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Abstract: Hirschsprung’s disease (HD) has a complex origin involving genetic
factors. While HD cases have been documented in Indonesia, the genetic
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inheritance is unexplored. This study aims to update HD in Indonesia,
determine the inheritance pattern through pedigree analysis, and identify the
non-genetic factors contributing to HD, including parental demographics and
maternal aspects. A cross-sectional survey was conducted with 87
respondents across Indonesia. The results revealed a male-to-female incidence
ratio of 1.90:1, with the ultra-short segment being the most common type
(75.86%), and familial cases accounted for 8%. Seventeen patients exhibited
other congenital abnormalities, with pneumonia, redundant colon, and
cardiac defect as the highest cases. Over 70% of the parents were aged 20-35
and had relatively high education and income levels. Notably, nearly half of
the mothers experienced food aversion in the first trimester (n=38) and
frequently consumed fast or instant food during pregnancy (n=33). The study
confirmed that HD follows an autosomal recessive inheritance pattern. These
findings emphasize the role of genetic inheritance in incidents of HD, which
is valuable for developing early detection strategies and providing genetic
counseling for at-risk families. Maternal lifestyle factors may play a role in the
development of HD, which needs further investigation.

Keywords: Autosomal recessive; Congenital abnormalities; Hirschsprung’s
disease; Inheritance pattern; Maternal lifestyle

Introduction

Hirschsprung's disease (HD) is a congenital
disorder of the hindgut characterized by the absence of
ganglion cells in both the submucosal plexus (Meissner's
plexus) and the myenteric plexus (Auerbach's plexus)
(Klein & Varga, 2020). The incidence of HD ranges from
1.5 to 2.8 per 10,000 births, with a rate of 2.8 per 10,000
births in Asians (Tam, 2016) and 3.1 per 10,000 births in
Indonesia (Gunadi et al., 2018b). HD typically manifests
in one of three ways: neonatal distal intestinal
obstruction, chronic constipation in an older child, or
enterocolitis (Langer, 2013). A substantial risk associated
with HD is Hirschsprung-associated enterocolitis
(HAEC), a severe condition affecting approximately 16 %
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of patients and responsible for 50% of HD-related
mortality (Moore, 2016).

The combination of genetic and environmental
factors impacts the development of HD (Granstréom et
al., 2016). Extensive research has focused on HD-related
mutations across various genes and loci (Amiel et al.,
2008), with two genes primarily implicated in the
disease: the tyrosine kinase receptor (RET) located at
10q11.2 and the endothelin receptor type B (EDNRB)
located at 13q22.3 (Karim et al., 2021). However, some
cases of HD occur without associated mutations
(Heuckeroth, 2018; Heuckeroth & Schifer, 2016;
Tilghman et al.,, 2019), and 70% of cases are isolated
(non-syndromic) (Amiel et al., 2008).
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HD has been reported in Indonesia (Corputty et al.,
2015; Gunadi et al., 2018b; Isa et al., 2019; Palissei et al.,
2021), with previous studies mainly focusing on
treatment outcomes (Gunadi et al., 2018b; Gunadi et al.,
2022; Isa et al., 2019) and genetic investigations (Gunadi
et al., 2016; Gunadi et al., 2018a; Iskandar et al., 2019;
Kalim et al., 2023; Saryono et al., 2010). However, the
mechanisms underlying the inheritance patterns of HD
remain poorly understood. This study provides an
updated overview of HD cases in Indonesia and is the
first to systematically analyze the genetic inheritance of
HD through the construction and evaluation of
pedigrees across three generations: grandparents,
parents, and siblings. Additionally, we identify non-
genetic factors contributing to HD, particularly those
related to parental aspects. Understanding these factors
is crucial for several reasons. First, identifying both
genetic and non-genetic factors can enhance early
detection and enable effective genetic counseling for at-
risk families, ultimately reducing delays in diagnosis
and intervention. Second, insights into parental
characteristics, including lifestyle and health history,
may uncover modifiable risk factors, opening avenues
for prevention strategies. Lastly, this research lays the
foundation for future studies on the interaction between
genetic predisposition and environmental influences in
HD development. This study significantly advances our
understanding of HD’s etiology by addressing these
gaps and provides a basis for developing prevention and
management strategies in Indonesia.

Method

Study Design and Subject

This research employed a cross-sectional survey
method. Samples were collected using a non-probability
sampling method with consecutive sampling. The
subjects were drawn from two WhatsApp groups,
consisting of individuals who have family relatives with
HD (n = 87). The study protocol was reviewed and
approved by the Committee of Dr. M. Djamil Central
General Hospital, Padang, approval number (Ethical
approval No. DP.04.03/D.XVI1.X1/87/2024).

