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chapter 4

Abstract

Constipation is a common problem in children but little is known about its exact 

pathophysiology. Environmental, behavioural but also genetic factors are thought to play a 

role in the aetiology of childhood constipation. We provide an overview of genetic studies 

performed in constipation. Until now, linkage studies, association studies and direct gene 

sequencing have failed to identify mutations in specific genes associated with constipation. 

We show that along with functional constipation, there are numerous clinical syndromes 

associated with childhood constipation.  These syndromic forms of constipation appear 

to be the result of mutations in genes affecting all aspects of the normal physiology of 

human defecation. We stress that syndromic causes of childhood constipation should be 

considered in the evaluation of a constipated child.   
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Introduction

Constipation can be characterized by infrequent and/or difficult stool passage.1 It 

occurs frequently within the general population. In children, the reported prevalence of 

constipation ranges from 0.7% to 29.6% (median 8%), and most epidemiological studies 

show no differences in prevalence of constipation between boys and girls, in contrast to 

adult literature where a higher prevalence in women is suggested.2,3 However, evidence 

of gender differences is inconsistent. The wide variance in reported prevalence rates and 

inconsistent evidence of gender differences is at least in part the result of the variations in 

definitions of constipation used in the various studies.

In a fraction of patients, constipation is secondary to a known pathology such as anorectal 

malformations, Hirschsprung disease, neurological abnormalities or a metabolic disorder.4 

In the majority of patients however, the aetiology remains unknown and a diagnosis of 

functional constipation is made. The diagnostic criteria for functional constipation as 

worded in the ROME III criteria for paediatric functional gastrointestinal disorders are 

the presence of at least two of the following for at least two months: 1) two or fewer 

defecations per week; 2) at least one episode of faecal incontinence per week; 3) retentive 

posturing or stool retention; 4) painful or hard bowel movements; 5) presence of a large 

faecal mass in the rectum; 6) large diameter stools which may obstruct the toilet in the 

absence of structural or metabolic aetiologies.5

In recent years, research in aetiology and pathogenesis of childhood constipation has focused 

on environmental factors, behavioural problems, and genetic factors. Environmental factors 

associated with a higher prevalence of childhood constipation are varied and include factors 

such as diet and mobility of the child, but also low maternal educational level, or social 

circumstances. 6 The relation with behavioural problems is similarly complex, in part because 

constipation can be both a cause and product of behavioural problems. 7 Furthermore, 

constipation has been reported more frequently in children with specific behavioural 

phenotypes such as autism spectrum disorder.8,9 The role of genetics in the aetiology of 

constipation is still largely unknown. A limited number of studies have been published on 

the occurrence of constipation among family members of patients with constipation.10-12 

Constipation occurred more frequently in family members of patients with childhood 

constipation than in family members of controls (see below). Childhood constipation has 

been described frequently in patients with hereditary syndromes (Table I). This may indicate 

a substantial influence of genetic factors in the aetiology of childhood constipation, either as 

Mendelian disorder or in a polygenic or multifactorial way.

Here, we review the literature on the genetics of childhood constipation and associated 

clinical syndromes, to offer insight into the clinical and molecular pathogenesis of 

constipation. We do not discuss in detail the syndromes and genes associated with 

Hirschsprung disease as this has been reviewed in detail recently.13

Genetics of childhood constipation 
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Familial aggregation studies

In many common disorders identifying familial aggregation, or clustering is often a first step 

in genetic research and provides grounds for further genetic analyses.14 In constipation only 

limited studies have been performed.  In 2007, Chan et al. published the results of a study 

conducted in a tertiary referral centre in China in which adult patients with and without 

chronic constipation according to the ROME II criteria were asked to recruit first-degree 

relatives and their spouses for a questionnaire study.11 From 132 index patients and 114 

controls, they interviewed a total of 1268 family members, and found the prevalence of 

constipation among probands’ relatives to be 16.4%, vs. 9.1% in controls’ relatives. A family 

history of constipation was associated with an increased risk, with odds ratios of 2.02 when 

at least one relative was affected, and 3.99 when at least two relatives were affected. In 

a subsequent study, the authors found several clinical characteristics were associated with 

a positive family history, such as a younger age of onset, longer duration of complaints, 

and complications including haemorrhoids, anal fissures and rectal prolapse.15 Although 

these data suggest that a positive family history has an influence on the clinical course of 

constipation, a recent review by Pijpers et al. reported that in childhood constipation, a 

positive family history is not associated with eventual recovery rates.16

A comparable study in family members of children with functional constipation according 

to the ROME III criteria studied 310 first-degree family members in probands and controls 

by a questionnaire study.10 Siblings or parents of probands had a significantly higher rate 

of constipation compared to first-degree family members of the control group (30% vs. 

7% for siblings and 42% vs. 9% for parents, respectively). It was not reported whether 

there were also family members with constipation in childhood.

Another familial aggregation study investigated the prevalence of functional gastrointestinal 

disorders in parents and siblings of children affected by a functional gastrointestinal 

disorder.12 In 41% of mothers of constipated children, constipation was found too, and this 

percentage possibly differed from mothers of healthy controls (9.2%; no p-value reported). 

In fathers and siblings, no statistically significant difference was found between family 

members of children with functional gastrointestinal disorders and controls. The authors 

concluded that their study reaffirmed the hypothesis that functional gastrointestinal 

disorders have a strong genetic background and an affected mother indicates that her 

offspring is at higher risk for a functional gastrointestinal disorder.12

The aetiological factors of childhood and adult constipation may be different, however no 

large case-control studies have been conducted, looking at the incidence and prevalence 

in first-degree relatives (parents; sibs; offspring) of patients with childhood constipation 

specifically. If such a study would be compared to a similar study of adult-onset 

constipation, it would allow more firm conclusions to be drawn on any differences in their 

genetic aetiology. It would be important in such studies to exclude syndromic forms of 

constipation (see below). 
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Dermatoglyphics

Fingerprint patterns or dermatoglyphics are specific line patterns on the palmar side of 

fingers and palms, which are considered unique (except in identical twins), and genetically 

determined.17,18 Several congenital conditions such as bèta-thalassemia major and 

PHOX2B-confirmed congenital central hypoventilation syndrome have been associated 

with specific fingerprint patterns.19,20 Some studies have suggested that the prevalence 

of simple arches on the tips of the fingers is increased in childhood constipation.21,22 

Gottlieb et al. studied the fingerprints of 155 children with early onset constipation (before 

