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Bladder and bowel control are crucial milestones in the life of every individual. The ma-
jority of children achieve continence between the age of 2 to 4 years of age. If this devel-
opmental process is disturbed, e.g. by medical conditions or impairments of the child, a 
delayed continence may cause distress, family problems, psychological symptoms and 
have an impact on social functioning and quality of life, not only in the person him/herself 
but in parents or caregivers. Although children with intellectual disability (ID) are at higher 
risk of not achieving continence, research in this field has been neglected, so far. The 
present thesis has the aim to examine specific manifestations of incontinence in ID focus-
ing on five different genetic syndromes, including different phenotypes.  

Incontinence 

Incontinence means an involuntary excretion of urine or feces and is an umbrella term 
for different conditions involving the genitourinary and gastrointestinal tract, as well as 
specific brain regions and the central nervous system. According to the terminology of 
the International Children’s Continence Society (ICCS), intermittent incontinence com-
prises nocturnal enuresis (wetting during sleep), daytime urinary incontinence (wetting 
during daytime) and fecal incontinence (soiling) and must be distinguished from contin-
uous incontinence (constant leakage) which is mostly associated with organic malfor-
mations (Austin et al., 2016).  

Nocturnal enuresis (NE) can be either primary (no dry period longer than six months) 
or secondary (dry period over six months before), and either monosymptomatic (no fur-
ther incontinence or lower urinary tract symptoms (LUTS)) or non-monosymptomatic (co-
occurring incontinence or LUTS). NE is diagnosed from the age of five years onwards 
when wetting occurs at least once per month (over three months) after excluding organic 
causes (Austin et al., 2016). In typically developing 7-year old children, NE is present in 
about 10% (male/female ratio 2:1), reducing with a spontaneous remission rate of 
15%/year to 1-2% in adolescents and 0.5% in adults (Butler, Golding, & Northstone, 2005; 
Hirasing, Van Leerdam, Bolk-Bennink, & Janknegt, 1997; Wright, 2015).  

Daytime urinary incontinence (DUI) is diagnosed in individuals older than 5 years 
when wetting occurs at least once per month after ruling out organic causes (Austin et 
al., 2016). DUI affects about 6-8% of 7-year-old children (Wright, 2015) and comprises a 
heterogeneity of subtypes. Most common in childhood is urge incontinence (or overac-
tive bladder) with symptoms of urgency, voiding frequency and loss of small urine 
amounts. Further subtypes are voiding postponement (habitually postponing micturition, 
low frequency, holding manoeuvers) and dysfunctional voiding (contracting sphincter 
while voiding, interrupted flow) (Austin et al., 2016). DUI rates decrease over age similarly 
as in NE, with 0.5-3% of adolescents and young adults affected (Buckley & Lapitan, 2010; 
Swithinbank, Brookes, Shepherd, & Abrams, 1998). In older women, rates of DUI increase 
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up to 36% due to stress incontinence (urine leakage due to higher intra-abdominal pres-
sure while coughing, sneezing, effort or physical exertion) (Buckley & Lapitan, 2010).  

Fecal incontinence (FI) or encopresis is diagnosed in children four years or older when 
soiling occurs at least once per month after excluding organic causes (American Psychi-
atric Association (APA), 2013). As FI is often accompanied by constipation, the ROME-III 
(and ROME-IV) criteria distinguish functional constipation (with/without fecal inconti-
nence) and non-retentive fecal incontinence (Hyams et al., 2016; Rasquin et al., 2006). FI 
rates vary between 1-7% in 5-7-year old children and decrease with age (1-1.5% in 10-12 
year olds) (van Der Wal, Benninga, & Hirasing, 2005; Wright, 2015).   

Assessment of incontinence 

There are different methods to measure incontinence in a population. According to the 
guidelines of the ICCS, the ROME-III and ROME-IV criteria, a complete assessment of uri-
nary and fecal incontinence includes a thorough history, a 48 hour daytime frequency 
and volume chart, a full pediatric and neurological examination, ultrasound of the renal 
system, bladder, rectum and post-void residual urine (PVR), and uroflowmetry (Austin et 
al., 2016; Hoebeke, Bower, Combs, De Jong, & Yang, 2010; Hyams et al., 2016; Rasquin 
et al., 2006). All these examinations are non-invasive and should always be conducted in 
incontinent children to diagnose specific subtypes and introduce adequate treatment. 
These tools can also be used in incontinence assessment in children with genetic syn-
dromes (von Gontard, 2013).  

To receive data of incontinence from a larger study group, incontinence question-
naires are reliable instruments to gain information in clinical assessment or in research. 
To date, there are no standardized instruments available for incontinence in persons with 
ID or genetic syndromes. Therefore, studies on incontinence in these groups have applied 
questionnaires that are used in typically developing children, as the Dysfunctional Voiding 
Score System (DVSS) (Farhat et al., 2000), the International-Consultation-on-Incontinence-
Questionnaire – Pediatric Lower Urinary Tract Symptom (ICIQ-CLUTS) (De Gennaro et al., 
2010) or the Parental Questionnaire: Enuresis/Urinary Incontinence (PQ-EnU) (von Gon-
tard & Lehmkuhl, 2009; von Gontard, 2012b). The DVSS is a short self-report question-
naire with 10 items referring to voiding dysfunctions, e.g. wetting, bowel movements or 
LUTS, that build a total score (Farhat et al., 2000). The ICIQ-CLUTS exists as parental and 
child version with 12 questions on LUTS that build a total score with good psychometric 
properties (De Gennaro et al., 2010). The “Parental Questionnaire: Enuresis/Urinary In-
continence” is a parental questionnaire, which is used in clinical settings to complete an-
amnesis (von Gontard & Lehmkuhl, 2009; von Gontard, 2012b). The current version in-
cludes the diagnostic criteria for NE and DUI according to ICCS and was validated recently 
(Niemczyk, Schäfer, Becker, Equit, & von Gontard, 2018). Further, the questionnaire can 
be completed by the “Encopresis Questionnaire – Screening Version“ (von Gontard, 



General Introduction 

13 

2010; von Gontard, 2012a) with diagnostic criteria for FI and constipation according to 
the ROME-III criteria.  

Incontinence in intellectual disability 

Most typically developing individuals develop continence before the age of 4 years (Berk 
& Friman, 1990; Heron, Joinson, Croudace, & von Gontard, 2008). The remaining small 
group of individuals has either a delayed development of voluntary bladder and bowel 
function or has chronic or relapsing incontinence which is reflected by the decreasing 
prevalence rates over age.  

Intellectual disability (ID) is defined as deficits in intellectual functioning (e.g. reason-
ing, learning) and in adaptive behavior covering communication, social skills, personal in-
dependence and school/work functioning, occurring during the developmental period 
(APA, 2013). According to the ICD-10, ID is subdivided into four different levels: mild ID 
(IQ 50-69), moderate ID (IQ 35-49), severe (IQ 20-34) and profound (IQ<20) (World Health 
Organization (WHO), 1993). The overall prevalence of ID in the population is estimated 
1% which was confirmed by a recent meta-analysis (Maulik, Mascarenhas, Mathers, Dua, 
& Saxena, 2011).  

In individuals with ID, prevalence of incontinence is 2 to 4 times higher than in typi-
cally developing persons. In a population-based sample of 3206 seven-year-old children 
with ID prevalence of NE was 26.6% (vs. 9.8% in the total sample) (Jarvelin, Vikevainen-
Tervonen, Moilanen, & Huttunen, 1988). Von Wendt et al. examined a whole cohort of 
132 individuals with ID at the age of 7 years and again at the age of 20 years regarding 
bladder and bowel control (von Wendt, Simila, Niskanen, & Jarvelin, 1990). At 7 years, 
rates for NE, DUI and FI were 38%, 39% and 30.5%, respectively. At the age of 20 years, 
still 20%, 20%, and 19% had NE, DUI and FI. The rates varied also between individuals 
with different levels of ID: 3-17% of seven-year-olds with mild ID and 86-100% with pro-
found ID had incontinence. At age 20, incontinence was 0-6% in the mild ID group, but 
still 57-79% in the profound ID group (von Wendt et al., 1990). Other studies also found 
high incontinence rates among adults with ID (26-56%) (de Waal, Tinselboer, Evenhuis, & 
Penning, 2009; van Timmeren, van der Putten, van Schrojenstein Lantman-de Valk, van 
der Schans, & Waninge, 2016) and associations with adaptive skills (Belva, Matson, 
Barker, Shoemaker, & Mahan, 2011). 

There are only few studies that examined incontinence in individuals with ID and in-
cluded sonography or uroflowmetry. A Taiwanese research group examined voiding dys-
function in 51 children with ID (mean age 7.7 years) and 36 controls without ID (mean 
age 6.4 years) (Yang, Meng, & Chou, 2010). The ID group had more incomplete bladder 
emptying or interrupted flows (35.2%), incontinence and smaller bladder capacities than 
the controls (8.3%). Further, more symptoms occurred in patients with severe ID com-
pared to mild ID (Yang et al., 2010).  
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Van Laecke et al. examined 111 children (mean age 9.1 years), of whom 22 had motor 
disability, 16 had ID and 73 had ID+motor disability (van Laecke, Raes, Vande Walle, & 
Hoebeke, 2009). Incontinence rates were similar in all three groups (64% motor, 63% ID, 
59% both), whereas the rates of NE were highest in the ID group (25%). 33.3% had FI and 
27% had constipation. Further findings showed that only 10% had an adequate fluid in-
take and 11% had an age-adequate maximum voided volume (van Laecke et al., 2009). 
De Waal et al. performed abdominal ultrasound in 346 adults (18-82 years) with moder-
ate and severe ID and found an elevated post-void residual urine (PVR) in 8.7% and in-
continence in 26.3% (de Waal et al., 2009). Elevated PVR was associated with profound 
ID, age, chronic illness, incontinence, laxative use and immobility (de Waal et al., 2009). 

Although research in the field of incontinence and ID is scarce, the results show that 
incontinence is more prevalent among persons with ID and persists more often into adult-
hood than in typically developing persons. In addition, incontinence is associated with 
many other symptoms e.g. LUTS or incomplete bladder emptying which can impede or 
complicate treatment.  

Incontinence in genetic syndromes associated with intellectual disability 

Although etiology of ID includes prenatal, perinatal and postnatal causes, in most cases a 
genetic etiology can be detected. Therefore, it is important to concentrate on specific 
genetic syndromes when examining incontinence in ID. Genetic causes (including specific 
syndromes and chromosomal aberrations) account for 25% of cases in persons with mild 
ID and in even for 43-48% in persons with severe ID (Lundvall, Rajaei, Erlandson, & Kyller-
man, 2012; Strømme & Hagberg, 2000). As techniques in genetic testing are advancing, 
more chromosomal micro-aberrations and copy number variations will be detected in 
future including more possible genetic causes of ID.  

Incontinence has not been examined systematically in genetic syndromes, yet. First 
research results exist in eight genetic syndromes that are associated with ID (Angelman, 
Down, Fragile-X, Prader-Willi, Williams, Rett, Velocardiofacial syndrome and Tuberous 
Sclerosis). Table 1 gives an overview of incontinence rates found in samples with genetic 
syndromes, differentiated by the methodology that was used.  

Incontinence prevalence varies between different syndromes, especially between 
those associated with mild/moderate and those with severe/profound ID. For example, 
incontinence rates are lower in publications on Prader-Willi syndrome (Equit, Piro-Hus-
song, Niemczyk, Curfs, & von Gontard, 2013; von Gontard, Didden, Sinnema, & Curfs, 
2010) or Velocardiofacial syndrome (Antshel et al., 2010) than in studies on Angelman 
(Buntinx et al., 1995; Didden, Korzilius, Smits, & Curfs, 2004; Laan, Den Boer, Hennekam, 
Renier, & Brouwer, 1996; Radstaake et al., 2013) or Rett syndrome (Giesbers et al., 2012).  

Further, incontinence differs within age groups of a syndrome. In publications that 
included different age groups, incontinence rates were usually higher in childhood than 
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in adolescents or adults, as was shown for Williams syndrome (von Gontard et al., 2016), 
Down syndrome (De Carvalho Mrad et al., 2014), Angelman syndrome (Buntinx et al., 
1995; Radstaake et al., 2013), Prader-Willi and Fragile-X syndrome (Equit et al., 2013). 
But to date, there exists only one longitudinal study (on Velocardiofacial syndrome) that 
showed a significant reduction of enuresis after three years (Antshel et al., 2010), as well.   

The research on incontinence in genetic syndromes is scarce, differing in methodol-
ogy, sample sizes and sample populations. Only one study assessed incontinence accord-
ing to the “gold standard” including a history, bladder diary, physical examination, 
uroflowmetry and ultrasound (Sammour, Gomes, Duarte, Trigo-Rocha, & Srougi, 2006). 
Many other assessments used questionnaires, which is an efficient way to gain first infor-
mation in a larger sample, but always bear the disadvantage of relying on parental/care-
giver opinions.  

Another important aspect to consider is the assessment of the behavioral phenotype. 
In the typically developing population, incontinence is highly associated with psychologi-
cal symptoms, which are found more often in incontinent than in continent children (Join-
son, Heron, & von Gontard, 2006; Joinson, Heron, Butler, & von Gontard, 2006; Joinson, 
Heron, Emond, & Butler, 2007). Psychiatric comorbidity (e.g. ADHD) can reduce treat-
ment compliance and outcome (Crimmins, Rathbun, & Husmann, 2003). Associations be-
tween the behavioral phenotype and incontinence also exist in genetic syndromes, as 
was shown for Fragile-X or Down syndrome (Equit et al., 2013; Mantry et al., 2008) and 
should therefore be always included to the assessment.  
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Table 1: Studies on incontinence in genetic syndromes associated with ID 

Authors Syndrome 
(n) 

Age range 
(Mean age) 

Prevalence Associations Instrument 

Incontinence examination     

Kitamura et al. 
(2014) 

DS (55) 5-15 (9.01) Urinary incontinence 47%, 
abnormal voiding pattern 
66%, PVR 7% 

- ultrasound, 
uroflowmetry 

Sammour et al. 
(2006) 

WS (28) 3-19 (9.7) NE 50%, DUI 43% (Urge 
incontinence)  

voiding 
symptoms*quality of life 

history, physical 
examination, 
ultrasound, 
uroflowmetry, Q 

Schulman et al. 
(1996) 

WS (41) 1-43 (9.4) Urinary symptoms 32% 
(UTI, frequency, 
incontinence); NE 70%, 
DUI 70%2 

- Physical 
examination, 
ultrasound 

Incontinence questionnaire     

de Carvalho Mrad 
et al. (2014) 

DS (102) 4-57 (19.3) LUTS 24% LUTS*age, *gender DVSS 

Powers et al. 
(2015) 

DS (77) 0-27 (10.3) Incontinence 46%, UTI 
21% 

- Q 

von Gontard et al. 
(2016) 

WS (231) 4-59 (19.4) NE 18%, DUI 6%, FI 8%, 
LUTS 4% 

DUI*behavioral 
symptoms 

PQ-EnU; ICIQ-
CLUTS 

von Gontard et al. 
(2010) 

PWS (118) 5-45 (15.1) NE 14%, DUI 4%, FI 3% - PQ-EnU 

Equit et al. (2013) PWS (191) 
FXS (166) 

4-52 (20.0) 
4-52 (15.4) 

PWS: NE 22%, DUI 12%, FI 
13% 
FXS: NE 29%, DUI 30%, FI 
29%  

FXS: 
Incontinence*behavior 

PQ-EnU 

Radstaake et al. 
(2013) 

AS (71) 6-45 (20.5) NE 89%, DUI 54%, FI 61% NE*epilepsy; DUI*age, 
*adaptive functioning  

PQ-EnU 

Giesbers et al. 
(2012) 

RS (63) 5-47 (19.3) NE 98%, DUI 97%, FI 72% urinary tract infection 
(UTI)*epilepsy, 
*scoliosis 

PQ-EnU 

Diagnostic Interview/DSM-IV diagnoses    

Antshel et al. 
(2010) 

VCFS (70) 11.8; 15.0 NE 15%, FI 4%; 3 years 
later: NE 9% FI 0% 

significant reduction of 
NE with age 

DI; DSM-IV 
diagnoses; 
longitudinal 

Gabis et al. (2011) FXS (22) 4-29 (14.2) NE 41%, FI 36% - DI; DSM-IV 
diagnoses 

Backes et al. 
(2000) 

FXS (49) 
TSC (16) 

5-16 (8.5) 
5-17 (9.4) 

FXS: NE 27%, FI 20% 
TSC: NE 13%, FI 6% 

- DI; DSM-IV 
diagnoses 

Pegoraro et al. 
(2014) 

WS (10) 
PWS (11) 
FXS (13) 

6-16 (11.7) 
6-16 (11.1) 
6-16 (12.0) 

WS: NE 30% 
PWS: NE 18% 
FXS: NE 30% 

No significant difference 
in NE between 
syndromes 

CR; DSM-IV 
diagnoses 
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Authors Syndrome 
(n) 

Age range 
(Mean age) 

Prevalence Associations Instrument 

Other questionnaires/interviews/examinations (not incontinence-specific) 

Lin et al. (2015) DS (208) >15 Incontinence 11% Incontinence as onset 
aging condition 

Q 

Chicoine & Sulo 
(2015) 

DS (66) 36.6 NE 24%, DUI 27% - Q 

Brushini et al. 
(2003) 

DS (15) 7-10 Urinary incontinence 73% - I 

Mantry et al. 
(2008) 

DS (186) 16-74 (41.1) Urinary incontinence 23%, 
FI 17% 

Urinary 
incontinence*psychiatric 
disorder 

Health Check 

Annaz et al. 
(2011) 

WS (64) 6-12 (8.3) NE 51% - CSHQ 

Didden et al. 
(2004) 

AS (109) 2-44 (15.2) NE 93% - Q 

Bruni et al. (2004) AS (49) 2-26 (10.1) NE 35% - Q 

Laan et al. (1996) AS (28) 20-53 (32.0) DUI 43% - history, 
physical 
examination 

Retrospective analyses     

Morris et al. 
(1988) 

WS (42) 1-34 NE 52% - medical 
records 
review 

Buntinx et al. 
(1995) 

AS (47) 2-16 
>16 

DUI 63% 
DUI 13% 

- retrospective 
review 

AS = Angelman syndrome; DS = Down syndrome; FXS = Fragile-X-syndrome; PWS = Prader-Willi syndrome; RS = 
Rett syndrome; TSC = Tuberous Sclerosis; VCFS = Velocardiofacial syndrome; WS = Williams syndrome 
LUTS = Lower Urinary Tract Symptoms; PVR = post-void residual urine; UTI = Urinary tract infection 
CSHQ = Child Sleep Habit Questionnaire; DVSS = Dysfunctional Voiding Score System; CR = Clinical Rating; DI = 
Diagnostic Interview; I = Non-standardized Interview; ICIQ-CLUTS = International-Consultation-on-Inconti-
nence-Questionnaire – Pediatric Lower Urinary Tract Symptom (De Gennaro et al., 2010); PQ-EnU = Parental 
Questionnaire: Enuresis/Urinary Incontinence (von Gontard, 2009); Q = Self-Administered Questionnaire 
1 Median age  
2 NE and DUI rates were assessed only in n=10 

Outline of the thesis and research questions 

The aim of this thesis is to assess incontinence and psychopathology in a standardized 
way in five different genetic syndromes that are associated with ID. The assessed syn-
dromes should include different levels of ID, therefore Noonan (average IQ – mild ID), 
Down (mild – moderate ID), Fragile-X (moderate ID), Angelman and Mowat-Wilson (both 
severe – profound ID) syndromes were chosen.  

In the first part (Chapter 2), incontinence and behavioral symptoms were assessed by 
parental questionnaires in four different genetic syndromes (Down, Noonan, Angelman 
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and Mowat-Wilson syndrome). To describe incontinence, a combined version of the “Pa-
rental Questionnaire: Enuresis/Urinary Incontinence” (von Gontard & Lehmkuhl, 2009; 
von Gontard, 2012b), which was already used in assessing incontinence in genetic syn-
dromes before (Equit et al., 2013; Giesbers et al., 2012; Radstaake et al., 2013; von Gon-
tard et al., 2010), the “Encopresis Questionnaire – Screening Version“ (von Gontard, 
2010; von Gontard, 2012a) and the ICIQ-CLUTS (De Gennaro et al., 2010) was applied to 
the study populations.  

In addition, behavioral and psychological symptoms were measured by the Develop-
mental Behavior Checklist (DBC) (Einfeld & Tonge, 1995; Mohr, Tonge, Einfeld & Taffe, 
2011), a standardized instrument especially for persons with ID with separate norms for 
mild, moderate and severe ID (Einfeld & Tonge, 1995). The combination of the incontinence 
questionnaire and the DBC allows the description of the behavioral phenotype of each syn-
drome and the association of behavior and incontinence symptoms. 
The following research questions are addressed in Chapter 2: 
1. What is the prevalence of incontinence overall, incontinence subtypes (NE, DUI, FI), 

constipation and LUTS in Down syndrome? Are there prevalence differences in gen-
der or age groups? Are incontinence, LUTS or constipation associated with behavioral 
symptoms? 

2. What is the prevalence of incontinence overall, incontinence subtypes (NE, DUI, FI) 
and LUTS in Noonan syndrome? Are there prevalence differences in age groups? Is 
incontinence associated with behavioral symptoms? 

3. What is the prevalence of incontinence overall, incontinence subtypes (NE, DUI, FI), 
constipation, and LUTS in Angelman syndrome? Are there prevalence differences in 
gender, age group or genotype? Are incontinence, LUTS or constipation associated 
with behavioral symptoms or epilepsy? 

4. What is the prevalence of incontinence overall, incontinence subtypes (NE, DUI, FI), 
constipation and LUTS in Mowat-Wilson syndrome? Are there prevalence differences 
in gender or age groups? How good are adaptive toileting skills developed in Mowat-
Wilson syndrome? Are there associations between behavioral symptoms and incon-
tinence? 

In the second part of the thesis (Chapter 3) incontinence is examined in children and ad-
olescents with Fragile-X syndrome and a control group of typically developing children 
and adolescents not just by questionnaires, but also by a full medical, urological and psy-
chiatric assessment.  
The following research questions are addressed in Chapter 3: 
5. What is the prevalence of incontinence in Fragile-X syndrome compared to a typically 

developing control group? Which specific subtypes of NE, DUI and FI can be diagnosed 
in Fragile-X syndrome? Are there differences in examination findings (ultrasound, 
uroflow), voiding and drinking habits and psychiatric diagnoses between children with 
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Fragile-X syndrome and typically developing children? Are there differences in exam-
ination findings (ultrasound, uroflow), voiding and drinking habits and psychiatric di-
agnoses between Fragile-X syndrome children with and without incontinence? 

Incontinence in persons with Down Syndrome 

Down Syndrome (DS) is the most common genetic cause of ID caused by trisomy of chro-
mosome 21 and is accompanied by many different medical conditions, e.g. heart defects 
(Charleton, Dennis, & Marder, 2010; Roizen, & Patterson, 2003). Incontinence in DS was 
described in 46-73% of children and 11-27% of adults with DS (Brushini, Faria, Garcez, & 
Srougi, 2003; Chicoine & Sulo, 2015; Kitamura et al., 2014; Lin et al., 2015; Mantry et al., 
2008; Powers et al., 2015). No study has differentiated between the subtypes NE, DUI 
and FI and no study has assessed associated psychological factors in incontinence in DS, 
so far. Therefore, the aim of the study was to analyze subtypes of functional incontinence 
and psychological symptoms in different age groups of individuals with DS with parental 
questionnaires on incontinence and psychopathology. The results of 317 individuals with 
DS (4-51 years, mean age 19.2 years) are presented in Chapter 2.1. 

Incontinence in persons with Noonan Syndrome 

Noonan Syndrome (NS) is an autosomal dominant, neurodevelopmental disorder with a 
high phenotypic variability due to mutations in several genes of the RAS-MAPK signaling 
pathways on the chromosomal band 12q24.1 (Roberts, Allanson, Tartaglia, & Gelb, 2013). 
ID is described in 20-30%, under-average IQ (70-84) in about 40% (Lee, Portnoy, Hill, Gill-
berg, & Patton, 2005). As incontinence in NS has not been assessed before, the aim of 
the study was to discover prevalence rates of NE, DUI and FI in a sample on 29 individuals 
with NS (5-48 years, mean age 15.3 years). Further, differences in age groups (children, 
adolescents, young adults, adults) and the association with psychological symptoms were 
examined. Psychological symptoms and incontinence were assessed by parental ques-
tionnaires. The results are outlined in Chapter 2.2. 

Incontinence in persons with Angelman Syndrome 

Angelman Syndrome (AS) is caused by a microdeletion or uniparental disomy (UPD) of 
chromosome 15q11-13, which leads to severe ID, typical dysmorphic signs and several 
medical conditions, e.g. epilepsy (Thibert, Larson, Hsieh, Raby, & Thiele, 2013). Inconti-
nence rates range between 13% and 93% (Buntinx et al., 1995; Didden et al., 2004; Laan 
et al., 1996; Radstaake et al., 2013), which were assessed with different methods and in 
different populations. The study results presented in Chapter 2.3 assessed incontinence 
and psychological symptoms by parental questionnaires in 144 persons with AS (4-31 
years, mean age 15.1 years). In addition, associations between incontinence and psycho-
pathology, seizures and genotype were examined. 
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Incontinence and psychological symptoms in individuals with Mowat-Wilson 
Syndrome 

Mowat-Wilson Syndrome (MWS) is caused by a deletion or mutation of the ZEB2 gene on 
chromosome 2q22 leading to severe ID and other anomalies, e.g. seizures or Hirsch-
sprung disease (HSCR) (Mowat & Wilson, 2010). Incontinence has only been examined in 
case reports, so far (Adam et al., 2006). In Chapter 2.4, results of a first systematic exam-
ination on incontinence and associated psychological factors in MWS are presented. In 
total, parental questionnaires of 48 individuals with MWS (4-33 years, mean age 13.0 
years) were evaluated.  

Detailed assessment of incontinence in boys with Fragile-X-Syndrome in a home 
setting 

Fragile-X-Syndrome (FXS) is caused by a mutation of the FMR1 gene located on Xq27.3 
leading to ID and dysmorphic features especially in males (Brown, 2002; Gallagher & Hal-
lahan, 2012). Incontinence is present in about 20-30% of individuals with FXS, with chil-
dren being more affected than adults. Also, DUI and psychological symptoms are associ-
ated (Backes et al., 2000; Equit et al., 2013; Gabis, Baruch, Jokel, & Raz, 2011; Pegoraro, 
Steiner, Celeri, Banzato, & Dalgalarrondo, 2014). As incontinence has only been assessed 
by parental questionnaires or psychiatric interviews so far, this study examined inconti-
nence and psychiatric comorbidity with a full somatic, urological and psychiatric assess-
ment in 22 boys with FXS (4-17 years, mean age 11.0 years) and 22 typically developing 
boys (4-17 years, mean age 11.1 years). The results are presented in Chapter 3.  
The results of the studies are discussed in Chapter 4 addressing study populations, meth-
odological considerations and clinical implications. In addition, an outlook into future re-
search on incontinence in genetic syndromes will be provided.  
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Abstract 

The aim was to assess the rates of incontinence and associated psychological problems 
in children, adolescents and adults with Down syndrome, a genetic syndrome caused by 
partial or complete triplication (trisomy) of chromosome 21 and characterized by typical 
facial features, a physical growth delay and mild or moderate intellectual disability.  