Samples Criteria

The inclusion criteria consisted of HD patients of
both genders and all ages who had been diagnosed by a
medical professional and were willing to participate as
respondents. The exclusion criteria included HD
patients who were unwilling to participate or those who
were unaware of their family history.
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Data Collection

Data were obtained through a questionnaire via
Google Forms. The collected data in HD patients
included gender, age, type of HD, family history of HD,
parental demographics, maternal medical history,
maternal lifestyle during pregnancy, and three-
generation pedigree.

Data Analysis

The inheritance patterns were determined by
examining the patient's pedigree to identify whether the
inheritance was autosomal dominant or autosomal
recessive. Pedigree was constructed using Quickped
(Vigeland, 2022).

HD patients
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Figure 1. Study flowchart
Result and Discussion

The profiles of 87 patients with HD are summarized
in Table 1, including their gender, age, type of HD,
associated abnormalities, and family history of HD. The
male-to-female ratio was 1.90:1, indicating a higher
incidence in males, which is consistent with prior studies
(Abbas et al., 2013; Anandasari & Margiani, 2023; Ishfaq
et al., 2014; Izadi et al., 2009; Rahman et al., 2010).

Most HD diagnoses occur prenatally or within the
first year of life. However, there were six cases where the
diagnosis was made after the child was over one year old
(Table 1). Delays in diagnosis often arise due to mild or
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non-specific symptoms (Khare et al., 2022; Prato et al.,
2024) and limited access to adequate healthcare services
in certain regions (Khare et al., 2022). Misdiagnosis is
also a concern, as approximately 10% of HD cases are
asymptomatic (Martucciello, 2008), and the clinical
presentation can vary depending on the extent of the
affected colon segment (Khare et al., 2022).

Although ultra-short segment Hirschsprung
disease (US-HD) is classified as a rare variant (Hong et
al., 2014; Tjaden & Trainor, 2013), it had the highest
prevalence in this study (Table 1). US-HD is
characterized by the shortest aganglionic segment,
measuring 1-2 c¢cm in the distal rectum or colon
(Friedmacher & Puri, 2013).

Table 1. Distribution of HD Patients by Gender, Age,
Type of HD, Associated Congenital Abnormalities, and

Family History of HD
Characteristics f %
Gender
Male 57 65.52
Female 30 34.48
Age at diagnosis
<28 days 67 77.01
1 -12 months 14 16.09
1-5years 4 4.60
5-10 years 1 1.15
>10 years 1 1.15
Type of HD
Ultra-short segment 66 75.86
Long-segment 6 6.90
Total colonic 1 1.15
Rectosigmoid 1 1.15
Adult HD 3 3.45
Uncertain 10 11.49
Congenital anomalies
Present 17 19.54
Absent 70 80.46
Family history of HD
Present 7 8.05
Absent 80 91.95
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in Hirschsprung-associated enterocolitis (HAEC)
patients (Li et al., 2016). Various heart defects were
identified, including atrial septal defect (ASD), patent
ductus arteriosus (PDA), and patent foramen ovale
(PFO). Central nervous system abnormalities, such as
autism spectrum disorder (ASD), were also noted.
Additionally, gastrointestinal malformations, including
redundant intestines and imperforate anus, were
observed. This study demonstrated that HD-related
anomalies frequently affect the cardiac, gastrointestinal,
central nervous, and genitourinary systems. Other
abnormalities were also observed, including orofacial
clefts, vaginal stenosis, and phimosis. Previous studies
have reported congenital heart disease in patients with
HD (Best et al., 2014; Hasserius et al., 2017; Wu et al,,
2023), as well as the presence of cleft lips and
imperforate anus (Mashuda et al., 2014).

Table 2. Distribution of HD Patients by Clinical
Symptoms and Associated Congenital Anomalies

Criteria f %

Congenital anomalies and diseases
Pneumonia 3 16.67
Redundant colon 2 11.11
Patent Ductus Arteriosus (PDA) 2 11.11
Atrial Septal Defect (ASD) 2 11.11
Patent Foramen Ovale (PFO) 1 5.56
Imperforate anus 1 5.56
Orofacial cleft 1 5.56
Hypothyroidism 1 5.56
Autism Spectrum Disorder (ASD) 1 5.56
Vaginal stenosis 1 5.56
Speech delay 1 5.56
Colitis 1 5.56
Phimosis 1 5.56

Clinical presentation
Abdominal distension 72 34.12
Delayed meconium passage 50 23.70
Chronic constipation 45 21.33
Vomiting 44 20.85

The clinical symptoms and congenital diseases or
abnormalities found in HD patients are summarized in
Table 2. The most common symptom observed was
abdominal distension, followed by delayed passage of
meconium, chronic constipation, and vomiting. In the
early stages of diagnosis, HD is typically identified
based on symptoms such as a distended abdomen,
delayed meconium passage (lasting more than 24
hours), and vomiting (Tjaden & Trainor, 2013). Chronic
constipation is particularly noted in patients diagnosed
at later stages.