10 years of age), children with later onset constipation and healthy controls attending a 

gastrointestinal clinic.21 In these individuals, they found prevalence rates of simple arches 

of 53%, 13% and 11%, respectively. The high percentages found might partly be a result of 

a selection bias, as the recruitment site of the total study population was a gastrointestinal 

clinic. Comparable results were reported by Staiano et al. who found small arches on the 

tops of the fingers in 38% of constipated children compared to 11% of healthy subjects.22  

Study numbers were small. In 2003, Jackson et al. compared the fingerprints of 30 children 

with refractory constipation needing surgery (mean age of onset 2.65 years) and their 

first-degree relatives to those in controls and their relatives.23 They found that the number 

of simple arch patterns occurred in a similar frequency in severely constipated children 

and control children (13% vs. 7%) and their families (16% vs. 13%). Unfortunately, further 

statistical analysis of the figures was not provided. The numbers in this study were small 

and did not allow firm conclusions. A case-control study in a much larger group and with 

adequate statistical analysis is needed to evaluate this properly. 

Association studies

We performed a literature search in PubMed using as search (MeSH) terms “Constipation” 

combined with either “Linkage (Genetics)”; “Genome wide association study”; “Genetic 

association studies”; and “Genes”. Reference lists of papers retrieved in this way were 

hand searched for other relevant publications. 

Only one study investigated a series of candidate genes in families of patients with 

childhood constipation.24 In 2007, Garcia-Barceló et al. studied 35 families with children 

(67% male; age 5.5 – 19.7 years [mean 11.5]) with constipation as defined by the ROME II 

criteria. All probands had slow colonic transit times on scintigraphy. Thirteen probands had 

one or more affected family members. Unfortunately, more detailed information about 

the families and their members was not provided. In the probands and their parents, 

genes encoding for gut neurotransmitters (TAC1, TAC3, VIP), genes encoding for their 

receptors (TACR1, TACR2, TACR3), and the KIT and NOS1 genes were evaluated by 

investigating 117 single nucleotide polymorphisms (SNPs) distributed among these genes. 

Results were compared with HapMap data based on the analysis of 30 trios (parents and 

child) of European descent. Five SNPs showed an association with slow transit constipation 

Genetics of childhood constipation 
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in children, located in TACR1, TACR3 (twice), KIT and NOS1 genes. No replication study 

has been performed. The study population was rather small and the number of genes 

studied limited. It is not clear whether within their study group there were one or more 

larger families, which would have allowed separate linkage analysis. It can be expected 

that linkage studies in single large, well-studied families in which constipation segregates 

will yield more information on genes possibly involved in constipation. Studies of small 

and homogeneous groups of patients with distinct constipation phenotypes using next 

generation sequencing techniques such as total exome sequencing, may identify novel 

genes associated with such extreme or specific phenotypes. Understanding the function 

of such genes will yield important information with respect to both the aetiology and 

pathogenesis of constipation.

Direct sequencing of candidate genes in adults with functional constipation has been 

performed in several studies. Knowles et al. studied 16 patients with confirmed idiopathic 

slow transit constipation with and without a family history of Hirschsprung disease.25 

Patients were screened for germline mutations in the RET proto-oncogene and GDNF 

(encoding for one of RET’s ligands), two genes known to be associated with Hirschsprung 

disease.13 In this small group of patients with idiopathic slow transit constipation, no 

germline mutations or rare polymorphisms in GDNF or RET were found.

In 2002 Chen et al. performed a study in 26 adults with slow transit constipation in which 

they screened for mutations in NRTN (neurturin), a gene encoding for a ligand which 

like GDNF signals through the RET tyrosine-kinase complex.26 NRTN was considered a 

candidate gene due to a previous study reporting NRTN-deficient mice to show a reduced 

enteric plexus innervation density, reduced gastrointestinal motility and autonomic 

defects.27 Fifteen of the 26 study patients had a positive family history of constipation and 

two patients had a family member with Hirschsprung disease. They could not demonstrate 

germline mutations or rare polymorphisms of NRTN in any patient studied. 

In 23 adults with slow transit constipation, analysis of the proto-oncogene C-kit, suggested 

to play a crucial role in the development of interstitial cells of Cajal and intestinal pacemaker 

activity, yielded no evidence for an association between mutations in C-kit and slow transit 

constipation.28 Eight of the included patients suffered from non-obstructive carcinoma or 

adenoma. 

In 2007, Rossi et al. searched for chromosomal abnormalities in colonic biopsies of 22 

adults with intractable constipation requiring surgery. Fluorescence in situ hybridization 

(FISH) was used to study abnormalities in chromosomes 1, 18, 17, X, and Y in enteric 

neurons and glial cells. In 45% of patients, they found only numerical abnormalities of 

chromosome 1 (aneusomy >10%), mainly in the enteric neurons. They concluded that it 

is possible that in at least a subgroup of patients with slow transit constipation a genetic 

basis for their complaint is present.29
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Animal models

Mouse models are abundant for Hirschsprung disease, but limited for functional 

constipation. We have been unable to find recent molecular genetic studies in animal 

models for functional constipation. 

Syndromes associated with childhood constipation

The number of syndromes associated with an increased frequency of childhood 

constipation is large. We performed a literature search in PubMed, OMIM (Online 

Mendelian Inheritance in Man) and LMD (London Medical Databases) using the following 

MeSH terms and text words: Constipation AND (Syndrome OR Disease OR Disorder OR 

Genes OR Genetic). Only papers concerning constipation in childhood were considered 

eligible for this review. Reference lists of papers retrieved in this way were hand searched 

for other relevant publications. 

Syndromes identified in this way varied in prevalence from very rare to relatively common. 

The prevalence of childhood-onset constipation in each syndrome was equally variable. 

As estimates of the prevalence of this feature in any syndrome may be affected by 

ascertainment bias, we have included all syndromes where childhood constipation has 

been reported. We categorized all syndromes according to the (presumed) pathogenesis 

of constipation (Table 1). If more than one pathogenesis might play a role in constipation 

we included the entity only once, under the category that was assumed to play the most 

significant role. In the text we only discuss a single syndrome of each subcategory in detail 

to illustrate the presumed pathogenesis of constipation. 

