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Summary

Background
Nocturnal enuresis is defined as bed-wetting in
children from the age of five years that occurs during
sleep; if untreated, the condition can result in social
and psychological problems both for the children
and their parents. Nocturnal enuresis is a compli-
cated disease that includes multiple pathogenetic
factors. Nocturnal enuresis is divided into two sub-
groups: monosymptomatic and non-mono-
symptomatic. The role of some biomarkers in
patients with monosymptomatic enuresis has been
reported in a small number of the studies.

Objective
The aim of this research was to evaluate the serum
levels of copeptin and corticotropin-releasing factor
(CRF) in monosymptomatic and non-mono-
symptomatic nocturnal enuresis cases. Although
these markers were previously examined in children
with monosymptomatic enuresis, there is no study
that has evaluated these markers in non-mono-
symptomatic children.

Study design
One hundred nineteen children with nocturnal
enuresis (5e16 years) and forty healthy children
(5e17 years) were enrolled to the study. Of the
nocturnal enuresis group, forty-nine were mono-
symptomatic and seventy were non-mono-
symptomatic. Copeptin and CRF were measured by a
competitive inhibition method with enzyme-linked
immunosorbent assay.

Results
The serum copeptin levels were significantly lower
in children with monosymptomatic and non-
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monosymptomatic nocturnal enuresis than in the
controls.(median, 34.7 [interquartile range (IQR):
34 pg/ml], 39.8 [IQR: 29 pg/ml] vs 52.1 [IQR: 14 pg/
ml], respectively, P < 0.05). The serum CRF levels
were significantly lower in children with mono-
symptomatic and non-monosymptomatic nocturnal
enuresis than in the controls (median, 35.1 [IQR:
19 pg/ml], 34.05 [IQR: 24 pg/ml] vs 78.3 [IQR: 39 pg/
ml], respectively, P < 0.05). There was no significant
difference in copeptin and CRF levels between the
children with monosymptomatic and non-mono-
symptomatic nocturnal enuresis.

Discussion
Copeptin is presumed to be a sensitive surrogate
biomarker for arginine vasopressin release. To date,
there are only two studies in the literature that
assess the relationship between copeptin and mon-
osymptomatic enuresis. The only study in the liter-
ature demonstrated significantly decreased levels of
CRF in monosymptomatic enuretic children. It was
demonstrated that the levels of copeptin and CRF
differ in both children with monosymptomatic and
non-monosymptomatic nocturnal enuresis from the
control groups. It was also demonstrated that
copeptin and CRF levels were not different between
the children in monosymptomatic and non-mono-
symptomatic groups.

Conclusion
Those changes in both copeptin and CRF which were
shown in this study in monosymptomatic and non-
monosymptomatic enuretic children may contribute
to the pathogenesis of nocturnal enuresis. Further
caseecontrol studies can evaluate the copeptin and
CRF levels before treatments in monosymptomatic
and non-monosymptomatic patients to decide po-
tential effectiveness of treatment.
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Summary Fig Copeptin and CRF levels (according to median values) in children with nocturnal enuresis and those in the control
groups. CRF, corticotropin-releasing factor. Circle and "*" in summary figure are outlier.
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Introduction

According to the International Children’s Continence Soci-
ety (ICCS), nocturnal enuresis is defined as bed-wetting
that occurs during sleep among children from the age of
five years. Such a condition can cause social and psycho-
logical problems, for the child and the parents, if it is left
untreated [1]. The ICCS classifies nocturnal enuresis as
monosymptomatic or non-monosymptomatic. Mono-
symptomatic nocturnal enuresis (MNE) has no symptoms
other than bed-wetting at night during sleep. Non-mono-
symptomatic enuresis is associated with daytime wetting
and daytime symptoms that include urgency, leakage, fre-
quency, and hesitancy. The prevalence of nocturnal
enuresis in children between the age of 5 and 15 years was
reported to be 10e15% in recent studies [2e4].

Nocturnal enuresis is a complicated disease including
multiple pathogenetic factors. The importance of two
neurohormones and biomarkers in patients with mono-
symptomatic enuresis has been reported in a small number
of studies [5e7]. The relationship between arginine vaso-
pressin (AVP) as a neurohormone and nocturnal enuresis is
well known. Arginine vasopressin is unstable, so deter-
mining plasma AVP concentrations is not reliable with many
laboratory assays [8]. In addition, some current observa-
tions have revealed the importance of two neurohormones
in MNE. One of them, copeptin, is a 39eamino acid glyco-
peptide and a precursor of AVP. Copeptin is also a stable
and sensitive marker of AVP release [5e7]. There are only
two studies in the literature that have assessed the rela-
tionship between copeptin and enuresis [5,7]. Cortico-
tropin-releasing factor (CRF) is another novel marker, and
the relationship between enuresis and CRF has been
demonstrated in a single human study [6]. The role of CRF
in micturition has been demonstrated in a few animal
studies in the literature [9,10]. Corticotropin-releasing
factor has been shown to play an important role in coor-
dinating micturition and arousal [6].