Seventeen patients with HD were found to have
congenital anomalies and associated diseases, with
pneumonia being the most common, similar to findings

Most parents of HD patients were between 20 and
35 years old (Table 3). While older or younger parents
are often associated with a higher risk of birth defects
and health issues in their children (Liu & Li, 2011), this
study suggests that parental age may not be a
contributing factor to HD. Previous research has also
indicated that the incidence of HD is not correlated with
maternal age (Best et al.,, 2014; Kapapa et al., 2022).
Furthermore, the study found that the parents of HD
patients generally had good socio-economic status, with
over 50% having higher education and incomes above
the city's minimum wage. Although socio-economic
factors can influence the development of congenital
malformations (Lee et al., 2021), this study found no
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clear association between these factors and the incidence
of HD.

A high prevalence of food aversion during early
pregnancy and frequent fast food consumption were
reported in maternal pregnancy period, which is closely
linked to fetal nutrient intake. Although not
scientifically proven, fetal malnutrition may play a role
in the occurrence of HD (Heuckeroth & Schéfer, 2016),
as maternal eating habits directly affect fetal growth
(Blumfield et al., 2012) and may pose a risk for various
reported malformations (Dean et al., 2014; Giordano et
al., 2008, Moore et al., 2020). Furthermore, since the
embryological development of HD occurs between the
5th and 12th weeks of pregnancy, it is crucial to identify
external influences during early pregnancy (Zhang et al.,
2017).

Table 3. Parental Demographics of HD Patients by Age,
Education, Occupation, and Income

Parental characteristics f %
Age
Mother
<20 years 1 1.15
20-35 years 77 88.51
> 35 years 9 10.34
Father
<20 years 1 1.15
20-35 years 67 77.01
> 35 years 19 21.84
Educational level
Primary education 0 0.00
Lower secondary education 4 4.65
Upper secondary education 31 36.05
Higher education 51 59.30
Occupation
Private sector employee 30 34.48
Public sector employee 20 22.99
Labor 6 6.90
Other 31 35.63
Income
< District/ City Minimum Wages 33 37.93
> District/ City Minimum Wages 54 62.07
Table 4. Medical History and Lifestyle Factors of
Mothers of Patients with HD
Criteria f %
Medical history
Bleeding during pregnancy 8 8.79
Diabetes 0 0.00
High blood pressure 6 6.59
Low blood pressure 9 9.89
No reported medical conditions 68 74.73
Lifestyle factors
Food aversion in the first trimester 38 29.92
Frequently consuming fast food or
instant food 33 25.98
Consuming alcohol 0 0.00
Active smoking 0 0.00
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Criteria f %
Passive smoking 7 551
Exposed to air pollution 7 551
Taking drugs 12 9.45
No reported lifestyle factors 30 23.62

Table 5 displays the provinces in Indonesia where
patients with HD were studied. Data regarding the
province of origin were not available for six out of the 87
patients included in the study. Over 50% of the patients
came from Java, with the highest numbers from East
Java, West Java, and Central Java. These findings
suggest that the incidence of HD is widespread across
Indonesia. The representation of various provinces in
the study indicates that HD is not limited to a specific
region. The high number of patients from Java may
suggest a greater prevalence of the disease in this area,
potentially due to genetic or environmental factors. The
absence of data from a small number of patients
highlights the need for more comprehensive data
collection in future studies to understand the
distribution of HD in Indonesia.

Table 5. Distribution of HD Patients by Province of

Origin

Provinces f %
Banten 6 6.90
Bengkulu 2 2.30
Central Java 11 12.64
Central Kalimantan 1 1.15
East Java 23 26.44
East Kalimantan 3 3.45
East Nusa Tenggara 1 1.15
Jambi 1 1.15
Lampung 1 1.15
North Kalimantan 1 1.15
Riau Islands 2 2.30
South Kalimantan 1 1.15
South Sumatra 1 115
Special Capital Region of Jakarta 5 5.75
Special Region of Yogyakarta 2 2.30
West Java 16 18.39
West Kalimantan 1 1.15
West Nusa Tenggara 1 1.15
West Sumatra 2 2.30
Data unavailable 6 6.90

Pedigree analysis was conducted on 3 out of 7
individuals with familial HD (as mentioned in Table 1).
These families are identified as proband family 1,
proband family 2, and proband family 3. In proband
family 1, the proband (IlI-1) is a male diagnosed with
short-segment HD at the age of four months (Figure 2).
The proband and another affected family member, a
maternal cousin (IlI-2), are part of the third generation.
The inheritance pattern remains unclear; however, the
disease's occurrence in the offspring of phenotypically
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normal parents suggests it is unlikely to follow an
autosomal dominant inheritance pattern.