Normal defecation is complex, it involves the rapid semi-voluntary emptying of the rectum 

and a variable part of the colon and it requires a high degree of coordination to achieve 

evacuation.  Smooth and striated muscle and the central, somatic, autonomic and enteric 

nervous systems are all involved. In constipation, one or more of the above mentioned 

factors is usually affected as can be seen in the disorders described below.30 

Autonomic nervous system

Hereditary sensory and autonomic neuropathy type 3

A balanced tuning between the muscular apparatus of the gut and a coordinated and 

programmed neural control is essential for normal gastrointestinal motility. The enteric 

nervous system (ENS) provides direct intrinsic neuronal control of intestinal motility and 

via activation by enteric sensory- and interneurons it gives rise to local reflex activity. 

The ENS in turn is modulated through the sympathetic, parasympathetic and extrinsic 

afferent pathways.30 Sympathetic pathways moderate blood flow in the gut through 

vasoconstriction, modulate secretory activity and temper enteric motor reflexes and the 

sacral parasympathetic pathways carry out an opposite effect.

Genetics of childhood constipation 
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In hereditary sensory and autonomic neuropathy type 3 (HSAN III, OMIM 22390), 

also referred to as Riley-Day syndrome or familial dysautonomia, the balance needed 

for normal gastrointestinal motility is disturbed by autonomic dysfunctioning. HSAN 

III is an autosomal recessive inherited disorder associated with a wide spread sensory 

and autonomic dysfunction. The congenital disorder has an incidence of one per 3600 

live births and is almost exclusive to individuals of Eastern European Jewish extraction. 

Manifestations of dysautonomia are present in vasomotor regulation, temperature stability, 

pain perception, muscle tone regulation, lacrimation, and many other functions. Abnormal 

gastrointestinal motility manifesting as cyclic vomiting and childhood constipation is 

a frequent characteristic.31 HSAN III is caused by a mutation in IKBKAP, encoding for 

a protein involved in regulation of polarized exocytosis of neuronal cells. Exocytosis is 

a cellular process by which cells excrete waste products or chemical transmitters and 

disruption of this process is the likely pathogenic mechanism.32

Innervation

Ochoa syndrome

If the local gut innervation is disturbed, direct signals from the ENS and indirect signals 

from the sympathetic and parasympathetic nervous system are affected resulting in 

disturbed gut motility. Ochoa syndrome can serve as an example of a disorder due to 

such disturbed innervation. Ochoa syndrome, also known as urofacial syndrome, is an 

autosomal recessive congenital disorder mainly characterized by facial and urological 

manifestations. Patients show an odd grimacing facial expression when smiling. They 

have dysfunctional motility of the ureters, leading to extreme hydroureters and secondary 

voiding problems, infections and renal damage. In two-third of patients, constipation is 

found, ascribed to neurogenic alterations.33 Mutations in HPSE2 have been found to be 

associated with Ochoa syndrome. HPSE2 (heparanase) has been suggested to regulate 

peripheral innervation and coordination of muscles, but its exact biological function has 

not yet been characterized.34

Muscular

Spinal Muscular Atrophy

Smooth muscle cells and interstitial cells of Cajal play a major role in normal gastrointestinal 

motility.30 These cells propagate rhythmic contractions of the colonic wall and propulsion 

of content throughout the gut. Next to the intrinsic muscles of colon and rectum, muscles 

of the abdominal wall assist with defecation by increasing the intra-abdominal and 

intra-rectal pressure.

In patients with Spinal Muscular Atrophy (SMA), proximal muscle weakness is a cardinal 

feature due to degeneration of motor neurons of the spinal cord and cranial motor nuclei. 

The disorder is caused by a mutation in SNM1 (survival motor neuron 1). SMN1, together 
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with SMN2, encodes for the SMN protein, which has both neuronal- and muscle specific 

functions. Mutations in SMN1 may lead to motorneuron degeneration and associated 

denervation atrophy of skeletal muscles. In the spinal cords and muscles of SMA patients, 

low levels of SMN have been found, consistent with the clinical features of these patients.35 

In most patients with SMA, constipation is a problem, commonly attributed to poor tone of 

abdominal muscles.36 However, a study investigating the myenteric plexus in the intestines 

of patients with SMA type 1 suggested not only poor abdominal muscle tone but also that 

disturbed intrinsic innervation of gut muscles may play a role in the pathophysiology of 

constipation in this disorder.37

Metabolic

Fabry disease

The exact pathogenetic mechanism behind the clinical manifestations of many metabolic 

disorders is not yet completely understood. In storage disorders such as Fabry (or 

Anderson-Fabry) disease the manifestations can be (in)directly explained by accumulation 

of storage materials. Fabry disease is a congenital X-linked deficiency of the lysosomal 

enzyme α-galactosidase, caused by mutation in GLA and resulting in accumulation of 

glycosphingolipids.38 Glycosphingolipids mediate and modulate intercellular coordination 

and adhesion. Major features of Fabry disease are angiokeratomas of the skin, limb pain, 

progressive renal failure, cardiac defects and cerebrovascular accidents. Accumulation of 

glycosphingolipids occurs also in autonomic ganglia leading to autonomic dysfunction. This 

may cause constipation. Furthermore, there is evidence that accumulated glycosphingolipids 

in small mesenteric vessels may lead to microvascular ischemia of the gut. Hoffmann et 

al. studied gastrointestinal symptoms in Fabry disease patients and found a prevalence of 

constipation of 13.3% in children with the disease.39 

Connective tissue

Ehlers-Danlos syndrome type IV

The wall of the gut needs a degree of firmness to allow stool propulsion. Furthermore, 

effective peristalsis is aided by attachment of the gut to other abdominal structures. Both 

aspects depend on the quality of the connective tissue. In addition, a weak abdominal 

wall can cause colonic protuberances which may lead to stasis of stools.40 Ehlers-Danlos 

syndrome (EDS) type IV, also described as the vascular type of EDS, is an inherited 

disorder of connective tissue. It is caused by heterozygous mutations in the COL3A1 gene, 

which codes for the protein Collagen type III that contributes to the organization of the 

extracellular matrix. The manifestations of the disorder are predominated by vascular 

problems, which include life-threatening rupture of great arteries. Joint hypermobility and 

skin manifestations are also present, and gastrointestinal complications are frequent.41 The 

main gastrointestinal manifestation is the development of a megacolon, perforations and 

Genetics of childhood constipation 

103



chapter 4

spontaneous rupture of the gut. About 25% of patients with EDS type IV have constipation. 

The symptoms of constipation usually begin in late childhood or adolescence.42

Coordination

Posterior column ataxia with retinitis pigmentosa

Normal defecation is complex and requires a high degree of coordination involving 

amongst other body positioning, respiration, and contractions and relaxations of various 

muscles groups including diaphragm, abdominal wall and the anal sphincter. Constipation 

is common in patients exhibiting impaired cognition, indicating that central nervous system 

function also plays an important role. In many mental retardation syndromes, additional 

factors such as impaired mobility and diet also contribute.

