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Incontinence and psychological problems in children: a common
central nervous pathway?
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Abstract Nocturnal enuresis is caused by a mismatch be-
tween the nocturnal bladder capacity and the nocturnal
diuresis rate, in the presence of a deficient arousability in
the majority of patients, according to the pediatric and uro-
logic literature. Psychiatric and psychologic literature are
still concentrating on the potential role of psychological
factors and central nervous mechanisms in the pathogene-
sis, as is reflected in the DMS-5 criteria. However, research
has clearly shown several important comorbidities between
neuropsychological dysfunctions and nocturnal enuresis.
Due to the increased comorbidity of (neuro)psychological
problems, sleep problems, circadian rhythms, and enuresis,
the question arises as to whether there is a possible com-
mon central pathway in the pathogenesis. It is likely that
the coexistence of these problems can be attributed to a
common central nervous system involvement. The specific
role of the central nervous system remains unclear, but
several pathways are possible. The high comorbidity be-
tween enuresis, sleep, and (neuro)psychological function-
ing is probably attributable to a common pathogenetic
pathway, emphasizing the importance of a multidisciplin-
ary focus in screening and treatment in children with noc-
turnal enuresis.

Keywords Enuresis . Psychology . ADHD .ODD . Sleep .

Pathogenesis . Dopamine

Introduction

According to pediatric and urologic literature, nocturnal en-
uresis is in the majority of patients largely attributed to a mis-
match between the nocturnal bladder capacity and the noctur-
nal diuresis rate (kidney), in the presence of a deficient
arousability. In contrast, in psychiatric and psychologic liter-
ature, the potential role of psychological factors and central
nervous mechanisms is described, as reflected in the several
consecutive DMS classifications. This big contradiction is
largely sustained because both archetypes of clinicians and
researchers are recruiting different subtypes of patients, using
different evaluation techniques, and are publishing in their
own journals. The work of Von Gontard et al. [1] tries to
bridge the gap, by publishing this paper in Pediatric
Nephrology, in line with the point of view from the
International Children’s Continence Society (ICCS).

Nocturnal enuresis has often been considered as a simple
benign self-limiting condition. However, there is increasing
evidence that it is a complex, heterogeneous disorder, where
multiple pathogenetic factors are involved, and it is definitely
neither benign nor self-limiting [2]. Our knowledge is insuffi-
cient, because of an ambiguous approach in literature, where
everybody is performing research only from one point of
view.

Epidemiologic and psychologic studies often fail to: [2]
differentiate between monosymptomatic nocturnal enuresis
(MNE) and non-MNE (NMNE), [1] describe bladder and di-
uresis characteristics, and [3] report comorbidities. Most pe-
diatric and urological studies have more elaborate screenings
but are often restricted to tertiary centers, with a predominance
of refractory cases and an important referral bias, making ex-
trapolation into a primary care setting almost impossible.
Although those elaborate screenings incorporate an in-depth
registration of diuresis and bladder characteristics, the number
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of studies with a combined screening of comorbidities, such as
psychological functioning, is limited.

To understand the complex pathogenesis of enuresis, all
studies should ideally include parameters on nocturnal diuresis,
bladder characteristics, arousal/sleep, and the major comorbid-
ities of constipation and psychological functioning. Moreover,
the ICCS standardization papers should be followed.

The study byVonGontard et al. is a population-based study
examining the associations between oppositional defiant dis-
order (ODD) symptoms and incontinence in children [1]. The
study is part of a research line, where many neuropsycholog-
ical conditions (attention-deficit hyperactivity disorder
(ADHD), autism spectrum disorders (ASD), Noonan, etc.)
and other comorbidities (obesity) are investigated. The au-
thors conclude that incontinence and ODD are common co-
morbid disorders in 6-year-old children. This observation is in
line with several other observations from the same group,
concentrating on the comorbidity between enuresis and cen-
tral nervous dysfunctions, suggesting a potential role for com-
mon central/neurotransmitter pathways.

The increased prevalence of psychological disorders in
children with incontinence has to be considered as a complex
entity influencing the process of becoming continent.
Therefore, the word Bcomorbidity^ should be used, rather than
claiming a causal relationship.

Nocturnal enuresis

Nocturnal enuresis is present when there is a deficient
arousability; if not, the child has nocturia. Patients with noc-
turnal enuresis can be categorized asMNE orNMNE, depend-
ing on the presence of lower urinary tract symptoms. The
standardization paper of the ICCS in 2006 resulted in an iden-
tification of more children with NMNE, who were previously
considered as having MNE due to a superficial screening [3]
(Fig. 1).

It is widely accepted that the majority of enuresis and
nocturia patients have a mismatch between nocturnal diuresis
and functional bladder volume overnight. In children with
NMNE, an underlying bladder dysfunction is clinically evi-
dent. However, this does not exclude a high nocturnal diure-
sis. Furthermore, a large majority of children withMNEmight
have high nocturnal diuresis, also not excluding an underlying
overactivity of the bladder at nighttime (Fig. 2) [4].

Nocturnal polyuria is caused by a deficient circadian va-
sopressin regulation. Other renal circadian rhythms might also
be disturbed, such as solute handling [5, 6] and glomerular
filtration rate [7, 8]. Therefore, it is obvious that the vasopres-
sin theory should be interpreted as part of a deficient circadian
rhythm involving different renal and hemodynamic parame-
ters. It is well known that the circadian rhythm is regulated by
central nervous system neurotransmitters.