Three hundred and seventeen persons with Down syndrome (4-51 years) were re-
cruited through a German parent support group (59.6% male, mean age 19.2 years). The 
Parental Questionnaire: Enuresis/Urinary Incontinence, the Incontinence Questionnaire-
Pediatric Lower Urinary Tract Symptoms, as well as the Developmental Behavior Checklist 
(DBC) for parents or for adults were filled out by parents or care-givers. 

17.2% of the sample had nocturnal enuresis, 15.9% had daytime urinary incontinence 
and 14.2% had fecal incontinence. Incontinence was present in 64.0% of young children 
(4-12 years), 10.3% of teens (13-17y), 12.8% of young adults (18-30y) and in 22.4% of 
older adults (>30y). 13.6% of children and 8.4% of adults had a DBC score in the clinical 
range. 19.5% of children and 27.8% of adults with incontinence had behavioral problems. 
There was a significant association between nocturnal enuresis, daytime urinary inconti-
nence and clinical DBC scores in adults.  

Incontinence in Down syndrome is mainly present in young children and increases in 
older adults. Behavioral comorbidity is associated with incontinence only in adults with 
Down syndrome. Screening and treatment of incontinence in individuals with Down syn-
drome is recommended. 
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Introduction 

Down Syndrome (DS) is caused by trisomy of chromosome 21 with a prevalence of 1:1000 
live births (Charleton, Dennis, & Marder, 2010). Typical medical conditions include con-
genital heart defects, short stature, gastrointestinal conditions and many other problems 
(Charleton et al., 2010). Intelligence in DS is in the range of mild intellectual disability 
(IQ=50-69) with a decline over age (Brown, Greer, Aylward, & Hunt, 1990). About 20% of 
children with DS show psychological problems, predominantly externalizing (ADHD, con-
duct and oppositional defiant disorders) or autism spectrum disorders (Dykens, 2007). In 
adolescents, internalizing disorders (anxiety, depression) are more prevalent, whereas in 
adults the risk of depression, psychosis, Alzheimer’s disease (AD) and dementia increases 
(Dykens, 2007). 

Functional incontinence includes daytime urinary incontinence (DUI), nocturnal enure-
sis (NE) as well as fecal incontinence (FI). According to the International Children’s Conti-
nence Society (ICCS) and the Diagnostic and Statistical Manual of Mental Disorders – Fifth 
Edition (DSM-5), NE and DUI are diagnosed from the age of 5 years onwards (with wetting 
at least 1x/month) after excluding organic causes (American Psychiatric Association (APA), 
2013; Austin et al., 2016). FI is diagnosed from the age of 4 years onwards (occurring at least 
1x/month) after exclusion of organic causes. FI with functional constipation and non-reten-
tive FI can be differentiated (APA, 2013; Rasquin et al., 2006). Prevalences in typically devel-
oping children are about 5-10% for NE, 6% for DUI and 1-8% for FI, with decreasing rates 
into adolescence and adulthood (Franco, Austin, Bauer, von Gontard, & Homsy, 2015). In 
persons with intellectual disability (ID), incontinence is more prevalent (30-39% in 7-year-
olds, 19-20% in 20-year-olds) and associated with the degree of intellectual disability (ID) 
(Von Wendt, Simila, Niskanen, & Jarvelin, 1990). 

In children with DS, incontinence rates range between 46-73% (Brushini, Faria, 
Garcez, & Srougi, 2003; Kitamura et al., 2014; Powers et al., 2015). Rates are higher in 
children with lower IQ (Brushini et al., 2003) and with lower urinary tract symptoms 
(LUTS) (De Carvalho Mrad et al., 2014). Children with DS are also at risk for constipation 
(50%), LUTS (27%), pathological uroflows (66%) and a delayed toilet training (81.2% after 
5 years of age) (De Carvalho Mrad et al., 2014; Kitamura et al., 2014; Powers et al., 2015). 

Incontinence rates in adults over an age of 15 years (Lin et al., 2015) decrease to 43% at 
a mean age of 42 years (Mantry et al., 2008). 9% of adults with DS had urinary retention, 
associated with further LUTS (Chicoine & Sulo, 2015). 

The aim of the study was to analyze subtypes of functional incontinence (NE, DUI, FI) 
and psychological symptoms in different age groups of individuals with DS. Associations be-
tween incontinence, constipation, LUTS and psychological symptoms were examined. It was 
hypothesized that incontinence rates are highest in childhood and decrease with age and 
that incontinence, LUTS, constipation are associated with psychological problems.  
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Materials and Methods 

In cooperation with the German Down Syndrome support group “Arbeitskreis Down-Syn-
drom e. V.” questionnaire packages were sent to 700 members over 5 months (June – 
October 2013). The study was also announced in the German magazine “Leben mit Down-
Syndrom” (=Life with Down Syndrome). Interested families could request the question-
naires by email, which was done by 44 families.  

The packages included the “Parental Questionnaire: Enuresis/Urinary Incontinence” 
(von Gontard, 2012b), “Encopresis Questionnaire – Screening Version” (von Gontard, 
2012a), the German version of the “International-Consultation-on-Incontinence-Ques-
tionnaire – Pediatric Lower Urinary Tract Symptom” (ICIQ-CLUTS) (De Gennaro et al., 
2010) and the Developmental Behavior Checklist (DBC) (Einfeld, Tonge, & Steinhausen, 
2007). Following informed consent, parents or caregivers were asked to complete the 
questionnaires, including either the parental version of the DBC (DBC-P) for children or 
adolescents, or the adult version (DBC-A) for adults. The study was approved by the local 
ethics committee. 

The DBC is a questionnaire to assess psychopathology in persons with ID and consists 
of 96 items (106 in the adult version) rated with “0 – not true as far as you know”, “1 – 
somewhat or sometimes true” and “2 – very true or often true”. Norms for persons with 
mild ID were used in this sample.  Objectivity, reliability and validity are given (Stein-
hausen & Metzke, 2011). The DBC-P includes the scales “Total Behavior Problem Score”, 
“Disruptive/Antisocial”, “Self-Absorbed”, “Communication Disturbance”, “Anxiety” and 
“Social Relating”. The DBC-A has an additional scale termed “Anxiety/Depression”. As a 
group of persons with Down syndrome was assessed, who are mainly associated with 
mild ID, the DBC (with norms for mild ID) is a much more suitable instrument for assessing 
psychological problems than questionnaires for typically developing persons.  

The “Parental Questionnaire: Enuresis/Urinary Incontinence“ comprises 41 items and 
has been validated with satisfying psychometric properties (Niemczyk et al., 2016). The 
10 questions of the ICIQ-CLUTS (with four answer options each rated with points of 0 to 
3) build a LUTS-score with clinically relevant scores over 13. In a group on incontinence 
and continent children, validity and reliability were confirmed (De Gennaro et al., 2010). 

According to the ICCS, NE and DUI were diagnosed in persons older than 5 years when 
wetting occurs at least once per month. According to DSM-5, FI was diagnosed from the 
age of 4 years when soiling occurs at least once per month.  

Statistical analyses were performed by IBM SPSS Statistics 23. Descriptive statistics, 
nonparametric tests (χ2–tests, Fisher’s Exact tests) for categorical data and parametric 
tests (univariate ANOVA, Student t-tests, Welch tests) for interval data were used. Results 
were considered significant at a p-value < 0.05.  



Incontinence in persons with Down Syndrome 

31 

Results 

Of the 744 sent questionnaire packages, 22 were returned due to unknown address. 335 
packages were received. 3 questionnaires were incomplete and excluded. 15 cases were 
excluded because of an age younger than 4 years. The remaining sample consisted of 317 
persons with a mean age of 19.2 years (SD=8.7; range 4-51 years). 59.6% were male. 
63.8% had further somatic conditions, 52.6% were on medication. 63.8% had a physical 
disability or chronic illness, 3.2% reported genitourinary tract anomalies, e.g. renal agen-
esis. In 4 cases (1.3%), Hirschsprung’s disease (HSCR) was described. Medication was as-
sessed in an open question. All persons reported neither medication used for treatment 
of incontinence (desmopressin, anti-cholinergics) nor the use of diuretics. The use of lax-
atives was reported in 4 cases. 

Table 2 shows incontinence rates, LUTS scores and clinical DBC scores in the total 
sample and by gender. In three cases, gender data was missing. 25.5% of the total sample 
had at least one subtype of incontinence, with prevalences for NE, DUI and FI of 17.2%, 
15.9% and 14.2%, respectively. Constipation was found in 15.8%. Only 0.6% had a clini-
cally relevant LUTS-score. 13.6% of children and adolescents (<18y) and 8.4% of adults 
(≥18y) had clinically relevant DBC scores. Males were significantly more affected by DUI 
and psychological symptoms in adulthood (table 1). 
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Table 2: Descriptive data and gender comparisons in Down syndrome 

 Total  
(N=317a) 

Male  
(N=187) 

Female  
(N=127) 

Significanceb (p) 

Mean age in years (SD) 19.2 (8.7) 18.6 (8.88) 20.1 (8.42)  

Incontinence overall % (n) 25.5 (72/282) 27.2 (46/169) 23.4 (26/111) .477 

NE % (n) 17.2 (52/303) 19.7 (35/178) 13.9 (17/122) .198 

DUI % (n) 15.9 (48/301) 19.4 (35/180) 10.9 (13/119) .049* 

FI % (n) 14.2 (42/296) 17.5 (31/177) 9.5 (11/116) .055 

Constipation % (n) 15.8 (46/292) 14.5 (25/173) 18.1 (21/116) .405 

LUTS ≥ 13 % (n) 0.6 (2/317) 0.5 (1/187) 0.8 (1/127) .782 

LUTS mean score (SD) 3.2 (2.72) 3.3 (2.79) 3.0 (8.74) .473 

DBC-Pc (score > 46) % (n) 13.6 (14/103) 12.3 (8/65) 16.2 (6/37) .581 

DBC-Pc Total mean T-value (SD) 46.1 (8.42) 46.8 (8.22) 45.1 (8.74) .343 

DBC-Ad (score > 51) % (n) 8.4 (11/131) 12.3 (9/73) 3.5 (2/57) .111e 

DBC-Ad Total mean T-value (SD) 39.0 (10.19) 41.4 (10.48) 35.8 (9.06) .002** 

a gender data is missing in 3 cases 
b χ²-tests for non-parametric data and Student t-tests for interval data (in italics); results are considered signifi-
cant when p<.05*, p<0.01** or p<.001*** 
c DBC-P data refer to n=103 persons between 4-17 years 
d DBC-A data refer to n=131 persons 18 years or older 
e Fisher’s Exact Test 

 
The sample was subdivided into 4 age groups: children (4-12 years), adolescents (13-17 
years), young adults (18-30 years) and adults (>30 years) (table 3).  In 35 cases age data 
was missing. There was a significant effect of the age group on incontinence overall and 
on all subtypes (NE, DUI, FI). Constipation rates did not differ between the age groups. 
The LUTS mean score was highest in children. There was a significant difference for ur-
gency and straining, of which children where most affected. Postponement symptoms 
did not change over age. There was a significant difference in the mean T-values, but not 
in the rate of DBC-scores in the clinical range between the groups. In the DBC subscales, 
there were significant differences within the age groups in all subscales except for “Social 
Relating”.  
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Table 3: Incontinence, LUTS and DBC-P/A data over the age groups in Down syndrome 

 Total 
(N=317a) 

Children 
(4-12 years) 
(N=78) 

Teens 
(13-17 years) 
(N=44) 

Young adults 
(18-30 years) 
(N=139) 

Adults 
(>30 years) 
(N=21) 

Significancee 

(p) 

Any incontinence % (n) 25.5 
(72/282) 

64.0 (48/75) 10.3 (4/39) 12.8 (16/125) 22.2 (4/18) <.001*** 

Nocturnal enuresis 
(NE) % (n) 

17.2 
(52/303) 

49.4 (38/77) 2.5 (1/40) 5.0 (1/20) 8.9 (12/135) <.001*** 

Daytime urinary incon-
tinence (DUI) % (n) 

15.9 
(48/301) 

47.3 (35/74) 4.7 (2/43) 10.0 (2/20) 6.7 (9/134) <.001*** 

Fecal incontinence (FI) 
% (n) 

14.2 
(42/296) 

40.8 (31/76) 2.4(1/42) 15.8 (3/19) 5.4 (7/130) <.001*** 

Constipation % (n) 15.8 
(46/292) 

22.5 (16/71) 12.5 (5/49) 13.7 (18/131) 16.7 (3/15) .377 

LUTS-score ≥ 13 % (n) 0.6 (2/317) 2.6 (2/78) 0.0(0/44) 0.0 (0/139) 0.0 (0/21) .243f 

LUTS mean score (SD) 3.2 (2.72) 5.5 (3.10) 2.5 (1.81) 2.4 (2.13) 2.6 (2.27) <.001***g 

Urgencyb % (n) 11.9 
(30/252) 

24.5 (12/49) 15.0 (6/40) 5.3 (1/19) 8.7 (10/115) .033* 

Postponementb % (n) 2.0 (5/249) 4.2 (2/48) 2.5 (1/40) 5.3 (1/19) 0.9 (1/113) .216f 

Strainingb % (n) 12.9 
(31/240) 

22.4 (11/49) 16.2 (6/37) 0.0 (0/19) 9.3 (10/107) .037*f 

Clinical DBC-P/A scorec 
% (n) 

13.6/8.4 12.5 (8/64) 15.4(6/39) 9.5 (11/116) 0.0(0/15) .396 

DBC-P/A Total mean T-
value (SD)d 

 46.5 (8.01) 45.4 (9.11) 39.7 (10.16) 33.5 (8.96) <.001*** 

Subscales mean T-values 
(SD): 

      

Disruptive/Antisocial  43.7 (8.30) 42.3 (9.97) 31.4 (5.78) 37.7 (8.24) <.001*** 

Self-Absorbed  48.3 (8.83) 44.6 (7.92) 38.2 (7.42) 45.5 (7.87) .001*** 

Communication Dis-
turbance 

 48.0 (7.31) 50.3 (8.70) 40.0 (7.68) 46.0 (8.60) <.001*** 

Anxiety  47.0 (9.98) 45.7 (9.76) 38.6 (8.60) 41.5 (8.81) <.001*** 

Social Relating  44.4 (8.71) 46.3 (7.99) 41.8 (10.67) 44.2 (10.14) .419 

aAge data not available for n=35 
b Items 7, 8 and 9 of the ICIQ-CLUTS scored as ‘most of the time’ or ‘all of the time’ 
c Clinical score when DBC-P score > 46 and DBC-A score > 51; DBC-P data refer to n=103 persons between 4-17 
years; DBC-A data refer to n=131 persons 18 years or older  
d DBC-P mean T-values for children and teens, DBC-A mean T-values for young adults and adults  
e  Pearson’s Chi2 test conducted for nonparametric data and one-way ANOVA for parametric data (in italics) 
f Fisher’s Exact test 
g Welch test was conducted due to violation of variance homogeneity 
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In table 4, individuals with and without a clinical DBC score were compared regarding 
incontinence. In children and adolescents, there were no significant associations be-
tween psychological symptoms and incontinence, whereas in adults rates of NE, DUI and 
incontinence overall were significantly higher in those with a clinical DBC score. Due to 
differences of the DBC-P and DBC-A (different items and problem scales) the comparison 
of both groups (children/adolescents and young adults) with each other could not be 
conducted. 

Table 4: Associations of incontinence and behavioral symptoms in the clinical range: children/adolescents and 
adults with Down syndrome 

 Children and 
adolescents 
(4-17) with 
clinical DBC-P-
scores 

Children and 
adolescents 
(4-17) with 
subclinical 
DBC-P-scores 

Significance (p) 
(χ²-test) 

(Young) Adults 
(≥18) with 
clinical DBC-A-
scores 

(Young) 
Adults (≥18) 
with 
subclinical 
DBC-A-scores 

Significance 
(p) 
(χ²-test) 

N 14 89  11 120  

Any incontinence % 
(n) 

61.5 (8/13) 38.8 (33/85) .122 55.6 (5/9) 11.9 (13/109) .004**a 

NE % (n) 42.9 (6/14) 25.6 (22/86) .207a 30.0 (3/10) 6.8 (8/118) .041*a 

DUI % (n) 46.2 (6/13) 26.7 (23/86) .193a 40.0 (4/10) 5.2 (6/116) .003**a 

FI % (n) 38.5 (5/13) 23.9 (21/88) .261a 20.0 (2/10) 6.3 (7/112) .160a 

Constipation % (n) 30.8 (4/13) 16.3 (13/67) .247a 33.3 (3/9) 13.2 (15/114) .126a 

LUTS-score ≥ 13 % 
(n) 

0.0 (0/14) 1.1 (1/89) 1.00a - -  

a Fisher’s Exact test 

Discussion 

This is the largest study in individuals with DS focusing on incontinence, LUTS, constipa-
tion and its association with psychological symptoms. Also, the sample ranges from young 
children to older adults, allowing a lifespan comparison.  

The rates for NE (49.4%) and DUI (47.3%) are comparable to other studies on children 
with DS. Kitamura et al. reported overall rates of 47% for urinary incontinence in 5-15 
year-old children with DS (Kitamura et al., 2014). In a smaller sample (n=15), urinary leak-
ages affected 73% of 7-10 year old children with DS (Brushini et al., 2003). In another 
study of 78 persons with DS and a mean age of 10.3 years (range 0-27 years), 46% had 
urinary incontinence in total (20% had NE only, 35% DUI only, and 45% both) (Powers et 
al., 2015). 

One explanation for these higher rates of NE and DUI in children with DS is a general 
delay of bladder control, which is strongly associated with the severity of ID (Brushini et 
al., 2003; Powers et al., 2015). Central nervous system (CNS) mechanisms are involved in 
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DUI and NE (Franco et al., 2015). During micturition, regions in the brainstem (periaque-
ductal gray (PAG), pontine micturition center), as well as the prefrontal cortex, anterior 
cingulate cortex, insula, thalamus and hypothalamus are active (Franco et al., 2015). In 
continent persons, the PAG receives information from the median prefrontal cortex, the 
anterior cingulate gyrus and the insula, implying that neuronal pathways between these 
regions exist. In DS, neuroanatomic alterations (reduced brain weight, smaller volumes 
of hippocampus, temporal lobes and cerebellum) and histological findings (decreased 
number of neurons, neuronal density, neuronal distribution and synaptic density) sup-
port the hypothesis of an abnormal neuronal connectivity (Lott, 2012). It can be hypoth-
esized that the neuronal pathways which influence controlled micturition could also be 
disturbed in DS. 

Incontinence is not only related to the degree of ID in DS, which was not a significant 
predictor of pathological uroflows in one study (Kitamura et al., 2014). LUTS were also 
associated with urinary incontinence in DS (De Carvalho Mrad et al., 2014). In the present 
sample, only 0.6% of persons had clinically relevant LUTS scores. This could be due to the 
high cut-off value in the ICIQ-CLUTS, which was validated in typically developing children 
and could be inappropriate for the DS sample (De Gennaro et al., 2010). The rates for 
specific LUTS as urgency or straining are in line with findings in other publications (Chi-
coine & Sulo, 2015; De Carvalho Mrad et al., 2014; Kitamura et al., 2014) and present a 
risk factor for incontinence.  

FI is less studied in children with DS. The rate of encopresis was much lower (3.7%) in 
one Turkish study of 107 DS children (Karaman, 2010), compared to the present sample 
(40.8%). Two reasons could be responsible for this difference. First, this study did not 
focus on encopresis alone, but on other psychiatric disorders, possibly resulting in un-
derreporting of FI. Second, the mean age of the Turkish sample was 2.5 years (range 0-
6), which means that many children were too young for a diagnosis of encopresis (4 
years).  

While FI is by definition a functional disorder (exclusion of organic causes), HSCR, is a 
common cause of organic FI in DS. A meta-analysis found a significantly higher risk for 
soiling in individuals with DS and HSCR (OR=3.6), but not for constipation (OR=1.4) (Fried-
macher & Puri, 2013). In our sample, only 4 persons had HSCR (1.3%), lower than in other 
studies (2.6%) (Friedmacher & Puri, 2013). This could be due to underreporting, as other 
current medical conditions were not assessed. HSCR is usually operated on earlier in 
childhood and might therefore not have been reported. Of the four persons with HSCR, 
one had FI and two had constipation. Regarding histopathological findings, patients with 
DS and HSCR have a reduced distribution of neurites in the rectosigmoid circular muscle 
layer (Moore, 2008), indicating a reduced innervation in the enteric nervous system 
(ENS). Possible candidate genes for the association of DS and HSCR are ret proto-onco-
gene (RET) and endothelin receptor type B (EDNRB), which play a role in HSCR and abnor-
mal ENS development (Moore, 2008). 



Chapter 2.1 

36 

Other disorders of the lower gastro-intestinal (GI) tract (e.g. chronic constipation, di-
arrhea) could also contribute toward the higher rates of FI in children with DS (Moore, 
2008). GI tract disorders in DS emerge from deficits in the development of the ENS, similar 
to those of the CNS. Hypoganglionosis of the colon in DS mouse models and reduced 
plexus ganglia neurons in the esophagus of DS patients would support the assumption 
(Moore, 2008). The superoxide dismutase-1 (SOD-1) gene (located on chromosome 21 
and overexpressed in DS persons) is a likely candidate gene for neurological alterations 
in the ENS, as it is involved in the neuroregulation of the neuromuscular junction (Moore, 
2008). Based on those findings, Moore hypothesizes that disrupted signaling pathways 
between CNS and ENS could lead to functional defects of the GI tract in DS (Moore, 2008). 

In adolescents and young adults in the present study, incontinence drops to 10.3% 
and 12.8%, but increases again in older adults (22.2%). Rates for NE remain at a similar 
level in older adults, but rise for DUI and FI to 10% and 15.8%, respectively. Lin et al. 
report similar rates of 11% of incontinence in a sample of DS over 15 years of age (Lin et 
al., 2015). The increasing prevalence of incontinence in older adults with DS could be due 
to early onset of AD, other types of dementia and neurological impairments, affecting 
most individuals from the age of 40 years onwards (Dykens, 2007). AD may be associated 
with the loss of acquired abilities, e.g. bladder and bowel control. Incontinence was iden-
tified as an onset aging condition in adults with DS (Lin et al., 2015). Further, the APP 
(amyloid precursor protein) gene (overexpressed in DS) causes an accumulation of the 
amyloid-β-protein, AD (Lott, 2012) and neurodegeneration of the CNS and ENS, thereby 
inducing incontinence.  

Psychological symptoms in the present study (13.6% in children and adolescents, 8.4% 
in adults) are lower than in other studies (20% in children, 23.7% in adults) (Dykens, 2007; 
Mantry et al., 2008). For the DBC, norms for mild ID were used leading to lower rates of 
psychological problems than if instruments for typically developed persons had been 
used. Despite these methodological factors, persons with DS are less affected by psycho-
logical problems than those with other syndromes with mild ID, e.g. 20-30% in Williams 
Syndrome (von Gontard et al., 2016). Protective factors in DS, e.g. sociability, humor, 
kindness and other positively perceived features (as the “babyfaced” facial appearance) 
could lead to these lower rates (Dykens, 2007). 

In a study of 186 adults with DS (mean age=41.1 years), rates of 16.7% for bowel and 
22.6% for urinary incontinence in the non-psychiatric group and of 35.5% and 42.9% in 
the group with psychiatric disorders were reported (Mantry et al., 2008). These findings 
are in line with the present study, in which incontinence is higher in adults with clinically 
relevant psychological symptoms. Incontinence and psychopathology may both be asso-
ciated with early onset AD. Decreased occupational and social functioning, depressive 
symptoms, sleep problems, loss of language, memory, vision and hearing ability, as well 
as incontinence was found in studies examining onset symptoms of AD in older individu-
als with DS (Lin et al., 2015). These symptoms are incapacitating and can lead to further 
psychological symptoms, e g. anxiety, disruptive and aggressive behavior.  
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Strengths and limitations 

Strengths of the study are the large sample size including different age groups, the use of 
validated questionnaires, of DSM-5 and ICCS criteria and the differentiation between dif-
ferent subtypes of incontinence. Limitations are the cross-sectional design that prohibits 
the analysis of causal associations, as well as the lack of IQ tests and clinical examinations 
(such as physical examination, sonography and uroflowmetry). Also, due to the small 
sample sizes in adults with clinically relevant psychological symptoms these results should 
be interpreted cautiously.    

Conclusions 

Incontinence is a major problem especially in children with DS. Rates decline significantly 
into adolescence and young adulthood and increase in older adults which could be asso-
ciated with AD. The rate of psychological problems is low in contrast to other genetic 
syndromes with ID and is only associated with incontinence in adulthood. As treatment 
guidelines for functional incontinence in children with special needs (e.g. genetic syn-
dromes, ID) exist (von Gontard, 2013), detailed assessment and treatment options should 
always be offered to affected persons.  
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Abstract 

Noonan Syndrome (NS) is an autosomal neurodevelopmental disorder with a high phe-
notypic variability. Mutations in several genes of the RasMAPK signaling pathways are 
now known to be responsible for NS. Most of the children with NS are of average intelli-
gence, one third has a mild intellectual disability (ID) (IQ 50-79). So far, no studies have 
assessed incontinence in persons with NS. The aim of this study therefore was to investi-
gate the prevalence of incontinence and psychological problems in persons with NS.  

19 children (5-17 years) and 10 adults (18-48 years) with NS were recruited through 
a German parent support group (58.6% male, mean age=15.26 years). The “Parental 
Questionnaire: Enuresis/Urinary Incontinence”, “Encopresis Questionnaire – Screening 
Version” and the German version of the International-Consultation-on-Incontinence-
Questionnaire – Pediatric Lower Urinary Tract Symptom (ICIQ-CLUTS) were completed by 
parents or care-givers to assess incontinence and lower urinary tract symptoms (LUTS). 
The Developmental Behavior Checklist for parents (DBC-P) or the Developmental Behav-
ior Checklist for adults (DBC-A) were filled out to assess psychological symptoms.  

27.3% of the children (4-12 years) had nocturnal enuresis (NE), 36.4% had daytime 
urinary incontinence (DUI) and 11.1% had fecal incontinence (FI). Only one adolescent 
(13-17 years) had NE (14.3%) and one young adult (18-30 years) had FI (11.1%). 36.4% of 
the children, 33.3% of the adolescents and 12.5% of young adults had a DBC score in the 
clinical range. No adult (>30 years) had incontinence or a critical DBC score. Children and 
adolescents with NE had significantly higher scores in the DBC total score as well in the 
“self-absorbed” and “social relating” subscales than continent children and adolescents, 
whereas no significant difference was found between children and adolescents with DUI 
compared to the continent group.  