In 1997, Higgins described an autosomal recessive form of ataxia starting in childhood 

which he named Posterior Column Ataxia with Retinitis Pigmentosa, after the main 

characteristics.43 The MRI of the spinal cord demonstrated hyper-intense signals in the 

posterior columns. The posterior column is responsible for transmitting sensory information 

from the body back to the cerebral cortex and therefore paramount in processing 

proprioception and coordination. Constipation was one of the resulting presentations.44 

Water-electrolyte balance

Gitelman syndrome

In principle, constipation can arise in disorders affecting water-electrolyte balance for two 

reasons. Firstly, a reduction of the water content of the stools, either due to a disturbed 

water balance in the total body, or specifically in the stool due to abnormal electrolyte 

flow over the gut mucosa. Secondly as a result of muscle weakness of the abdominal wall 

and gut, due to electrolyte imbalance.  

Nephrogenic diabetes insipidus can serve as an example for disturbed water content of 

stools due to a total body water imbalance. Gitelman syndrome is a salt-losing tubulopathy 

characterized by hypokalemic alkalosis, hypomagnesaemia and hypocalciuria.45 The disease 

is caused by a mutation in SLC12A3 coding for the thiazide-sensitive NaCl co-transporter 

in tubular cells. Due to the ensuing electrolyte imbalances, clinical symptoms in Gitelman 

syndrome include muscle weakness, fatigue, polyuria, decreased physical growth and 

constipation, also in children. The NaCl co-transporter defect in Gitelman syndrome 

indicates a role of chloride in constipation but the exact pathogenesis is still largely 

unknown. A recent study (Bekkali et al., unpublished) showed that in gut biopsies also in 

children with severe functional constipation, disturbances in chloride secretion could be 

found. We have been unable to find studies investigating chloride channels in gut biopsies 

of Gitelman patients. 
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Malformation

Currarino syndrome

A physical obstruction caused by a congenital malformation can hinder adequate passage 

of stools and cause constipation. In addition, malformations affecting the sacral neural 

tissue often lead to constipation. Currarino syndrome may serve as an example. It is an 

autosomal dominant disorder characterized by a partial agenesis of the sacrum, anorectal 

malformations and presacral masses as the most prominent features. Lynch et al. reported 

a prevalence of 41% of constipation in 205 patients with Currarino syndrome.46 The bowel 

obstruction may be the result of the primary anorectal malformation, can be secondary to 

the presacral mass,  or by spinal cord tethering due to the partial sacral agenesis. HLXB9 

has been identified as the major causative gene in this disorder.47 HLBX9 is expressed 

in the sacral region during embryogenesis and is suggested to be involved in cellular 

migration and mesoderm formation in the caudal embryo.48

Chromosomal

Constipation is reported in patients with several chromosomal abnormalities (see Table 

1). One explanation might be that some patients harbour a chromosomal deletion that 

includes deletion of genes that are required for normal defecation. Contiguous gene 

syndromes are characterized by multiple, apparently unrelated, clinical features caused 

by interstitial or terminal deletions of multiple adjacent genes within a chromosome.49 To 

our knowledge, no studies have investigated the regions of these known chromosomal 

anomalies to identify genes specifically associated with constipation. In order to visualize 

the information about chromosomal anomalies associated with constipation, an ideogram 

is provided in Figure 1. 

Unknown

The pathogenesis of constipation is unknown in several clinical syndromes (see Table 1).  

In many of these syndromes, associated genes are localized but their function in normal 

defecation is still unclear. As our knowledge of gene defects and gene functioning increases, 

our understanding of the pathophysiology of childhood constipation will improve. 

Summary

Constipation is common in children and can have a vast influence on physical and mental 

well-being. Many studies have been published on aetiology showing constipation to be 

extremely heterogeneous and although many mechanisms have been identified, still more 

are unclear. Genetic factors are known to play a role but linkage studies, association studies 

Genetics of childhood constipation 
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and direct gene sequencing have yet to find mutations in genes specifically associated 

with constipation. 

This review stresses that along with functional constipation, syndromic forms of childhood 

constipation exist that should be considered when evaluating a constipated child. 

Mutations in genes affecting every body system required for normal defecation physiology 

are known, highlighting the complex pathogenesis of constipation.   

We are not aware of any studies that have investigated the prevalence of syndromic forms 

of constipation in children. In 1993, Loening-Baucke speculated that in over 90% of children 

with childhood constipation no etiological cause can be identified and the diagnosis of 

functional constipation should be made.50 According to the ROME III criteria, functional 

constipation can be diagnosed once all other causes are ruled out. In clinical practice 

however, only a limited number of organic causes are ruled out by further investigations 

and syndromic forms are likely to be frequently overlooked. We recommend that clinicians 

evaluating children with constipation examine for features suggestive of a hereditary 

syndrome. Recognition of such a syndrome can be of major importance for the patient, 

both with respect to the constipation, its treatment, and to the other manifestations of 

the syndrome. A detailed clinical history, with attention to the family history, physical and 

mental development, and co-occurrence of other physical illnesses is mandatory. A physical 

examination should not only include abdominal and rectal exams but should also include 

a complete examination from head to toe, paying attention to unusual morphological 

features and congenital malformations. Study of such features in larger groups of children, 

would allow the true prevalence of syndromic causes of childhood constipation to be 

known.  We suggest this might be (much) higher than anticipated due to our experience 

in similar studies of children with other disorders such as childhood cancer 51,52 and 

congenital hypothyroidism.53 
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Figure 1 | Ideogram showing all chromosomal regions involved in childhood constipation. OMIM numbers provided 
in this figure can be found in Table 1.  Inheritance:  ---- = autosomal recessive and autosomal dominant; underlined  = 
autosomal dominant; not underlined = autosomal recessive

Genetics of childhood constipation 
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Table 1 | Syndromes associated with childhood constipation

Syndrome OMIM* Major other manifestations Inheritance ** Gene/ regions of 
chromosome

Reference

Autonomic nervous system

Alexander disease 203450 seizures, neurodegeneration, spasticity AD GFAP/17q21 54

Cavitating leukodystrophy - 
autonomic failure

169500 cerebellar and pyramidal failure, orthostatic hypotension, bowel 
and bladder control problems

