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Abstract

Objective: We explored the relationship between enuresis and obstructive sleep apnea—
hypopnea syndrome (OSAHS) in children and influencing factors of enuresis with OSAHS.
Methods: We recruited 196 children >5 years old from the otolaryngology outpatient depart-
ment, who experienced snoring and underwent nasopharynx lateral radiography and
in-laboratory polysomnography. We analyzed correlations between the apnea—hypopnea index
(AHI) and lowest oxygen saturation (L-SaO2) with age, body mass index (BMI), tonsil size, and
adenoidal-nasopharyngeal (A/N) ratio using the Pearson correlation test. Differences in severe
OSAHS prevalence, age, AHI, L-SaO2, tonsil size, and A/N ratio between children with and
without enuresis were assessed using the chi-square test and t-test. Risk factors of enuresis
were analyzed using logistic regression. Follow-up was conducted to assess remission in children
with enuresis after adenotonsillectomy.

Results: BMI, tonsil size, and A/N ratio were correlated with AHI and L-SaO2. Severe OSAHS
prevalence, AHI, tonsil size, and A/N ratio were higher and L-SaO2 were lower in children with
enuresis. Logistic regression showed that BMI, AHI, tonsil size, and sleep apnea were risk factors
for enuresis.

Conclusions: Our study findings showed that enuresis was associated with OSAHS in children.
Adenotonsillectomy may improve the symptoms of enuresis.
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Introduction

Sleep is an essential part of human life. In
childhood, good quality sleep accelerates
the healthy development of various systems,

especially the central nervous system.
Therefore, sleep quality is important
for children’s healthy development.

Obstructive sleep apnea—hypopnea syn-
drome (OSAHS) accounts for about one-
quarter of diseases encountered among
pediatric otolaryngology (ENT) outpa-
tients, with an incidence of 1% to 3%.!
However, according to our experience in
daily outpatient care, many children with
OSAHS have nocturnal enuresis, including
older children. However, the correlation
between enuresis and OSAHS in children
remains unclear.

At present, studies have shown that
approximately 10% to 40% of children
with OSAHS have enuresis at the same
time.>® Some scholars also believe that
enuresis is a manifestation of OSAHS in
children. * Alexopoulos et al.*showed that
people who snore regularly have a higher
risk of primary enuresis than those who
do not snore. Although OSAHS has been
associated with enuresis in population-
based studies, the underlying mechanism
of enuresis and OSAHS has not been eluci-
dated. Some scholars believe that allergens
may cause an allergic reaction, which is
mediated by inflammatory cytokines, lead-
ing to bladder smooth muscle contraction
and a decline of bladder function.” Other
scholars report that the mechanism is
owing to an increased awakening threshold
during sleep among children with OSAHS,
and that neural stimulation from bladder

filling does not wake the child, causing
enuresis.’

In this study, we aimed to analyze the
correlation between enuresis and several
indicators that are directly related to
OSAHS, to explore the relationship
between enuresis and OSAHS in children.
We discuss potential mechanisms according
to the correlation of these indicators.

Methods

Clinical data

In this retrospective study, we enrolled chil-
dren >5 years old who presented with snor-
ing as the chief complaint in the ENT
outpatient department of Children’s
Hospital, Nanjing Medical University, and
who underwent nasopharynx lateral radiog-
raphy and in-laboratory polysomnography
(PSG) between January 2018 and June
2019. Patients were divided into a group
with enuresis (n=45) and a non-enuresis
group (n=151).

We excluded children with craniofacial
abnormalities, neuromuscular or genetic
diseases, spina bifida, lower urinary tract
symptoms other than enuresis (such as day-
time incontinence, urgent urination, fre-
quent urination, and endless urination),
and bladder dysfunction, diabetes, or diabe-
tes insipidus.

Study procedure

All children in our study underwent in-
laboratory PSG (Somté PSG; Compumedic,
Victoria, Australia). Children spent the night
in the sleep medicine center of our hospital.
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A sleep monitoring physician in our ENT
department was responsible for monitoring
children’s sleep.