A significant proportion of children with NS is affected by incontinence. Incontinence 
is a relevant problem in children and adolescents with NS, but does not persist into adult-
hood. Psychological problems are especially present in children and adolescents with NE. 
Screening for both incontinence and psychological symptoms are recommended in chil-
dren with NS. As most of the children with NS have average intelligence or a mild ID, they 
can be treated effectively with standard methods. 
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Introduction 

Noonan Syndrome (NS) is an autosomal dominant, neurodevelopmental disorder with a 
high phenotypic variability. It was first described in 1963 by Noonan and Ehmke in a group 
of patients with similar anomalies (Noonan & Ehmke, 1963). The prevalence of NS is 1 in 
1000-2500 births (Roberts, Allanson, Tartaglia, & Gelb, 2013). As shared genetic cause, 
mutations in several genes of the RAS-MAPK signaling pathways on the chromosomal 
band 12q24.1 were found (Roberts et al., 2013). Recent overviews show that about 50% 
of all persons with NS have a mutation in the PTPN11 gene, 10% in the SOS1 gene, 10% 
in RAF1, <2% in KRAS and <1% in NRAS. Other genes affected are BRAF and SHOC2 (Rob-
erts et al., 2013; Romano et al., 2010).  

Typical signs and symptoms in NS are congenital heart defects, auditory deficits, short 
stature, abnormal pigmentation, cryptorchidism and typical facial features (ptosis, hyper-
telorism, low-set ears, depressed nasal root) (Roberts et al., 2013; Tartaglia, Gelb, & 
Zenker, 2011). About 20-30% have an intellectual disability (ID) (IQ<70), further 37% have 
a below average or borderline (70-89) IQ (Lee, Portnoy, Hill, Gillberg, & Patton, 2005).  

There are only few publications on psychological problems in NS. Behavioral and de-
velopmental difficulties were described in about 25%-50% of children with NS (Lee et al., 
2005; Sarimski, 2000; Wood, Massarano, Super, & Harrington, 1995). The most common 
symptoms reported in children with NS were stubbornness, clumsiness, mood and com-
munication problems and faddy eating (Wood et al., 1995). In adults with NS, disorders 
such as panic disorder, alexithymia, obsessive-compulsive disorder, bipolar disorder, 
schizophrenia, anxiety and depression can occur (Verhoeven, Wingbermühle, Egger, Van 
Der Burgt, & Tuinier, 2008; Wingbermühle, Egger, Verhoeven, Van Der Burgt, & Kessels, 
2012). Higher levels of alexithymia (inability of expressing emotions) and social distress 
were found in 40 adults with NS compared to a control group (Wingbermühle et al., 
2012).  

Functional incontinence such as nocturnal enuresis (NE), daytime urinary inconti-
nence (DUI) and fecal incontinence (FI) are common in normally developed children with 
prevalence rates of 10% for NE, 2-3% for DUI and 1-3% for FI in 7-year-old children (von 
Gontard & Nevéus, 2006). In children with special needs, e.g. children with ID, inconti-
nence rates are much higher (Von Wendt, Simila, Niskanen, & Jarvelin, 1990). Also, chil-
dren with incontinence are more often affected by psychological disorders; the rates are 
especially high in children with FI (Joinson, Heron, & von Gontard, 2006; Joinson, Heron, 
Butler, & von Gontard, 2006; Joinson, Heron, Emond, & Butler, 2007).  

The aim of this study was to investigate the prevalences of incontinence, lower urinary 
tract symptoms (LUTS) and psychological problems in persons with NS. It was hypothe-
sized that incontinence occurs more often in NS than in the normal population. Another 
aim was to analyze the associations between psychological problems and incontinence in 
persons with NS.  
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Material & Methods 

Subjects were recruited through a German Noonan syndrome support group. Packages 
with questionnaires, information sheets and return envelopes for children and adults 
were sent to the chairperson of the support group who distributed them among all 107 
member families. Following informed consent, parents/caregivers were asked to com-
plete the questionnaires and send them back anonymously. 29 questionnaires were re-
turned. The study was approved by the local ethics committee. 

Incontinence and lower urinary tract symptoms (LUTS) were assessed by the “Paren-
tal Questionnaire: Enuresis/Urinary Incontinence” (von Gontard, 2012b), “Encopresis 
Questionnaire – Screening Version” (von Gontard, 2012a) and the German version of the 
International-Consultation-on-Incontinence-Questionnaire – Pediatric Lower Urinary 
Tract Symptom (ICIQ-CLUTS) (De Gennaro et al., 2010). NE and DUI were diagnosed from 
the age of 5 years when wetting occurs at least once per month, according to the Inter-
national Children’s Continence Society (ICCS) criteria (Austin et al., 2014). FI was diag-
nosed from the age of 4 years according to DSM-5 criteria, i.e. when soiling occurs at least 
once per month (American Psychiatric Association (APA), 2013). The 10 questions of the 
ICIQ-CLUTS build a LUTS-score with clinically relevant scores higher than 13. 

Behavioral and psychological symptoms were assessed with the German version of 
the Developmental Behavior Checklist (DBC) (Einfeld, Tonge, & Steinhausen, 2007). The 
parental questionnaire consists of 96 items, which are rated with “0 – not true as far as 
you know”, “1 – somewhat or sometimes true” and “2 – very true or often true”. Par-
ents/Caregivers of children and adolescents (<18 years) completed the parental version 
(DBC-P), those of adults (≥18 years) the adult version (DBC-A), respectively. The DBC-P 
comprises the subscales “Disruptive/Antisocial” (DA), “Self-Absorbed” (SA), “Communi-
cation Disturbance” (CD), “Anxiety” (A) and “Social Relating” (SR) and the “Total Behavior 
Problem Score” (TBPS). The DBC-A has the same subscales except that the fourth scale is 
termed “Anxiety/Depression” (AD). A TBPS above 46 in the DBC-P and above 51 in the 
DBC-A are considered as clinically relevant (Einfeld & Tonge, 1995). German norms are 
available for children and adults with mild, moderate and severe intellectual disability for 
both the DBC-P and the DBC-A (Einfeld & Tonge, 1995; Steinhausen & Metzke, 2011). The 
DBC-P and DBC-A questionnaires were evaluated according to the norms of mild intellec-
tual disability.  

Completed questionnaires of 19 children (5-17 years of age, mean age=11.2 years 
(SD=4.1), 57.9% male) and 10 adults (18-48 years of age, mean age=23.9 years (SD=9.4), 
60% males) were included in the study.  

The data was analyzed with IBM SPSS Statistics 22, using descriptive statistics and 
performing nonparametric (χ2–tests, Fisher’s Exact tests, Mann Whitney U-tests) for cat-
egorical data and parametric tests for interval data (Student t-tests, Welch tests). Results 
were considered significant at a p-value < 0.05.  
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Results 

The sample included 11 children between 4 and 12 years old (39.3%), 7 adolescents be-
tween 13 and 18 years old (25.0%), 9 young adults (18 – 30 years) (32.1%) and one adult 
older than 30 years (3.6%). In one case age was not stated. Descriptive data and preva-
lence of incontinence in the 4 age groups are outlined in table 5.  

26.1% of the total sample was affected by at least one subtype of incontinence. 
Within the subgroups, incontinence was higher in children than in adolescent and adult 
groups (44.4% vs. 14.3% vs. 16.7% vs. 0%). NE was found in 27.3% of children, 14.3% of 
adolescents and in none of (young) adults. DUI was only present in children (36.4%). FI 
was found in one child and one young adult. No subject reached a LUTS score in the clin-
ical range (>13). 36.4% of children, 33.3% of adolescents and 12.5% of young adults 
reached a DBC-P/A total score in the clinically relevant range (table 5).  

Table 5: Descriptive data, prevalence of incontinence and DBC data in the total sample and age groups in 
Noonan syndrome 

 Total Sample 
n=29 

Children 
(4-12y) 
n=11 

Adolescents 
(13-17y) 
n=7 

Young Adults 
(18-30y) 
n=9 

Adults 
(>30y) 
n=1 

Male n (%) 17 (58.6) 6 (54.5) 4 (57.1) 5 (55.6) 1 (100) 

Mean age in years (SD) 15.27 (8.6) 8.19 (2.0) 14.67 (1.4) 20.75 (2.6) 48.0 (-) 

At least one subtype of 
incontinence n (%) 

6 (26.1) 4 (44.4) 1 (14.3) 1 (16.7) - 

NE n (%) 4 (16.0) 3 (27.3) 1 (14.3) - - 

DUI n (%) 4 (13.8) 4 (36.4) - - - 

FI n (%) 2 (7.4) 1 (11.1) - 1 (11.1) - 

LUTS mean score (SD) 2.90 (2.98) 4.45 (3.8) 2.14 (2.4) 2.22 (1.6) 0.0 (-) 

DBC-P/A Total mean T-value 
(SD)1 

47.76/35.8 
(15.4/14.9) 

47.45 (17.6) 48.33 (12.1) 36.0 (14.9) 20 (-) 

DBC-P/A Total score > clinical 
cut-off² n (%) 

6 (35.3)/1 (10) 4 (36.4) 2 (33.3) 1 (12.5) - 

1 DBC-P mean T-values are reported in children and adolescents, DBC-A mean T-values are reported in young 
adults and adults 
² Clinical Cut-off for the DBC-P is a Total score > 46, clinical Cut-off for the DBC-A is a Total score > 51 [21] 

 
As incontinence was mainly present in children and adolescents, mean LUTS-, DBC total 
and subscale scores in continent children and adolescents, as well as those with NE and 
DUI were compared (table 6). Mean LUTS scores were significantly higher in the NE (1.73 
vs. 6.0; U=-2.12; p=.035) and DUI groups (1.73 vs. 8.25; U=-2.64; p=.003) compared to 
continent children and adolescents. 
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Table 6: Noonan syndrome: mean age, LUTS-score and psychological problems in continent children and ado-
lescents (5-17 years), those with NE and those with DUI 

 Continent group 
(n=11) 

NE group (n=4) DUI group (n=4) 

Mean age in years (SD) 12.05 (3.4) 10.38 (3.4) 7.46 (1.7)² 

LUTS-score mean (SD) 1.73 (2.1) 6.0 (3.3)²* 8.25 (2.6)²** 

DBC-P Total mean T-value (SD) 44.0 (14.9) 63.0 (13.5)* 55.0 (18.9) 

Subscales mean T-values (SD):    

Disruptive/Antisocial 43.2 (15.5) 55.5 (8.2) 47.0 (8.9) 

Self-Absorbed 42.4 (10.4) 57.0 (10.0)* 52.0 (14.3) 

Communication Disturbance 46.6 (10.3) 60.25 (22.8)1 59.5 (23.1) # 

Anxiety 45.2 (15.0) 56.5 (7.2)² 49.0 (6.8)² 

Social Relating 43.8 (7.3) 58.0 (10.7)²* 53.5 (14.7)² 

* Significant differences (p<.05) in student t-Tests when comparing this subgroup to the continent group 
** Significance p<.01 
1 Welch-Test was conducted due to missing variance homogeneity 
² Mann-Whitney U-test (Exact test) was conducted due to violations of normal distribution 

 
The DBC-P total T score was also significantly higher in children and adolescents with NE 
compared to the continent group (mean T=63.0 vs. 44.0; t=2.20; p=.048).  Regarding the 
subscales, the NE group had significantly higher scores in the “self-absorbed” and “social 
relating” scales than the continent group (table 6). 

Discussion 

This is the first systematic study examining the prevalence of incontinence and their as-
sociation with psychological symptoms in persons with NS. The present study shows that 
incontinence is a major problem in persons with NS, that mainly children are affected and 
that NE is the most common subtype.  

So far, no systematic studies on incontinence in persons with NS have been con-
ducted. In a case report, a 33-year old male with NS and detrusor-sphincter-dyssynergia, 
difficulty in urination, urinary frequency and incontinence was described (Ohashi, Okuno, 
& Mizuo, 1992). In another study, children with NS achieved a delayed bladder and bowel 
control at 41.4 months of age on average (Sarimski, 2000). Further, malformations of the 
urogenital tract, such as renal anomalies (in about 10% of cases) were reported (George, 
Patton, El Sawi, Sharland, & Adam, 1993; Noonan, 1994; Sommerschild & Soerland, 
1974), which can be associated with recurrent urinary tract infections in NS (Romano et 
al., 2010). Abdominal sonography in 44 persons with NS revealed renal anomalies in 11% 
of cases, such as absent kidney, ectopic kidney, duplex kidney, bilateral cysts with scarring 
or dilated renal pelvis (George et al., 1993).  
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In the present sample, (mean age 8.2 years), 27% of children with NS had NE, 36% 
DUI and 11% FI, respectively. In young adults (mean age 20.8 years), only 16.7% had in-
continence. Due to the small sample size, incontinence prevalence in the present study 
should be interpreted cautiously. But it does show, that incontinence usually does not 
persist into adulthood in persons with NS. 

Overall, 38% of 7-year old children with ID are affected of NE, 39% of DUI and 30.5% 
are affected of FI in population-based samples (Von Wendt et al., 1990). At the age of 20 
years, the representative rates for incontinence in persons with ID are reduced to 19-20% 
(Von Wendt et al., 1990). There is also an inverse relationship between incontinence and 
IQ: the lower the IQ, the higher are the rates of incontinence (Von Wendt et al., 1990). In 
a study of persons with Prader-Willi-syndrome (PWS) and Fragile-X Syndrome (FXS) with 
a lower IQ-range than in NS, incontinence rates in childhood were 33.3% (in PWS) and 
70.6% (in FXS), respectively, and were still high in adults (PWS 25%, FXS 26.9%) (Equit, 
Piro-Hussong, Niemczyk, Curfs, & von Gontard, 2013). 

As the IQ-range in persons with NS is higher than in PWS and FXS, this could be one 
explanation for the lower prevalence of incontinence in NS. To analyze to what extent 
incontinence rates in persons with NS are associated with ID, further research including 
a measurement of IQ is needed.  

20-30% of 7-year-old typically developing children with NE, about 30-40% of 7 -year 
old children with DUI and about 30-50% of children with frequent FI are affected by psy-
chological comorbidity (Joinson, Heron, Butler et al., 2006; Joinson, Heron, & von Gon-
tard, 2006; Joinson et al., 2007).  

Psychological problems of clinical severity in the present sample are found mainly in 
children (36%) and adolescents (33%), comparable with the previous studies on NS (Lee 
et al., 2005; Wood et al., 1995). These psychological problems were more present in chil-
dren with NE, although in typically developing children, they are even more common in 
children with DUI (Joinson, Heron & von Gontard, 2006).  

In children with NS and NE, self-absorbed” and “social relating” behaviors predomi-
nate, which are associated with ID and autism (Einfeld & Tonge, 1995). The “self-ab-
sorbed” subscale includes items like “chews or mouths objects, or body parts”, “grinds 
teeth” or “repeated movements of hands, body, head or face e.g. handflapping or rock-
ing” which is more often present in children with severe ID (Einfeld & Tonge, 1995). The 
“social relating” subscale comprises 10 items, e.g. “doesn’t show affection”, prefers to do 
things on his/her own; tends to be a loner” or “resists being cuddled, touched or held” 
which is an indicator for autistic behavior (Einfeld & Tonge, 1995). Autism spectrum dis-
orders are neurodevelopmental disorders with impairment in social communication and 
interaction and affected persons showing repetitive patterns of behavior (APA, 2013). 
Autistic disorders were already reported in children with NS (Wingbermühle et al., 2012).  

In the present study, children with NS and NE (but not DUI) show higher prevalences 
of psychological problems. But due to small sample sizes, these findings have to be repli-
cated in studies with a larger sample of persons with NS.  
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Regarding treatment, guideline-based therapy options for all subtypes of inconti-
nence are available (von Gontard, 2012a; von Gontard, 2012b) and can be applied to 
children and adolescents with NS in the same way than to typically developing children. 
In children/persons with NS with ID and psychological problems, standard treatment 
should be modified accordingly (von Gontard, 2013). Due to renal anomalies and other 
medical complications typical for NS, medical guidelines in the management of NS should 
always be followed, as well (Romano et al., 2010).  

Strengths and Limitations  

This is the first study that assesses incontinence in children, adolescents and adults with 
NS. Strengths are the prospective design, the use of standardized instruments in as-
sessing psychological symptoms and the use of international guidelines in defining sub-
types of incontinence (ICCS, DSM-5) (Austin et al., 2014; APA, 2013). Unfortunately, se-
lection biases cannot be excluded, e.g. because of the small rates of returned question-
naires. Also, due to the study design, IQ could not be measured by a validated intelligence 
test and affected persons have not been examined clinically. 

Conclusions  

The present study provides the first information on incontinence and its association to 
psychological problems in children, adolescents and adults with Noonan syndrome. In-
continence is a relevant problem in children and adolescents with NS, but does not persist 
into adulthood. Psychological problems are especially present in NS and NE. Screening 
for both incontinence and psychological symptoms is recommended in children with NS. 
As most of the children with NS have average intelligence or a mild ID, they can be treated 
effectively with standard methods. 
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Abstract 

Angelman Syndrome (AS) is a congenital syndrome with a prevalence of 1:15.000. Indi-
viduals with AS often have severe intellectual disability, typical dysmorphic signs and be-
havioral problems. The aim of the study was to investigate the rate of incontinence and 
associated psychological problems in children and adults with AS. 

90 children (4-18 years) and 54 adults (18-31 years) with AS were recruited through a 
parent support group (55.6% male, mean age 15.1 years). The Parental Questionnaire: 
Enuresis/Urinary Incontinence, the Incontinence Questionnaire-Pediatric Lower Urinary 
Tract Symptoms (ICIQ-CLUTS), as well as the Developmental Behavior Checklist for par-
ents (DBC-P) or for adults (DBC-A) were filled out by parents or care-givers. 

85.6% of individuals with AS were affected by at least one subtype of incontinence 
(82.7% nocturnal enuresis (NE), 64.7% daytime urinary incontinence (DUI), 57.1% fecal 
incontinence (FI)). 52.5% of the children and 32.6% of adults reached a clinically relevant 
DBC score. Incontinence was not associated with behavioral problems. NE and DUI were 
associated with genotype and epilepsy. 

Children with AS have high rates of incontinence. Many adults are still affected by NE, 
DUI or even FI. Screening, assessment and treatment of incontinence in individuals with 
AS is recommended. 
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Introduction 

Angelman Syndrome 

Angelman Syndrome (AS) is a congenital genetic disorder, which primarily affects the cen-
tral nervous system. The prevalence of the syndrome is 1: 15 000 (Thibert, Larson, Hsieh, 
Raby, & Thiele, 2013). It is caused by a microdeletion or uniparental disomy (UPD) of 
chromosome 15q11-13, which leads to a loss of the maternal UBE3A gene (Thibert et al., 
2013). This results in the characteristic symptoms of the disease: a developmental delay, 
severe intellectual disability with an IQ usually <40, severe speech impairment and ataxia. 
Most patients also show seizures and microcephaly. People with AS are characterized by 
a specific appearance with coarse facial features, unusually fair skin and light hair. Many 
suffer from scoliosis. Life expectancy for people with AS is almost normal (Thibert et al., 
2013). 

The developmental delay begins between the 6th and 12th month of life, while the 
other symptoms manifest themselves for the first time in early childhood (Thibert et al., 
2013). 

Children with AS usually show a cheerful but easily excitable behavior with frequent, 
often inappropriate laughter and a fascination with water. Hyperactivity and a short at-
tention span are also widespread. Affected children often show abnormalities of the 
sleep–wake cycle and seem to need less sleep (5-6 hours/night) compared to typically 
developing children, but this improves with age. Adults with AS appear less easily excita-
ble, though the intellectual impairment, epilepsy and speech problems remain (Bird, 
2014). 

Incontinence  

According to the International Children’s Continence Society (ICCS), nocturnal enuresis 
(NE) is defined as intermittent incontinence of discrete amounts of urine during sleep in 
a child aged 5 years or older after organic causes have been ruled out (Austin et al., 2016). 
Daytime urinary incontinence (DUI) is defined as loss of discrete amounts of urine during 
the day. Functional or non-organic DUI comprises heterogeneous conditions e.g. overac-
tive bladder, voiding postponement and dysfunctional voiding. The DSM-5 differentiates 
between functional constipation (with or without fecal incontinence (FI)) and non-reten-
tive FI (without constipation) from the age of 4 years onwards after excluding organic 
causes (American Psychiatric Association (APA), 2013). 

In typically developing children, functional (or non-organic) incontinence, including 
NE, DUI and FI are common. Prevalence rates of 9.1-18.2% for NE, 4.4-16.9% for DUI and 
1.4-5.4% for FI for 6-7.5 year old children have been reported (von Gontard, 2012a; von 
Gontard, 2012b).  



Chapter 2.3 

54 

Incontinence in children with intellectual disability and Angelman Syndrome 

In children with intellectual disability (ID), incontinence rates are much higher. In a pop-
ulation-based sample, 38% of 7-year old children with ID had NE, 39% had DUI and 30.5% 
had FI (von Wendt, Simila, Niskanen, & Jarvelin, 1990). The rates for incontinence in per-
sons with ID still were 19-20% at the age of 20 (von Wendt et al., 1990). Incontinence in 
children with special needs (e.g. ID or autism) often persists into adolescence and adult-
hood, although effective treatment options are available (von Gontard, 2013). 

The rates of incontinence in individuals with AS have differed in publications so far. 
95% of patients with AS (5-44 years) were affected by incontinence in one study (Didden, 
Korzilius, Smits, & Curfs, 2004). Buntinx et al. (1995) found a reduction of incontinence 
from 63% in children to 12.5% in adults. In another study, 43% of 28 adults with AS aged 
20-53 years had DUI (Laan, Den Boer, Hennekam, Renier, & Brouwer, 1996). These stud-
ies had no control group and small sample sizes and did not differentiate between differ-
ent types of incontinence. Radstaake et al. (2013) examined 71 persons with AS and 
matched controls with non-specific ID. The controls had higher rates of DUI (54% vs. 38%) 
and FI (51% vs. 43%), while NE was the most common form of incontinence in both groups 
(controls: 58%, AS: 62%). Adaptive disabilities and epilepsy increased the risk for inconti-
nence in young persons with AS (Radstaake et al., 2013).  

Aim of the study and hypotheses 

Therefore, the aim of this study was to assess the prevalence of NE, DUI and FI, as well as 
associated behavioral symptoms in a large sample of children, adolescents and adults 
with AS. Specifically, it was hypothesized that incontinence rates decrease with age and 
that there is an association between incontinence and behavioral comorbidity.  

Methods 

Sample and Procedure 

Subjects were recruited through a German Angelman syndrome parent support group 
(Angelman e. V.). Packages with questionnaires, information sheets and return envelopes 
for children and adults were sent out to 427 member families (308 < 18 years, 119 ≥ 18 
years) over 6 months (August 2013 – January 2014) by the chairperson of the support 
group, so contact addresses weren´t available and anonymity for the families was 
granted. Following informed consent, parents/caregivers were asked to complete the 
questionnaires and send them back anonymously. 156 questionnaires were returned 
(36.5%). Due to data protection regulations, contact addresses were no longer available 
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after sending out the packages. So, unfortunately, participants could not have been con-
tacted again to achieve a higher response rate. The study was approved by the local ethics 
committee. 

Instruments 

To assess different subtypes of incontinence the “Parental Questionnaire: Enuresis/Uri-
nary Incontinence” (von Gontard, 2012b) and the “Encopresis Questionnaire – Screening 
Version” (von Gontard, 2012a) were administered. Additionally, the German version of 
the International-Consultation-on-Incontinence-Questionnaire – Pediatric Lower Urinary 
Tract Symptom (ICIQ-CLUTS) was used to assess lower urinary tract symptoms (LUTS) (De 
Gennaro et al., 2010). The 10 questions of the ICIQ-CLUTS build a LUTS-score with clini-
cally relevant scores higher than 13. Validity and reliability were confirmed in a group on 
incontinent and continent children (De Gennaro et al., 2010). NE and DUI were diagnosed 
from the age of 5 years when wetting occurs at least once per month, according to the 
International Children’s Continence Society (ICCS) criteria (Austin et al., 2016). FI was di-
agnosed from the age of 4 years according to DSM-5 criteria, i.e. when soiling occurs at 
least once per month (APA, 2013).  

Behavioral and psychological symptoms were assessed with the German version of 
the Developmental Behavior Checklist (DBC) (Einfeld & Tonge, 1995). The DBC is a reliable 
and valid instrument with separate norms for individuals with mild, moderate, or severe 
intellectual disability (Einfeld & Tonge, 1995). The parental questionnaire consists of 96 
items, which are rated with “0 – not true as far as you know”, “1 – somewhat or some-
times true” and “2 – very true or often true”. Parents/Caregivers of children and adoles-
cents (<18 years) completed the parental version (DBC-P), those of adults (≥18 years) the 
adult version (DBC-A), respectively. The DBC-P comprises the subscales “Disruptive/Anti-
social” (DA), “Self-Absorbed” (SA), “Communication Disturbance” (CD), “Anxiety” (A) and 
“Social Relating” (SR) and the “Total Behavior Problem Score” (TBPS). The DBC-A has the 
same subscales except that the fourth scale is termed “Anxiety/Depression” (AD). A TBPS 
above 46 in the DBC-P and above 51 in the DBC-A are considered as clinically relevant 
(Einfeld & Tonge, 1995). German norms are available for children and adults with mild, 
moderate and severe intellectual disability for both the DBC-P and the DBC-A (Einfeld, 
Tonge, & Steinhausen, 2007; Steinhausen & Metzke, 2011). The DBC-P and DBC-A ques-
tionnaires were evaluated according to the norms of severe intellectual disability.  

Of the 156 questionnaires returned, 3 were excluded due to age < 4 years. In the 
remaining 153 cases, age data was missing in 9 cases and gender data in 2 cases.  

Completed incontinence questionnaires of 90 children (4-17 years of age, mean 
age=10.4 years (SD=3.9)) and 54 adults (18-31 years of age, mean age=22.9 years 
(SD=3.5)) were included in the study. Complete DBC questionnaires were available for 81 
children and adolescents and 44 adults.  
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Statistical analysis 

The data was analyzed with IBM SPSS Statistics 23, using descriptive statistics and per-
forming nonparametric tests for categorical data (χ2–tests, Fisher’s Exact tests) and par-
ametric tests for interval data (Student t-tests, Welch tests). Results were considered sig-
nificant at a p-value < .05.  