In proband family 2, HD also manifested in the
third generation, affecting both the proband (III-5) and
her sibling (III-1), as shown in Figure 3. The proband (III-
5), the youngest of five siblings, was diagnosed with HD
before reaching one month of age. She was identified as
having total colon aganglionosis. Since both parents (II-
1 and II-2) exhibit normal phenotypes, the pedigree
suggests an autosomal recessive inheritance pattern.
This indicates that both parents are carriers of the
recessive allele, which their affected children inherited
from both sides.
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Figure 2. Pedigree of proband family 1. Males are represented
by boxes and females by circles. Roman numerals indicate
generations, while Arabic numerals represent individual
family members. The arrow points to the proband, and
shading denotes family members affected by Hirschsprung's
disease
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Figure 3. Pedigree of proband family 2. Males are represented
by boxes and females by circles. Roman numerals indicate
generations, while Arabic numerals represent individual
family members. The arrow points to the proband, shading
indicates family members with Hirschsprung’s disease, and a
diagonal line through the shape represents deceased family

members
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In proband family 3, the proband is the youngest of
three siblings (Figure 4). The proband (III-3) is a female
and was diagnosed with HD before one month old. The
type of HD is an ultra-short segment. Other affected
family members include the proband's father's sibling
(II-3). The pedigree shows an autosomal recessive
inheritance pattern, where the proband (I1I-3) is affected

despite both parents (II-4, II-5) being clinically
unaffected.
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Figure 4. Pedigree of proband family 3. Males are represented
by boxes and females by circles. Roman numerals indicate
generations, while Arabic numerals represent individual
family members. The arrow points to the proband, and
shading indicates family members with Hirschsprung’s
disease

HD exhibits complex genetic patterns (Xiao et al.,
2023), and its inheritance is not yet fully understood
(Moore, 2016). Nevertheless, genetic factors are known
to play a crucial role in its development (Granstrom et
al., 2016). The inheritance patterns of HD can vary and
include autosomal dominant, autosomal recessive, and
multigenic traits (Moore, 2016).

There may be data bias in studying HD inheritance,
as some family members might be unaware of their
family history. Additionally, HD exhibits incomplete
penetrance and variable expressivity (Martucciello et al.,
2000). Consequently, some family members may have
HD but remain undiagnosed due to mild symptoms,
which can affect the conclusions drawn about
inheritance patterns.

Our findings are limited by the relatively small
number of HD cases, particularly those involving
familial cases. More detailed pedigree information from
HD families may provide a better understanding of
inheritance patterns, especially within the Indonesian
population. Moreover, there may be variations in HD
expression and penetrance among different ethnic
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groups in Indonesia, indicating the need for further
research. Although this study did not address every
possible cause of HD, more research on non-genetic
factors may assist in developing preventive strategies for
HD, particularly in sporadic cases.

Conclusion

Our study shows that the prevalence of HD in
Indonesia is higher in males (1.90:1), with the majority of
cases found in the ultra-short segment (75.86%).
Sporadic cases account for 91.95%, while familial cases
comprise only 8.05%. Congenital abnormalities were
present in 19.54% of patients. Over 70% of parents are
aged 20-35, exhibiting high education and income,
indicating that socioeconomic status has an insignificant
impact on HD. Notably, 74.73% of mothers had no
history of certain diseases, but 29.92% experienced food
aversion during early pregnancy, with 25.98%
consuming fast food frequently. This observation
suggests a potential link between maternal lifestyle and
fetal development, warranting further investigation.
Pedigree analysis confirmed an autosomal recessive
inheritance pattern, emphasizing the role of genetic
factors. These findings provide valuable insights for
public health strategies, including promoting healthier
maternal lifestyles and enhancing genetic counseling.
Further research is required to understand the complex
interplay between genetic and non-genetic factors
contributing to the incidence of HD.

Acknowledgments
We sincerely thank all the research respondents for their
invaluable participation in the data collection.

Author Contributions

Conceptualization, Y.A.,, Z.T, and D.L; methodology,
resources, Y.A., K..; data curation, data analysis, Y.A., K,;
writing—original draft preparation, Y.A, K., RUM,;
writing —review and editing, Y.A.; project administration, K.
All authors have read and agreed to the published version of
the manuscript.

Funding

This study was funded by The Ministry of Education, Culture,
Research, and Technology of Indonesia on behalf of Prof. Dr.
Yuni Ahda by contract number: 069/E5/PG.02.00.PL/2024.

