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Abstract

Nocturnal enuresis, or bed wetting, is the involuntary urination during sleep. One of its causes is difficulty awakening during
sleep, suggesting a relationship between Nocturnal enuresis (NE) and sleep. However, no studies have yet clarified the rela-
tionship between NE and sleep, and the effects of sleep structure in NE children are not yet known. Assuming that changes
in sleep structure are related to NE, there would be a difference in sleep structure between days with and without NE. We
measured the sleep electroencephalograms of 27 at home patients aged 6—16 years, evaluated the differences between days
with and without NE, and examined the NE-associated sleep characteristics associated. The evaluation items were total sleep
time, sleep efficiency, the ratio of rapid eye movement (REM) to non-REM sleep, REM sleep latency, and non-REM sleep
latency. Factors influencing NE were examined by logistic regression analysis, with NE presence/absence as the dependent
variable and each evaluation item as the independent variable. Given that 2—6 measurements were made for each patient,
Generalized Estimating Equations was used in the analysis. NE positively correlated with prolonged REM sleep latency,
but no significant differences were found in other sleep structures. A positive correlation exists between NE and prolonged
REM sleep latency. Changes in sleep structure in the early stages of sleep may lead to increased nocturnal urine volume and

increased NE frequency.
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Introduction

Nocturnal enuresis (NE), or commonly known as bed
wetting, refers to the involuntary urination during sleep.
According to the International Children’s Continence Soci-
ety (ICCS), it is a “symptom of incontinence, at least once
a month, lasting at least 3 months, at age 5 years or older”
[1]. The male-to-female ratio is 1.5:1; thus, it occurs more
frequently in boys than in girls, with an overall prevalence
of 10-15% in children [2]. In particular, the prevalence is
5-10% and 3% in children aged 7 and 10 years, respectively,
and 0.5-1.0% in adults [3]. Approximately 15% of patients
with NE recover spontaneously each year [2, 3]. NE has two
types: monosymptomatic NE (MNE) without lower urinary
tract symptoms (LUTS) and non-monosymptomatic NE
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(NMNE) with LUTS. MNE is caused by excessive nocturnal
urine production, decreased bladder capacity, and inability to
awaken from sleep [4]. The ICCS has established criteria for
nocturnal polyuria and decreased bladder capacity [1]. Vari-
ous studies have reported the correlation between nocturnal
bladder capacity and NE, including its frequency, severity
[5], and response to treatment [6]. However, the relationship
of NE with sleep remains insufficiently understood.

The relationship between NE and sleep has been studied
using various methods. For example, questionnaires [7],
actigraphy [8, 9] to detect body movements, PSG [10-12]
to evaluate sleep based on electroencephalogram (EEG),
respiration, and muscle movements.

Currently, no study has clarified the relationship between
sleep and nocturia. Although the timing of nocturia during
sleep has been extensively studied, no clear rule of thumb
has been established [13].

For example, regarding nocturia and arousal from sleep,
children with NE have been hypothesized to less likely be
aroused by loud noises during sleep than normal children
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[7]; however, a study evaluating the EEG of children with
NE by PSG revealed that cortical arousal was more common
in them than in normal children [10]. Some studies reported
that the frequency of cortical arousal increases when the
urge to urinate is transmitted from the bladder to the brain
during the night [11], while others considered the possibility
that cortical arousal frequency may be a trigger for NE [9].

Other studies have examined various factors, such as
hemodynamics, hormone secretion, and sleep apnea, but the
role of sleep in NE etiology remains unclear [13].

The frequency of NE varies among individuals, and each
patient may have NE on some days and NE on other days.
Sleep also changes from day to day, influenced by daytime
activities and the sleep environment, and changes in sleep
may highly likely influence the presence or absence of NE.

Therefore, this study aimed to analyze the sleep structure
of NE using EEG to evaluate the influence of daily sleep
structure (sleep structure and sleep onset latency) on the
presence or absence of NE.

Materials and methods
Participants

We enrolled patients with NE aged 5 years or older who
attended Showa University Fujigaoka Hospital (Kanagawa,
Japan) between November 2017 and February 2021. We
proposed to evaluate the quality of sleep using EEG and
explained the study objectives to the patients and their
guardians by written and verbal communication. Those who
gave consent to participate in the study using EEG were
included.

Patient background was obtained from the medical
records, but the details of NE treatment at the time of meas-
urement were not asked.

Design

This single-center, case—control study retrospectively
reviewed the medical records of patients who gave consent,
and the measurement data retained by the hospital.
Materials

The following data were collected for all patients.