Results 

Descriptives 

Descriptive data on medical condition, psychological symptoms and diagnoses are out-
lined in table 7. 85.6% (n=153) of the total sample had at least one subtype of inconti-
nence: 81% had NE, 61.4% DUI and 53.9% had FI. Constipation was reported in 46.1% 
(table 1). Only males (3.6%) but no female had a LUTS score in the clinical range. The DBC 
score was in the clinical range in 50.6% of children and adolescents (< 18 years) and in 
34.1% of adults (table 1). There were no significant differences between males and fe-
males neither in incontinence rates nor in clinical DBC scores (table 7). 70.6% persons 
with AS had epilepsy and 85.0% were on anticonvulsants. Again, there were no gender 
differences (table 7). 

Table 7: Angelman syndrome: descriptive data and gender comparisons, medication 

 Total  
N=1531 

Male 
 N=84 

Female 
 N=67 

Significance 

Mean age in years (SD) 15.10 (7.16) 14.75 (7.33) 15.56 (6.98) n. s. 

Incontinence overall % (n) 85.6 (119/139) 85.1 (63/74) 85.9  (55/64) n. s. 

NE % (n) 81.0 (115/142) 77.6  (59/76) 84.6  (55/65) n. s. 

DUI % (n) 61.4 (86/140) 60.8  (45/74) 62.5  (40/64) n. s. 

FI % (n) 53.9 (76/141) 52.0  (39/75) 56.3  (36/64) n. s. 

Constipation % (n) 46.1 (65/141) 44.0 (33/75) 48.4 (31/64) n. s. 

LUTS ≥ 13 % (n) 2.0 (3/153)  3.6 (3/84) 0.0 (0/67) n. s. 

LUTS mean score (SD) 6.22 (2.61) 6.26 (2.98) 6.15 (2.08) n. s.5 

DBC-P² (score > 46) % (n) 50.6(41/81) 52.2  (24/46) 50.0  (17/34) n. s. 

DBC-P² Total mean T-value (SD) 51.9 (8.02) 51.0 (8.54) 53.2 (7.31) n. s.4 

DBC-A³ (score > 51) % (n) 34.1(15/44) 26.1 (6/23) 42.9(9/21) n. s. 

DBC-A³ Total mean T-value (SD) 47.1 (9.24) 45.9 (9.68) 48.3 (8.79) n. s.4 

Epilepsy % (n) 70.6 (108/153) 70.2 (59/84) 70.1 (47/67) n. s. 

Medication % (n) 85.0 (130/150) 84.3 (70/83) 89.2 (58/65) n. s. 

Anticonvulsants 78.5 (113/144) 73.5 (61/83) 75.4 (49/65)  

- Sodium valproate  47.2 (68/144) 47.0 (39/83) 43.1 (28/65)  

- Ethosuximide 22.9 (33/144) 21.7 (18/83) 24.6 (16/65)  

- Clobazam 11.8 (17/144) 10.8 (9/83) 12.3 (8/65)  
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 Total  
N=1531 

Male 
 N=84 

Female 
 N=67 

Significance 

- Levetiracetam 10.4 (15/144) 10.8 (9/83) 13.8 (9/65)  

- Others  19.4 (28/144) 18.1 (15/83) 20.0 (13/65)  

Methylphenidate 0.6 (1/150) 0.0 (0/83) 0.6 (1/65)  

Neuroleptics /Benzodiazepines 4.6 (7/150) 3.6 (3/83) 4.6 (3/65)  

Melatonin 8.0 (12/150) 8.4 (7/83) 6.2 (4/65)  

Laxatives 16.0 (24/150) 15.7 (13/83) 16.9 (11/65)  

Thyroid Medication 4.6 (7/150) 3.6 (3/83) 6.2 (4/65)  

Antacids/Anti-inflammatory Medi-
cation 

8.0 (12/150) 6.0 (5/83) 3.1 (2/65)  

1 Gender data not available for n=2 
2 DBC-P data is available for 81 persons < 18 years (46 males, 34 females, 1 missing) 
3 DBC-A data is available for 44 persons ≥ 18 years (23 males, 21 females) 
4 Student t-tests 
5 Welch-test due to missing homogeneity of variance  

Incontinence and behavior over the age groups 

To analyze age effects, the sample was divided into 3 age groups: children (4-12 years), 
teens (13-17 years) and adults (≥18 years) (table 8). The overall rates of incontinence 
were high through all age groups (96.6% in children; 92.6% in teens; 74.0% in adults). 
Comparing the three age groups (children, teens and adults), there was a significant dif-
ference in the frequencies of NE (χ²=8.5; df=2; p=.015), and incontinence overall (χ²=13.4; 
df=2; p=.001) between the age groups: Children were more affected by incontinence 
overall and NE than adults. Constipation rates were similar in all age groups (45.1-50.0%). 
Symptoms of urgency were highest in adolescents (44.4%), but other LUTS were not a 
major problem (table 8). 

Clinically relevant behavioral scores (DBC) were found in 45.5% and 52.5% of adoles-
cents and children, respectively, whereas only 34.1% of adults had a DBC score in the 
clinical range. All subgroups had the highest T-values in the “self-absorbed” subscale (ta-
ble 8). 
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Table 8: Incontinence, LUTS and DBC-P/A data over the age groups in Angelman syndrome 

 Total 
(N=153) 

Children 
(4-12 years) 
(N=63) 

Teens 
(13-17 years) 
(N=27) 

Young adults 
(18-30 years) 
(N=53) 

Adults 
(>30 years) 
(N=1) 

Any incontinence % (n) 85.6 (119/139) 96.6 (57/59) 92.6 (25/27) 73.5 (36/49) 100.0 (1/1) 

Nocturnal enuresis (NE) % (n) 82.7 (115/139) 88.5 (54/61) 92.6 (25/27) 70.0 (35/50) 100.0 (1/1) 

Daytime urinary incontinence 
(DUI) % (n) 

 64.7 (86/133) 70.7 (41/58) 70.4 (19/27) 53.2 (25/47) 100.0 (1/1) 

Fecal incontinence (FI) % (n) 57.1 (76/133) 64.9 37/57) 57.7 (15/26) 46.9 (23/49) 100.0 (1/1) 

Constipation % (n) 46.1 (65/141) 47.4 (27/57) 50.0 (12/24) 45.1 (23/51) 0 (0/0) 

LUTS-score ≥ 13 % (n) 2.0 (3/153) 1.6 (1/63) 3.7 (1/27) 0.0 (0/53) 100.0 (1/1) 

LUTS mean score (SD) 6.31 (2.57) 6.59 (2.47) 6.52 (2.56) 5.75 (2.51) 13.0 (-) 

Urgency² % (n) 32.8 (19/58) 35 (7/20) 44.4 (4/9) 28.6 (8/28) 0 (0/0) 

Postponement² % (n) 0 - - - - 

Straining² % (n) 4.9 (3/61) 4.9 (3/61) 0 (0/0) 0 (0/0) 0 (0/0) 

DBC-P (score > 46)³ % (n) 50.6 (41/81) 52.5 (31/59) 45.5 (10/22) - - 

DBC-A (score > 51)4 % (n) 34.1 (15/44) - - 32.6 (14/43) 100.0 (1/1) 

DBC-P/A Total mean T-value 
(SD)5 

 52.44 (8.63) 48.9 (12.85) 46.8 (9.24) 56.0 (-) 

Subscales mean T-values (SD):      

Disruptive/Antisocial  50.98 (8.23) 48.55 (6.82) 43.67 (8.58) 52.00 

Self-Absorbed  52.66 (8.14) 51.0 (6.87) 56.19 (7.55) 62.00 

Communication Disturbance  49.36 (7.92) 49.45 (5.86) 45.86 (6.22) 48.00 

Anxiety  47.54 (9.74) 45.18 (11.61) 44.42(5.97) 54.00 

Social Relating  44.54 (8.97) 46.0 (7.56) 42.09 (8.84) 52.00 

1 Age data not available for n=9 
2 Items 7, 8 and 9 of the ICIQ-CLUTS scored as ‘most of the time’ or ‘all of the time’ 
3 DBC-P data refer to n=81 persons between 4-17 years  
4 DBC-A data refer to n=44 persons 18 years or older  
5 DBC-P mean T-values for children and teens, DBC-A mean T-values for young adults and adults  

 
In table 9, the association between behavioral data and incontinence was analyzed. The 
rates of incontinence did not differ between groups with a clinical DBC-score and those 
with a subclinical DBC-score (table 9).  
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Table 9: Associations of incontinence and behavioral symptoms in the clinical range: children and teens and 
adults with Angelman syndrome 

Age groups (years) Children and 
teens (4-17) 
with clinical 
DBC-P-
scores 

Children and 
teens (4-17) 
with subclinical 
DBC-P-scores 

Significance  
(p) (χ²-test) 

 (Young) Adults 
(≥18) with 
clinical DBC-A-
scores 

(Young) Adults 
(≥18) with 
subclinical 
DBC-A-scores 

Significance 
(p) 
(χ²-test) 

N 40 39   15 27  

At least one type 
of incontinence % 
(n) 

100.0(40/40) 91.9 (34/37) n. s.1   66.7 (10/15) 73.1 (19/26) n. s.1 

NE % (n) 97.5 (39/40) 84.6 (33/39) n. s.1  66.7 (10/15) 70.4(19/27) n. s.1 

DUI % (n) 74.4 (29/39) 67.6 (25/37) n. s.1  40.0 (6/15) 52.0 (13/25) n. s. 

FI % (n) 64.1(25/39) 61.1 (22/36) n. s.  46.7 (7/15) 40.0 (10/25) n. s. 

Constipation % (n) 43.6 (17/39) 50.0 (17/34) n. s.  61.5 (8/13) 39.3 (11/28) n. s. 1 

LUTS-score ≥ 13 % 
(n) 

2.4(1/41) 2.5 (1/40) n. s.1  6.7 (1/15) 0.0 (0/29) n. s. 1 

1 Fisher’s Exact test 

Further results  

Table 10 shows the distribution of incontinence for the underlying AS genotypes. Patients 
with an UPD had the highest rates of incontinence, followed by patients with deletion at 
15q11-13, an UBE3A- or imprinting mutation. The distribution differed significantly for all 
subtypes of incontinence (NE, DUI and FI), but not for constipation or DBC-scores.  

Table 10: Incontinence and DBC-P/A data over the genotypes of Angelman syndrome 

 Total 
(N=153) 

Deletion 
15q11-13 
(N=92) 

Uniparental 
Disomy 
(N=12) 

Imprinting 
mutation 
(N=12) 

UBE3a 
mutation 
(N=8) 

Significance 

Any incontinence % (n) 85.6 (119/139) 90.6 (77) 100.0 (12) 50.0 (5) 66.7 (4) .005** 

Nocturnal enuresis (NE) % 
(n) 

82.7 (115/139) 85.9 (73/85) 100 (12/12) 45.5 (5/11) 57.1 (4/7) .005** 

Daytime urinary inconti-
nence (DUI) % (n) 

64.7 (86/133) 67.9 (57/84) 75.0 (9/12) 16.7 (2/12) 37.5 (3/8) .002** 

Fecal incontinence (FI) % 
(n) 

57.1 (76/133) 58.3 (49/84) 72.7 (8/11) 9.1 (1/11) 42.9 (3/7) .022* 

Constipation % (n) 46.1 (65/141) 50.0 (42/84) 50.0 (6/12) 27.3 (3/11) 37.5 (3/8) .126 

DBC-P (score > 46)³ % (n) 50.6 (41/81) 47.8 (22/46) 20.0 (2/10) 50.0 (3/6) 66.7 (2/3) .535 

DBC-A (score > 51)4 % (n) 34.1 (15/44) 32.1 (9/28) - 25.0 (1/4) 33.3 (1/3) .570 

1 Age data not available for n=29 
2 Items 7, 8 and 9 of the ICIQ-CLUTS scored as ‘most of the time’ or ‘all of the time’ 
3 DBC-P data refer to n=81 persons between 4-17 years  
4 DBC-A data refer to n=44 persons 18 years or older  
5 DBC-P mean T-values for children and teens, DBC-A mean T-values for young adults and adults  
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NE and DUI were found more often in AS patients with compared to those without epi-
lepsy (table 11). In contrast, there was no difference for FI, constipation or DBC-scores in 
AS patients with or without comorbid epilepsy. 

Table 11: Incontinence and DBC-P/A data for patients with Angelman syndrome and epilepsy   

 Total 
(N=153) 

AS Patients with 
comorbid epilepsy 
(N=108) 

AS Patients without 
comorbid epilepsy 
(N=45) 

Significance 

Any incontinence % (n) 85.6 
(119/139) 

87.0 (87/100) 13.0 (13/100) .455 

Nocturnal enuresis (NE) % (n) 82.7 
(115/139) 

85.1 (86/101) 14.9 (15/101) .047* 

Daytime urinary incontinence (DUI) 
% (n) 

64.7 (86/133) 67.0 (67/100) 33.0 (33/100) .032* 

Fecal incontinence (FI) % (n) 57.1 (76/133) 56.3 (58/103) 43.7 (45/103) .345 

Constipation % (n) 46.1 (65/141) 49.0 (49/100) 51.0 (51/100) .186 

DBC-P (score > 46)³ % (n) 50.6 (41/81) 53.4 (31/58) 46.6 (27/58) .287 

DBC-A (score > 51)4 % (n) 34.1 (15/44) 35.5 (11/31) 64.5 (20/31) .525 

Discussion 

This is the largest study on incontinence in individuals with AS, showing that incontinence 
is a major problem throughout the life span. 

Incontinence overall 

Despite the decreasing rates from childhood to adulthood, rates remain high. As seen in 
previous studies, a more severe level of ID is generally associated with higher rates of 
incontinence (von Wendt et al., 1990). In the present study, the rates of incontinence in 
children (88.5% NE, 70.7% DUI, 64.9% FI, mean age 8.3 years) were higher than in a pop-
ulation-based study on 7-year-olds with severe ID (33.3% NE, 38.1% DUI, 38.1% FI), and 
also higher than in 20-year-olds with severe ID (19-24% vs. 73.5% of young adults (mean 
age 22.7 years) (von Wendt et al., 1990). Radstaake et al. (2013) found similar inconti-
nence rates in AS, as well (89% NE, 54% DUI, 61% FI). In that study, rates were only sig-
nificantly lower in DUI, compared to persons with ID and other genetic syndromes.  

Developmental and behavioral problems  

Individuals with AS are not only highly impaired in their cognitive development, but also 
show multiple somatic complaints and medical condition (e.g. epilepsy). All these prob-
lems may contribute to the high incontinence rates. The movement or speech develop-
ment in persons with AS is affected (Thibert et al., 2013), as well, which may also lead to 
practical problems in toileting behavior (e.g. motor problems to get undressed or to sit 
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properly on the toilet), causing more incontinent episodes. This is also supported by find-
ings of DUI and FI rates being higher in wheelchair bound persons with AS (Radstaake et 
al., 2013). 

Additionally, it could be speculated that behavioral problems, such as hyperactivity 
and attention problems, could be responsible for the high rates of incontinence. The re-
sults in the present study show that incontinence occurs irrespective of behavioral prob-
lems. This is in congruence with the findings in a comparable study on Williams syndrome 
(von Gontard et al., 2016). 

Incontinence and genotype  

In the present study, there were significant differences in the incontinence rates for the 
underlying AS genotypes. Although AS patients with UPD tend to have a milder impaired 
phenotype with less seizures and better physical growth, motor skills and receptive lan-
guage than deletion patients (Bird, 2014), they were more often affected by incontinence 
than other underlying genotypes. AS patients with deletions are the most common sub-
group with prevalence rates up to 75% (Thibert et al., 2013). They usually have a more 
severe phenotype with microcephaly, seizures, motor difficulties and language impair-
ment (Bird, 2014), but were found to be less affected of incontinence in the present 
study. However, subsample sizes are small and results should be interpreted cautiously. 
Nevertheless, the results show that incontinence is a severe problem in all patients with 
AS, regardless of genotype. 

Nocturnal enuresis and sleep problems in persons with AS 

NE was found to be the most common type of incontinence in persons with AS (Radstaake 
et al., 2013). This result is in line with studies on such diverse syndromes as Rett, Prader-
Willi and Williams. Sleep difficulties are reported in all four syndromes (Bird, 2014; Thi-
bert et al., 2013). About half of the persons with AS have sleep difficulties, e.g. difficulty 
to initiate sleep, a shorter sleep duration or heightened arousability (Thibert et al., 2013; 
Takaesu, Komada, &Inoue, 2012), which all are associated with epilepsy (Thibert et al., 
2013).  Braam, Didden, & Smits (2008) observed an improved quality and quantity of 
sleep after melatonin supplementation in patients with AS, but also high salivary melato-
nin levels. A disturbed melatonin metabolism with decreased melatonin levels was sug-
gested. Takaesu et al. (2012) found the nighttime melatonin levels in 15 AS patients sig-
nificantly lower than in age-matched controls. Melatonin treatment in children with de-
velopmental disabilities was associated with a significant decrease in sleep onset latency 
time (Schwichtenberg & Malow, 2015). However, the effects on NE were not assessed. 
Melatonin supplementation in typically developing children had no effects on NE or on 
the sleep-wake cycle (Merks, Burger, Willemsen, van Gool, & de Jong, 2012). 
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Incontinence and epilepsy 

The present study found the presence of epilepsy in AS positively related to NE, in line 
with the results of Radstaake et al. (2013): In AS individuals with epilepsy, the risk of NE 
was 13 times higher than in AS without epilepsy. In the present study, rates of NE were 
higher in AS with epilepsy than in those without (85.1% vs. 70.7%), as well. Severe epi-
lepsy is a frequent clinical feature in persons with AS, with prevalence rates from 80 to 
95% (Thibert et al., 2013). However, this is the first study which found an association 
between epilepsy and DUI. 

To understand the association between epilepsy and incontinence in AS, further re-
search is needed. Modern neuroimaging studies using diffusion tensor imaging tech-
niques revealed white matter alterations throughout the brain with alterations in tem-
poral pathways being correlated to clinical symptoms, myelination delay and thinning of 
the corpus callosum in persons with AS (Peters et al., 2011). It can be speculated that 
common central nervous system factors could be responsible for the association be-
tween incontinence, epilepsy and sleep problems.  

Strengths and Limitations  

Strengths of the study are the large sample size, the use of standardized instruments in 
assessing psychological symptoms and the adherence to ICCS-definitions (Austin et al., 
2016). Limitations include the cross-sectional design and the reliance on parent and care-
giver information. Also, the study did not include IQ measured by a validated intelligence 
test and a clinical examination of the affected persons. In future studies, objective assess-
ment (e.g. ultrasound, uroflowmetry, voiding diaries) in individuals with AS would add 
important information. 

Conclusions 

The present study shows that especially children and teens with AS are at risk for incon-
tinence. Incontinence decreases in adolescence and adulthood, but remains at a high 
level. Comorbid epilepsy is significantly associated with NE and DUI. There is no associa-
tion between incontinence and behavioral problems. Nevertheless, specific programs for 
persons with intellectual disability will be needed in the care of children, adolescents and 
adults with AS. These should include necessarily a detailed assessment and treatment for 
incontinence.  
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Abstract 

Mowat-Wilson Syndrome (MWS) is caused by deletion/mutation of the ZEB2 gene on 
chromosome 2q22. MWS is characterized by a distinctive facial appearance, severe intel-
lectual disability and other anomalies, e.g. seizures and/or Hirschsprung disease (HSCR). 
Most individuals have a sociable demeanor, but one third show psychological problems. 
The aim was to investigate incontinence and psychological problems in MWS. 

26 children (4-12 years), 13 teens (13-17 years) and 8 adults (>18 years) were re-
cruited through a MWS support group. The Parental Questionnaire: Enuresis/Urinary In-
continence, as well as the Developmental Behavior Checklist (DBC) were completed by 
parents or care-givers. 

97.7% of persons with MWS had incontinence (nocturnal enuresis 74.4%; daytime 
urinary incontinence 76.2%; fecal incontinence 81.4%). Incontinence remained high over 
age groups (children 95.8%, teens 100%, adults 100%). 46.2% of children, 25% of teens 
and 37.5% of adults exceeded the clinical cut-off on the DBC. The ability to use the toilet 
for micturition improved with age.  

MWS incontinence rates are very high. All had physical disabilities including anomalies 
of the genitourinary and gastrointestinal tract. Due to the high prevalence rates, a screen-
ing for incontinence and psychological problems in MWS is recommended. 
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Introduction 

Mowat-Wilson Syndrome 

Mowat-Wilson Syndrome (MWS) is a congenital syndrome caused by a deletion or muta-
tion of the ZEB2 gene on chromosome 2q22 (Mowat & Wilson, 2010). It was first de-
scribed by Mowat et al. in 1998 in six individuals with symptoms of severe intellectual 
disability (ID), microcephaly, short stature and Hirschsprung disease (HSCR) (Mowat et 
al., 1998). Further characteristics of MWS are typical facial features (prominent nasal tip 
and chin, cupped ears with upturned lobes, deep-set eyes, hypertelorism, broad medially 
sparse eyebrows), severe developmental delay, seizures, constipation and a happy, social 
demeanor (Adam et al., 2006; Mowat & Wilson, 2010). Prevalence is estimated at 1: 
50,000-70,000 (Mowat & Wilson, 2010). 

Behavioral phenotype of Mowat-Wilson Syndrome 

The behavioral phenotype in MWS was examined by Evans et al. in a sample on 61 indi-
viduals, who found less depressive or mood problems, more oral (as chewing objects or 
grinding teeth) and stereotyped behaviors and an underreaction to pain in comparison 
to a group of non-syndromatic persons with ID (Evans et al., 2012). Further descriptions 
of MWS point out the happy demeanor, sociability and frequent laughter, but also self-
injuring and hyperactive behavior (Adam, Justice, Bean, & Fernhoff, 2008; Mowat & Wil-
son, 2010). Sleep disturbances with an association to psychological problems are also 
found in MWS (Evans, Mowat, Wilson, & Einfeld, 2016). Intelligence in MWS is mostly in 
the range of severe ID (Evans et al., 2012; Garavelli et al., 2009).  

Incontinence 

Functional incontinence (including nocturnal enuresis (NE), daytime urinary incontinence 
(DUI) or fecal incontinence (FI)) is a common disorder affecting about 1-10% of typically 
developing children and decreasing to <1% in adolescence and adulthood (Franco, Austin, 
Bauer, von Gontard, & Homsy, 2015). In individuals with ID, incontinence rates are much 
higher (approx. 30-40%), and are associated with the level of ID (von Wendt, Simila, 
Niskanen, & Jarvelin, 1990). In a population-based sample, 33-38% of 7-year-old children 
with severe ID had some subtype of incontinence, and at the age of 20 years, 19-24% of 
individuals with severe ID still had incontinence problems (von Wendt et al., 1990).  

Incontinence in Mowat-Wilson Syndrome 

Incontinence has not been systematically examined in MWS. In a report on 12 cases with 
MWS aged 0-23 years, 3 of the 8 individuals who were older than 4 years were not toilet 
trained, one was in the process of toilet training and 3 were continent (Adam et al., 2006). 
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HSCR is a condition often associated with constipation and FI and is found in approxi-
mately 45% of MWS patients (Coyle & Puri, 2015). In a review of published cases, consti-
pation was reported in 30%, genitourinary and renal anomalies in 52% (Garavelli et al., 
2009).  

Aim of the study 

The aim of this study was to examine incontinence subtypes, associated conditions (con-
stipation, lower urinary tract symptoms (LUTS), anomalies of the genitourinary and gas-
trointestinal tract), adaptive toileting skills and behavioral symptoms in different age 
groups of individuals with MWS.  

Material and methods 

Procedure 

Packages with questionnaires were sent to all member families of the German Mowat-
Wilson Syndrome support group “Mowat-Wilson Deutschland”. As it comprises only 10 
families, the study was also announced on the homepage of the International Mowat-
Wilson Foundation. Questionnaires in four languages were provided (English, German, 
French, Italian), which could be requested online by interested families. Following in-
formed consent, parents or caregivers were asked to complete the questionnaires and 
send them back. Questionnaires were sent out and received over 28 months (June 2013 
– October 2015).  

Instruments 

Incontinence was assessed by the “Parental Questionnaire: Enuresis/Urinary Inconti-
nence” (von Gontard, 2012b), “Encopresis Questionnaire – Screening Version” (von Gon-
tard, 2012a). Six questions about adaptive toileting skills were added to the question-
naire. LUTS were assessed by the German version of the “International-Consultation-on-
Incontinence-Questionnaire – Pediatric Lower Urinary Tract Symptom” (ICIQ-CLUTS) (de 
Gennaro et al., 2010). The 10 questions of the ICIQ-CLUTS build a LUTS-score with clini-
cally relevant scores over 13. According to the International Children’s Continence society 
(ICCS), NE and DUI were diagnosed in persons older than 5 years when wetting occurs at 
least once per month (Austin et al., 2016). According to DSM-5, FI was diagnosed from 
the age of 4 years when soiling occurs at least once per month (American Psychiatric 
Association (APA), 2013).  

Psychological problems were assessed by the Developmental Behavior Checklist 
(DBC) (Einfeld & Tonge, 2002; Mohr, Tonge, Einfeld & Taffe, 2011). The DBC is composed 
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of five subscales (“Disruptive/Antisocial”, “Self-Absorbed”, “Communication Disturb-
ance”, “Anxiety” and “Social Relating”) that add up to the Total Behavior Problem Score 
(TBPS). Parents or caregivers filled out either the parental version of the DBC (DBC-P) for 
children or adolescents, or the adult version (DBC-A) for adults. The DBC-A has an addi-
tional scale “Depression”.  

Clinically relevant scores are defined as a TBPS > 46 in the DBC-P and as a TBPS > 51 
in the DBC-A, respectively (Einfeld & Tonge, 2002; Mohr et al., 2011). In addition, DBC-
P/A Total scores can be expressed in percentiles according to norms for children and 
adults with mild, moderate and severe intellectual disability, that are available for both, 
DBC-P and DBC-A (Einfeld & Tonge, 2002; Mohr et al., 2011). Mean Item scores are pro-
vided for the subscales. The DBC has a high reliability (DBC-P:  r=.80-.83; DBC-A: r=.69-
.72) and a significant concurrent validity with questionnaires and expert rating (DBC-P: 
r=.72-.86; DBC-A: r=.52-.63) (Einfeld & Tonge, 2002; Mohr et al., 2011). DBC-P and DBC-
A questionnaires were evaluated according to the norms of severe intellectual disability 
in the present sample. 

The study was approved by the local ethics committee. 

Statistical analysis 

Statistical analyses performed by IBM SPSS Statistics 23 included descriptive statistics, 
and nonparametric tests (χ2–tests, Fisher’s Exact tests) for categorical data and paramet-
ric tests (univariate ANOVA, Student t-tests, Welch tests) for parametric data. Results 
were considered significant at a p-value < .05.  

Results 

Packages were sent to 10 German families with a member affected by MWS. Further, 110 
online requests of questionnaires were received from 18 different countries, but most 
from the USA, Australia and the UK. 48 questionnaires were completed and sent back. 
Due to an age of less than four years, one participant was excluded. The majority of ques-
tionnaires was completed by the mother (91.5%), in 6.4% by the father and in 2.1% (n=1) 
the person was unknown.  

