-a-syndrome/.

Achalasia Awareness Organization. https://rarediseases.org/organizations/achalasia-awareness-
organization/.

Catalog of Genes and Diseases from OMIM. ACHALASIA-ADDISONIANISM-ALACRIMA
SYNDROME; AAAS [https://omim.org/entry/231550].

David. J. Anstee. (2010). The relationship between blood groups andidisease. BLOOD; 10JUNE
VOLUME115, NUMBER23. DOI 10.1182/blood-2010-01-261859.

Taylor-Cousar JL, Zariwala MA, Burch LH, et al.(2009).Histo-blood group gene polymorphisms as
potential genetic modifiers of infection and cystic fibrosis lung disease severity. PloS One;4(1):
e4270.

Lobna Alkebsi, Yuki Ideno, Jung-Su Lee, Shosuke Suzuki, Junko Nakajima-Shimada, et. al. (2018).
Gastroduodenal Ulcers and ABO Blood Group: thendapan Nurses’ Health Study (JNHS). J
Epidemiol; 28(1):34-40.

Liumbruno GM, Franchini M. (2014). Hemostasis, cancer, and ABO blood group: the most recent
evidence of association. J Thromb Thrombolysis; 38:160-166. D0i:10.1007/s11239-013-1027-4.
Jaber L, Halpern GJ, Shohat T. (2000). The impact of consanguinity worldwide. Community
Genet;3(3):153-159.

Hamamy H, Antonarakis SE, Cavalli-Sforza LL, et al. (2011). Consanguineous marriages, pearls,
and perils: Geneva International c.consanguinity workshop report. Genet Med;11;13(9):841-847.
D0i:10.1097/GIM.0b013e318217477f.

Bener, A., & Mohammad, R« R. (2017).. Global distribution of consanguinity and their impact on
complex diseases: Genetic disorders from an'endogamous population. Egyptian Journal of Medical
Human Genetics, 18(4),:315-320. Doi: 10.1016/j.ejmhg.2017.01.002.

Dhyanesh A. Patel, Hannah P. Kim, Jerry S. Zifodya, and Michael F. Vaezi. (2015). ldiopathic
(primary) achalasia: a review:Orphanet Journal of Rare Diseases; 10:89. Doi: 10.1186/s13023-015-
0302-1.

Frieling T, Berges W, Borchard F, Lubke HJ, Enck P, Wienbeck M. (1988). Family occurrence of
achalasia and diffuse spasmof the esophagus. Gut; 29:1595-602.

Annese'V, Napolitano G, Minervini MM, Perri F, Ciavarella G, Di Giorgio G, et al. (1995). Family
occurrence of achalasia. J Clin Gastroenterol; 20:329-30.

Orlando, L. A., & Tan, P. (2021). Family history assessment significantly enhances delivery of
precision medicine: a comprehensive evaluation. Genome Medicine, 13(3).
GENOMEMEDICINE.BIOMEDCENTRAL.COM.

Hallal C, Kieling CO, Nunes DL, Ferreira CT, Peterson G, Barros SG, et al.(2012). Diagnosis,
misdiagnosis, and associated diseases of achalasia in children and adolescents: a twelve-year
single center experience. Pediatr Surg Int; 28:1211—7.

Orazio Palmieri, Tommaso Mazza, Antonio Merla, Caterina Fusilli, Antonello Culttitta, Giuseppina
Martino, et.al.(2016). Gene expression of muscular and neuronal pathways is cooperatively
dysregulated in patients with idiopathic achalasia. Scientific Reports; 6:31549. Doi:
10.1038/srep31549.

Becker, S. Niebisch, A. Ricchiuto, E.J. Schaich, G. Lehmann, T. Waltgenbach, A. Schafft, et.al.
(2016).Comprehensive epidemiological and genotype-phenotype analyses in a large European
sample with idiopathic achalasia. Eur. J. Gastroenterol. Hepatol;Jun;28(6):689-95. Doi:
10.1097/MEG.0000000000000602.

17



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

Zhi Xu, Xinying Huo, Chuanning Tang, Hua Ye, Vijayalakshmi Nandakumar, Feng Lou, et. al.(2014).
Frequent KIT Mutations in Human Gastrointestinal Stromal Tumors. Scientific Reports volume; 4,
Article number: 5907.

L.P. Bosher, A. Shaw. Achalasia in siblings. (1981). Clinical and genetic aspects. Am. J. Dis. Child;
135, pp. 709-710.

Ceccherini I, Bocciardi R, Luo Y, Pasini B, Hofstra R, Takahashi M, Romeo G (1993)."Exon
structure and flanking intronic sequences of the human RET proto-oncogene”.Biochemical and
Biophysical Research Communications; 196(3): 1288-1295.

Qi XP, Ma JM, Du ZF, Ying RB, Fei J, Jin HY, et al. (2011). "RET germline mutations identified by
exome sequencing in a Chinese multiple endocrine neoplasia type 2A/familial medullary thyroid
carcinoma family" (https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3105051). PLOS ONE; 6 (5):
e20353.

Booy, JD - Takata, J - Tomlinson, G - et al. (2012). The prevalence of auteimmune:disease in
patients with esophageal achalasia. Dis Esophagus; 25:209-213.

Gockel, HR - Schumacher, J - Gockel, et al.(2010). Achalasia: will genetic studies provide insights?
Hum Genet; 128:353-364.

Plant LD, Bowers PN, Liu Q, Morgan T, Zhang T, State MW, Chen W, et. al.(2006). Kittles RA,
Goldstein SA. A common cardiac sodium channel variant associated with sudden infant death in
African Americans, SCN5A S1103Y. J Clin Invest; Feb; 116(2):430-5. Doi: 10.1172/JCI25618.
Xingyu Jia, Songfeng Chen, Qianjun Zhuang, NiandizTan, Mengyu Zhang, Yi Cui, et. al.(2003).
Achalasia: The Current Clinical Dilemma and Possible Pathogenesis.-J Neuro gastroenterol Motil;
Vol. 29 No. 2023 p ISSN: 2093-0879 e ISSN: 2093-0887. https://doi.org/10.5056/jnm22176.
Francis, D.L. Katzka, D.A. (2010). Achalasia: update. on the disease and its treatment.
Gastroenterology; 139:369-374.

Sadowski DC, Ackah F, Jiang B, Svenson LW (2010). Achalasia: incidence, prevalence and
survival. A population-based study. Neurogastroenterol Motil; 22: e256-e261.

Lawrence Brody. (2025). LOD SCORE. https://www.genome.gov/genetics-glossary/LOD-
Score#:~:text=An LOD (short for.‘logarithm, likely to be inherited together; January 9.

Grabowski, A., Korlacki, W., Pasierbek, M., Pultorak, R., Achtelik, F., and llewicz, M. (2017).
Pediatric achalasia: Single-center study of interventional treatment. PrzegladGastroenterologiczny,
12(2), 98-104.

18