The aim of this research was to evaluate the serum
levels of copeptin and CRF in monosymptomatic and non-
monosymptomatic nocturnal enuresis cases. Although
these markers were previously examined in children with
monosymptomatic enuresis, there is no study that has
evaluated these markers in non-monosymptomatic
children.

Materials and methods

Patients were selected prospectively between December
2017 and December 2018 and cross-sectionally among
patients with nocturnal enuresis who met the study
criteria. One hundred nineteen children with nocturnal
enuresis and forty healthy children were enrolled into
the study. The nocturnal enuresis group was divided
into two subgroups: monosymptomatic and non-mono-
symptomatic nocturnal enuresis. Children with no
symptoms other than bed-wetting at night during sleep
were taken into the MNE group. The children with
daytime wetting and daytime symptoms that include
urgency, leakage, frequency, and hesitancy were taken
into the non-monosymptomatic nocturnal enuresis
group. A bladder diary was used for all patients before
classifying. Amount of water drunk (ml) and time,
amount of urine, time taken to wet the underwear, and
urgency were recorded during daytime.

Primary enuresis is described as mentioned previously
in a child who was never ‘dry’ for longer than six
consecutive months. Secondary enuresis exists when the
child with bed-wetting was previously dry for more than
six consecutive months. The patients’ past medical
history, in terms of using desmopressin and/or anti-
cholinergic treatment or having urinary tract infections,
within the last six months were questioned. None of
them have used any medical treatment such as des-
mopressin and anticholinergic treatment in the last six
months.

Physical examination, urine analysis, fasting blood
glucose and electrolyte levels, and renal function tests
(urea and creatinine; the glomerular filtration rates
were calculated using the Schwartz formula) were
evaluated in all patients and the controls. The physical
and neurologic examinations of all children were
normal. Ultrasonographic evaluation was performed in
all study groups. Children with secondary nocturnal
enuresis, systemic disease, and abnormal neurologic
examination findings were excluded from the study. The



Fig. 1 Copeptin and CRF levels (according to median values) in children with nocturnal enuresis and those in the control groups.
CRF, corticotropin-releasing factor. Circle and "*" in figure artwork 1 are outlier.
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patients and controls who had abnormal urine and blood
analysis and abnormal findings in urinary ultrasonogra-
phy were excluded.

Biochemical analyses

From each volunteer, 5 ml of blood specimens were drawn
from antecubital veins at 8 AM. After 30 min, all samples
were centrifuged. Serum specimens were aliquoted to
Eppendorf tubes and stored at e80 �C until the analysis.

Copeptin was measured by a competitive inhibition
method with enzyme-linked immunosorbent assay (ELISA)
for antigen detection by using a USCN (Wuhan USCN Busi-
ness Co., Ltd., USA) kit. The USCN kit is a commercial ELISA
kit. This assay has a lower detection limit of 24.69 pg/L,
with intra-assay coefficient of variation (CV) < 10% and
interassay CV<12%. All samples were assayed as a batch
and analyzed in one run (24.69e2,000 pg/mL linearity).

Corticotropin-releasing factor was measured by a
competitive inhibition method with ELISA by using a USCN
(Wuhan USCN Business Co., Ltd., USA) kit. This assay has a
lower detection limit of 12.35 pg/L; with intra-assay CV<
Table 1 Descriptive data and comparison between patien
monosymptomatic) and controls.

Variables Patients with
nocturnal
enuresis (n: 119)

Monosymptomatic
(n: 49)

Age (years) 8.5 � 2 8.9 � 2
Median 8 (5e16) 9 (5e15)
Sex (m/f) 40/79 22/27
Copeptin levels

Mean � SD 40.2 � 20 41.4 � 21
Median (IQR) 38.8 (29) 34.7 (34)
CRF levels

Mean � SD 37.5 � 17 38.1 � 17
Median (IQR) 34.8 (22) 35.1 (19)

SD, standard deviation; IQR, interquartile range; CRF, corticotropin-r
a Patients with nocturnal enuresis and controls.
10% and interassay CV<12%. All samples were assayed as a
batch and analyzed in one run (12.35e1.000 pg/mL
linearity).
Statistical methods