Descriptive data 

Descriptive data are outlined in table 12. Mean age of the sample was 13.0 years (range 
4-33 years) with a nearly equal gender distribution (20 males, 27 females). Medical con-
ditions were frequent with HSCR reported in 38.3% and genitourinary/renal anomalies in 
36.2%. A DBC score in the clinical range was found in 39.1%. 
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Incontinence and DBC data in the total sample 

Incontinence data are available for 43 persons. All but one person were affected by in-
continence (97.5%). Rates of FI (82.1%) were higher than of NE (72.5%) or DUI (74.4%) in 
the total sample. The mean LUTS score was 5.2 (SD=2.1, range 0-8), but was only calcu-
lated in persons who did not wear a diaper all day (n=6). There were neither significant 
gender differences in the clinical DBC scores (Chi2=.120; df=1; p=.729) nor in the rates of 
incontinence (Fisher’s Exact test; p=.419). 

Table 12: Descriptive data, somatic conditions and subgroups of incontinence of the total sample with Mowat-
Wilson syndrome 

 Total (N=47) 

Mean age in years (SD) 13.0 (6.8) 

Males % (n) 42.6 (20/47) 

Females % (n) 57.4 (27/47) 

Medical conditions % (n) 91.5 (43/47) 

Seizures 85.1 (40/47) 

Heart defects 42.6 (20/47) 

Hirschprung disease  38.3 (18/47) 

Urogenitary/renal tract anomalies 36.2 (17/47) 

Clinical DBCa % (n) 39.1 (18/46) 

DBC-P Total mean percentile (SD) 48.5 (22.9) 

DBC-A Total mean percentile (SD) 54.4 (26.8) 

Incontinence overallb % (n) 97.7 (42/43) 

Nocturnal Enuresis (NE) 74.4 (32/43) 

Daytime Urinary Incontinence (DUI) 76.2 (32/42) 

Fecal Incontinence (FI) 81.4 (35/43) 

Constipation % (n) 28.6 (12/42) 

Combinations of Incontinencec n 

NE isolated 2 

DUI isolated 1 

NE + DUI 3 

FI isolated 4 

FI + DUI 3 

FI + DUI + NE 24 

No incontinence 1 

DBC = Developmental Behavior Checklist; TBPS = Total Behavior Problem Score 
a Clinical DBC is defined as a TBPS > 46 in the DBC-P or a TBPS > 51 in the DBC-A 
bAt least one subtype of incontinence 
c  Data available from n=38 
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Incontinence and DBC data over age groups 

The sample was subdivided into three age groups (4-12 years, 13-17 years, ≥18 years). 
Table 13 shows rates of incontinence, constipation, clinical DBC scores and mean item 
scores of the DBC subscales over the age groups. Rates of incontinence did not change 
significantly over age but remained at a high level. Also, the age groups did not differ 
regarding clinical DBC scores. The rates of constipation increased significantly from 12% 
in childhood to 54.5% in adolescence and 50% in adulthood, respectively.  

The analysis of subtypes of incontinence (NE (n=31), DUI (n=31), FI (n=34)) and clinical 
DBC scores (n=16) revealed no significant associations (Fisher’s Exact tests; p=.481 for 
NE; p=1.00 for DUI; p=.688 for FI). Regarding mean item scores of the DBC subscales, 
there was a significant difference in the “self-absorbed” subscale.  

Table 13: Incontinence, constipation and clinical DBC over the age groups in Mowat-Wilson syndrome 

 Total 
N=47 

Children (4-12 
years)  
N=26 

Teens (13-17 
years) 
N=13 

Adults (≥18 
years) 
N=8 

Significancea 

Mean age in years (SD) 13.0 (6.8) 8.4 (2.9) 15.1 (1.5) 24.8 (5.1)  

Incontinence overall % (n) 97.7 (42/43) 95.8 (23/24) 100 (12/12) 100 (7/7) n. s. 

Nocturnal Enuresis % (n) 74.4 (32/43) 70.8 (17/24) 90.9 (10/11) 62.5 (5/8) n. s. 

Daytime Urinary Incontinence 
% (n) 

76.2 (32/42) 72.7 (16/22) 91.7 (11/12) 62.5 (5/8) n. s. 

Fecal Incontinence % (n) 81.4 (35/43) 88.0 (22/25) 75.0 (9/12) 66.7 (4/6) n. s.  

Constipation % (n) 28.6 (12/42) 12.0 (3/25) 54.5 (6/11) 50.0 (3/6) .031* 

Clinical DBCb % (n) 39.1 (18/46) 46.2 (12/26) 25.0 (3/12) 37.5 (3/8) n. s. 

DBC-P/A Total mean percentile 
(SD) 

 49.5 (23.6) 48.7 (20.4) 54.4 (26.8)  

DBC Mean item scoresc (SD):      

Total  0.46 (0.2) 0.46 (0.2) 0.38 (0.2) n. s.  

Disruptive/Antisocial  0.36 (0.2) 0.35 (0.3) 0.43 (0.4) n. s.  

Self-Absorbed  0.70 (0.2) 0.69 (0.2) 0.32 (0.2) .001**  

Communication Disturbance  0.33 (0.3) 0.45 (0.3) 0.55 (0.3) n. s.  

Anxiety  0.47 (0.4) 0.35 (0.3) 0.14 (0.2) n. s.  

Depressiond  n. a. n. a. 0.49 (0.3) n. a.  

Social Relating  0.30 (0.2) 0.33 (0.3) 0.26 (0.1) n. s.  

SD = standard deviation; DBC = Developmental Behavior Checklist; n. a. = not available 
a Fisher’s Exact tests for categorial data; univariate analyses of variance (ANOVAs) for parametric data; * =p<.05; 
** = p<.01; *** = p<.001; n. s. = not significant (p≥.05)  
b Clinical DBC is defined as a TBPS > 46 in the DBC-P or a TBPS > 51 in the DBC-A 
c Mean Items scores are calculated as the scale raw score divided by the number of items in the scale  
d The subscale “depression” is only a subscale in the DBC-A 
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Adaptive toileting skills 

In table 14, adaptive toileting skills in the total sample, as well as specific symptoms in 
individuals with NE, DUI and FI are outlined in the three age groups. The majority of indi-
viduals wore diapers all day (87%) and needed help with toileting. The ability to use the 
toilet for micturition increased significantly with age (from 11.5% in children to 75% in 
adults). There was a trend that the ability to use the toilet for bowel movements in-
creased over age, too (from 11.5 to 50%).  

In individuals with NE, most wet the bed every night. This rate remained high over 
age. No individual had had a dry period before. The ability to wake up after wetting or to 
go to the toilet at night increased significantly with age. In individuals with DUI, no differ-
ence between the age groups was found regarding the rates of wetting frequency or the 
ability to notice wetting.  

The frequency of FI did not change over the age, but there was a significant change in 
the size of stool masses during soiling, as adults had a higher rate of “smears”. In children, 
stool masses were more often “moderate” or “large”, whereas in teens or adults more 
smears or small amounts of soiling occurred. The consistency and episodes of nighttime 
soiling did not vary between the groups.  

Table 14: Adaptive toileting skills and symptoms of incontinence over the age groups in Mowat-Wilson syn-
drome 

 Total Children 
(4-12 years) 

Teens  
(13-17 years) 

Adults  
(≥18 years) 

Significanceb  

Adaptive toileting skillsa (Total N) 47 26 13 8  

Does he/she wear diapers during the day? % 87.0 88.5 91.7 75.0 n. s. 

Does he/she use the toilet to pass urine? % 25.5 11.5 23.1 75.0 .021* 

Does he/she use the toilet to pass stools? % 21.7 11.5 25.0 50.0 n. s. 

Does he/she tell you when he/she has to go to 
the toilet? % 

17.4 16.0 15.4 25.0 n. s. 

Does he/she need help when he/she goes to 
the toilet? % 

82.8 79.2 76.9 100 n. s. 

Nocturnal enuresisa (Total N) 42 17 10 5  

How often does he/she wet the bed?       

Every night 65.6 76.5 (13) 60.0 (6) 40.0 (2) n. s. 

2x/week or more 25.0 17.6 (3) 30.0 (3) 40.0 (2) 

1x/month or more 9.4 5.9 (1) 10.0 (1) 20.0 (1) 

Has he/she ever been dry during the night for 
more than 6 months? % 

0 0 0 0  

Does he/she wake up to go to the toilet? % 9.7 0 0 60.0 (3) .002** 

Is he/she a deep sleeper, i.e. difficult to wake 
up? % 

21.9 23.5 (4) 20.0 (2) 20.0 (1) n. s. 

Does he/she wake up after wetting the bed? % 12.5 0 10.0 (1) 60.0 (3) .009** 

Daytime urinary incontinencea (Total N) 32 16 11 5  
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 Total Children 
(4-12 years) 

Teens  
(13-17 years) 

Adults  
(≥18 years) 

Significanceb  

How often does he/she wet himself/herself 
during the day? 

     

Every day 84.4 93.8 (15) 81.8 (9) 60.0 (3) n. s. 

2x/week or more 12.5 6.3 (1) 9.1 (1) 40.0 (2) 

1x/month or more 3.1 0 9.1 (1) 0 

How many times a day does he/she wet?      

Once or twice 32.3 25.0 (4) 30.0 (3) 60.0 (3) n. s. 

3-4 times 45.2 43.8 (7) 50.0 (5) 40.0 (2) 

5-6 times 19.4 25.0 (4) 20.0 (2) 0 

More 3.2 6.3 (1) 0 0 

Does he/she notice when he/she wets? 37.9 35.7 (5) 36.4 (4) 50.0 (2) n. s. 

Fecal incontinencea (Total N)  22 9 4  

How many times a week does he/she soil?      

Every day 68.6 72.7 (16) 66.7 (6) 50.0 (2) n. s. 

2x/week or more 25.7 22.7 (5) 22.2 (2) 50.0 (2) 

1x/month or more 5.7 4.5 (1) 11.1 (1) 0 

How often does he/she soil per day?      

Once or twice 68.8 61.9 (13) 87.5 (7) 66.7 (2) n. s. 

3-4 times 28.1 33.3 (7) 12.5 (1) 22.2 (1) 

5-6 times 3.1 4.8 (1) 0 0 

How large are the stool masses?      

Smears 12.9 0 28.6 (2) 50.0 (2) .005** 

Small amounts 3.2 0 14.3 (1) 0 

Moderate amounts 77.4 95.0 (19) 42.9 (3) 50.0 (2) 

Large amounts 6.5 5.0 (1) 14.3 (1) 0 

What is the consistency of his/her stool?      

hard 20.0 22.7 (5) 11.1 (1) 25.0 (1) n. s. 

soft 37.1 36.4 (8) 55.6 (5) 0 

watery 5.7 0 11.1 (1) 25.0 (1) 

Varying consistency 37.1 40.9 (9) 22.2 (2) 50.0 (2) 

Does he/she soil during sleep/the night? 51.4  40.9 (9) 66.7 (6) 75.0 (3) n. s. 

Numbers in parentheses refer to the absolute numbers 
a The percentage of the answer „yes“, if not otherwise specified 
b Fisher’s Exact tests; * =p<.05; ** = p<.01; *** = p<.001; n. s. = not significant (p≥.05) 
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Discussion 

Incontinence overall 

This is the first study that examines incontinence systematically in MWS. The results show 
that incontinence is a major problem in MWS, as nearly all individuals of the sample were 
affected. The rates were much higher than those of persons with severe ID and more 
comparable to those with profound ID (85-100%) (von Wendt et al., 1990). The combina-
tions of incontinence reveal that two thirds of persons with MWS have all three subtypes 
(NE, DUI, FI).  

As there are no other systematic studies on MWS and incontinence, comparisons with 
other genetic syndromes could be revealing. Even though MWS has some similarity to 
Angelman Syndrome (AS) (seizures, severe ID, sociability) (Evans et al., 2012; Mowat, Wil-
son, & Goossens, 2003), incontinence rates differ in both syndromes. Incontinence in AS 
ranges between 89-95% for NE, 43-54% for DUI and 61% for FI showing that NE is the 
most common subtype (Didden, Korzilius, Smits, & Curfs, 2004; Laan, Den Boer, 
Hennekam, Renier, & Brouwer, 1996; Radstaake et al., 2013). In the present sample, over-
all incontinence in MWS (97.7%) was even higher than in AS. But in contrast, FI is the 
most common subtype (81.4%) followed by DUI and NE (74-76%) in MWS, while persons 
with AS were most affected by NE.  

Fecal incontinence and HSCR 

An explanation why FI is the most common incontinence subtype in MWS could be the 
strong association between MWS and HSCR. In a review of MWS cases, HSCR is estimated 
to be present in 45% of cases (Coyle & Puri, 2015), comparable to the rates in the present 
sample (38.3%). Complications after HSCR surgery are frequent in MWS (Bonnard et al., 
2009), as 38.5% of MWS patients continued to have further symptoms as constipation or 
soiling despite surgery (Coyle & Puri, 2015).  

Despite the high prevalence of HSCR, the rates of constipation in childhood were low, 
whereas half of adolescents and adults were affected. It could be speculated, that parents 
of affected children pay more attention to regular bowel movements after HSCR surgery 
(which is performed in childhood) and therefore reduce the risk of constipation (e.g. by 
treatment with laxatives etc.). In later age, it can be speculated further that bowel man-
agement is possibly less strict so that some individuals may develop behaviors (e.g. a low-
fiber diet, insufficient liquid intake) predisposing towards constipation. Persons with ID 
are known to have insufficient liquid intake and higher rates of constipation (van Laecke, 
Raes, Vande Walle, & Hoebeke, 2009). Case reports show that constipation is not neces-
sarily associated with HSCR: about the half of cases without HSCR (3 out of 6 and 6 out of 
10 cases, respectively) had constipation, too (Adam et al., 2006; Garavelli et al., 2009). 
The possibility of very short segment HSCR ought to be considered in these individuals. 
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Associations with intellectual disability 

The persisting high rates of incontinence over age could be due to the severity of ID. In 
other syndromes with moderate or mild ID (such as Noonan, Williams, Fragile-X- or 
Prader-Willi Syndrome), incontinence rates decreased from childhood into adulthood 
(Equit, Piro-Hussong, Niemczyk, Curfs, & von Gontard, 2013; Niemczyk, Equit, Borggrefe-
Moussavian, Curfs, & von Gontard, 2016; von Gontard et al., 2016). According to von 
Wendt et al. (1990), the level of intellectual impairment plays a major role in gaining blad-
der and bowel control, not only in ID in general, but also in specific syndromes.  

In addition, severe ID is often associated with somatic disabilities or medical condi-
tions, which could lead also to higher rates of somatic (not functional) forms of inconti-
nence that cannot be diagnosed by a questionnaire. In the present study, 36.2% persons 
with MWS had anomalies of the genitourinary or renal tract. This high rate could there-
fore indicate higher rates of organic incontinence, but these can only be assessed by a 
medical examination in the individual patient.  

Differences between age groups 

Although incontinence rates do not decrease over age, there are indicators that some 
aspects of bladder and bowel control do improve in MWS. The majority (75-91.7%) of 
persons with MWS in the present study still wore diapers all day indicating that they were 
not toilet-trained, yet. However, other adaptive skills (ability to use the toilet for micturi-
tion and bowel movements) did improve with age, 75% and 50% of adults were able to 
use the toilet to pass urine or stools, respectively. These increasing skills show that per-
sons with MWS can be toilet-trained, as had been shown in case reports (Adam et al., 
2006). In persons with FI, the stool masses diminished from childhood to adulthood which 
also indicates that bowel control could have improved. In adults with NE, the rates of 
waking up at night to go to the toilet (nocturia) or after wetting are much higher than in 
adolescents or children with MWS. As NE is caused by maturational deficits in centers of 
the brainstem (Franco et al., 2015), the improvement of nighttime waking in MWS could 
be a sign of improving maturational processes.   

Behavioral problems 

In the present sample, behavioral symptoms were present in 39.1% of individuals with 
MWS which is similar to the rates of Evans et al. (33.3%) in a comparable group (Evans et 
al., 2012). These psychological symptoms were also related to sleep problems (Evans et 
al., 2016). In the present study no significant associations between psychological symp-
toms and incontinence were found, in contrast to other genetic syndromes with mild ID 
(Noonan, Williams, Fragile-X-Syndrome) (Equit et al., 2013; Niemczyk et al., 2015; von 
Gontard et al., 2016). The difference in level of ID is the most likely explanation, as the 
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association between psychopathology and incontinence is found only in children with av-
erage intelligence (Franco et al., 2015) or mild ID, while incontinence in severe ID is pos-
sibly more closely associated with somatic conditions.  

Strengths and limitations 

A major strength of the study is the novelty of the results, i.e. that it is the first description 
of incontinence and associated factors in a larger group of individuals with MWS. Further, 
validated questionnaires were used and incontinence was diagnosed according to DSM-
5 and ICCS criteria. Limitations are the cross-sectional design and that due to study design 
further clinical examinations (IQ test, physical examination, sonography and uroflowme-
try) could not be performed.  

Conclusions 

The present study shows that nearly all individuals with MWS are affected by inconti-
nence. Although some adaptive toileting skills improve from childhood to adulthood (e.g. 
using the toilet, waking at night to urinate, smaller soiled stool amounts), most individuals 
still wear diapers. It is presumed that the high rates of incontinence in MWS emerge from 
a co-existence of functional and organic incontinence forms.  

Clinical Implications 

Nearly all individuals with MWS are affected by incontinence, which is often neglected 
because of other medical conditions. Due to higher rates of constipation in older individ-
uals, these should always be screened for bowel movement frequency and consistency 
of stools, which are good indicators for constipation. Further, all individuals should be 
screened for psychological symptoms. As effective interventions for incontinence are 
available for persons with ID in general (von Gontard, 2013), assessment and treatment 
of incontinence are recommended in persons with MWS, as well.  
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Abstract 

Fragile-X-Syndrome (FXS) is caused by a mutation on the X-chromosome (Xq27.3). Males 
with a full mutation have typical dysmorphic signs, moderate intellectual disability and 
psychological disorders. 25-50% are affected by incontinence. The aim of the study was 
to assess subtypes of incontinence and psychological problems in children with FXS in 
their home environments. 

22 boys with FXS (mean age 11.0 years) and 22 healthy controls (mean age 11.1 years) 
were examined with sonography, uroflowmetry, 48-h-bladder diary, physical examina-
tion, IQ test, parental psychiatric interview and questionnaires regarding incontinence 
and psychological symptoms in a home setting.  

Boys with FXS had higher rates of incontinence than controls (59.1% vs. 4.8%). The 
most common subtypes in FXS boys were primary non-monosymptomatic nocturnal en-
uresis, urge incontinence and non-retentive faecal incontinence. 90.9% boys with FXS had 
a psychological comorbidity. Incontinence and behavioral symptoms were not associ-
ated. 

Boys with FXS have a higher risk for physical disabilities, psychological disorders and 
incontinence than healthy boys. Constipation is not a major problem in FXS. As effective 
treatment is available for children with ID, we recommend offering assessment and ther-
apy to all children with FXS and incontinence.    
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Introduction 

According to the Fifth Edition of the Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5), nocturnal enuresis (NE) is diagnosed as voiding of urine into bed during sleep 
from the age of 5 onwards after ruling out medical conditions (American Psychiatric Asso-
ciation (APA), 2013). The International Children’s Continence Society (ICCS) divides enure-
sis into 4 subgroups, classified as either primary (no dry period >6 months before) or sec-
ondary (previous dry period >6 months) and as either non-monosymptomatic (daytime 
symptoms of the lower urinary tract (LUTS) are present) or monosymptomatic (enuresis 
without LUTS) (Austin et al., 2016). Daytime urinary incontinence (DUI) is defined as inter-
mittent leakage of urine during the day after excluding organic causes (Austin et al., 2016). 
In children, the most common subtypes are DUI with urgency (or urge incontinence, UI), 
DUI with voiding postponement (VP) and dysfunctional voiding (DV) (Austin et al., 2016). 
Faecal incontinence (FI) or encopresis is defined as repeated passage of faeces into inap-
propriate places in children 4 years or older after ruling out medical conditions (APA, 2013; 
Rasquin et al., 2006). The ROME-III criteria for childhood functional gastrointestinal disor-
ders distinguish functional constipation which can occur with faecal incontinence (FI-C) or 
without from nonretentive faecal incontinence (FI-NR) (Rasquin et al., 2006). 

Fragile-X-Syndrome (FXS; OMIM no. #300624) is caused by a mutation of the FMR1 
gene located on the X chromosome which leads to an increase of CGG-repeats (200-
2,000) on Xq27.3 (Brown, 2002). In typically developing persons, the number of CGG-
repeats is 5-55, in persons with a premutation, frequency is 56-200 (Brown, 2002). FXS is 
the second most common genetic cause of intellectual disability (ID) after Down syn-
drome with a prevalence of 1:4000-6000 of live births (Duker & Dekkers, 1992; Turner, 
Webb, Wake, & Robinson, 1996). 

Males with FXS have typical dysmorphic features such as a long narrow face, promi-
nent ears, hyper-extendible finger joints, and macroorchidism (Gallagher & Hallahan, 
2012). Regarding cognitive abilities, moderate or severe ID is present in most of individ-
uals (Gallagher & Hallahan, 2012). Boys with FXS have a typical behavioral phenotype: 
hyperactivity, attention problems, autism spectrum disorders, social anxiety, stereotyped 
behavior, speech and motor difficulties (Backes et al., 2000; Gabis, Baruch, Jokel, & Raz, 
2011; Gallagher & Hallahan, 2012; Tranfaglia, 2011). 

Males with FXS have more marked dysmorphic features and are more often affected 
by ID than females with a full mutation (Gallagher & Hallahan, 2012).  

In two population-based studies of 7-year old children, the prevalence of enuresis in 
children with ID was around 25-30% and remained high at the age of 20 years (17-16%) 
(Jarvelin, Vikevainen-Tervonen, Moilanen, & Huttunen, 1988; von Wendt, Simila, 
Niskanen, & Jarvelin, 1990). In typically developing 7-year-old-children, rates of NE are 
10%, of DUI 2-3% and of FI 1-3% (Joinson, Heron, Emond, & Butler, 2007; Joinson, Heron, 
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Butler, & von Gontard, 2006; Joinson, Heron, & von Gontard, 2006). Also, more symp-
toms of incontinence, LUTS and a smaller bladder capacity were found in children with ID 
compared to normally developed children (Yang, Meng, & Chou, 2010).  

Only few studies and case reports have focused on incontinence in FXS (Backes et al., 
2000; Equit, Piro-Hussong, Niemczyk, & von Gontard, 2011; Equit, Sambach, von Gontard, 
2011) so far. In 49 boys with FXS, rates of NE and FI were 27% and 20%, respectively, 
being two of the highest psychological comorbidities after ADHD (74%) and conduct dis-
order (29%) (Backes et al., 2000). Gabis et al. (2011) found a total prevalence of 40.9% 
for NE and 36.4% for FI in individuals with a full mutation of FXS vs. 0% in their siblings. 
There was also an age effect: younger children (4-12 years) were more often affected by 
incontinence than older children (>12 years) (71.4%-85.7% vs. 20%). Overall rates of in-
continence (48.8%) were even higher in individuals with FXS than in those with Prader-
Willi-Syndrome (PWS) (29.1%) (Equit et al., 2013). Persons with FXS were more often af-
fected by DUI (29.9 vs. 12.0%) and FI (28.9 vs. 12.6%) than those with PWS, whereas the 
rates of NE were similar (28.9 vs. 22.0%). Rates of psychological problems were high in 
both groups (59.4% in FXS and 59.3% in PWS), but incontinence and psychological prob-
lems have only been associated in the FXS group.  

Most of these studies either relied on questionnaire data or diagnosed broad catego-
ries of incontinence. Therefore, the aim of the study was to examine incontinence in FXS 
more specifically. In their own home-setting, boys with FXS and a control group were 
examined medically and psychologically, allowing the diagnosis of specific subtypes of 
incontinence, medical disorders as well as psychological comorbidities.  

It was hypothesized that the FXS group has higher rates of all subtypes of inconti-
nence, lower urinary tract and gastrointestinal symptoms (e.g. constipation, post-void re-
sidual, bladder wall thickness) and more psychological problems.  

Materials and methods 

Sample 

Two groups of male children and adolescents between 4 and 18 years of age were exam-
ined: boys with a full mutation FXS and an age-matched control group of typically devel-
oped boys. The FXS group included 22 boys with a mean age of 11.0 years (SD=3.8 years; 
range 4-17 years), the control group 22 boys with a mean age of 11.1 years (SD=3.7 years; 
range 4-17 years). 

Procedure  

Boys with FXS were recruited through the German Fragile-X support group (Inter-
essensgemeinschaft Fragiles-X e.V.), the control group through newspaper advertise-
ments. Interested parents were informed per phone about the study. Following informed 
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consent, questionnaires and the 48-h-bladder diary were sent to the families and a date 
was set at which the family was visited by two medical students who examined the child 
in their home-setting. Both medical students completed a clinical traineeship in a special-
ized outpatient clinic for incontinence at a child and adolescent psychiatric hospital and 
were trained by child psychiatrists and pediatric nurses to perform ultrasound, uroflow-
metry and paediatric/neurological examinations. The study was approved by the local 
ethics committee. 

Instruments 

Parents filled out the ‘Child Behavior Checklist’ (CBCL) (Achenbach, 1991) to assess child 
psychopathology and the German version of the ‘Social Communication Questionnaire’ 
(SCQ) (“Fragebogen zur Sozialen Kommunikation – Autismus Screening”; Bölte & Poustka, 
2006) to assess autistic symptoms. The Child Behavior Checklist (CBCL) is a reliable and 
valid instrument with norms for boys/girls in two age groups (4-11 years/12-17 years) 
(Achenbach, 1991). The SCQ consists of 40 items on autistic symptoms in children and 
adolescents. Internal consistency (Cronbach’s α=.83), and retest reliability (r=.76) are sat-
isfying, validity (referring to autism diagnoses) is moderate (Bölte & Poustka, 2006). 

At the appointment at home, a structured interview (Kinder-DIPS) (Schneider, Mar-
graf, & Unnewehr, 1995) was conducted with parents of both groups to assess comorbid 
psychiatric disorders. Additionally, IQ was measured by a one-dimensional intelligence 
test (Coloured Progressive Matrices (CPM) or Standard Progressive Matrices (SPM)) in 
children (Raven, Raven, & Court, 2006; Raven, 1998). 

The ‘Parental Questionnaire: Enuresis/Urinary Incontinence’, ‘Encopresis Question-
naire – Screening Version’ (von Gontard, 2012a; 2012b) and the German version of the 
‘International-Consultation-on-Incontinence-Questionnaire – Pediatric Lower Urinary 
Tract Symptom’ (ICIQ-CLUTS) (de Gennaro et al., 2010) were administered to gain infor-
mation on incontinence and LUTS. The 10 questions of the ICIQ-CLUTS (with four answer 
options each rated with points of 0 to 3) build a LUTS-score with clinically relevant scores 
over 13. In a group on incontinent and continent children, validity and reliability was con-
firmed (de Gennaro et al., 2010). 