AD LMNB1/ 5q23 55

Congenital central hypoventilation 
syndrome

209880 hypoventilation, ocular abnormalities, Hirschsprung disease*** AD PHOX2B/4p12,
and many others

56

Hereditary sensory and autonomic 
neuropathy type II and III

201300
223900

autonomic dysfunction, defective lacrimation, incoordination AR HSN2/12p13
IKBKAP/9q31

31
57

MECP2 duplication 300005 MR, hypotonia, seizures, autonomic dysfunctioning, spasticity XL MECP2/ Xq28 58

Multiple sclerosis - anaemia - bilateral optic neuropathy, diplopia, spastic tetraparesis, sensory 
loss, ataxia, neurogenic bladder

multifactorial - 59

Paroxysmal extreme pain disorder 167400 rectal pain and sphincter hypertrophy AD SCN9A/2q24 60

Pitt-Hopkins syndrome 610954 MR, overbreathing, clubbing fingers, unusual face, Hirschsprung 
disease***

AR TCF4/ 18q21
NRXN1/2p16.3

61

Innervation

Alpha-thalassemia mental 
retardation syndrome 

301040 MR, alpha-thalassemia, short stature, microcephaly, unusual face, 
Hirschsprung disease

XL ATRX/Xq13 62

MEN2B 162300 multiple endocrine adenomatosis, dysmorphic features, 
Hirschsprung disease, gastrointestinal ganglioneuromatosis

AD RET/ 10q11 63

Mowat-Wilson syndrome 235730 MR, microcephaly, unusual face, short stature, Hirschsprung 
disease 

AD ZEB2/ 2q22 64

Ochoa syndrome 236730 unusual facial expression, hydroureters,hydronephrosis AR HPSE2/10q24 33

Muscular

Abdominal wall hypoplasia 612198 diastasis recti, thin abdominal wall AD - 65

Adrenomyodystrophy 300270 Primary adrenal insufficiency, dystrophic myopathy, pituitary 
microadenomas, fatty liver, megalocornea, terminal bladder 
ectasia 

? - 66

Alport syndrome with diffuse 
leiomyomatosis

308940 hematuria, leiomyomatosis, cataracts, deafness XL COL4A5/Xq22 
COL4A6/Xq22

67

Congenital generalized 
lipodystrophy, type 4

613327 lipodystrophy, insulin resistance, pyloric stenosis, cardiac 
arrhythmia

AR PTRF-CAVIN/ 17q21 68

Desmin-related myopathy 601419 Skeletal muscle weakness and cardiac problems AR
AD

DES/2q35 69

Hyperkalemic periodic paralysis 
(HYPP)

170500 episodic flaccid generalized muscle weakness AD SCN4A/17q23 70

Myotonic dystrophy 160900
602668

myotonia, muscular dystrophy, cataract, hypogonadism, frontal 
balding

AD ZNF9/ 3q21
DMPK/19q13

71

Puerto Rican infant hypotonia 
syndrome

600096 MR, hypotonia, seizures, delayed bone age ? - 72

Sondheimer syndrome - MR, hypotonia,, hypertelorism, midface hypoplasia, short stature ? - 73

Spinal muscular atrophy 253300 acute spinal muscular atrophy, severe hyptonia AR SMN1/5q12 36
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Table 1 | Syndromes associated with childhood constipation

Syndrome OMIM* Major other manifestations Inheritance ** Gene/ regions of 
chromosome

Reference

Autonomic nervous system

Alexander disease 203450 seizures, neurodegeneration, spasticity AD GFAP/17q21 54

Cavitating leukodystrophy - 
autonomic failure

169500 cerebellar and pyramidal failure, orthostatic hypotension, bowel 
and bladder control problems

AD LMNB1/ 5q23 55

Congenital central hypoventilation 
syndrome

209880 hypoventilation, ocular abnormalities, Hirschsprung disease*** AD PHOX2B/4p12,
and many others

56

Hereditary sensory and autonomic 
neuropathy type II and III

201300
223900

autonomic dysfunction, defective lacrimation, incoordination AR HSN2/12p13
IKBKAP/9q31

31
57

MECP2 duplication 300005 MR, hypotonia, seizures, autonomic dysfunctioning, spasticity XL MECP2/ Xq28 58

Multiple sclerosis - anaemia - bilateral optic neuropathy, diplopia, spastic tetraparesis, sensory 
loss, ataxia, neurogenic bladder

multifactorial - 59

Paroxysmal extreme pain disorder 167400 rectal pain and sphincter hypertrophy AD SCN9A/2q24 60

Pitt-Hopkins syndrome 610954 MR, overbreathing, clubbing fingers, unusual face, Hirschsprung 
disease***

AR TCF4/ 18q21
NRXN1/2p16.3

61

Innervation

Alpha-thalassemia mental 
retardation syndrome 

301040 MR, alpha-thalassemia, short stature, microcephaly, unusual face, 
Hirschsprung disease

XL ATRX/Xq13 62

MEN2B 162300 multiple endocrine adenomatosis, dysmorphic features, 
Hirschsprung disease, gastrointestinal ganglioneuromatosis

AD RET/ 10q11 63

Mowat-Wilson syndrome 235730 MR, microcephaly, unusual face, short stature, Hirschsprung 
disease 

AD ZEB2/ 2q22 64

Ochoa syndrome 236730 unusual facial expression, hydroureters,hydronephrosis AR HPSE2/10q24 33

Muscular

Abdominal wall hypoplasia 612198 diastasis recti, thin abdominal wall AD - 65

Adrenomyodystrophy 300270 Primary adrenal insufficiency, dystrophic myopathy, pituitary 
microadenomas, fatty liver, megalocornea, terminal bladder 
ectasia 

? - 66

Alport syndrome with diffuse 
leiomyomatosis

308940 hematuria, leiomyomatosis, cataracts, deafness XL COL4A5/Xq22 
COL4A6/Xq22

67

Congenital generalized 
lipodystrophy, type 4

613327 lipodystrophy, insulin resistance, pyloric stenosis, cardiac 
arrhythmia

AR PTRF-CAVIN/ 17q21 68

Desmin-related myopathy 601419 Skeletal muscle weakness and cardiac problems AR
AD

DES/2q35 69

Hyperkalemic periodic paralysis 
(HYPP)

170500 episodic flaccid generalized muscle weakness AD SCN4A/17q23 70

Myotonic dystrophy 160900
602668

myotonia, muscular dystrophy, cataract, hypogonadism, frontal 
balding

AD ZNF9/ 3q21
DMPK/19q13

71

Puerto Rican infant hypotonia 
syndrome

600096 MR, hypotonia, seizures, delayed bone age ? - 72

Sondheimer syndrome - MR, hypotonia,, hypertelorism, midface hypoplasia, short stature ? - 73

Spinal muscular atrophy 253300 acute spinal muscular atrophy, severe hyptonia AR SMN1/5q12 36
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Table 1 | Syndromes associated with childhood constipation (cont.)