Parents completed the registration infor-
mation of their child, including age, height,
weight, whether the child was a mouth
breather, whether the child experienced
apnea during sleep, whether the child had
enuresis, as well as other basic information.
After collecting participants’ basic informa-
tion, we calculated body mass index (BMI),
based on each child’s reported height and
weight. We reviewed the data of nasopha-
ryngeal lateral radiography and PSG in
children and conducted telephone follow-
up to assess whether adenotonsillectomy
had been performed after PSG monitoring
in children with enuresis group and whether
enuresis had improved after the operation.
We then performed statistical analysis on
the collected data.

Our study was approved in writing by
the institutional ethics committee of
Children’s Hospital of Nanjing Medical
University (approval number 202008077-
1). We obtained verbal consent from the
parents of children to participate in this
study.

Diagnostic criteria

The diagnostic criteria for enuresis was
enuresis that occurred twice or more per
month in children age 5 to 6 years, and
once or more per month in children age 7
years or older and lasting for more than 3
months.” The criterion for improved enure-
sis was no enuresis symptoms for more than
3 months.

Adenoid hypertrophy. The degree of adenoid
hypertrophy was evaluated according to
the adenoidal-nasopharyngeal (A/N) ratio
in nasopharyngeal lateral radiographs. In
the A/N ratio, A refers to the vertical dis-
tance between the most concave point of
the anterior lower margin of the adenoid

body and the tangent of the basilar clivus;
N refers to the distance between the poste-
rior upper end of the hard jaw and the pos-
terior upper margin of the root of the
pterygoid muscles. The higher the A/N
ratio, the larger the adenoid size.

Tonsil hypertrophy. According to the tradi-
tional tonsil classification method, tonsils
that do not exceed the bilateral pharyngo-
palatine arch are considered grade I tonsil-
lar hypertrophy. If the tonsils exceed the
pharyngopalatine arch but do not exceed
the uvula, this is considered grade II tonsil-
lar hypertrophy. Tonsils exceeding the
uvula are considered grade III tonsillar
hypertrophy.

Diagnostic criteria for OSAHS. OSAHS refers
to diseases characterized by apnea and
hypopnea during sleep, which are caused
by the collapse of the upper airway and
are accompanied by snoring and decreased
blood oxygen saturation (Sa02). OSAHS is
usually diagnosed according to the apnea—
hypopnea index (AHI), measured using
PSG. The AHI refers to the average
number of apneas and hypopneas per
hour of sleep. Unlike adults, OSAHS in
children is diagnosed as AHI >1. OSAHS
severity is divided into three degrees,
according to the AHI: AHI 1 to <5 is con-
sidered mild OSAHS, AHI >5 to <10 mod-
erate OSAHS, and AHI >10 is considered
severe OSAHS.®

Apnea and hypopnea. Apnea is divided into
obstructive apnea, central apnea, and
mixed apnea. In obstructive apnea, the
oral and nasal airflow is decreased >90%
lasting >2 breath cycles, and there is chest
and abdomen movement during the entire
apnea event. In central apnea, oral and
nasal airflow is decreased >90% for 20 s,
or >2 breath cycles with event-related
arousal or >3% oxygen desaturation, or
>2 breath cycles with heart rate reduction
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to <50 beats/minute lasting at least 5 s, or
heart rate <60 beats/minute lasting 15 s in
infants under age 1 year only; there is a lack
of chest and abdomen movement through-
out the event. In mixed apnea, the oral and
nasal airflow is decreased >90% and lasts
>2 breath cycles; chest and abdominal
movements are both present and absent
during the whole event. Hypopnea refers
to decreased oral and nasal airflow >30%
from baseline, lasting >2 breath cycles and
accompanied by event-related arousal or
>3% oxygen desaturation. Because an
absence of chest and abdominal movement
during sleep was very rare among children
in our study, the study participants mostly
had OSA.

Open-mouth breathing. Open-mouth breath-
ing in sleep refers to breathing through the
mouth rather than through the nose during
sleep.