The second organic characteristic involved in enuresis is
bladder dysfunction. Dysfunctional voiding and overac-
tive bladder (OAB) play a major role in NMNE, but prob-
ably also a subclinical role in a subgroup of patients with
MNE. Bladder dysfunction is mainly related to inappropri-
ate central nervous system control of detrusor and sphinc-
ter, much more frequent than spinal disorders. Bladder dys-
function is therefore primarily related to abnormal central
nervous neurotransmitters.

Although in the past major attention was given to arousal,
recent studies have demonstrated that the associated sleep dis-
order is much more complex. Arousal makes the difference
between enuresis and nocturia, but does not explain the mis-
match between nocturnal diuresis and functional bladder vol-
ume overnight.

Yeung et al. demonstrated, by polysomnography and con-
tinuous cystometry, an interaction between bladder overactiv-
ity and cortical arousability, a ‘bladder–brain dialogue’ [4],
suggesting more than just an arousal problem and introducing
the potential role of neurotransmitters. Cortical arousals were
correlated with bladder contractions. Yeung et al. suggested
that the transition from light sleep to awakening was sup-
pressed by long-term overstimulation by signals from the
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Fig. 1 Illustration of the prevalence rate of monosymptomatic nocturnal
enuresis (MNE) and non-MNE (NMNE) after the standardization paper
in 2006 [3]
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Fig. 2 Simplified illustration of the pathophysiology of nocturnal
enuresis. OAB overactive bladder
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bladder to the brain [4]. The sleep of children with nocturnal
enuresis is not deeper but more fragmented.

Our research group confirmed sleep fragmentation in chil-
dren with refractory nocturnal enuresis by increased cortical
arousals using video-polysomnography [9]. Moreover, the in-
creased cortical arousals were associated with increased peri-
odic limb movements during sleep (PLMS) [9, 10]. The spe-
cific role of PLMS remains unclear.

It is assumed that sleep fragmentation leads to sleep
deprivation in children with nocturnal enuresis, influenc-
ing the endocrine, metabolic, immune, inflammatory, and
cardiovascular regulation. The Aarhus group found a sub-
stantial increase in diuresis, a higher heart rate, and higher
blood pressure with suppressed plasma levels of all
sodium-retaining hormones [11].

Specific neurologic syndromes, like Rett syndrome, have
absent circadian rhythm. Other neuropsychological disorders,
such as ADHD and ASD, have an increased prevalence of
enuresis, increased therapy resistance, and are often character-
ized by a disrupted sleep.

Decades ago, psychological problems were considered to
be the primary cause of incontinence in general and nocturnal
enuresis in specific, but in the past decades it became obvious
that a primary psychological cause, in the absence of diuresis/
bladder volume mismatch, is rather rare. However, the sec-
ondary psychological consequences of enuresis should not be
underestimated. Suffering from nocturnal enuresis has a major
impact on the child and his or her family. This secondary
effect of enuresis is often underestimated.

Important is the association with specific neuropsycholog-
ical problems that might help us to identify potential neuro-
transmitters involved, and potentially target therapy in future.
Von Gontard et al. have been working on ADHD and ASD for
decades, and the ODD paper is an important next step.
Moreover, clinicians should not ignore the several important
comorbidities between (neuro)psychological problems and
nocturnal enuresis [12]. Enuresis often coincidences with neu-
rological and/or motor difficulties. Moreover, between 20 and
30 % of the children with nocturnal enuresis have at least one
psychological/psychiatric disorder, which is twofold the rate
of childrenwithout nocturnal enuresis [12]. ADHD is the most
prevalent and the most investigated comorbid psychological
disorder [13, 14]. Research on other psychological disorders
may be less, but they are of at least equal importance. Recent
literature has demonstrated increased prevalence rates with
ODD [1, 15] and ASD [16, 17].

Conclusions

Clinicians should not deny the several important comor-
bidities between and nocturnal enuresis and neuropsycho-
logical dysfunctions [12], whereas psychologists should

not neglect the evidence of the organic diuresis/bladder
mismatch. Both characteristics are, however, projected
against a complexity of abnormal circadian rhythms, in-
cluding disrupted sleep—much more complex than just a
deficient arousal. Therefore, both research groups should
include parameters on nocturnal diuresis, bladder charac-
teristics, arousal/sleep, and the major comorbidities of con-
stipation and psychological functioning in their screening,
based on the ICCS guidelines.

Integrating these three pathogenetic mechanisms makes a
theory on common central pathway/neurotransmitters in the
pathogenesis very tempting. The specific role of the central
nervous system remains unclear, but several pathways are
possible. The neurotransmitter dopamine is likely to play a
major role, not only in enuresis but also in sleep and psychol-
ogy. Functional magnetic resonance imaging might be a
promising technique in the future to unravel the complex path-
ophysiology of nocturnal enuresis.

Recent literature has demonstrated that treatment of en-
uresis is not only associated with improvement of the en-
uresis symptoms but also with an amelioration of sleep and
neuropsychological functioning [2], emphasizing the reci-
procity of several pathophysiological mechanisms of en-
uresis. Therefore, a multidisciplinary focus in screening
and treatment in children with nocturnal enuresis is
advised.
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