Syndrome OMIM* Major other manifestations Inheritance ** Gene/ regions of 
chromosome

Reference

Metabolic

Aromatic L-amino acid decarboxylase 
deficiency

608643 MR, hypotonia, oculogyric crises, choreoathetosis AR AADC/7p11 74

MEHMO syndrome 300148 MR, microcephaly, hypogonadism, obesity mitochondrial
XL

CYBB, DXS365/Xp21 75

Fabry disease 301500 angiokeratomas of the skin, limb pain, progressive renal failure, 
cardiac defects, cerebrovascular accidents

AR GLA/Xq22 39

Familial amyloid polyneuropathy 176300 polyneuropathy, cardiomyopathy, carpal tunnel syndrome, renal 
insufficiency, hypotension

AR
AD 

TTR/18q11 76

MELAS 540000 myopathy, encephalopathy, raised  lactic acid concentrations, 
stroke

mitochondrial mtDNA mutations 77

Malonyl-CoA decarboxylase 
deficiency

248360 MR, seizures, hypotonia, vomiting, hypertrophic cardiomyopathy, 
metabolic acidosis

AR MLYCD/16q24 78

Niemann-Pick type C 257220 progressive dementia, ophthalmoplegia, spasticity, ataxia, 
seizures

AR NPC1/18q11 
NPC2/14q24 

79

Porphyria, acute intermittent / 
variegate

176000
176200

intermittent and recurrent abdominal pain, behavioural 
problems, nausea, vomiting, motor neuropathy, enlarged liver 
and spleen

AD HMBS/ 11q23
PPOX/ 1q21

80

Sandhoff disease - juvenile 268800 cerebellar ataxia, progressive motor neuropathy, autonomic 
dysfunction, achalasia

AR HEXB/5q13 81

Smith-Lemli-Opitz syndrome 270400 MR, growth retardation, unusual face, hypospadia, organ 
malformations, cutaneous syndactyly toes

AR DHCR7/ 11q12 82

Connective tissue

Ehlers-Danlos syndrome type IV 130050 stretchable skin, joint hypermobility, vascular and gastrointestinal 
ruptures

AD COL3A1/2q31 83

Ehlers-Danlos syndrome type VI-B 229200 stretchable skin, blue sclerae, keratoconus, joint hypermobility, 
corneal rupture

AR ZNF469/16q24 84

Coordination

Aicardi syndrome 304050 MR, infantile spasms, chorioretinopathy, agenesis corpus 
callosum

XL Xp22 85

Angelman syndrome 105830 MR, microcephaly, absent speech, ataxia, seizures, outbursts of 
laughter

microdeletion 
UPD

UBE3A/ 15q11 86

CFC syndrome 115150 MR, unusual face, pulmonary stenosis, dry skin, sparse hair, short 
stature

AR BRAF/7q34
KRAS/12p12
MEK1/19p13 
SOS1/ 2p22

87

Floating-Harbor syndrome 136140 MR, short stature, delayed bone age, delayed speech, unusual 
face

? - 88

Kapur-Toriello syndrome 244300 MR, cleft lip/palate, retina and iris coloboma, ASD, VSD, unusual 
face, intestinal malrotation

AR - 89

KBG syndrome 148050 MR, short stature, unusual face, macrodontia, block vertebrae, 
broad halluces

? - 90

Kaufman syndrome 244450 MR, microcephaly, unusual face, microcornea, myopia, 
hypotonia, cerebral

AR - 91

Lindstrom syndrome - MR, short stature,  unusual face, camptodactyly, cerebral atrophy ? - 92
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Table 1 | Syndromes associated with childhood constipation (cont.)

Syndrome OMIM* Major other manifestations Inheritance ** Gene/ regions of 
chromosome

Reference

Metabolic

Aromatic L-amino acid decarboxylase 
deficiency

608643 MR, hypotonia, oculogyric crises, choreoathetosis AR AADC/7p11 74

MEHMO syndrome 300148 MR, microcephaly, hypogonadism, obesity mitochondrial
XL

CYBB, DXS365/Xp21 75

Fabry disease 301500 angiokeratomas of the skin, limb pain, progressive renal failure, 
cardiac defects, cerebrovascular accidents

AR GLA/Xq22 39

Familial amyloid polyneuropathy 176300 polyneuropathy, cardiomyopathy, carpal tunnel syndrome, renal 
insufficiency, hypotension

AR
AD 

TTR/18q11 76

MELAS 540000 myopathy, encephalopathy, raised  lactic acid concentrations, 
stroke

mitochondrial mtDNA mutations 77

Malonyl-CoA decarboxylase 
deficiency

248360 MR, seizures, hypotonia, vomiting, hypertrophic cardiomyopathy, 
metabolic acidosis

AR MLYCD/16q24 78

Niemann-Pick type C 257220 progressive dementia, ophthalmoplegia, spasticity, ataxia, 
seizures

AR NPC1/18q11 
NPC2/14q24 

79

Porphyria, acute intermittent / 
variegate

176000
176200

intermittent and recurrent abdominal pain, behavioural 
problems, nausea, vomiting, motor neuropathy, enlarged liver 
and spleen

AD HMBS/ 11q23
PPOX/ 1q21

80

Sandhoff disease - juvenile 268800 cerebellar ataxia, progressive motor neuropathy, autonomic 
dysfunction, achalasia

AR HEXB/5q13 81

Smith-Lemli-Opitz syndrome 270400 MR, growth retardation, unusual face, hypospadia, organ 
malformations, cutaneous syndactyly toes

AR DHCR7/ 11q12 82

Connective tissue

Ehlers-Danlos syndrome type IV 130050 stretchable skin, joint hypermobility, vascular and gastrointestinal 
ruptures

AD COL3A1/2q31 83

Ehlers-Danlos syndrome type VI-B 229200 stretchable skin, blue sclerae, keratoconus, joint hypermobility, 
corneal rupture

AR ZNF469/16q24 84

Coordination

Aicardi syndrome 304050 MR, infantile spasms, chorioretinopathy, agenesis corpus 
callosum