Conflicts of Interest
The authors declare no conflict of interest.

References

Abbas, M., Rashid, A., Laharwal, A. R.,, Wani, A. A., Dar,
S. A, Chalkoo, M. A., & Kakroo, S. M. (2013).
Barium enema in the diagnosis of Hirschsprung’s
disease: A comparison with rectal biopsy. Archives

January 2025, Volume 11, Issue 1, 529-536

of Clinical and Experimental Surgery, 2(4), 224-228.
https:/ /doi.org/10.5455/ aces.20120703031135
Amiel, ], Sproat-Emison, E. Garcia-Barcelo, M.,
Lantieri, F., Burzynski, G., & Borrego, S. (2008).
Hirschsprung disease, associated syndromes and
genetics: A review. Journal of Medical Genetics, 45(1),
1-14. https:/ /doi.org/10.1136/jmg.2007.053959
Anandasari, P. P. Y., & Margiani, N. N. (2023).
Characteristics of the rectosigmoid index in
pediatric patients with definitive Hirschsprung’s
disease in radiology installation of Sanglah
General Hospital, Denpasar from January 2018 to
December 2019. Bali Medical Journal, 12(1), 1206~
1209. https:/ /doi.org/10.15562/bm;j.v12i1.3949
Best, K. E., Addor, M. C,, Arriola, L., Balku, E., Barisic, 1.,
Bianchi, F., & Rankin, J. (2014). Hirschsprung's
disease prevalence in Europe: A register-based
study. Birth Defects Research Part A: Clinical and
Molecular Teratology, 100(9), 695-702.
https://doi.org/10.1002/bdra.23269
Blumfield, M. L., Hure, A. J., MacDonald-Wicks, L. K.,
Smith, R., Simpson, S. J., Giles, W. B., & Collins, C.
E. (2012). Dietary balance during pregnancy is
associated with fetal adiposity and fat distribution.
The American Journal of Clinical Nutrition, 96(5),
1032-1041.
https://doi.org/10.3945/ajcn.111.033241
Corputty, E. D., Lampus, H. F., & Monoarfa, A. (2015).
Gambaran pasien Hirschsprung di RSUP Prof. Dr.
RD Kandou Manado periode Januari 2010-
September 2014. e-CliniC, 3(1).
https:/ /doi.org/10.35790/ ecl.v3i1.6822
Dean, S. V., Lassi, Z. S., Imam, A. M., & Bhutta, Z. A.
(2014). Preconception care: Nutritional risks and
interventions. Reproductive Health, 11(S3), 1-15.
https:/ /doi.org/10.1186/1742-4755-11-S3-S3
Friedmacher, F., & Puri, P. (2013). Classification and
diagnostic criteria of variants of Hirschsprung’s
disease. Pediatric Surgery International, 29(9), 855-
872. https:/ /doi.org/10.1007 /s00383-013-3351-3
Giordano, F., Carbone, P., Nori, F., Mantovani, A.,
Taruscio, D., & Figa-Talamanca, I. (2008). Maternal

diet and the risk of hypospadias and
cryptorchidism in the offspring. Paediatric and
Perinatal Epidemiology, 22(3), 249-260.

https://doi.org/10.1111/j.1365-3016.2007.00918.x

Granstrom, A. L., Svenningsson, A. Hagel, E,
Oddsberg, J., Nordenskjold, A., & Wester, T.
(2016). Maternal risk factors and perinatal
characteristics for Hirschsprung disease. Pediatrics,
138(1), €20154608.
https://doi.org/10.1542 / peds.2015-4608

Gunadji, Budi, N. Y. P,, Sethi, R., Fauzi, A. R., Kalim, A.
S., Indrawan, T., & San, L. P. (2018a). NRG1 variant

534


https://doi.org/10.5455/aces.20120703031135
https://doi.org/10.1136/jmg.2007.053959
https://doi.org/10.15562/bmj.v12i1.3949
https://doi.org/10.1002/bdra.23269
https://doi.org/10.3945/ajcn.111.033241
https://doi.org/10.35790/ecl.v3i1.6822
https://doi.org/10.1186/1742-4755-11-S3-S3
https://doi.org/10.1007/s00383-013-3351-3
https://doi.org/10.1111/j.1365-3016.2007.00918.x
https://doi.org/10.1542/peds.2015-4608

Jurnal Penelitian Pendidikan IPA (JPPIPA)

effects in patients with Hirschsprung disease. BMC

Pediatrics, 18(1), 1-9.
https:/ /doi.org/10.1186/s12887-018-1265-x
Gunadi, Karina, S. M., & Dwihantoro, A. (2018b).