Parents were also asked to measure voiding frequency, voided volumes and fluid in-
take in a 48-h bladder diary. Additionally, the students took the medical and family history 
regarding incontinence and developmental milestones (initiation to walk and talk). The 
child was examined physically and neurologically including measurement of height and 
weight. Bladder wall thickness, transverse rectum diameter and post-void residual urine 
were assessed by sonography (Sonoace R3, Samsung). If possible, uroflowmetry was con-
ducted with a portable device (FloPoint Elite System, Verathon) at the home toilet.  

NE and DUI were diagnosed according to the International Children’s Continence So-
ciety (ICCS) criteria (Austin et al., 2016), i.e. from the age of 5 years onwards when wetting 
occurred at least once per month. FI was diagnosed according to DSM-5 criteria from the 
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age of 4 years if soiling occurred at least once per month (APA, 2013). A mean LUTS-
score>13 in the ICIQ-CLUTS was considered as clinically relevant (de Gennaro et al., 2010).  

Subtypes of NE, DUI and FI were diagnosed according to the ICCS and Rome-III guide-
lines (Austin et al., 2016; Rasquin et al., 2006) in group consent of an expert team con-
sisting of a psychiatrist, psychologist and paediatrician with expertise in incontinence 
treatment. In children with NE, the subtypes ‘primary monosymptomatic’, ‘primary non-
monosymptomatic’, ‘secondary monosymptomatic’ and ‘secondary non-monosympto-
matic’ were distinguished. In children with DUI, the subtypes urge incontinence (UI), DUI 
with voiding postponement (DUI+VP) and DUI with dysfunctional voiding (DUI+DV) were 
differentiated. DUI not otherwise specified (DUI-NOS) was considered when the available 
information were insufficient to define a subtype of DUI. Constipation was diagnosed ac-
cording to the ROME-III criteria (Rasquin et al., 2006). FI with constipation (FI-C) and non-
retentive FI (FI-NR) were differentiated according to the presence of constipation.  

In sonographic exam, a transverse rectal diameter of >30 mm was regarded as clini-
cally relevant (Austin et al., 2016). Abnormal post-void residual (PVR) was considered 
when >30ml in children aged 4-6 years and >20ml in children older than 6 years (Austin 
et al., 2016; Nevéus et al., 2006). BMI percentiles were calculated, overweight and obe-
sity were defined according to standardized guidelines as 85-94th BMI-percentile and 
≥95th BMI-percentile, respectively (Kuczmarski, Ogden, & Grummer-Strawn, 2000). 

Psychiatric disorders were diagnosed according to DSM-IV criteria assessed by the 
Kinder-DIPS. The CBCL total, internalizing and externalizing scales were regarded as clini-
cally relevant at a cut-off of a T-value>63 (90th percentile) (Arbeitsgruppe Deutsche CBCL, 
1999). A total score of > 15 in the SCQ was regarded clinically relevant (with good sensi-
tivity and specifity) and as an indicator of an autism spectrum disorder (ASD) (Bölte & 
Poustka, 2006).  

Statistical analyses were conducted with IBM SPSS Statistics 22 using nonparametric 
tests (χ2–tests, Fisher’s Exact tests) for categorical data and parametric tests (Student t-
tests, Welch test) for interval-scaled data. To determine normal distribution of interval 
data, the Shapiro-Wilk test was used. In case of interval data not being normally distrib-
uted, a nonparametric test (Mann-Whitney U-test) was used. Results were considered 
significant at a p-value<0.05.  

Results 

Descriptive data on medical conditions, psychological symptoms and diagnoses of both 
groups are outlined in table 15. IQ test data are available for 16 boys in the FXS group and 
22 in the control group. Because of severe cognitive impairment, six FXS boys could not 
complete the IQ test. The mean IQ was significantly lower in the FXS group than in the 
control group (table 15). The mean BMI percentile was significantly higher in the FXS 
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group (56.3 vs. 38.5), but the difference in rates of overweight and obesity did not reach 
statistical significance (table 15).  

All FXS children had somatic symptoms and impairments. 95.5% had hypotonia, 36.4% 
renal or genitourinary anomalies, and 18.2% seizures. 68.2% were on medication, mostly 
anticonsulvants, followed by stimulants (methylphenidate), neuroleptics and benzodiaz-
epines. In comparison to controls, the mean age of initiation of walking and talking was 
significantly delayed in FXS boys (table 15).  

In the CBCL parental questionnaire, FXS boys had significantly more clinically relevant 
internalizing (40.9% vs. 9.1%) and total scores (68.2% vs. 5.3%) than the controls. 13 boys 
in the FXS group (59.1%), but none in the control group had a SCQ-score in the clinical 
range of an ASD. 90.9% of the FXS group fulfilled the criteria for at least one psychiatric 
disorder, but only one control child. The most common psychiatric disorder was ADHD 
(72.7%), followed by specific phobia, separation anxiety disorder, ODD, tic disorder and 
OCD (see table 15).  

Table 15: Descriptive data: age, IQ, medical data, behavioral symptoms, psychological disorders (DSM-5) in boys 
with Fragile-X-syndrome and controls 

 FXS group (n=22) Control group 
(n=22) 

Significancea (p) 

Mean age in years (SD) 11.0 (3.8) 11.1 (3.7) .950  

Mean IQ (SD) 70.9 (13.6) 111.1 (12.3) <.001*** 

Intellectual disabilityb % (n) 59.1 (13/20) -  

Mean BMI percentile (SD) 56.3 (33.27) 38.5 (30.72) .04993*c 

Overweight/Obesity (BMI>84th percentile) % (n) 27.3 (6/22) 9.1 (2/22) .240d 

Somatic disorders in % (n):    

Hypotonia (low muscle tone)  95.5 (21/22) -  

Seizures 18.2 (4/22) -  

Anomalies of renal and genitourinary tract 36.4 (8/22) 4.5 (1/22)  

Macroorchidism 31.2 (7/22) -  

Circumcision 4.5 (1/22) -  

Duplex kidney - 4.5 (1/22)  

Medication in % (n) 68.2 (15/22) 27.3 (6/22) .007** 

Anticonvulsants 22.7 (5/22) 4.5 (1/22)  

Methylphenidate 9.1 (2/22) 4.5 (1/22)  

Neuroleptics 9.1 (2/22) -  

Benzodiazepines 9.1 (2/22) -  

Anticholinergics - 4.5 (1/22)  

Speech and motor development    

Mean age of initiation of walking in months (SD) 21.5 (10.57) 13.7 (2.51) <.001***c 

Mean age of initiation of speech in months (SD) 31.2 (13.25) 16.7 (3.84) <.001***c 

Psychological Symptoms    

Mean CBCL Total T-value (SD) 61.6 (10.53) 46.6 (9.74) <.001*** 

Mean CBCL Ext T-value (SD) 57.2 (7.30) 46.7 (8.91) <.001*** 
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 FXS group (n=22) Control group 
(n=22) 

Significancea (p) 

Mean CBCL Int T-value (SD) 68.0 (7.64) 46.7 (10.67) <.001***c 

CBCL Total score >90th percentile n (%) 68.2 (15/22) 4.5 (1/22) <.001*** 

CBCL Ext score >90th percentile n (%) 9.1 (2/22) - .488d 

CBCL Int score >90th percentile n (%) 40.9 (9/22) 9.1 (2/22) .015* 

SCQ (Score > 15) % (n)  59.1 (13/22) - <.001*** 

Psychiatric Diagnoses in % (n) 90.9 (20/22) 4.5 (1/22) <.001*** 

Externalizing Disorders     

ADHD  72,7 (16/22) -  

ODD 4.5 (1/22) -  

Tic disorders  9.1 (2/22) -  

Internalizing Disorders     

Specific Phobia 54.5 (12/22) 4.5 (1/22)  

Separation Anxiety Disorder 9.1 (2/22) -  

OCD 9.1 (2/22) -  

Social Phobia 9.1 (2/22) -  

Ext=Exernalizing, Int=Internalizing, ADHD=Attention-Deficit/Hyperactivity Disorder, ODD=Oppositional Defiant 
Disorder, OCD=Obsessive-compulsive Disorder 
a Chi²-tests for non-parametric data and t-tests for continous variables (= in italics) 
b Intellectual disability is defined as IQ<70 or a special education for ID in school (if IQ is not available) 
c Mann-Whitney U-test was conducted due to violations of normal distribution 
d Fisher’s Exact test was conducted 

Incontinence 

Boys with FXS were significantly more often affected by incontinence than controls 
(59.1% vs. 5.6%). 10 FXS boys had NE (45.5%), 8 had DUI (36.4%) and 7 FI (31.8%), 
whereas only one boy in the control group had NE (table 16). All 10 boys with NE in the 
FXS group had primary NE, 2 with monosymptomatic NE and 8 with non-monosympto-
matic NE. Three of the 8 boys with DUI showed symptoms of urgency (frequent voiding, 
small voiding volumes) and one showed symptoms of voiding postponement (infrequent 
voiding, postponing in typical situations e.g. while playing). DUI could not be specified in 
those children wearing diapers at day and night (n=4). All seven FI cases were non-reten-
tive, no child had constipation. The only affected control child had a primary monosymp-
tomatic NE (table 2).  

Urodynamic findings  

Valid uroflowmetry results are available from 6 FXS and 8 control children. In other cases, 
uroflowmetry results were invalid due to measurement errors or too small voiding vol-
umes. Some children were too fearful (because of noises of the device) or refused to use 
the uroflowmeter. In the FXS group, 5 curves were bell-shaped and one continent child 
had a staccato curve which could be an indicator for dysfunctional voiding. In the control 
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group, 7 curves were bell-shaped and 1 intermittent-shaped. There were neither signifi-
cant differences in uroflowmetry curves nor in the mean voided volumes between the 
groups (table 16).  

Sonography showed significant thicker bladder wall in FXS than in controls (2.5 mm vs. 
2.2 mm). The rectum diameter was distended (> 30 mm) in 22.7% of FXS and 22.7% of 
control boys. Neither the number of boys with a distended rectum diameter, an elevated 
PVR nor the mean PVR (17.4 ml vs. 9.3 ml) differed significantly between the groups.  

Maximum voided volume (MVV) (307.5 vs. 306.5 ml), mean daily fluid intake (1483.8 
vs. 1441.5 ml) and number of micturitions during the day (8.9 in both groups) were com-
parable between FXS and control boys.  

Table 16: Incontinence, LUTS and urological findings in boys with Fragile-X-syndrome and controls 

 FXS group (n=22) Control group (n=22) Significancea (p) 

Incontinence overallb % (n) 59.1 (13/22) 4.8 (1/21) <.001*** 

Nocturnal enuresis (NE) % (n) 45.5 (10/22) 4.5 (1/22) .002** 

Primary monosymptomatic  9.1 (2/22) 4.5 (1/22)  

Primary non-monosymptomatic 36.4 (8/22) -  

Daytime urinary incontinence (DUI) % (n) 36.4 (8/22) 0 (0/22) .004** 

DUI with urgency 13.6 (3/22) -  

DUI with voiding postponement 4.5 (1/22) -  

DUI not otherwise specified (NOS) 18.2 (4/22) -  

Fecal incontinence (FI) % (n) 31.8 (7/22) 0 (0/21) .009** 

FI and constipation - -  

Nonretentive FI 31.8 (7/22) -  

Mean LUTS-score (SD) 6.4 (4.47) 3.0 (1.85) .003** 

LUTS-score >13 % (n) 13.6 (3/22) 0 (0/22) .233c 

Urgee 20.0 (3/15) 0 (0/20) .070c 

Postponemente 0 (0/15) 0 (0/20) - 

Straininge 7.1 (1/14) 0 (0/20) .412c 

48-h bladder diary    

Mean MVV in ml (SD) 307.5 (178.65) 306.5 (150.33) .947d 

Mean amount of micturitions/day (SD) 8.9 (3.56) 8.9(3.65) 1.00 

Mean fluid intake in ml/day (SD) 1483.8 (636.14) 1441.5 (608.76) .840 

Sonography    

Mean bladder wall thickness in mm (SD) 2.5 (0.54) 2.2 (0.51) .006d** 

Mean rectal diameter in mm (SD) 23.4 (6.77) 22.0 (9.47) .582 

Rectal distension (>30mm) % (n) 22.7 (5/22) 22.7 (5/22) 1.00 

Mean PVR in ml (SD) 17.4 (38.87) 9.2 (9.06) .851d 

Elevated PVR % (n) 13.6 (3/22) 9.1 (2/22) 1.00c 

Uroflowmetry    

Mean voided volume in ml (SD)  160.8 (130.97) 111.3 (90.75) .262d 

Bell shape 71.4 (5/7) 77.8 (7/9) 1.00c 

Staccato or intermittent shape 14.3 (1/7) 11.1 (1/9)  



Chapter 3 

90 

a Chi²-tests for non-parametric data and t-tests for parametric variables 
b At least one subtype of incontinence 
c Fisher’s Exact test was conducted  
d Mann-Whitney U-test was conducted due to violations of normal distribution 
e Items 7, 8 and 9 of the ICIQ-CLUTS scored as ‘most of the time’ or ‘all of the time’ 

 
In table 17, continent and incontinent FXS boys are compared. Incontinent boys were 
significantly younger, had more clinically relevant scores in the externalizing scale of the 
CBCL, had a higher LUTS-score and a lower fluid intake. The mean rectal diameter was 
higher in continent boys, but the rate of clinically relevant distension (>30mm) did not 
differ between the groups (table 17).   

Table 17: Comparison of continent and incontinent boys with Fragile-X-syndrome 

 Incontinent FXS group 
(n=13) 

Continent FXS group 
(n=9) 

Significancea (p) 

Mean age in years (SD)  9.5 (3.21) 13.2 (3.74) .024* 

Mean IQ (SD) 74.1 (9.51) 67.8 (16.75) .365 

Mean CBCL Total T-value (SD) 70.5 (6.20) 64.4 (8.44) .741 

Mean CBCL Ext T-value (SD) 60.2 (6.63) 52.9 (6.23) .018* 

Mean CBCL Int T-value (SD) 62.2 (9.74) 60.7 (12.13) .068 

SCQ (Score > 15) % (n)  61.5 (8/13) 55.6 (5/9) 1.00b 

Psychiatric Disorder % (n) 100.0 (13/13) 77.8 (7/9) .156b 

Mean LUTS-score (SD) 9.2 (3.44) 2.3 (1.94) <.001*** 

48-h bladder diary    

Mean MVV in ml (SD) 218.6 (175.94) 432.0 (90.11) .073c 

Mean number of micturitions/day (SD) 8.9 (2.58) 8.9 (4.51) .671c 

Mean fluid intake in ml/day (SD) 1176.3 (614.0) 1791.3 (523.45) .049* 

Sonography    

Mean bladder wall thickness in mm (SD) 2.5 (0.31) 2.6 (0.76) .886c 

Mean rectal diameter in mm (SD) 20.9 (5.09) 27.0 (7.51) .033* 

Rectal distension (>30mm) % (n) 7.7 (1/13) 44.4 (4/9) .116b 

Mean PVR in ml (SD) 9.4 (12.74) 29.0 (58.87) .171c 

Elevated PVR % (n) 7.7 (1/13) 22.2 (2/9) .544b 

a Chi²-tests for non-parametric data and t-tests for continuous variables (italic) 
b Fisher’s Exact test was conducted 
c Mann-Whitney U-test was conducted due to violations of normal distribution 

Discussion 

This is the first study which assessed incontinence and associated factors in boys with FXS 
not only by questionnaires, but by clinical examination in comparison to typically devel-
oping boys.   
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Incontinence is very common in children with FXS. Rates of incontinence in the pre-
sent study (59.1%) are similar to previous findings: Gabis et al. (2011) reported rates 
85.7% of NE and 71.4% of FI in 4-12 year olds, Equit et al. (2013) found incontinence in 
about 70% of children (4-12 years) and 42.5% of teens (13-17 years). Regarding the sub-
types of incontinence, primary non-monosymptomatic forms of NE predominate. The ae-
tiology of NE is mainly due to maturational deficits of the central nervous system (CNS) 
(von Gontard, 2012b). Also, in most of cases, ID is genetically determined and involves 
functional deficits of the CNS leading to general delays in development (Moeschler et al., 
2006). Thus, boys with FXS in the present study had not only a delayed motor and speech 
development, but also delays in the development of bladder and bowel control. The ab-
sence of secondary NE shows that children with FXS stay continent once having gained 
nighttime bladder control.  

Half of the children with DUI still wore a diaper during day and night and did not use 
a toilet or a potty. In these cases, a subtype of DUI could not be specified because these 
families did not complete the 48-h-bladder diary. It can be speculated that these children 
have not been toilet-trained or gained bladder control yet, as in other children with ID 
(Brushini, Faria, Garcez, & Srougi, 2003). Further, children with ID may have more diffi-
culties to transfer or generalize adapted behaviors from one situation to another: In a 
case report on 3 children with FXS, autism and ID, the ability to empty the bladder from 
diaper to the toilet had to be trained in an intensive behavioral treatment (Smith, Smith, 
& Lee, 2000).  

Three children with DUI showed typical symptoms of urge incontinence and one of 
voiding postponement. These cases could be treated evidence-based by counselling, in-
creasing micturitions (in VP) and medication (in UI). DUI with dysfunctional voiding was 
not present in FXS, in contrast to other syndromes, e.g. Angelman Syndrome, in which DV 
symptoms are much more prevalent (Radstaake et al., 2013).  

An unexpected result was the lack of constipation in boys with FXS, especially in those 
with FI. In other syndromes with ID, rates of constipation are much higher: approx. 40% 
in Williams Syndrome, 20-50% in Down Syndrome and approx. 30% in ID overall (Moore, 
2008; Morris, Demsey, Leonard, Dilts & Blackburn, 1988; van Laecke, Raes, Vande Walle, 
& Hoebeke, 2009). A distended rectal diameter was present in 27.3% of FXS, but none of 
the children had additional symptoms of constipation, such as hard, painful stools and 
infrequent bowel movements. There are only few reports of constipation in FXS. Parents 
or caregivers reported a hard stool consistency in only 6.6%, pain during defecation in 
1.8% and infrequent bowel movements on 1-2 days/week in 0.6% of 166 persons with 
FXS (4-52 years) (Equit et al., 2013). There is only a case report on a 6-year-old FXS girl 
who showed symptoms of encopresis and massive constipation (Equit et al., 2011). In a 
review on medical problems in FXS, loose stools and diarrhea were more typical than 
constipation (Kidd et al., 2014). The low rates of constipation indicate that other etiolog-
ical factors have to be responsible for FI in FXS, such as inadequate or delayed toilet train-
ing. 
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Regarding urodynamic data, boys with FXS did not differ significantly from controls 
except for the LUTS score and mean bladder wall thickness. A thicker bladder wall can be 
associated with overactive bladder (OAB) and VP (Kuhn, Natale, Siemer, Stoeckle, & von 
Gontard, 2009; Yeung, Sreedhar, Leung & Sit, 2007; Zink, Freitag & von Gontard, 2008) 
and can affect therapy outcome in NE negatively (Yeung, Sreedhar, Leung & Metreweli, 
2004). Bladder wall thickness also depends on degree of bladder filling (Austin et al., 
2016). As the voided volume at uroflowmetry in the present sample did not differ signif-
icantly between the FXS and the control group, this reason for the thickened bladder wall 
can be excluded. 3 FXS boys had an UI, indicative of OAB, which was the most common 
subtype of DUI. 

Other findings such as bladder capacity (indicated as MVV), number of micturitions 
per day, PVR and fluid intake were not different from typically developing boys. Com-
pared to continent FXS boys, fluid intake was lower in incontinent FXS boys. A lower fluid 
intake was a risk factor for incontinence in children with ID and could be reduced by 
changing drinking habits in one study (van Laecke et al., 2009). An adequate liquid intake 
should therefore be an essential aspect of incontinence treatment in children with FXS.  

Unfortunately, uroflowmetry could not be assessed in every child. Especially boys 
with FXS were anxious to void into the uroflowmeter. Some controls refused uroflowme-
try, as well, and measurement errors occurred due to software problems. In a few cases, 
voided volume was too small to evaluate the uroflow curves reliably. The available data 
indicates that most children with FXS can empty their bladder regularly and do not have 
more voiding anomalies than control children, in contrast to other syndromes, e.g. An-
gelman Syndrome (Radstaake et al., 2013). 

Nearly all boys with FXS (90.9%) were affected by psychiatric disorders. The most 
common disorder was ADHD (72.7%), followed by specific phobias (54.5%) with rates 
similar to other findings (Backes et al., 2000; Gabis et al., 2011), thereby confirming the 
typical behavioral phenotype of FXS. Further psychiatric disorders in the present study 
are within the spectrum of disorders of other publications (social phobia, separation anx-
iety disorder, OCD, tic disorder, ODD) (Backes et al., 2000; Gabis et al., 2011). Affective 
disorders (e.g. depression) and severe conduct disorders were not diagnosed and seem 
not to be typical of the FXS behavioral phenotype, which is supported by similar findings 
(Backes et al., 2000; Gabis et al., 2011; Gallagher & Hallahan, 2012). In epidemiological 
studies, depression rates are generally low in individuals with ID, possibly because the 
diagnosis of affective disorders is more difficult or because the general diagnostic criteria 
are inadequate for persons with ID (Davis, Judd, & Herrman, 1997). Therefore, it is possi-
ble, that affective disorders were underestimated in children with FXS. 

In the CBCL parental questionnaire, 68% of parents reported clinically relevant behav-
ioral problems, comparable with previous studies (Backes et al., 2000; Equit et al., 2013). 
In contrast to the psychiatric diagnoses, rates of internalizing problem behavior in the 
CBCL are much higher than externalizing rates in FXS boys (41% vs. 9%). One possible 
explanation could be that the CBCL data reflect the parental worries and attributions, e.g. 
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the fear that the child will be socially excluded or won’t find friends. Also, the CBCL is 
constructed for typically developing children, which reduces the reliability of assessing 
psychological problems in children with ID (Koskentausta, Iivanainen, & Almqvist, 2004). 
Maybe other specialized instruments, e.g. the Developmental Behavior Checklist (Einfeld 
& Tonge, 1995) would have been more reliable for the children with FXS, but then com-
parisons with the control group would not have been possible.  

As the structured psychiatric interview (Kinder-DIPS) does not assess ASD, autistic 
symptoms were assessed by the SCQ questionnaire. Nearly 60% of the parents reported 
autistic behavior (clinically relevant score in the SCQ) in their children. This is also con-
cordant with other findings that show that autistic symptoms or even an ASD are part of 
the behavioral phenotype of FXS (Gabis et al., 2011; Hagerman, Jackson, Levitas, Rimland 
& Braden, 1986). Vice versa, FXS is the most common syndromal cause of ASD.  

Strengths and limitations 

Children with FXS and their parents were seen and examined clinically and not only as-
sessed by questionnaires. Standardized instruments were used, the control group was 
carefully matched and incontinence data were evaluated according to international clas-
sification systems (DSM-5, ICCS, ROME-III). This detailed clinical assessment allowed that 
incontinence subtypes could be diagnosed.   

A limitation is that uroflowmetry data was not available in all patients and somatic 
conditions could not be determined more specifically. Also, a selection bias could have 
occurred as families participating in the study may have been more interested in inconti-
nence because they have an incontinent child. Because of the small sample size, the re-
sults have to be interpreted cautiously. Therefore, the effects should be replicated in a 
larger sample. Another limitation is the cross-sectional design of the study, as only longi-
tudinal studies will give information on causal associations.  

Conclusion 

The present study shows that boys with FXS are much more often affected by inconti-
nence and psychological disorders than their typically developing peers. UI, primary NE 
and FI-NR are the most common subtypes. Children with FXS do not have more LUTS or 
abnormal uroflowmetry or sonography findings. In contrast to children with other syn-
dromes, constipation is a rare condition in FXS. Treatment for children with ID and incon-
tinence is available (von Gontard, 2013) and should always be offered to affected fami-
lies. 
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In the following chapter, results of the studies from chapter 2.1 – 2.4 and chapter 3 are 
summarized and analyzed in a broader perspective. Several aspects of incontinence, as 
the delayed achievement of bladder and bowel control, neurological and genetic factors 
are addressed. Advantages and disadvantages of the methodology are considered and 
associations of incontinence with psychological symptoms, as well as clinical implications 
of the results are discussed.    

Results in a broader perspective 

Overall results of incontinence rates in genetic syndromes 

When regarding results on incontinence in genetic syndromes, the differences of rates 
are large, depending on the syndrome and the age group that was examined. Figure 1 
summarizes results of incontinence rates for all five syndromes that were assessed in this 
thesis.  

 
* in MWS and AS, this group comprises all adults (>17 years) 
** in FXS, incontinence was assessed by a complete assessment, not by questionnaire 

Figure 1: Rates of incontinence from studies presented in chapters 2.1 – 2.4 and chapter 3 by syndrome and 
age group 
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As shown in figure 1, there seem to be two different groups of syndromes: In the first 
group (“upper part” of the figure: Angelman and Mowat-Wilson Syndrome), incontinence 
rates are very high in all age groups. In the second group (“lower part” of the figure: 
Down, Fragile-X and Noonan Syndrome) incontinence is high in childhood, but much 
lower in adolescence and adulthood. Possible explanations for these differences are dis-
cussed in the following.  

Incontinence associated with level of intellectual disability (ID) 

A first explanation of these two groups is obvious and can be found in the level of ID. 
Both, Angelman Syndrome (AS) and Mowat-Wilson Syndrome (MWS) are genetic disor-
ders that go along with severe or profound ID (Mowat & Wilson, 2010; Thibert, Larson, 
Hsieh, Raby, & Thiele, 2013). IQ of boys with Fragile-X syndrome (FXS) is in the moderate 
(to severe) level of ID (Gallagher & Hallahan, 2012). The IQ in Down syndrome (DS) ranges 
widely, from mild to moderate ID (Brown, Greer, Aylward, & Hunt, 1990). Individuals with 
Noonan syndrome (NS) are least impaired, with 37% having a below-average IQ and fur-
ther 20-30% a mild ID (Lee, Portnoy, Hill, Gillberg, & Patton, 2005). 

Regarding the incontinence results of the children group in these five syndromes (fig-
ure 1), the rates increase with their average IQ impairment. In NS (average – mild ID) 44%, 
in DS (mild – moderate ID) 64%, in FXS (moderate – severe ID) 80%, and in AS and MWS 
(severe – profound ID), 96-97% of persons are incontinent. In the adolescent and adult 
groups, these differences occur mainly between the syndromes with mild/moderate and 
severe/profound ID.  

In the population-based study of von Wendt et al. (1990), rates of incontinence were 
also strongly related to level of ID in children, as well as in adults. For example, encopresis 
in seven-year-olds was present in 2.8% of those with mild ID, 32.4% with moderate ID, 
38.1% with severe ID and in 85.7% with profound ID. In the other types of incontinence 
(nighttime and daytime wetting), rates are similar between moderate and severe ID, but 
increase from mild to profound ID (von Wendt, Simila, Niskanen, & Jarvelin, 1990).  