XL Xp22 85

Angelman syndrome 105830 MR, microcephaly, absent speech, ataxia, seizures, outbursts of 
laughter

microdeletion 
UPD

UBE3A/ 15q11 86

CFC syndrome 115150 MR, unusual face, pulmonary stenosis, dry skin, sparse hair, short 
stature

AR BRAF/7q34
KRAS/12p12
MEK1/19p13 
SOS1/ 2p22

87

Floating-Harbor syndrome 136140 MR, short stature, delayed bone age, delayed speech, unusual 
face

? - 88

Kapur-Toriello syndrome 244300 MR, cleft lip/palate, retina and iris coloboma, ASD, VSD, unusual 
face, intestinal malrotation

AR - 89

KBG syndrome 148050 MR, short stature, unusual face, macrodontia, block vertebrae, 
broad halluces

? - 90

Kaufman syndrome 244450 MR, microcephaly, unusual face, microcornea, myopia, 
hypotonia, cerebral

AR - 91

Lindstrom syndrome - MR, short stature,  unusual face, camptodactyly, cerebral atrophy ? - 92
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Table 1 | Syndromes associated with childhood constipation (cont.)

Syndrome OMIM* Major other manifestations Inheritance ** Gene/ regions of 
chromosome

Reference

Posterior column ataxia with retinitis 
pigmentosa

609033 posterior column ataxia, retinitis pigmentosa, oesophageal 
achalasia

AR AXPC1/1q31 43

Rubinstein-Taybi syndrome 180849 MR, broad thumbs, broad halluces, unusual face, growth 
retardation

AD
microdeletion

CBP/ 16p13
EP300/22q13

93

Stevenson-Carey syndrome 611961 MR, unusual face, Pierre-Robin sequence, cerebellar hypoplasia, 
camptodactyly

? - 94

Turner mental retardation syndrome 300706 MR, macrocephaly, contractures, holoprosencephaly XL HUWE1/ Xp11 95

X-linked syndromic mental 
retardation -14

300676 MR, hypotonia, slender body build, long face XL UPF3B/ Xq25 96

Water-electrolyte balance

Gitelman syndrome 263800 hypokalemic metabolic alkalosis, salt wasting AR SLC12A3/ 16q13 45

Creatinine transporter defect 300036 MR, hypotonia, seizures, behavioural problems XL SLC6A8/ Xq28 97

Hyperparathyroidism - neonatal 
familial

239200 hypotonia, respiratory distress, irritability, polyuria AD CASR/ 3q21 98

Nephrogenic diabetes insipidus 304800 vomiting, anorexia, failure to thrive, fever XL AVPR2/Xq28 99

Netherton syndrome 256500 ichthyosis, eczema, brittle hair, alopecia AR SPINK5/ 5q32 100

Malformation

Currarino syndrome 176450 anal atresia, sacral anomalies, presacral mass AD HLXB9/7q36 46

Emphysema-genital anomalies; 
deafness; MR

602564 MR, emphysema, penoscrotal web, deafness, obesity ? - 101

FG syndrome 305450 MR, macrocephaly, anal malformation, pyloric stenosis, 
hypotonia

XL MED12/ Xq13
FLNA/Xq28

102

Holoprosencephaly 157170 MR, microcephaly, cleft lip, cleft palate, hypotelorism, sacral 
agenesis, holoprosencephaly

AD SIX3/2p21 103

Proteus syndrome 176920 MR, postnatal overgrowth, skin lesions, vascular malformations, 
lipoma, lipodystrophy

? - 104

Sacral defect with anterior 
meningocele

600145 caudal dysgenesis AD VANGL1/ 1p13 105

Chromosome

Translocation (1;22)(p36;q13) - MR, short stature, unusual face,  seizures, cerebral atrophy, 
feeding difficulties, sleep disturbances, hypotonia

C - 106

Triplication 4q32.1 - MR, macrocephaly, unusual face, hypoplastic zygoma,  
Hirschsprung disease

C - 107

Deletion 5p15
(Cri-du-chat syndrome)

123450 MR, cat-like cry, unusual face, microcephaly C - 108

Duplication 7q11.2 - MR, unusual face, behavioural problems C - 109

Deletion 7q11.2
(Williams syndrome)

194050 MR, unusual face, aortic stenosis, neonatal hypercalcemia C - 110

Deletion 11q23
(Jacobsen  syndrome)

147791 MR, growth retardation, trigonocephaly, camptodactyly, 
hammertoes, thrombocytopenia, unusual face

C - 111

Duplication 12q24 - MR, unusual face, speech disturbance, ptosis, Marcus-Gunn 
phenomenon

C - 112

Paternal uniparental disomy 20 - MR, microtia, microcephaly, neuronal subependymal 
heterotopias, Hirschsprung disease

C - 113
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Table 1 | Syndromes associated with childhood constipation (cont.)

Syndrome OMIM* Major other manifestations Inheritance ** Gene/ regions of 
chromosome

Reference

Posterior column ataxia with retinitis 
pigmentosa

609033 posterior column ataxia, retinitis pigmentosa, oesophageal 
achalasia

AR AXPC1/1q31 43

Rubinstein-Taybi syndrome 180849 MR, broad thumbs, broad halluces, unusual face, growth 
retardation

AD
microdeletion

CBP/ 16p13
EP300/22q13

93

Stevenson-Carey syndrome 611961 MR, unusual face, Pierre-Robin sequence, cerebellar hypoplasia, 
camptodactyly

? - 94

Turner mental retardation syndrome 300706 MR, macrocephaly, contractures, holoprosencephaly XL HUWE1/ Xp11 95

X-linked syndromic mental 
retardation -14

300676 MR, hypotonia, slender body build, long face XL UPF3B/ Xq25 96

Water-electrolyte balance

Gitelman syndrome 263800 hypokalemic metabolic alkalosis, salt wasting AR SLC12A3/ 16q13 45

Creatinine transporter defect 300036 MR, hypotonia, seizures, behavioural problems XL SLC6A8/ Xq28 97

Hyperparathyroidism - neonatal 
familial

239200 hypotonia, respiratory distress, irritability, polyuria AD CASR/ 3q21 98

Nephrogenic diabetes insipidus 304800 vomiting, anorexia, failure to thrive, fever XL AVPR2/Xq28 99

Netherton syndrome 256500 ichthyosis, eczema, brittle hair, alopecia AR SPINK5/ 5q32 100

Malformation

Currarino syndrome 176450 anal atresia, sacral anomalies, presacral mass AD HLXB9/7q36 46