Outcomes in patients with Hirschsprung disease
following definitive surgery. BMC Research Notes,
11(1), 1-5. https://doi.org/10.1186/s13104-018-
3751-5
Gunadi, Makhmudi, A., Agustriani, N., & Rochadi.
(2016). Effects of SEMA3 polymorphisms in
Hirschsprung disease patients. Pediatric Surgery
International, 32(10), 1025-1028.
https:/ /doi.org/10.1007 /s00383-016-3953-7
Gunadi, Monica Carissa, T., Stevie, Daulay, E. F,
Yulianda, D., Iskandar, K., & Dwihantoro, A.
(2022). Long-term functional outcomes of patients
with Hirschsprung disease following pull-
through. BMC Pediatrics, 22(1), 246.
https:/ /doi.org/10.1186/s12887-022-03301-6
Hasserius, J., Hedbys, J., Graneli, C., Hagelsteen, K., &
Stenstrom, P. (2017). Treatment and patient-
reported outcome in children with Hirschsprung
disease and concomitant congenital heart disease.
BioMed Research International, 2017(1), 1703483.
https://doi.org/10.1155/2017 /1703483
Heuckeroth, R. O. (2018). Even when you know
everything, there is still more to learn about
Hirschsprung disease. Gastroenterology, 155(6),
1681-1684.
https:/ /doi.org/10.1053 /j.gastro.2018.11.006
Heuckeroth, R. O., & Schifer, K. H. (2016). Gene-
environment interactions and the enteric nervous
system: Neural plasticity and Hirschsprung
disease prevention. Developmental Biology, 417(2),
188-197.
https://doi.org/10.1016/j.ydbio.2016.03.017
Hong, S. M., Hong, J., Kang, G., & Moon, S. B. (2014).
Ultrashort-segment ~ Hirschsprung's  disease
complicated by megarectum: A case report. Journal
of Pediatric Surgery Case Reports, 2(8), 385-387.
https://doi.org/10.1016/j.epsc.2014.07.013
Isa, M. M., Syahputra, D. A, & Hutagalung, M. B. Z.
(2019). Transanal endorectal pull-through in
children as the treatment for Hirschsprung's
disease in Aceh, Indonesia. International Surgery
Journal, 6(5), 1443-1446.
https:/ /doi.org/10.18203 /2349-2902.1sj20191863
Ishfag, M. 1, Ahmad, U. F.,, & Manzoor, S. (2014).
Hirschsprung’s disease: Diagnosis and
management: Experience at Ibn-E-Siena and
Nishtar Hospital, Multan. The Professional Medical
Journal, 21(1), 20-26.
https://doi.org/10.29309/TPM]/2014.21.01.1943

January 2025, Volume 11, Issue 1, 529-536

Iskandar, K., Makhmudi, A., & Kapoor, A. (2019).
Combined genetic effects of RET and NRGI1

susceptibility =~ variants on = multifactorial
Hirschsprung disease in Indonesia. Journal of
Surgical Research, 233, 96-99.

https://doi.org/10.1016/j.jss.2018.07.067

Izadi, M., Mansour-Ghanaei, F., Jafarshad, R., Joukar, F.,
Bagherzadeh, A. H., & Tareh, F. (2009). Clinical
manifestations of Hirschsprung’s disease: A six-
year course review of admitted patients in Gilan,
Northern Iran. Middle East Journal of Digestive

Diseases, 1(2), 68-73.
http://dx.doi.org/10.15171/middle %20east%20j
%20di.v1i2.429

Kalim, A. S, Iskandar, K., Puspitarani, D. A,

Diposarosa, R., Makhmudi, A., & Astuti, G. D. N.
(2023). Exome sequencing identifies novel genes
and variants in patients with Hirschsprung
disease. Journal of Pediatric Surgery, 58(4), 723-728.
https:/ /doi.org/10.1016/j.jpedsurg.2022.11.011

Kapapa, M., Frein, S, & Serra, A. (2022). Risk factors for
Hirschsprung disease. European Journal of Pediatrics
and Neonatology, 1(1), 1-8. Retrieved from
http:/ /www.cmjpub.com/wp-
content/uploads/2022/08/risk-factors-for-
hirschsprung-disease.pdf

Karim, A., Tang, C. S. M., & Tam, P. K. H. (2021). The
emerging genetic landscape of Hirschsprung
disease and its potential clinical applications.
Frontiers in Pediatrics, 9, 638093.
https://doi.org/10.3389/fped.2021.638093

Khare, S., Tejada, O., & Mendez, M. (2022). Late
diagnosed Hirschsprung disease: A case report.
Journal of Clinical & Diagnostic Research, 16(11).
https://doi.org/10.7860/JCDR/2022/58027.17129