Continuous variables were expressed as mean � standard
deviation, median, and interquartile range (IQR), and
categorical variables, as numbers and percentages.
ShapiroeWilk tests were used for testing normality. If
parametric test conditions were satisfied, independent-
samples t-test was used for comparisons among groups. If
parametric test conditions were not satisfied, the Man-
neWhitney U Test was used for comparisons among
groups. The differences between categorical variables
were examined using Chi-squared analysis. Analysis of
covariance (ANCOVA) was performed according to age,
and the comparisons between groups were repeated. All
statistical analyses were analysed using SPSS 24.0, and a P
value less than 0.05 was considered statistically
significant.
ts with nocturnal enuresis (monosymptomatic and non-

Non-monosymptomatic
(n: 70)

Controls
(n: 40)

Pa

8.2 � 2 11.4 � 3 0.001
8 (5e16) 11.5 (5e17)
18/52 16/24 0.075

39.3 � 20 51.01 � 11.0 0.001
39.8 (29) 52.15 (14) 0.02

37.1 � 18 87.7 � 59 0.001
34.05 (24) 78.3 (39) 0.000

eleasing factor.
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Results

The study group consisted of 119 children with nocturnal
enuresis (median age; 8 [5e16] years, 79 girls and 40 boys).
Forty-nine of them were monosymptomatic, and seventy
were non-monosymptomatic. The control group composed
of 40 healthy children. The number of excluded patients
due to secondary nocturnal enuresis, systemic disease, and
abnormal neurologic examination findings was 40. The
descriptive patient and control group data are presented in
Table 1.

The copeptin levels were significantly lower in the
nocturnal enuresis group than in the control group (median,
38.8 [IQR: 29 pg/ml] vs 52.1 [IQR: 14 pg/ml], P Z 0.02;
Table 1 and Fig. 1). Moreover, the copeptin levels were
significantly lower in both monosymptomatic and non-
monosymptomatic types of nocturnal enuresis than in the
control groups (PZ 0.008 and 0.001, respectively; Table 1).
There was no significant difference in the copeptin levels
between monosymptomatic and non-monosymptomatic
enuresis (P Z 0.7; Table 1).

The CRF levels were significantly lower in the nocturnal
enuresis group than in the control group (median, 34.8
[IQR: 22 pg/ml] vs 78.3 [IQR: 39 pg/ml], P Z 0.000; Fig. 1).
The CRF levels were significantly lower in both mono-
symptomatic and non-monosymptomatic types of nocturnal
enuresis than in the control groups (P Z 0.001 and 0.001,
respectively; Table 1). No significant differences were
found in the levels of CRF between the monosymptomatic
and non-monosymptomatic nocturnal enuresis cases
(P Z 0.6; Table 1).

Because there was statistical difference between groups
according to the age, ANCOVA was performed. When the
comparisons between groups were repeated using ANCOVA,
copeptin and CRF levels were lower in children with nocturnal
enuresis in comparison with those in the control groups.

Discussion

Nocturnal enuresis is a complicated disease that includes
multiple pathogenetic factors [11]. Nocturnal polyuria that
is attributed to AVP deficiency is the most common reason
why monosymptomatic enuresis occurs, whereas a lower
age-related bladder capacity and an associated overactive
bladder are the common cause of non-monosymptomatic
enuresis [11,12]. To be successful in the treatment of
nocturnal enuresis, differentiation of monosymptomatic
and non-monosymptomatic nocturnal enuresis and an un-
derstanding of pathogenesis are necessary. This study
showed that the serum levels of copeptin and CRF were
significantly lower in children with monosymptomatic and
non-monosymptomatic nocturnal enuresis in comparison
with those in the control groups.

Arginine vasopressin is produced in the hypothalamus;
nocturnal AVP deficiency is a major cause of mono-
symptomatic enuresis. It contributes to the regulation of
osmotic and cardiovascular homeostasis in the human body.
As AVP is an unstable molecule, the measurement in serum
is very difficult to achieve. Arginine vasopressin can also
largely bind to platelets and is rapidly cleared [5]. How-
ever, copeptin, a 39eamino acid glycopeptide, is an AVP
precursor (CT-proAVP) and is more stable [5]. It directly
reflects AVP concentration in serum via a situation that is
similar to that of C-peptide and insulin [8]. Therefore,
copeptin is presumed to be a sensitive surrogate biomarker
for AVP release [8]. Copeptin as a biomarker is also used for
the diagnosis and prognosis of some diseases, such as dia-
betes insipidus, autosomal dominant polycystic kidney dis-
ease, hyponatremia, and vasodilatory shock [13]. To date,
there are only two studies in the literature that assess the
relationship between copeptin and enuresis [5,7]. A study
indicated the presence of decreased levels of copeptin in
children with nocturnal enuresis, but the AVP levels were
the same in children with nocturnal enuresis and healthy
children [5]. In addition, the research suggested that
copeptin decreases with the increasing severity of the
disease. Another study demonstrated that the day/night
ratio of plasma copeptin before treatment is predictive of
desmopressin response [7]. In this study, decreased levels
of copeptin in children with monosymptomatic and non-
monosymptomatic nocturnal enuresis in comparison with
those in the control group were found.