Emphysema-genital anomalies; 
deafness; MR

602564 MR, emphysema, penoscrotal web, deafness, obesity ? - 101

FG syndrome 305450 MR, macrocephaly, anal malformation, pyloric stenosis, 
hypotonia

XL MED12/ Xq13
FLNA/Xq28

102

Holoprosencephaly 157170 MR, microcephaly, cleft lip, cleft palate, hypotelorism, sacral 
agenesis, holoprosencephaly

AD SIX3/2p21 103

Proteus syndrome 176920 MR, postnatal overgrowth, skin lesions, vascular malformations, 
lipoma, lipodystrophy

? - 104

Sacral defect with anterior 
meningocele

600145 caudal dysgenesis AD VANGL1/ 1p13 105

Chromosome

Translocation (1;22)(p36;q13) - MR, short stature, unusual face,  seizures, cerebral atrophy, 
feeding difficulties, sleep disturbances, hypotonia

C - 106

Triplication 4q32.1 - MR, macrocephaly, unusual face, hypoplastic zygoma,  
Hirschsprung disease

C - 107

Deletion 5p15
(Cri-du-chat syndrome)

123450 MR, cat-like cry, unusual face, microcephaly C - 108

Duplication 7q11.2 - MR, unusual face, behavioural problems C - 109

Deletion 7q11.2
(Williams syndrome)

194050 MR, unusual face, aortic stenosis, neonatal hypercalcemia C - 110

Deletion 11q23
(Jacobsen  syndrome)

147791 MR, growth retardation, trigonocephaly, camptodactyly, 
hammertoes, thrombocytopenia, unusual face

C - 111

Duplication 12q24 - MR, unusual face, speech disturbance, ptosis, Marcus-Gunn 
phenomenon

C - 112

Paternal uniparental disomy 20 - MR, microtia, microcephaly, neuronal subependymal 
heterotopias, Hirschsprung disease

C - 113
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Table 1 | Syndromes associated with childhood constipation (cont.)

Syndrome OMIM* Major other manifestations Inheritance ** Gene/ regions of 
chromosome

Reference

Trisomy 21
(Down Syndrome)

190685 MR, unusual face,  broad chest, hypotonia, broad hands and 
feet, achalasia, GERD, pyloric stenosis, Hirschsprung disease

C - 114

Deletion 22q11
(velocardiofacial syndrome)

188400 MR, unusual face, congenital heart defects, impaired 
immunological functioning

C - 115

Deletion 22q13 606232 MR, hypotonia, behavioural abnormalities, unusual face C - 116

Duplication  Xp22.3 - MR, unusual face, microcephaly, foetal finger pads C - 117

Duplication Xq28 300815 MR, hypotonia, unusual face, increased infection rate C - 118

Unknown 

ADPHSP 182601 Pure hereditary spastic paraplegia AD SPG4/ 2p21 119

AEC syndrome 106260 ectodermal dysplasia, ankyloblepharon, cleft lip, cleft palate AD TP63/ 3q27 120

Celiac disease 212750 intestinal malabsorption, failure to thrive, malnutrition multifactorial CELIAC1/6p21 and 
many others

121

Dystrophic epidermolysis bullosa 131750/
226600

severe blistering, strictures of gastrointestinal tract AD, AR COL7A1, MMP1/3p21, 
11q22-11q23

122

Gardner (1983) syndrome - MR, thrombocytopenia, VSD, hypotonia AR - 123

Ichthyosiform erythroderma – aortic 
and pulmonary stenosis 

- MR, bullous ichthyosiform erythroderma, aortic and pulmonary 
stenosis, PDA

? FRA12A?/  12q13? 124

Noonan syndrome 163950 short stature, unusual face, webbed neck, pulmonary stenosis, 
pectus excavatum, motor delay, bleeding diathesis

AD PTPN11/12q24
KRAS/12p12 
SOS1/ 2p22
RAF1/3p25

NRAS/1p13.2

125

* OMIM: Online Mendelian Inheritance in Man: www.ncbi.nlm.nih.gov/omim; ** Inheritance: XL; X-linked; AR; autosomal 
recessive; AD; autosomal dominant; C; chromosomal; *** in most patients no Hirschsprung disease is present while they 
still have constipation; a disturbed innervation is present in them
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Table 1 | Syndromes associated with childhood constipation (cont.)

Syndrome OMIM* Major other manifestations Inheritance ** Gene/ regions of 
chromosome

Reference

Trisomy 21
(Down Syndrome)

190685 MR, unusual face,  broad chest, hypotonia, broad hands and 
feet, achalasia, GERD, pyloric stenosis, Hirschsprung disease

C - 114

Deletion 22q11
(velocardiofacial syndrome)

188400 MR, unusual face, congenital heart defects, impaired 
immunological functioning

C - 115

Deletion 22q13 606232 MR, hypotonia, behavioural abnormalities, unusual face C - 116

Duplication  Xp22.3 - MR, unusual face, microcephaly, foetal finger pads C - 117

Duplication Xq28 300815 MR, hypotonia, unusual face, increased infection rate C - 118

Unknown 

ADPHSP 182601 Pure hereditary spastic paraplegia AD SPG4/ 2p21 119

AEC syndrome 106260 ectodermal dysplasia, ankyloblepharon, cleft lip, cleft palate AD TP63/ 3q27 120

Celiac disease 212750 intestinal malabsorption, failure to thrive, malnutrition multifactorial CELIAC1/6p21 and 
many others

121

Dystrophic epidermolysis bullosa 131750/
226600

severe blistering, strictures of gastrointestinal tract AD, AR COL7A1, MMP1/3p21, 
11q22-11q23

122

Gardner (1983) syndrome - MR, thrombocytopenia, VSD, hypotonia AR - 123

Ichthyosiform erythroderma – aortic 
and pulmonary stenosis 

- MR, bullous ichthyosiform erythroderma, aortic and pulmonary 
stenosis, PDA

? FRA12A?/  12q13? 124

Noonan syndrome 163950 short stature, unusual face, webbed neck, pulmonary stenosis, 
pectus excavatum, motor delay, bleeding diathesis

AD PTPN11/12q24
KRAS/12p12 
SOS1/ 2p22
RAF1/3p25

NRAS/1p13.2

125

* OMIM: Online Mendelian Inheritance in Man: www.ncbi.nlm.nih.gov/omim; ** Inheritance: XL; X-linked; AR; autosomal 
recessive; AD; autosomal dominant; C; chromosomal; *** in most patients no Hirschsprung disease is present while they 
still have constipation; a disturbed innervation is present in them
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