Sleep diary

Patients were instructed to write in a sleep diary the time of
going to bed, the time of waking up, the presence or absence

of NE, and time of NE, if possible (which is equal to the
time of alarm activation for patients on alarm therapy). For
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those who could not keep a sleep diary because of age, we
instructed their parents to write the diary on their behalf. For
those whose parents recognized NE by alarm activation, the
time of NE occurrence was noted in the diary.

Sleep scope analysis

Polysomnography (PSG) is the gold standard in the conven-
tional sleep research. However, it has generated some prob-
lems, including the need to wear numerous sensors, such
as EEG and EMG; the need to perform the procedure in a
special laboratory, and the possibility that the timing of the
test may not capture sleep-related events [14].

Sleep EEG in children with NE was measured using a sin-
gle-channel portable electroencephalograph (Sleep Scope;
SleepWell Co., Osaka, Japan). Sleep Scope has two small
electrodes: one placed on the center of the forehead and
the other behind one ear. This device is very easy to apply
and can be worn at home by the patient or a family mem-
ber. Therefore, it has the advantages of allowing multiple
measurements without any burden on the patient and not
requiring a special laboratory.

In addition, the small number of items worn is expected
to minimize the effect on sleep. Sleep has a characteristic
called the first night effect (FNE), which is often called into
question in studies using PSG [14]. FNE is considered as
an alteration in sleep structure observed before the patient
adapts to sleep in the laboratory, which is different from the
usual sleep environment; thus, it is a problem in assessing
the physiological sleep of patients. Sleep Scope home-EEG
measurements may be freer from FNE than the conventional
PSG.

The accuracy of Sleep Scope’s sleep EEG measurement
has been reported to be consistent with that of PSG [14], and
comparison with the existing studies is also possible. These
characteristics suggest that Sleep Scope is suitable for com-
paring sleep structure in NE children, because it is easier to
perform and has less influence on the patients.

EEG data were classified into five sleep stages: wake,
non-REM stage 1 (N1), non-rapid eye movement (REM)
stage 2 (N2), non-REM stage 3 (N3), and REM. Using these
data, we examined the following: total sleep time (TST);
wake time after sleep onset (WASO); sleep efficiency; the
percentage of N1, N2, N3, and REM sleep; sleep latency;
REM sleep latency; non-REM sleep latency; sleep cycle
(average and 1st), and Delta power. These factors increase
in the non-REM period and are associated with sleep quality
[15]. Furthermore, we examined the following PSG vari-
ables: TST, WASO, sleep efficiency, REM sleep latency, and
the percentage of N1, N2, N3, and REM sleep. We calcu-
lated sleep efficiency by dividing the amount of TST by the
total amount of time in bed. The time from the lights-off to
the first epoch of any sleep stage defined the sleep latency.
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The REM sleep latency and non-REM sleep latency were
the time duration a person reaches the first REM sleep and
the N3 stage from sleep onset, respectively. Sleep efficiency,
which is a measure of sleep quality, is the percentage of time
that non-WASO occupies in the TST.

Sleepscopes were loaned out for at least 1 week. Electro-
encephalographs were analyzed for 1-6 times/person. Data
were analyzed on days when no problems (e.g., electrode
dislodging) occurred. Additionally, to reduce the influence
of electrode placement, days with longer duration from the
start of placement were selected. Whenever possible, both
NE and non-NE days were selected for analysis for a single
patient.

Statistical analysis

In this study, the Sleep Scope was analyzed 1-6 times for
each patient. Therefore, the sample included several meas-
urements obtained from the same patient, and not all sam-
ples were independent. Therefore, we used Generalized
Estimating Equations (GEE), which is suitable for analyz-
ing repeated measurements or other correlated observa-
tions, such as clustered data. Dependent variables included
the NE days and non-NE days, whereas independent vari-
ables included the TST, WASO (%), REM (%), N1 (%), N2
(%), N3 (%), sleep latency, REM sleep latency, REM sleep
latency, and non-REM sleep latency.

Statistical data were analyzed using IBM SPSS Statistics
version 28.0 (IBM, Armonk, NY). In addition, a p value of
less than 0.05 was considered statistically significant.