According to the current DSM-5 guidelines, ID is defined as a disability with deficits in 
both intellectual functioning (e.g. problem solving, learning from experience, planning) 
and adaptive skills (e.g. communication, social participation, independent living) that im-
pair the meeting of sociocultural standards and a personal independence (American Psy-
chiatric Association (APA), 2013). Due to memory deficits (Bray, Fletcher & Turner, 1997), 
persons with ID need more intense training to learn and have problems to generalize, 
which is time-consuming and may lead to frustration of the caregivers. Attention pro-
cesses are impaired in persons with ID (Tomporowski & Tinsley, 1997) which reduces 
learning of practical skills. Therefore, one can imagine that persons with ID have problems 
to perceive signals of a full bladder and bowel and to link them cognitively to the act of 
emptying into the toilet. ID affects negatively language skills (Warren & Yoder, 1997), 
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which may also complicate communication, e.g. when the affected person cannot com-
municate that he/she needs to go to the bathroom.  

Also, from a social perspective, children with ID have less motivation to learn, tend to 
be more anxious and avoiding regarding new skills (Switzky, 1997). Therefore, inconti-
nence may be tolerated more in children with ID than in typically developing children, 
which may lower the expectations towards these persons to become continent. It can be 
hypothesized that these adaptive impairments based on intellectual deficits lead to 
higher incontinence rates in affected persons.  

Although there seems to be a negative correlation between incontinence and IQ, this 
hypothesis has to be interpreted cautiously. The comparison of incontinence rates in dif-
ferent ID groups and syndromes is difficult, because intelligence was measured only in 
one study of the present thesis (FXS; Chapter 3). In the other syndrome studies, IQ was 
not measured directly due to the questionnaire study design. Similarly, von Wendt et al. 
(1990) do not describe how they measured the level of ID in their study. Regarding the 
existing literature on genetic syndromes, a significant association between incontinence 
and adaptive skills was only found in one study in Angelman syndrome, and only for one 
subtype of incontinence (DUI) (Radstaake et al., 2013).  

Further, there is evidence that the level of ID is not directly associated with inconti-
nence episodes, but is mediated by other factors e.g. developmental delays or physical 
dysfunctions that can affect continence. Belva et al. examined correlations between 
adaptive skills (measured by the Vineland Scales) and toileting problems (measured by a 
toileting questionnaire). Adaptive skills were negatively correlated with toileting behavior 
(e.g. attempts to urinate/defecate into the toilet) and physical problems, but not with 
toileting accidents or social/emotional problems (Belva, Matson, Barker, Shoemaker, & 
Mahan, 2011). In the FXS study (Chapter 3), IQ did not differ between incontinent and 
continent boys. Further, in other publications the level of ID was associated with lower 
urinary tract symptoms (LUTS), such as higher post-void-residual urine (PVR) or smaller 
bladder capacity (de Waal, Tinselboer, Evenhuis, & Penning, 2009; Yang, Meng, & Chou, 
2010), i.e. with factors that can lead to incontinence. All these results imply that ID alone 
does not lead to incontinence directly, but is associated with other factors that can cause 
incontinence.  

In the next chapters, additional aspects of incontinence in genetic syndromes are dis-
cussed. First, a delay in achieving bladder and bowel control can lead to higher rates of 
incontinence, especially in children. Behavioral and maturational factors can play a major 
role in this context. Second, genetic syndromes co-occur with further physical impair-
ments that affect the lower urinary and gastrointestinal tract and cause incontinence. 
These somatic conditions can also explain differences in subtypes of incontinence be-
tween genetic syndromes. And as a final aspect, the impact of psychological symptoms 
on incontinence is discussed.   
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Incontinence associated with delayed development of bladder and bowel control  

Another explanation for higher incontinence rates in individuals with genetic syndromes 
associated with ID could be maturational and developmental delays or other neurobio-
logical deficits that lead to a delayed achievement of bladder and bowel control. Typically 
developing children achieve controlled bladder and bowel emptying in average at 24-48 
months of age (Berk & Friman, 1990). However, the variance is high. At an age of 4.5 
years, 13.8% of children are incontinent for urine and 11% are incontinent for feces 
(Heron, Joinson, Croudace, & von Gontard, 2008). In children with genetic syndromes and 
ID the achievement of bladder and bowel control is delayed. In DS, the mean age of con-
tinence accomplishment was 5.5 years (Powers et al., 2015) and in NS, 41 months 
(Sarimski, 2000). In MWS, 3 of 8 children over the age of 4 years were not continent 
(Adam et al., 2006) and in FXS, 4 out of 8 children with DUI still wore diapers (Chapter 3). 
As many children with genetic syndromes or ID develop bladder and bowel control much 
later than typically developing children, this also contributes towards the very high rates 
of incontinence in childhood in the five syndromes.  

When discussing the reason why incontinence rates are so much higher in people with 
ID or genetic syndromes, one must understand the general mechanisms of incontinence 
and bladder/bowel control in typically developing children.  

One crucial requirement to develop urinary continence is a bladder capacity large 
enough to  enable storage of urine for a certain time. A longitudinal study of children 
between 3 and 36 months of age revealed that bladder capacity remains at a similar size 
from 3 to 18 months, but nearly doubles from 18 to 36 months (Jansson, Hanson, Hanson, 
Hellström, & Sillén, 2000), precisely at that age, when most children start toilet training. 
There is also a decrease in voiding frequency (from once per hour after birth to 3-7 
times/day in school children (Hellström, Hanson, Hansson, Hjälmås, & Jodal, 1990) and in 
interrupted voiding, which is frequent in neonates, but rare in in children after toilet train-
ing (Jansson et al., 2000). These changes reflect the bladder maturation processes that 
finally enable the child becoming dry (Ogunyemi & Wu, 2015; Sillén, Sölsnes, Hellström, 
& Sandberg, 2000).   

Some study results implicate a smaller bladder capacity and a more frequent inter-
rupted voiding in genetic syndromes. Bladder capacity itself was only examined in one 
study on Williams syndrome (WS) (Sammour, Gomes, Duarte, Trigo-Rocha, & Srougi, 
2006). In 28 persons aged 3-19 years (mean 9.7) with WS, measured bladder capacity was 
28% lower than expected for age (180 ml vs. 254 ml). Other symptoms, such as urge 
incontinence, urgency or increased frequency that can be indicators for a smaller bladder 
capacity, were found in persons with WS, as well (Sammour et al., 2006; Schulman, 
Zderic, & Kaplan, 1996). Urgency is the most common LUTS reported in children with WS 
(von Gontard et al., 2016) and was also found in Down syndrome (DS) and Angelman 
syndrome (AS) (Chapter 2.1; 2.3). In DS, urgency symptoms were reduced significantly 
with increasing age, whereas in AS the rates stayed high in all age groups, similar as the 
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overall incontinence rates in those two syndromes. In FXS, the maximum voided volume 
(MVV) was measured, which is an indicator of bladder capacity, recommended by the 
ICCS (Chapter 3). The MVV was not lower in the FXS group compared to healthy controls, 
but, though not significant, it was lower in the incontinent compared to the continent FXS 
boys (219 ml vs. 432 ml). Further, urge incontinence was more common in the FXS sample 
than other DUI subtypes (e.g. voiding postponement), another indication of a smaller 
bladder capacity. Interrupted voiding, which is a further indicator of an immature bladder 
function, was found in persons with DS who were assessed with uroflowmetry (Kitamura 
et al., 2014). As a smaller bladder capacity is related to incontinence and is a sign of im-
mature development, this could be another explanation for higher incontinence rates in 
genetic syndromes.  

Regarding bowel control, most children develop a coordinated defecation before the 
age of 4 years (Heron et al., 2008; Weaver & Lucas, 1993). The defecation process in-
volves the enteric nervous system (ENS), the autonomic nervous system (ANS) and the 
gut muscles (e.g. internal and external anal sphincter) (Ejerskov & Siggaard Rittig, 2015). 
The ENS is a neuronal network that innervates the bowel and controls the gastrointestinal 
tract autonomously (Lake & Heuckeroth, 2013). As the ENS develops early in the embry-
onic stadium, disruptions at that time may lead to somatic conditions, as Hirschsprung’s 
disease (HSCR), which is associated with FI and constipation and is discussed further in 
one of the next sections. In accordance with bladder development, there is a decline of 
bowel movements in children from 3x/day (with a large variance) at the age of four weeks 
to 1.3x/day in 3.5-year-olds. Also, the consistency of stools changes from mostly soft/liq-
uid to mostly hard (Steer, Emond, Golding, & Sandhu, 2009). At that age, it becomes eas-
ier to control the defecation reflex and to learn a voluntary relaxation of the external anal 
sphincter which leads to continence. In a study on children with autism spectrum disorder 
(ASD), which can be accompanied by ID or a genetic syndrome (e.g. FXS), daily bowel 
movements were significantly more frequent in children with ASD at the age of 30 
months than in typically developing children (Sandhu, Steer, Golding, & Emond, 2009), 
which could be a sign of developmental delay of bowel control in these children. 

Incontinence associated with delayed development of the central nervous 
system  

Another requirement for urinary continence is the volitional control of the external ure-
thral sphincter that can only be achieved by involving higher centers of the brain. Bladder 
emptying leads to awaking and arousal already in neonates and infants and is accompa-
nied by EEG alterations (Jansson et al., 2000; Yeung et al., 1995; Zhang et al., 2016). These 
findings support the hypothesis that anatomical neural pathways from the bladder to 
corresponding brain regions are already developed at neonate age, but do not function 
maturely, yet (Franco, 2015; Sillén, 2001). When regarding the maturation process of 
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bladder function, the reduction of detrusor overactivity makes the control over the ure-
thral sphincter easier, and thus, learning to empty the bladder volitionally becomes more 
likely. At that stage, bladder control is influenced by further personal or social factors, 
e.g. motivation, social context, emotions, stress, and sensation, which means that other 
higher brain centers must be involved.  

A model of central nervous system (CNS) involvement in bladder filling and emptying 
based on functional brain imaging data was proposed by Fowler and Griffiths (2010): The 
periaqueductal gray (PAG) of the brain stem receives afferent signals from the sacral re-
gion, and has connections to other brain regions, as the hypothalamus, thalamus, insula, 
anterior cingulate cortex (ACC) and the prefrontal cortex. During bladder filling, the PAG 
is inhibited by pathways from the medial prefrontal cortex, where the decision-making of 
‘voiding or not’ is located. The PAG inhibits the pontine micturition center (PMC), from 
which efferent signals are sent to the sacral region. During bladder emptying, signals from 
the prefrontal cortex “activate” the PAG, which reduces the inhibition of the PMC (Fowler 
& Griffiths, 2010). The volitional control of bladder and bowel function is mainly at-
tributed to the prefrontal cortex, a region for e.g. decision-making, or cognition (Franco, 
2015). This is supported by the findings of Andrew and Nathan (1964), who reported in-
continence, frequency, urgency and a total loss of bladder sensation in patients with pre-
frontal cortex lesions (Andrew & Nathan, 1964). In recent functional imaging studies on 
bladder function, an activation of the ACC is typical (Franco, 2015). The ACC is associated 
with motivation or response to cognitive or emotional stimuli.  

As neuroimaging studies on incontinence are scarce for typically developing persons, 
studies on individuals with genetic syndromes and incontinence do not exist at all. How-
ever, when regarding other brain imaging studies in genetic syndromes, some conclu-
sions about the impact of brain development on bladder and bowel function can be 
drawn.   

In structural MRI studies on Down syndrome (DS), volumes of the total brain, the 
frontal and temporal lobes, hippocampus and amygdala were significantly reduced com-
pared to controls (Pinter et al., 2001; Śmigielska-Kuzia et al., 2011). Volume of the right 
hippocampus was negatively correlated with ID (Śmigielska-Kuzia et al., 2011). There is 
also a reduction of the total, parietal and occipital brain, thalamus, the basal ganglia and 
midbrain volumes, and a significant correlation to IQ in Williams syndrome (Chiang et al., 
2007). In Angelman syndrome (AS), reduced gray matter volume in striatum, limbic struc-
tures, insular and orbitofrontal regions was found (Aghakhanyan et al., 2016). In children 
with AS, myelination delay and a white matter deficit were present, which were inter-
preted as signs of delayed brain maturation (Harting et al., 2009). Two DTI studies re-
vealed decreased axonal density, aberrant axonal organization, white matter alterations 
associated with language, cognitive and social functioning, and alterations in many dif-
ferent brain regions, among others in the left brainstem and left cingulum. It is hypothe-
sized that the loss of the UBE3A gene expression in AS leads to this aberrant brain con-
nectivity (Peters et al., 2011; Tiwari et al., 2012).  

http://topics.sciencedirect.com/topics/page/Brainstem
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In contrast to other genetic syndromes, in which volumes of brain regions and axonal 
density were reduced, MRI studies on infants with FXS (age 1-3 years) showed increased 
and altered gray matter volumes in orbital gyri, basal forebrain and thalamus (Hoeft et 
al., 2010). In a DTI study on young males with FXS, an increased axonal density compared 
to typically developing and to developmentally delayed controls was found, which was 
associated with lower IQ (Haas et al., 2009). Further, white matter structure was altered 
in the frontostriatal pathways, prefrontal, temporal and central regions, amygdala and 
insula (Haas et al., 2009; Hoeft et al., 2010). It is hypothesized that the decreased or ab-
sent expression of the FMR-1 protein leads to white matter alterations and thus to cog-
nitive dysfunctions and an abnormal brain development in persons with a full mutation 
(Haas et al., 2009).  

To date, there are no brain imaging studies on Noonan syndrome. In Mowat-Wilson 
syndrome (MWS), only one research group examined brain anomalies via MRI (Garavelli 
et al., 2016) and found anomalies of the corpus callosum, hippocampus, ventricles, white 
matter reductions, enlargements of basal ganglia, and cortical and cerebellar malfor-
mations. 

There is evidence that alterations in brain development in genetic syndromes could 
be associated with incontinence and delayed bladder/bowel control, as they are associ-
ated with IQ, neurodevelopmental, and social functions. Further, many of the brain re-
gions that are relevant for bladder function, as the prefrontal cortex, brainstem or insula, 
are altered in individuals with genetic syndromes. Also, white or gray matter anomalies 
are reported for nearly all genetic syndromes that are examined in this thesis. White and 
gray matter alterations are associated with incontinence. White matter anomalies were 
associated with incontinence and symptom severity in older people (Kuchel et al., 2009) 
and gray matter was reduced in schizophrenic patients with a history of enuresis com-
pared to those without (Hyde et al., 2008).  

In summary, brain development is delayed in persons with genetic syndromes, which 
can lead to developmental delays in cerebral centers that are involved in bladder control. 
Unfortunately, there is no study so far, that has examined incontinence or bladder/bowel 
dysfunction and cerebral alterations in genetic syndromes. The possible associations can 
therefore only be speculated.  

Incontinence associated with somatic conditions  

Another important aspect of incontinence in different genetic syndromes is the comor-
bidity with somatic conditions. According to the ICCS guidelines, functional or non-or-
ganic incontinence has to be distinguished from organic incontinence, which can occur 
due to neurological conditions (e.g. spina bifida, tethered-cord-syndrome), structural 
anomalies (e.g. hypospadias, malformations of the LUT) or other medical causes (e.g. di-
abetes insipidus, diabetes mellitus) (von Gontard, 2012b).  
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Somatic causes of chronic constipation are Hirschsprung’s disease (HSCR), anorectal 
malformations (stenosis, anal fissures etc.), metabolic diseases (cystic fibrosis, celiac dis-
ease, diabetes mellitus) and neurological conditions (cerebral palsy, spina bifida etc.) 
which are present in 5% of children. Side effects of diverse medication must also be con-
sidered in constipation. In non-retentive FI, somatic causes are found in <1%, including 
neurological conditions (spina bifida) or diarrhea due to infections (von Gontard & 
Nevéus, 2006).   

In typically developing children, the majority of incontinence is functional, so that or-
ganic incontinence is rare (von Gontard & Nevéus, 2006). In contrast, genetic syndromes 
are accompanied by a variety of medical conditions that can be associated with bladder 
and bowel dysfunction and therefore lead to higher incontinence rates. Also, functional 
and organic forms of incontinence can co-exist. 

In four syndromes (DS, NS, AS, MWS) of this thesis, parental information on medical 
conditions is available and in FXS, a full neurological and somatic was conducted. Possible 
associations with the most relevant conditions are discussed in the following.  

Hirschsprung’s disease (HSCR) 

HSCR is the most important somatic differential diagnosis in children with constipation. 
HSCR is characterized by an aganglionosis of the rectum, the rectosigmoid or further parts 
of the colon and leads to symptoms of vomiting, food refusal and constipation already in 
neonates (Langer, 2013). The prevalence of HSCR is 1:5000 live births with a male pre-
ponderance and a higher incidence in certain genetic syndromes, as DS or MWS (Sergi, 
Caluseriu, McColl, & Eisenstat, 2016).  

DS is significantly associated with HSCR with a prevalence of about 2.5% of HSCR in 
DS (Friedmacher & Puri, 2013), which is a 40-fold higher risk than in the general popula-
tion (Arnold et al., 2009). Individuals with DS and HSCR have a higher risk for FI (Fried-
macher & Puri, 2013), which could contribute to the higher rates of FI in DS. In the sample 
of DS individuals in this thesis, four had HSCR (=1.3% of the sample), one with concomi-
tant FI and two with constipation (Chapter 2.1). The ret proto-oncogene (RET) is discussed 
as a possible gene involved in the pathogenesis of HSCR in DS, as specific gene variations 
were found more often in individuals with DS and HSCR than in HSCR without DS (Moore, 
2008). The RET gene is expressed in the embryonic stadium during the development of 
the enteric nervous system (ENS) and supports proliferation, migration, differentiation 
and neurite growth (Lake & Heuckeroth, 2013).  

In MWS, rates of HSCR are even higher than in DS. (Coyle & Puri, 2015) found rates of 
45%, and in our sample, 38.3% had a history of HSCR (Chapter 2.4). The majority of af-
fected persons continue having constipation or FI even after surgery (Coyle & Puri, 2015). 
In contrast to DS, the zinc finger homeobox 1B (ZFHX1B) gene is discussed as a cause of 
HSCR in MWS, representing a syndromic type of HSCR. A mutation or deletion of the 
ZFHX1B gene causes MWS and affects prenatal development, especially the development 
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of the enteric nervous system (ENS) (Sergi et al., 2016). In mouse models, knockout of 
the ZFHX1B gene prevents nerve cell migration beyond the distal half of the stomach (van 
de Putte, Francis, Nelles, van Grunsven, & Huylebroeck, 2007), which leads to aganglion-
osis of further parts of the gastrointestinal tract, as e.g. the colon.  

As HSCR leads to a variety of symptoms already in the early neonatal period, up to 
80% of cases are diagnosed and operated by the age of four years (Felt et al., 1999), that 
means before the diagnosis onset age of FI. Nevertheless, even operated HSCR is associ-
ated with higher rates of FI and constipation. As HSCR is associated with several genetic 
syndromes, such as DS or MWS, it could contribute to higher rates of FI and constipation 
in these groups. For example, the rate of FI in the MWS population (Chapter 2.4) was 
much higher than in the Angelman syndrome population (Chapter 2.3) (81.4% vs. 57.1%), 
despite being similar syndromes regarding to their cognitive and physical impairments. 
HSCR could be an explanation for these different rates of FI and constipation.  

Anomalies of the genitourinary and renal tract  

Genitourinary and renal tract anomalies are a further important differential diagnosis in 
children with incontinence. In the general population, the prevalence of renal and geni-
tourinary tract anomalies lies at 0.3% (Dastgiri, Stone, Le-Ha, & Gilmour, 2002). In the 
examined syndromes of this thesis, genitourinary problems were found in 3.2% in DS, 
10.3% in NS, 0.7% in AS, 36.2% in MWS and 36.4% in FXS (Chapters 2.1 – 3). This variance 
of rates indicates that some genetic syndromes are more at risk to develop anomalies of 
the genitourinary and renal tract than others. Similar rates of anomalies were previously 
reported for NS (especially renal anomalies in 10%; (George, Patton, El Sawi, Sharland, & 
Adam, 1993; Noonan, 1994; Sommerschild & Soerland, 1974)), DS (1.8% urinary, 7.2% 
genital anomalies; (Torfs & Christianson, 1998) and MWS (52%, (Garavelli et al., 2009)), 
whereas in AS, genitourinary and renal anomalies are not a typical clinical sign. In NS, 
renal anomalies are associated with urinary tract infections (UTI) (Romano et al., 2010) 
that can induce incontinence. In children with FXS, the rate of genitourinary/renal anom-
alies was higher than in healthy controls (36.4% vs. 4.5%), but the reported anomalies 
(macroorchidism, circumcision) were not associated with incontinence in the examined 
children (Chapter 3). Therefore, one can conclude that incontinence in the FXS boys of 
the present thesis is functional and somatic forms can be excluded, as all boys received a 
complete physical examination. In conclusion, the variety of genitourinary and renal 
anomalies in genetic syndromes shows that these can be a major cause of urinary incon-
tinence.   
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Neurological conditions 

Epilepsy 
One neurological condition with a proven association to incontinence is epilepsy. In pa-
tients with epilepsy, incontinence can occur as a symptom during the seizure (Brigo et al., 
2013). 24.3% of typically developed adults with epilepsy had an incontinence episode 
during seizure, but also other symptoms as urgency or urinary retention were described 
(Motamedi et al., 2011). In children, parasomnias, are associated with epilepsy (Manni & 
Terzaghi, 2010). Epilepsy is a common feature of the somatic phenotype in several ge-
netic syndromes with ID. In this thesis, epilepsy was found in 18% of FXS, 71% of AS and 
85% of MWS (Chapter 2.3; 2.4; 3). In the AS sample, rates of NE and DUI were significantly 
higher in those persons with epilepsy than in those without (NE 85.1% vs. 70.7%; DUI 
67.0% vs. 47.5%; Chapter 2.3). A higher risk for NE in patients with AS and epilepsy was 
also found in another study (Radstaake et al., 2013).  

The exact pathogenesis of epilepsy in AS is not clear yet, but changes in the glutama-
tergic and GABAergic systems are discussed (Fiumara, Pittalà, Cocuzza, & Sorge, 2010; 
Leung & Ring, 2013). The microdeletion on 15q11-q13 leads to the loss of expression of 
the maternal UBE3A gene, which is involved in the regulation of a subunit of GABAa re-
ceptors, and that alterations in this mechanism are linked to ID and epilepsy (Leung & 
Ring, 2013). The UBE3A gene also mediates the regulation of postsynaptic glutamatergic 
receptor function, which is hypothesized to influence brain development (Fiumara et al., 
2010).  

In individuals with FXS, the prevalence of seizures is lower, the onset age is higher and 
forms are milder than in AS. However, changes in the inhibitory GABAergic system were 
described in FXS, as well, supporting the hypothesis that dysregulation of glutamate and 
GABA receptor activation results in higher risks of epilepsy (Leung & Ring, 2013). To un-
derstand the association between incontinence and epilepsy in genetic syndromes, espe-
cially in AS, further research is needed.  

Dementia / Alzheimer’s disease (AD) 
In contrast to other genetic syndromes, the prevalence of Alzheimer’s disease (AD) in 
Down syndrome (DS) increases in adults at the age of 40 years or more (Dykens, 2007). 
As a cause of the early onset of AD in DS, the accumulation of amyloid-β-protein is dis-
cussed, which occurs due to the overexpression of the APP gene in DS and leads to neu-
rodegeneration (Lott, 2012). A consequence of AD is the loss of acquired abilities, includ-
ing bladder and bowel control.  

In the DS sample of this thesis (Chapter 2.1), incontinence rates increased from young 
adults (18-30 years) to older adults (>30 years), a phenomenon, which was not found in 
the other syndromes. In a study of Lin et al., incontinence was identified as one age-onset 
condition in adults with DS and was associated with daily living skills (Lin et al., 2015). 
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Therefore, the increasing rates of incontinence in older DS individuals could be due to 
beginning AD symptoms, possibly caused by degeneration of common cerebral pathways.  

In general, the huge variety of accompanying neurologic conditions in genetic syn-
dromes has influence on different subtypes of incontinence and causes differences in 
incontinence rates between the syndromes. As the exact mechanisms of several medical 
disorders in syndromes are not completely revealed yet (e.g. epilepsy in AS), their asso-
ciation with incontinence remains even more unclear. In further research projects, the 
underlying mechanisms should be examined.  

Association with behavioral symptoms 

A main asset of the examinations in this thesis was to assess behavioral and psychological 
symptoms in individuals with genetic syndromes. In DS, NS, AS and MWS, psychological 
symptoms were assessed by a parental questionnaire designed especially for individuals 
with ID (Chapter 2.1 – 2.4). In FXS, psychological symptoms and psychiatric diagnoses 
were assessed by a parental questionnaire and also by a structured parental interview 
(Chapter 3).  

In general, clinically relevant psychological symptoms are present in approximately 
30-40% of individuals with ID (Dekker, Koot, Ende, & Verhulst, 2002), but rates and type 
of symptoms differ between different levels of ID. For example, individuals with mild ID 
have a similar psychopathology as typically developing persons (e.g. oppositional prob-
lems, attention and hyperactivity symptoms, anxiety, depression), but the prevalence 
rates are 3-4 times higher (Dekker et al., 2002). In contrast, persons with moderate or 
severe ID have qualitatively different behavioral symptoms than the general population, 
e.g. stereotyped or self-injuring behavior (Dekker et al., 2002). Further, differences in 
psychological symptoms in genetic syndromes are reflected in specific ‘behavioral phe-
notypes’ of each genetic syndrome, i.e. a pattern of psychiatric disorders, as for example 
ADHD and autism in FXS (Backes et al., 2000; Tranfaglia, 2011). Because of the variety of 
these symptoms, it is important to use instruments that are valid to assess behavioral 
problems adequately in persons with ID.  

The Developmental Behavior Checklist (DBC) is an optimal parental questionnaire 
with separate norms for mild, moderate and severe ID. Thus, the risk of an overestimation 
of psychological problems in patient groups with ID can be lowered. In the samples of the 
present thesis, clinically relevant psychological problems were higher in the children and 
adolescent group (NS 35.3%, DS 13.6%, AS 50.6%, MWS 39.5%) than in the adult group 
(NS 10%, DS 8.4%, AS 34.1%, MWS 37.5%). Although the questionnaires were evaluated 
according to norms of mild ID in NS and DS and according to severe ID in AS and MWS, 
psychological problems were more often found in syndromes with severe ID than in those 
with a milder impairment.  