Klein, M., & Varga, 1. (2020). Hirschsprung’s disease —
recent understanding of embryonic aspects,
etiopathogenesis, and future treatment avenues.
Medicina, 56(11), 611.
https:/ /doi.org/10.3390/ medicina56110611

Langer, J. C. (2013). Hirschsprung disease. Current
Opinion in Pediatrics, 25(3), 368-374.
https://doi.org/10.1097 /MOP.0b013e328360c2a0

Lee, K. S, Choi, Y. ]., Cho, ]., Lee, H., Lee, H., Park, S. J.,
... Hong, Y. C. (2021). Environmental and genetic
risk factors of congenital anomalies: An umbrella
review of systematic reviews and meta-analyses.
Journal of Korean Medical Science, 36(28).
https://doi.org/10.3346/jkms.2021.36.e183

Li, Y.-Q. Yan, Z.-L., Feng, Y., Pan, L.-Y., Xie, Z.-L.-L., &
Hong, L. (2016). Analysis of risk factors for
recurrent Hirschsprung-associated enterocolitis.
Journal of Shanghai Jiaotong University (Medical
Science), 36(6), 830.

535


https://doi.org/10.1186/s12887-018-1265-x
https://doi.org/10.1186/s13104-018-3751-5
https://doi.org/10.1186/s13104-018-3751-5
https://doi.org/10.1007/s00383-016-3953-7
https://doi.org/10.1186/s12887-022-03301-6
https://doi.org/10.1155/2017/1703483
https://doi.org/10.1053/j.gastro.2018.11.006
https://doi.org/10.1016/j.ydbio.2016.03.017
https://doi.org/10.1016/j.epsc.2014.07.013
https://doi.org/10.18203/2349-2902.isj20191863
https://doi.org/10.29309/TPMJ/2014.21.01.1943
https://doi.org/10.1016/j.jss.2018.07.067
http://dx.doi.org/10.15171/middle%20east%20j%20di.v1i2.429
http://dx.doi.org/10.15171/middle%20east%20j%20di.v1i2.429
https://doi.org/10.1016/j.jpedsurg.2022.11.011
http://www.cmjpub.com/wp-content/uploads/2022/08/risk-factors-for-hirschsprung-disease.pdf
http://www.cmjpub.com/wp-content/uploads/2022/08/risk-factors-for-hirschsprung-disease.pdf
http://www.cmjpub.com/wp-content/uploads/2022/08/risk-factors-for-hirschsprung-disease.pdf
https://doi.org/10.3389/fped.2021.638093
https://doi.org/10.7860/JCDR/2022/58027.17129
https://doi.org/10.3390/medicina56110611
https://doi.org/10.1097/MOP.0b013e328360c2a0
https://doi.org/10.3346/jkms.2021.36.e183

Jurnal Penelitian Pendidikan IPA (JPPIPA)

https:/ /doi.org/10.3969/].issn.1674-
8115.2016.06.009
Liu, Y., Zhi, M., & Li, X. (2011). Parental age and
characteristics of the offspring. Ageing Research
Reviews, 10(1), 115-123.
https://doi.org/10.1016/j.arr.2010.09.004
Martucciello, G. (2008). Hirschsprung's disease, one of
the most difficult diagnoses in pediatric surgery: A
review of the problems from clinical practice to the
bench. European Journal of Pediatric Surgery, 18(3),
140-149. https:/ / doi.org/10.1055/5-2008-1038625
Martucciello, G., Ceccherini, 1., Lerone, M., & Jasonni, V.
(2000). Special basic science review: Pathogenesis
of Hirschsprung's disease. Journal of Pediatric
Surgery, 35(7), 1017-1025.
https:/ /doi.org/10.1053 /jpsu.2000.7763
Mashuda, F., Zuechner, A., Chalya, P. L., Kidenya, B. R,,
& Manyama, M. (2014). Pattern and factors
associated with congenital anomalies among
young infants admitted at Bugando Medical
Centre, Mwanza, Tanzania. BMC Research Notes, 7,
195. https://doi.org/10.1186/1756-0500-7-195
Moore, K. J.,, Carmichael, S. L., Forestieri, N. E.,
Desrosiers, T. A., Meyer, R. E., & Freedman, S. F.
(2020). Maternal diet as a risk factor for primary
congenital glaucoma and defects of the anterior
segment of the eye in the National Birth Defects
Prevention Study. Birth Defects Research, 112(6),
503-514. https:/ /doi.org/10.1002/bdr2.1664
Moore, S. W. (2016). Hirschsprung disease: Current
perspectives.  Open  Access  Surgery,  39-50.
https:/ /doi.org/10.2147 / OAS.581552
Palissei, A. S., Ahmadwirawan, A., & Faruk, M. (2021).
Hirschsprung’s disease: Epidemiology, diagnosis,
and treatment in a retrospective hospital-based
study. Journal of Medical Science, 53(2), 127-134.
https:/ /doi.org/10.19106/JMedSci005302202103
Prato, A. P., Erculiani, M., Novi, M. L., Caraccia, M.,
Grandi, A., Casella, S.,, & Mottadelli, G. (2024).
Delayed diagnosis in Hirschsprung disease.
Pediatric ~ Surgery  International,  40(1),  65.
https:/ /doi.org/10.1007 /s00383-024-05657-5
Rahman, Z., Hannan, ], & Islam, S. (2010).
Hirschsprung’s disease: Role of rectal suction
biopsy —Data on 216 specimens. Journal of Indian
Association of Pediatric Surgeons, 15(2), 56-58.
https://doi.org/10.4103/0971-9261.70640
Saryono, S., Rochadi, R., Lestariana, W., Artama, W. T,
& Sadewa, A. H. (2010). RET single nucleotide
polymorphism in Indonesians with sporadic
Hirschsprung’s disease. Universa Medicina, 29(2),
71-77.
https://doi.org/10.18051/UnivMed.2010.v29.71-
77