Corticotropin-releasing factor is a neurohormone that is
released from the Barrington’s nucleus neurons in the hy-
pothalamus. These neurons can regulate the para-
sympathetic tone of the bladder [6]. Corticotropin-
releasing factor is known to play a role in the overactive
bladder [14]. The only study in the literature demonstrated
significantly decreased levels of CRF in monosymptomatic
enuretic children. In this study, CRF levels were measured
between morning and evening in children with nocturnal
enuresis. No significant difference was found between
morning and evening levels [6]. The results of animal
studies show that the role of CRF in micturition regulation is
conflicted. An animal study in the literature demonstrated
that intrathecal application of CRF in rats was found to
decrease bladder contractions [9]. Other animal studies
suggested that administration of CRF in rats was found to
induce bladder overactivity and facilitate micturition [10].
This study revealed decreased levels of CRF in children with
monosymptomatic and non-monosymptomatic nocturnal
enuresis in comparison with those in the control group.

The findings and treatment of monosymptomatic and
non-monosymptomatic nocturnal enuresis are different.
Although desmopressin acetate and alarm systems are the
mainstays of treatment in monosymptomatic enuresis,
anticholinergic drugs and urotherapy are main treatments
in non-monosymptomatic enuresis [12]. Although desmo-
pressin has been a standard treatment for MNE, 20e60% of
children within that group are still desmopressin resistant
[15]. In the studies that assessed low functional bladder
capacity, it appeared that the intrinsic renal circadian
clock system seems to play a role in resistance to desmo-
pressin treatment [3,16]. The treatment of this condition
includes desmopressin acetate with an alarm system and an
anticholinergic treatment combination. Nowadays, the
search for prognostic factors is continuing for patients with
desmopressin resistance. In addition, diagnostic and prog-
nostic markers are needed for treatment and to differen-
tiate between monosymptomatic and non-
monosymptomatic nocturnal enuresis. The aim of this study
was to determine whether copeptin and CRF are predictive
factors that differentiate between monosymptomatic and
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non-monosymptomatic nocturnal enuresis. It was shown
that copeptin and CRF indicate the pathogenesis of both
monosymptomatic and non-monosymptomatic nocturnal
enuresis. It was also demonstrated that copeptin and CRF
levels were not different between the monosymptomatic
and non-monosymptomatic groups.

This study has some limitations. There was statistical
difference between groups according to the age and the
prevalence; nocturnal enuresis was higher in girls than in
boys, but this difference was not statistically significant.
More boys have nocturnal enuresis than girls, although
this difference tends to diminish after the age of 10
years. In this study, the female/male ratio was contrary
to the expected. The patients were selected prospec-
tively and cross-sectionally among patients with
nocturnal enuresis who met the study criteria. The con-
trol group has been selected cross-sectionally from non-
enuretic children who are older than five years. Gender
distinction was not specifically made. Actually, the au-
thors did not think that the P value of CRF and copeptin
could be due to age, gender, and pubertal status because,
in both groups, there were prepubertal and pubertal
children. The control group consists of children aged
5e17 years, whereas the nocturnal enuretic group con-
sists of patients aged 5e16 years. When ANCOVA was
performed according to age and the comparisons between
groups were repeated (eliminating the effect of age),
copeptin and CRF levels were lower in children with
nocturnal enuresis in comparison with those in the control
groups. In addition, no correlation has been determined
between CRF and copeptin with age, according to the
statistical study.

The second limitation was that the circadian rhythm
for copeptin and CRF levels was not considered, and
evaluation of these biomarkers was performed in a single
sample. Third, the fluid intake of patients with nocturnal
enuresis and control groups was not recorded. Arginine
vasopressin levels were not measured at the same time
with copeptin.
Conclusion

In conclusion, the neurohormones and biomarkers that
were previously studied in MNE were researched in mono-
symptomatic and non-monosymptomatic nocturnal enuresis
in this study. To the authors’ knowledge, there are no
studies concerning CRF and copeptin in non-mono-
symptomatic enuresis. Those changes in both copeptin and
CRF that was shown in this study in monosymptomatic and
non-monosymptomatic enuretic children may contribute to
the pathogenesis of nocturnal enuresis. The authors think
further caseecontrol studies can evaluate the copeptin and
CRF levels before treatments in monosymptomatic and non-
monosymptomatic ones to decide potential effectivity of
treatment. A study in the literature demonstrated that the
day/night ratio of plasma copeptin before treatment is
predictive of desmopressin response. Additional case
studies are needed to determine whether copeptin and CRF
can show desmopressin resistance.
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