General Discussion 

111 

In the assessment of boys with FXS and a typically developing control group (Chapter 
3), psychiatric disorders were assessed by a structured interview and revealed psychiatric 
diagnoses in 90.9% of boys with FXS. Behavioral symptoms were measured by the Child 
Behavior Checklist (CBCL, Achenbach, 1991) and not by the DBC, as it could also be ap-
plied to the controls. The main differences in the rates (90.9% psychiatric disorders, 
68.2% CBCL clinically relevant scores) probably refer to “diagnostic overshadowing”, 
which means that psychological symptoms are underestimated in ID by parents, because 
aberrant behavior is seen as a part of their child’s ID (Dykens, 2007; Reiss, Levitan, & 
Szyszko, 1982). Therefore, diagnostic overshadowing should be always considered in in-
dividuals with ID and in the diagnostic process, valid instruments and structured inter-
views should be used.  

Behavioral symptoms and incontinence  

In typically developing children, psychological symptoms and psychiatric comorbidity are 
strongly associated to incontinence. In a British population-based study on over 8000 
children at the age of 7.5 years, psychological symptoms in children with and without NE, 
DUI and FI were examined (Joinson, Heron, & von Gontard, 2006; Joinson, Heron, Emond, 
& Butler, 2007). Concomitant psychological symptoms were present in about 20% of chil-
dren with isolated NE and in 25% of children with DUI. Children with FI were the most 
affected (up to 40%). In all subtypes of incontinence, externalizing symptoms (e.g. ADHD, 
ODD, conduct problems), as well as internalizing symptoms (e.g. depression, anxiety) 
were present. The higher co-existence rates of psychopathology and incontinence is no 
coincidence, but may be explained by several factors, for example by common neurobio-
logical factors, which are hypothesized in some comorbidities, e.g. in ADHD (von Gontard 
& Equit, 2015). In other cases, psychological symptoms can be a consequence of inconti-
nence, which is typical for subclinical symptoms, e.g. low self-esteem and social prob-
lems, and which improve with successful incontinence treatment (Longstaffe, Moffatt, & 
Whalen, 2000). The assessment of comorbid psychiatric disorders in incontinence is im-
portant, as it affects compliance and treatment success negatively (Crimmins, Rathbun, 
& Husmann, 2003).  

In a systematic review on children and adults with ID, significant associations between 
challenging behavior (e.g. aggression, self-injury) and urinary incontinence were found 
(de Winter, Jansen, & Evenhuis, 2011). In the present thesis, associations between psy-
chological symptoms and incontinence were found for NS, DS and to a lesser extent in 
FXS. In NS, children with NE had higher mean scores in the DBC subscales „social relating“ 
and „self-absorbed“ (Chapter 2.2). According to validation assessments, higher values on 
the „social relating“ subscale are linked to autistic behavior (Einfeld & Tonge, 1995). In 
typically developing children, incontinence/NE is linked to autism (von Gontard, Pirrung, 
Niemczyk, & Equit, 2015). Therefore, autistic symptoms could be a moderator variable 
for this association between incontinence and NS. Another moderator for the association 
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in NS could be the level of ID, because persons with a lower IQ usually score higher on 
the „self-absorbed“ subscale (Einfeld & Tonge, 1995). Therefore, children with NS and NE 
could have also a lower IQ. Unfortunately, IQ or adaptive skills could not be measured 
due to the questionnaire design.   

In DS, rates of incontinence (NE and DUI) were significantly higher in adults with psy-
chological symptoms than in those without (Chapter 2.1). In children and adolescents 
with DS, the rates were slightly higher, too, but did not reach statistical significance. An 
explanation for the association in adults could be again the early onset Alzheimer’s dis-
ease (AD). As AD affects both intellectual capability and incontinence in DS (Lin et al., 
2015), impairments in both domains could result in psychological symptoms as a conse-
quence of beginning AD. 

In FXS, information on IQ, incontinence and psychiatric comorbidity is available (Chap-
ter 3). Although boys with FXS had significantly more incontinence and psychiatric diag-
noses and a lower IQ than the controls, a comparison between continent and incontinent 
FXS boys revealed only significant differences in externalizing symptoms measured by the 
CBCL. No differences in IQ, internalizing and autistic symptoms were found. The associa-
tion with externalizing symptoms is similar to typically developing children with inconti-
nence, who have also high rates of ADHD, ODD and conduct problems (Joinson, Heron & 
von Gontard, 2006; Joinson, Heron, Butler, & von Gontard, 2006; Joinson et al., 2007).  

In AS and MWS, no significant associations to behavioral problems were found (Chap-
ter 2.3, 2.4). This could be due to factors as somatic conditions or developmental delays 
that affect continence, but also due to a ‘ceiling effect’: incontinence rates were high in 
both persons with and without psychological symptoms, so that possible differences 
could not be detected. In further studies, behavioral problems in genetic syndromes with 
severe ID should be examined in association with additional aspects of continence and to 
adaptive skills.  

In summary, incontinence and psychopathology are associated in some genetic syn-
dromes, but according to the results to a lesser extent than in typically developing sam-
ples. The findings of this thesis indicate that behavioral problems and incontinence are 
mainly associated in syndromes with mild or moderate ID impairment, which was also 
found in former studies on similar syndromes (Equit, Piro-Hussong, Niemczyk, Curfs, & 
von Gontard, 2013; Mantry et al., 2008; von Gontard et al., 2016).  

Clinical implications 

As incontinence is a frequent problem in genetic syndromes associated with ID, a thor-
ough diagnostic process and an adequate treatment approach should be provided for 
these individuals. The assessment of incontinence in these groups should include a de-
tailed history-taking, 48-hour bladder diary, uroflowmetry, a neurological examination 
and sonography of the bladder, rectum and kidneys, as recommended by the ICCS and 
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ROME-IV criteria (Austin et al., 2016; Hyams et al., 2016). In addition, syndrome-associ-
ated somatic conditions that can affect continence, e.g. Hirschsprung’s disease (HSCR) in 
MWS, must be always considered. Further, behavioral symptoms have to be assessed, 
because they can lead to incapacitation and can have a negative effect on treatment and 
compliance.  

So far, no specific treatment approaches for incontinence in genetic syndromes exist 
– they are the same as in typically developing individuals. Guidelines for persons with ID 
or special needs should be followed (von Gontard, 2013). In general, all treatment prin-
ciples of incontinence in typically developing children can be applied to children with ID, 
but have to be adapted individually. For example, directive positive reinforcements for 
motivating the child to change its toileting habits have to be implemented more often, or 
behavioral therapeutic techniques as shaping or chaining are used to change behavior 
(von Gontard, 2013). Further, establishing an adequate fluid intake leads to lower incon-
tinence rates in children with developmental disabilities (van Laecke, Raes, Vande Walle, 
& Hoebeke, 2009). For persons with ID, who do not reach continence by these first meth-
ods, special intensive training programs were developed including many repeats of uri-
nations and toilet visits, reducing diaper wearing, positive reinforcements, and in some 
cases, also the wearing of an alarm device during the day. These methods reduce incon-
tinence in many patients with ID (Azrin & Foxx, 1971; Richmond, 1983; Smith, Smith, Lee, 
& Kwok, 2000).    

In summary, the treatment of incontinence in genetic syndromes associated with ID 
should be adapted to the individual abilities of the person affected. In persons with com-
bined incontinence, the same treatment order should be followed as in typically devel-
oping persons (FI first, DUI second, NE third) because of a lower rate of complications and 
more pronounced synergistic effects.  

The lower incontinence rates in the adult groups of NS and DS, in comparison to chil-
dren and adolescents (Chapter 2.1, 2.2), but also the increase in toileting skills in MWS in 
the adult group (Chapter 2.4) implicate that changes in toileting behavior can be 
achieved, even in syndromes with severe ID. But due to “overshadowing” of other so-
matic, as well as psychiatric disorders, incontinence treatment is neglected in many cases 
or it is seen as a part of the disability or syndrome. The achievement of bladder and bowel 
control is an important milestone in life, which is relevant for independence and social 
acceptance. It increases self-confidence and quality of life in patients, as well as in parents 
and caregivers. Therefore, the assessment of incontinence and implementation of treat-
ment is worthwhile and recommended in every individual patient. 
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Methodological considerations 

In Noonan (NS) and Mowat-Wilson syndrome (MWS) (Chapter 2.1, 2.4), the present stud-
ies were the first systematic descriptions of incontinence and the association to behav-
ioral problems in those genetic syndromes. In Down (DS) and Angelman syndrome (AS) 
(Chapter 2.2, 2.3), the present examinations were the first that linked psychopathology 
to incontinence in large samples including different age groups. The incontinence ques-
tionnaires (PQ-EnU, Encopresis Questionnaire – Screening Version and ICIQ-CLUTS (De 
Gennaro et al., 2010; von Gontard, 2012a; von Gontard, 2012b) are clinically tested and 
widespread questionnaires, which were used in the assessment of incontinence in several 
genetic syndromes before (Equit et al., 2013; Giesbers et al., 2012; Radstaake et al., 2013; 
von Gontard, Didden, Sinnema, & Curfs, 2010; von Gontard et al., 2016) and which, 
though not validated in patients with syndromes or ID yet, provide a variety of clinically-
relevant information on toileting behavior and incontinence symptoms. Although larger 
samples could have been assessed with this methodology, possible biases can occur. The 
derived information is only based on parental reporting and not confirmed by medical 
examinations, which may have led to an over- or underestimation of incontinence rates.  

The study on boys with FXS (Chapter 3), in contrast, provides more valid results, as 
the boys were examined clinically according to current guidelines (Austin et al., 2016; 
Hyams et al., 2016) and were compared to a typically developing matched control group. 
Also, in this study, IQ was measured and psychiatric disorders were assessed by a vali-
dated, structured interview and not only by a parental questionnaire.  

In the other syndromes (NS, DS, AS, MWS), psychological symptoms were assessed by 
a questionnaire (DBC) that was validated in large samples of children and adults with dif-
ferent levels of ID (Einfeld & Tonge, 1995), so that valid estimations of symptom severity 
depending on IQ impairment can be made. Unfortunately, due to the questionnaire de-
sign of the studies in Chapter 2.1 – 2.4, IQ could not have been measured, which could 
have also led to possible biases. In future questionnaire studies, the assessment of adap-
tive skills should be considered, e.g. by the recently published Vineland Adaptive Behavior 
Scales (Vineland-3; (Sparrow, Cicchetti, & Saulnier, 2016)), so that the individual level of 
impairment can be measured.   

Future incontinence research in genetic syndromes 

The studies that are part of this thesis confirmed that more individuals with genetic syn-
dromes that are associated with ID suffer from incontinence than typically developing 
persons. In addition, the results reveal that incontinence subtypes, as well as associated 
problems differ between different genetic syndromes. That means, that not only impair-
ments in intelligence are the cause for incontinence in the affected persons, but also so-
matic conditions, genetic factors, brain development and psychological symptoms play a 
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role. Future studies should focus on these factors and include a more detailed examina-
tion of incontinence (e.g. as in FXS, Chapter 3).  Longitudinal studies could contribute to 
a better understanding of the course incontinence over lifetime in different genetic syn-
dromes. Brain imaging studies could also reveal more information on neurological path-
ways that are affected in incontinence.  
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Functional incontinence includes nocturnal enuresis (NE; nighttime wetting), daytime uri-
nary incontinence (DUI) and fecal incontinence (FI) and is a common disorder in child-
hood. In typically developing 7-year-old children, about 10% are affected by NE, 6-8% by 
DUI and 1-7% by FI. In individuals with intellectual disability (ID), prevalence of inconti-
nence is 2 to 4 times higher than in typically developing persons. The rates of inconti-
nence are higher in persons with severe and profound ID and persist more often into 
adulthood than in typically developing persons.  

In persons with genetic syndromes that are associated with ID, incontinence has not 
been examined systematically, yet. First studies show higher incontinence rates than in 
general population, but the studies differ in methodology, sample sizes and sample pop-
ulations. Also, the behavioral phenotype has not been considered in all studies, although 
in typically developing persons, incontinence is highly associated with psychological 
symptoms, which can reduce treatment compliance and outcome.  

Therefore, the aim of this thesis was to assess incontinence and psychopathology in 
a standardized way in five different genetic syndromes that are associated with ID.  

In Chapter 2, rates of incontinence and associated psychological problems were assessed 
by parental questionnaires in children, adolescents and adults with Down syndrome, 
Noonan syndrome, Angelman syndrome and Mowat-Wilson syndrome.  

Chapter 2.1 shows the results of persons with Down syndrome, a genetic syndrome 
caused by trisomy of chromosome 21. Incontinence rates were high in children (64%), 
lower in adolescents and young adults (10-13%) and increased in older adults (22%). Be-
havioral symptoms are associated with NE and DUI in adults with Down syndrome.  

In Chapter 2.2, incontinence in persons with Noonan syndrome, a neurodevelopmen-
tal disorder due to mutations in several genes of the RasMAPK signaling pathways was 
examined. 44% of children and 14-17% of adolescents and adults had any subtype of in-
continence. Children and adolescents with NE had more psychological symptoms than 
those without.  

In Angelman syndrome (Chapter 2.3), caused by a microdeletion or uniparental di-
somy (UPD) of chromosome 15q11-13, rates of incontinence were high in all age groups 
(74-100%). Incontinence was not associated with behavioral problems, but NE and DUI 
were associated with genotype and epilepsy. 

Chapter 2.4 describes the findings in Mowat-Wilson syndrome, caused by dele-
tion/mutation of the ZEB2 gene on chromosome 2q22 and associated with severe ID. 
Incontinence was high over all age groups (96-100%) with FI being the most common 
subtype. 25-46% had clinically relevant psychological symptoms. The ability to use the 
toilet for micturition improved with age. 

In Chapter 3, boys with Fragile-X syndrome (FXS), which is caused by a mutation on the 
X-chromosome, were examined and compared to typically developing boys. The children 
and adolescents were examined in their home setting not just by questionnaires, but also 
by a full medical, urological and psychiatric assessment. Boys with FXS had higher rates 
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of incontinence (59% vs. 5%) and psychological comorbidity (91% vs. 4.5%) than controls. 
Incontinence and behavioral symptoms were not associated. Constipation is not a major 
problem in FXS, but in general, boys with FXS have a higher risk for physical disabilities, 
psychological disorders and incontinence than healthy boys.  

In Chapter 4, the results are discussed in a broader perspective including methodological 
considerations. Several aspects of incontinence, as the delayed achievement of bladder 
and bowel control, neurological and genetic factors are addressed.  Persons with ID have 
deficits in language skills, memory, attention processes, which can reduce learning of 
practical skills e.g. going to the bathroom. Further, maturational and developmental de-
lays of the urinary or gastrointestinal tract can lead to a delayed achievement of bladder 
and bowel control and thus increase rates of incontinence. There is also evidence that 
alterations in brain development in genetic syndromes are associated with incontinence 
and delayed bladder/bowel control, as they are associated with IQ, neurodevelopmental, 
and social functions. In addition, functional and organic forms of incontinence can co-
exist, as genetic syndromes are accompanied by a variety of medical conditions (e.g. 
Hirschsprung’s disease, genitourinary and renal tract anomalies) that can be associated 
with bladder and bowel dysfunction. And as a last factor, incontinence and psychopathol-
ogy are mainly associated in syndromes with mild or moderate ID impairment, but to a 
lesser extent than in typically developing samples.  

In summary, incontinence is a frequent problem in genetic syndromes associated with ID. 
The achievement of bladder and bowel control is an important milestone in life, which 
increases self-confidence and quality of life in patients, as well as in parents and caregiv-
ers. Therefore, the assessment of incontinence and implementation of treatment is 
worthwhile and recommended in every individual patient. 
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Functionele incontinentie bestaat uit niet zindelijk zijn voor urine gedurende de nacht  
(NE), niet zindelijk zijn voor urine overdag  (DUI) en fecale incontinentie (FI) en is een veel 
voorkomende aandoening in de kindertijd. Bij 7-jarige kinderen zonder beperking heeft 
ongeveer  10%  NE, 6-8%  DUI en 1-7%  FI. Bij personen met een verstandelijke beperking 
(ID) is de prevalentie van incontinentie 2 tot 4 keer hoger dan bij personen zonder ver-
standelijke beperking. De incontinentiepercentages zijn hoger bij personen met een ern-
stige en zeer ernstige  ID en de zindelijkheidsproblemen komen meer voor  op latere 
leeftijd in vergelijking met personen zonder ID. 

Bij personen met genetische syndromen die geassocieerd zijn met ID, is incontinentie 
nog niet systematisch onderzocht. Eerste studies laten hogere incontinentiecijfers zien in 
vergelijking met de algemene populatie, maar de studies verschillen qua methodologie, 
steekproefomvang en steekproefpopulaties. Ook komt het gedragsfenotype niet in alle 
onderzoeken aan de orde , hoewel bij normaal ontwikkelende personen incontinentie 
sterk geassocieerd is met psychologische symptomen, die therapietrouw en -uitkomst 
negatief kunnen beïnvloeden. 

Daarom was het doel van dit proefschrift om incontinentie en psychopathologie op 
een gestandaardiseerde manier te onderzoeken bij vijf verschillende genetische syndro-
men, die geassocieerd zijn met ID. 

In hoofdstuk 2 werden de incontinentiepercentages en de bijbehorende psychologische 
problemen bestudeerd   aan de hand van door ouders ingevulde vragenlijsten voor kin-
deren, adolescenten en volwassenen met het Down-syndroom, het Noonan-syndroom, 
het Angelman-syndroom en het Mowat-Wilson-syndroom. 

Hoofdstuk 2.1 laat de resultaten zien van personen met het Down-syndroom, een ge-
netisch syndroom veroorzaakt door trisomie van chromosoom 21. Het incontinentieper-
centage was hoog bij kinderen (64%), lager bij adolescenten en jonge volwassenen (10-
13%) en verhoogd bij oudere volwassenen ( 22%). Gedragssymptomen zijn bij volwasse-
nen met het syndroom van Down geassocieerd met NE en DUI. 

In Hoofdstuk 2.2 werd incontinentie onderzocht bij personen met het Noonan syn-
droom, een neurologische aandoening als gevolg van mutaties in verschillende genen van 
de RasMAPK-signaalroutes. 44% van de kinderen en 14-17% van de adolescenten en vol-
wassenen had een subtype van incontinentie. Kinderen en adolescenten met NE hadden 
meer psychische klachten dan degenen zonder NE. 

Bij het Angelman-syndroom (hoofdstuk 2.3), veroorzaakt door een microdeletie of 
uniparentale disomie (UPD) van chromosoom 15q11-13, waren de incontinentiepercen-
tages hoog in alle leeftijdsgroepen (74-100%). Incontinentie werd niet geassocieerd met 
gedragsproblemen, maar NE en DUI werden geassocieerd met genotype en epilepsie. 

Hoofdstuk 2.4 beschrijft de bevindingen in het Mowat-Wilson-syndroom, veroorzaakt 
door deletie / mutatie van het ZEB2-gen op chromosoom 2q22 en geassocieerd met ern-
stige ID. Incontinentie was hoog in alle leeftijdsgroepen (96-100%), waarbij FI het meest 
voorkomende subtype was. 25-46% had klinisch relevante psychologische symptomen. 
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Het vermogen om het toilet te gebruiken voor mictie verbeterde met toenemende leef-
tijd. 

In Hoofdstuk 3 werden jongens met Fragile-X syndroom (FXS), veroorzaakt door een mu-
tatie op het X-chromosoom, onderzocht en vergeleken met normaal  ontwikkelende jon-
gens. De kinderen en adolescenten werden in hun thuissituatie onderzocht, niet alleen 
met behulp van vragenlijsten, maar ook aan de hand van een volledige medische, urolo-
gische en psychiatrische onderzoek. Jongens met FXS hadden hogere incontinentieper-
centages (59% versus 5%) en psychologische comorbiditeit (91% vs. 4,5%) dan de kont-
role groep. Incontinentie en gedragssymptomen waren niet geassocieerd. Obstipatie is 
geen groot probleem bij FXS. Over het algemeen hebben jongens met FXS een hoger ri-
sico voor lichamelijke beperkingen, psychische stoornissen en incontinentie dan gezonde 
jongens. 

In hoofdstuk 4 worden de resultaten in een breder perspectief besproken, inclusief me-
thodologische overwegingen. Aandacht wordt besteed aan verschillende aspecten van 
incontinentie, zoals het vertraagde bereiken van blaas- en darmbeheersing, neurolo-
gische en genetische factoren. Personen met een ID hebben  tekortkomingen in  taalvaar-
digheid, geheugen en aandachtsprocessen, wat het leren van praktische vaardigheden 
moeilijker maakt, bijvoorbeeld naar het toilet  gaan. Verder kunnen maturatie- en ont-
wikkelingsvertragingen van het urinaire of maagdarmkanaal leiden tot een vertraagde 
voltooiing van de controle van de blaas en de darm en dus de mate van incontinentie 
verhogen. Er zijn ook aanwijzingen dat veranderingen in de ontwikkeling van de hersenen 
bij genetische syndromen gepaard gaan met incontinentie en vertraagde controle van de 
blaas / darm, daar  deze  geassocieerd zijn met IQ, neurologische en sociale functies. Bo-
vendien kunnen functionele en anatomische  vormen van incontinentie naast elkaar be-
staan, aangezien genetische syndromen gepaard gaan met een verscheidenheid aan me-
dische aandoeningen (bijvoorbeeld de ziekte van Hirschsprung, aandoeningen van het 
urogenitaal en het nierkanaal) die geassocieerd kunnen zijn met blaas- en darmstoornis. 
En als een laatste factor zijn incontinentie en psychopathologie vooral geassocieerd bij  
syndromen met een lichte of matige ID-, maar in mindere mate dan bij personen zonder 
ID. 

Kortom, incontinentie is een veel voorkomend probleem bij genetische syndromen die 
geassocieerd zijn  met ID. Het bereiken van controle over de blaas- en darmbeheersing is 
een belangrijke mijlpaal in de ontwikkeling. Het vergroot het zelfvertrouwen en de kwa-
liteit van leven bij patiënten, evenals bij ouders en verzorgers. Daarom is bestudering van 
incontinentie en implementatie van behandeling de moeite waard en wordt aanbevolen 
voor iedere individuele patiënt. 
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This thesis has two main socially relevant aims. First, it shall raise awareness to the topic 
of incontinence as a problem, which is not only common in small children, but occurs in 
all age groups, social classes and populations. Although effective treatment methods are 
available, many people still do not benefit from them.  

Becoming continent, or gaining control of one’s bladder and bowel functions, is a crucial 
milestone in the life of every individual. As the majority of us takes this step at an early 
age, mostly between 2 and 4 years, we are expected from then on to act socially accepta-
ble and answer the call of nature using provided facilities. But for the 10-15% of children 
with problems of gaining continence, this becomes an increasing problem, the older he 
or she becomes. Whilst wetting during sleep or some ‚spots‘ every now and then in chil-
dren are not seen to be dramatic, frequent wetting or even soiling, which occurs in up to 
1% of adults, can be socially stigmatizing. One can imagine that many children, adoles-
cents and adults develop psychological problems, like depression or a low self-esteem 
due to feelings of guilt or shame.  

The second aim of the thesis is to identify incontinence in persons with intellectual disa-
bility as a possibly solvable problem. Still, some might expect that individuals with intel-
lectual disability will not be able to learn going to the toilet or to stay continent. Many 
professionals in the healthcare system do not diagnose and treat incontinence ade-
quately, because it is seen as a part of the disability or it is seen as a minor problem com-
pared to other medical conditions. However, this thesis‘ results show that incontinence 
is a major problem in the examined groups and that rates vary between different age 
groups and also between different genetic syndromes. The results also show that medical 
examination and also improvements in toileting skills are possible.  

The results of this thesis are interesting to various groups, including scientific researchers, 
clinical practitioners and persons that are directly involved with individuals with genetic 
syndromes (e.g. parents, caregivers, nurses).  

Researchers with interest in the topics incontinence, intellectual disability or genetic syn-
dromes may develop further studies based on the results of this thesis. Many popula-
tions, e.g. the Noonan syndrome group or the Mowat-Wilson syndrome group were as-
sessed for the first time regarding incontinence. Further investigations could include the 
associations with further somatic conditions or the assessment of intellectual skills.   

Clinical practitioners, who work clinically with the affected persons, (e.g. general practi-
tioners, pediatricians, psychologists, psychotherapists, nurses, urotherapists, physiother-
apists) shall be encouraged by the results of the thesis to actively ask about incontinence 
problems and start first interventions. Also, assessment methods, e.g. the ultrasound, can 
be used reliably, as the results in chapter 3 in Fragile-X syndrome show.  

The results may also address the social system of a child or adult with a genetic syndrome, 
as it raises awareness in parents, caregivers or the individual him/herself that improve-
ments in getting continent are possible. After a thorough examination, intervention 
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methods as used in typically developing persons, can be adapted. This can lead to an 
increasing mobility, independence and higher quality of life in the affected persons and 
their caregivers.  

The results of this thesis will be published as a book, which will be available at the Maas-
tricht University library. Further, a systematic review on incontinence in different genetic 
syndromes is planned. The results of this thesis will be a crucial part of it.  

The studies of this thesis (chapters 2.1 – 3) have been presented at many international 
conferences and have been published in peer-reviewed academic journals. These jour-
nals address clinical experts and the scientific community in the fields of urology, pediat-
rics, developmental disability and psychology and aim to encourage further research and 
also the implementation of effective assessment and treatment programs.  

The results of this thesis have also been presented at many family meetings of the sup-
port groups of different genetic syndromes. These presentations addressed primarily par-
ents and carepersons of children with a specific genetic syndrome. The main topics were 
education on incontinence, the subtypes, how assessment looks like and first interven-
tion steps. The talks were always accompanied by a fruitful discussion with many ques-
tions and comments from the interested parents. Based on the results in boys with Frag-
ile-X syndrome (chapter 3), counselling interviews were offered for families with a child 
with incontinence, which were requested by many families.  

Results of the study on Down syndrome were also published in an article in the German 
Down syndrome magazine „Leben mit Down Syndrom“ which is read by a lot of families 
and professionals. The article included information on incontinence in children and ado-
lescents and raised awareness in the target groups.  

Although gaining continence is such a crucial milestone in life, incontinence is often ne-
glected in pediatric practice. And even less is known about incontinence in intellectual disa-
bility or genetic syndromes. These results are innovative, as in those genetic syndromes ad-
dressed in this thesis, incontinence and comorbid psychological problems are examined in a 
systematic way for the first time. For instance, in Noonan syndrome, these results (chapter 
2.2) were the first estimation of incontinence prevalence in this syndrome. Also, the boys 
with Fragile-X syndrome (chapter 3) were clinically assessed for the first time including all 
relevant measurements (ultrasound, uroflowmetry, clinical examination). The results re-
vealed first information on urological data in this population. Further, this study shows that 
an clinical assessment is feasible in patients with a genetic syndrome and intellectual disabil-
ity and should therefore be implemented in clinical practice.  

The author does not only plan similar studies on other genetic syndromes to gain a solid 
information base on incontinence subtypes and associated medical issues, psychological 
problems and adaptive skills, but also wants to develop further treatment approaches for 
incontinence in individuals with intellectual disability, genetic syndromes and other spe-
cial needs.  
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