January 2025, Volume 11, Issue 1, 529-536

Tam, P. K. (2016). Hirschsprung's disease: A bridge for
science and surgery. Journal of Pediatric Surgery,
51(1), 18-22.
https:/ /doi.org/10.1016/j.jpedsurg.2015.10.021

Tilghman, J. M., Ling, A. Y., Turner, T. N., Sosa, M. X,,
Krumm, N., Chatterjee, S., & Chakravarti, A.
(2019). Molecular genetic anatomy and risk profile
of Hirschsprung’'s disease. New England Journal of
Medicine, 380(15), 1421-1432.
https:/ /doi.org/10.1056/NEJMoal706594

Tjaden, N. E. B., & Trainor, P. A. (2013). The
developmental etiology and pathogenesis of
Hirschsprung disease. Translational —Research,
162(1), 1-15.
https://doi.org/10.1016/j.trsl.2013.03.001

Vigeland, M. D. (2022). QuickPed: An online tool for
drawing pedigrees and analysing relatedness.
BMC Bioinformatics, 23(1), 220.
https:/ /doi.org/10.1186/5s12859-022-04759-y

Wu, Y., Zhu, Y., Zhang, X., Feng, |, Xia, H., Zhang, Y., &
Li, J. (2023). Associated congenital heart disease
with Hirschsprung's disease: a retrospective cohort
study on 2,174 children. Frontiers in Cardiovascular
Medicine, 10, 1215473.
https:/ /doi.org/10.3389/fcvm.2023.1215473

Xiao, J., Hao, L. W,, Wang, J., Yu, X. S,, You, J. Y., Li, Z.
J, & Feng, ]J. X (2023). Comprehensive
characterization of the genetic landscape of
familial Hirschsprung’s disease. World Journal of
Pediatrics, 19(7), 644-651.
https:/ /doi.org/10.1007 /s12519-023-00686-x

Zhang, Y., Jiang, M., Kim, E,, Lin, S, Liu, K, Lan, X, &
Que, J. (2017). Development and stem cells of the
esophagus. Seminars in Cell & Developmental
Biology, 66, 25-35.
https://doi.org/10.1016/j.semcdb.2016.12.008

536


https://doi.org/10.3969/j.issn.1674-8115.2016.06.009
https://doi.org/10.3969/j.issn.1674-8115.2016.06.009
https://doi.org/10.1016/j.arr.2010.09.004
https://doi.org/10.1055/s-2008-1038625
https://doi.org/10.1053/jpsu.2000.7763
https://doi.org/10.1186/1756-0500-7-195
https://doi.org/10.1002/bdr2.1664
https://doi.org/10.2147/OAS.S81552
https://doi.org/10.19106/JMedSci005302202103
https://doi.org/10.1007/s00383-024-05657-5
https://doi.org/10.4103/0971-9261.70640
https://doi.org/10.18051/UnivMed.2010.v29.71-77
https://doi.org/10.18051/UnivMed.2010.v29.71-77
https://doi.org/10.1016/j.jpedsurg.2015.10.021
https://doi.org/10.1056/NEJMoa1706594
https://doi.org/10.1016/j.trsl.2013.03.001
https://doi.org/10.1186/s12859-022-04759-y
https://doi.org/10.3389/fcvm.2023.1215473
https://doi.org/10.1007/s12519-023-00686-x
https://doi.org/10.1016/j.semcdb.2016.12.008