Results
Patients

A total of 30 NE patients consented to participate in the
experiment. Among those who took measurements, one

dropped out due to the inability to adequately wear the
device, whereas two dropped out due to the inability to
keep a sleep diary. Finally, measurement data from 27
patients was collected. The median age of the 27 patients
was 9 years (range: 6—16 years). Among them, 16 were
boys (59.3%). Seven patients had NMNE, and two among
them had improved LUTS during the measurement. Three
children were also taking ramelteon prescribed by a doctor
from other hospital. The current study randomly divided
the patients into groups and made comparisons without
considering whether the patients had NMNE or MNE or
what treatment was provided for NE and other diseases. A
total of 74 measurements were taken, 37 (50.0%) of which
were taken on the day the NE occurred.

Sleep parameters and NE

Table 1 shows the results of the analysis for each item.
Table 2 presents the results of the analysis using GEE
based on the obtained results.

As mentioned, logistic regression analysis was used in
evaluating the parameters used in this study. TST, with
60 min as one unit, obtained an odds ratio of 1.464 (95%
confidence interval [CI] 0.963-2.226), indicating no statis-
tical significance. Likewise, the parameters REM (%), N1
(%), N2 (%), N3 (%), and WASO (%), each with 1% as one
unit, did not obtain statistically significant results. Sleep
efficiency, with 1% as one unit, had also not achieved a sta-
tistically significant result. For sleep latency and non-REM
sleep latency, 10 min was considered as one unit; however,
both did not obtain statistically significant results. Only
REM sleep latency, for which 10 min was considered as
one unit, had a statistically significant result, with an odds
ratio of ratio of 1.15 (95% CI 1.006-1.250), indicating a
positive correlation with NE frequency.

Table 1 Sleep parameters

Total (N = 74)

NE (N = 37)

Non-NE (N = 37)

Total sleep time

REM (%)

N1 (%)

N2 (%)

N3 (%)

Wake after sleep onset (%)
Sleep efficiency (%)

Sleep latency (min)

REM sleep latency (min)
Non-REM sleep latency(min)

491.25 (449.4-528.5)

21.7 (18.3-24.6)
12.0 (9.3-15.3)
36.1 (31.2-40.7)
24.2 (21.1-27.3)
4.9 (3.6-7.4)

91.3 (87.7-93.5)
13.5 (7.5-27.0)
129.0 (80.5-158.0)
8.8 (6.4-11.5)

513.5 (454.8-532.8)

21.3 (17.8-23.4)
12.0 (8.8-15.8)
36.1 (30.9-40.9)
24.3 (22.4-27.3)
5.1 (3.9-8.8)
90.8 (87.0-93.4)
13.0 (9.3-25.3)
139 (93.3-168.8)
8.0 (6.3-11.3)

479 (442.3-512.3)
21.9 (18.5-25.1)
12.2 (9.2-15.0)
36.1 (31.2-40.7)
23.3 (20.4-27.6)
4.5 (3.5-6.4)

91.4 (87.6-94.1)
15.0 (3.0-30.3)
100 (76.5-149.3)
9.0 (6.0-12.3)

Data are presented as median (interquartile range)
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Table 2 Relationship between

Odds ratio 95% Confidence interval p value
each sleep parameter and
nocturnal enuresis Total sleep time (60 min) 1.464 0.963-2.226 0.074
REM (%) 0.928 0.840-1.026 0.143
N1 (%) 1.002 0.912-1.102 0.965
N2 (%) 1.021 0.973-1.071 0.403
N3 (%) 1.005 0.907-1.114 0.919
Wake after sleep onset (%) 1.151 0.976-1.357 0.095
Sleep efficiency (%) 0.997 0.937-1.062 0.937
Sleep latency (10 min) 1.008 0.780-1.304 0.949
REM sleep latency (10 min) 1.121 1.006-1.250 0.039*
Non-REM sleep latency (10 min) 0.790 0.271-2.302 0.665

*p < 0.05

Time of NE

Among the measurements taken on days when nocturia was
present, the time of occurrence was known on 18 occasions.
NE occurred between sleep onset and first REM sleep on 3
occasions, whereas NE occurred after first REM sleep on
15 occasions (between the first and second on 3 occasions,
between the second and third on 5 occasions, between the
third and fourth on 3 occasions, between the fourth and fifth
on 2 occasions, and after the fifth on 2 occasions).

Discussion

First of all, we discuss the impact of NE on REM sleep
latency. No previous studies have investigated the effects
of discomfort on REM sleep latency. NE is generally fol-
lowed by discomfort given that clothing gets wet. Hence,
discomfort cannot have an effect on sleep depth or make
it shallower. According to the previous reports [16], EEG
similar to the transition from sleep to wakefulness has been
detected before NE. In other words, nocturia may have the
effect of making sleep more difficult.

The present study showed a positive correlation between
REM sleep latency and the frequency of NE. REM sleep
latency may have been affected by nocturia in at least 3 of
37 measurements on days when NE were present However,
if the REM sleep latency of NE children is affected by bed
wetting, we can infer that it becomes shorter. Therefore, the
positive correlation between REM sleep latency and NE
obtained in this study does not indicate that sleep quality
was altered by NE but rather that it is a characteristic of
sleep in children with NE.

However, the factors causing changes in REM sleep
latency and the way on how changes in REM sleep latency
affect the human body remain unclear. Therefore, we com-
pared this phenomenon with other phenomena that showed
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similar changes and analyzed them from a common point
of view.

Several studies have reported changes in REM sleep
latency. These reports include the REM phase of sleep onset
in narcolepsy [17] and shortening of REM sleep latency as a
marker of early illness in patients with depression. Examples
of prolongation of REM sleep latency include the FNE [18],
restorative sleep after sleep deprivation [19], and daily caf-
feine intake [20].

In particular, FNE is caused by multiple factors, including
discomfort caused by electrodes and discomfort with being
observed [21]. Anxiety and stress may also be regarded as
factors [18, 21], considering that anxious feelings may cause
sleep changes such as prolonged REM sleep latency, as seen
in FNE.

Similarly, negative psychological factors, such as anxiety
and stress, may affect REM sleep latency.

A search of previous reports on the relationship between
anxiety and nocturia revealed a US report that children with
LUTS, including urinary urgency, daytime urinary incon-
tinence, and NE, have higher rates of adverse childhood
experiences, such as abuse and frequent mobility [22]. In
Iran, the prevalence of generalized anxiety disorder is higher
in patients with monosymptomatic nocturia than in normal
children [23]. A meta-analysis reported that stress and anxi-
ety, including parental separation, are associated with NE
recurrence [24], suggesting an association between psycho-
logical instability and nocturia. In Italy, children hospital-
ized for surgery manifested nocturia [25], and in Turkey,
some refugees from conflict areas reported developing NE
[26]. Therefore, negative emotions such as anxiety are one
of the triggers. Anxiety is also a common cause of phenom-
ena that prolong REM sleep latency, such as NE and FNE.
Hence, we hypothesized that anxiety may cause prolonged
REM sleep duration, leading to NE (Fig. 1).

However, the mechanism by which anxiety causes noc-
turnal enuresis is not clear. Several previous studies investi-
gated the correlation between nocturia volume and REM and
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non-REM sleep. One report revealed that plasma renin activ-
ity (PRA) increases during non-REM sleep and decreases
during the REM sleep phase [27]. This feature has also been
associated with sleep disorders caused by diseases, such as
narcolepsy, and changes in sleep quality. In addition, the
amount of plasma renin secretion may change in response
to changes in sleep. Among the data collected in this study,
only the non-NE day data showed a significant negative cor-
relation between prolonged REM sleep latency and REM
sleep (%). Although the NE day changes the sleep structure
after enuresis, the detailed causal relationship remains vague
in this study. However, prolonged REM sleep latency pos-
sibly decreased REM (%) and increased PRA, resulting in
increased nocturnal urinary output and NE.

This study has limitations that need to be addressed.
First, while the existing studies have used PSG and acti-
graph for measurements, our study used Sleep Scope.
Given that the accuracy of PSG, actigraph, and Sleep
Scope had already been reported [14], considering this
influence when comparing the parameters is unnecessary.
Second, Sleep Scope was measured at each patient’s home;
thus, conditions, such as the time of falling asleep, room
brightness, and room temperature, were not standardized.
Uniformity of conditions is an important consideration
when comparing sleep quality. However, this study rather
intended to avoid the limitations of the previous day’s
bedtime and confounding factors (e.g., naps, light expo-
sure, and daytime stress) and to measure regularly at night,
when unfamiliar factors are generally few. Third, this study
considered anxiety and REM sleep latency and the pres-
ence of NE; however, it did not assess “real” patients’
anxiety on the day of measurement. Therefore, we cannot
confirm whether anxiety actually affects sleep. Fourth, the
insight into whether REM sleep latency changes before
and after treatment for NE was not fully investigated. We

First night

effect

had also not examined the correlation between changes
in REM sleep latency and nocturnal urine volume or the
secretion of hormones such as renin.

Conclusion

The frequency of NE has a positive correlation with pro-
longed REM sleep latency. Prolongation of REM sleep
latency is caused not only by NE but also by FNE, which
share the same background of anxiety. Future studies
should clarify the relationship of anxiety and REM sleep
latency with NE frequency.
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