Statistical analysis

IBM SPSS, version 22.0 was used to ana-
lyze the data (IBM Corp., Armonk, NY,
USA). We used the Shapiro-Wilk test to
assess the normality of the measured data.
Data with a normal distribution were
expressed as meantstandard deviation,
and the z-test was used for comparisons
between groups. The chi-square test was
used to determine the significance of count
data. Pearson’s correlation test was used to
assess the correlations between dependent
and independent variables, and we

performed correlation analysis of risk fac-
tors using binary logistic regression. The
test level was o« =0.05.

Results

Correlation analysis

Among the 196 children included in the
study, the mean age was 7.124+2.03 years;
mean BMI was 16.954+3.28kg/m?, mean
tonsil size was 2.09+0.69, and the mean
A/N ratio was 0.76+0.08. Pearson’s corre-
lation test revealed no significant correla-
tion between age and AHI, L-SaO2; the r
value was 0.100 and —0.064, respectively.
BMLI, tonsil size, and A/N ratio were signif-
icantly correlated with both AHI and
L-Sa02, as evident in Table 1.

Comparison of severe OSAHS
prevalence between children with
and without enuresis

Among the 196 enrolled children, 45 had
enuresis and 151 did not have enuresis.
According to the diagnostic criteria for
severe OSAHS, 13 of 45 children with
enuresis were diagnosed with severe
OSAHS, resulting in a prevalence of
28.9%. Moreover, 1 of the 151 children
without enuresis was diagnosed with
severe OSAHS, a prevalence of 0.6%. The
prevalence of severe OSAHS in children
with enuresis was significantly higher than
that in the non-enuresis group (P < 0.05).

Table 1. Correlation of age, BMI, tonsil size, and A/N ratio with AHI and L-SaO,.

Factor Mean + SD r for AHI r for L-SaO,
Age (years) 7.12+2.03 0.100 —0.064
BMI (kg/m?) 16.95+3.28 0.237 —0.247
Tonsil size 2.09 +0.69 0.343 —0.309
A/N ratio 0.76 +0.08 0.441 —0.429

BMI, body mass index; A/N, adenoidal-nasopharyngeal; AHI, apnea—hypopnea index; L-SaO,, lowest oxygen saturation;

SD, standard deviation.
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Comparison of age, AHI, L-Sa02, tonsil
size, and A/N ratio between children with
and without enuresis

We used the independent-samples z-test to
analyze the differences in age, AHI,
L-Sa02, tonsil size, and A/N ratio between
children with and without enuresis. The
results showed that compared with the
non-enuresis group, AHI, tonsil size, and
A/N ratio were significantly higher, and
L-SaO2 significantly lower in the enuresis
group (P <0.05). There was no statistically
significant difference in age between the two
groups, as shown in Table 2.

Results of binary logistic regression

In binary logistic regression analysis, BMI,
AHI, tonsil size, and sleep apnea were
revealed to be risk factors for enuresis in
children (P < 0.05), as shown in Table 3.

Effect of adenotonsillectomy in enuresis

In the present study, improvement in enure-
sis was defined as no enuresis symptoms for
more than 3 consecutive months. In tele-
phone follow-up of 45 children with enure-
sis within 1 year after undergoing PSG, we
determined that 30 had adenotonsillectomy
after PSG, and 25 had improved enuresis
3 months after surgery. The remaining
15 children who had not undergone adeno-
tonsillectomy still had enuresis (Table 4).

Table 4 Improvement of enuresis in children after
adenotonsillectomy.

Improvement of

Group n enuresis n (%)*
Surgical 30 25 (83.3%)
Non-surgical I5 0 (0%)
?P<0.05.

Table 2. Comparison of age, AHI, L-SAO2, tonsil size, and A/N ratio between children with and without

enuresis.

Group n Age (years) AHI L-SaO2 (%) Tonsil size A/N ratio
Enuresis 45 6.76 +2.12 9.11 £8.31 8l.16 £7.67 2.27 +0.69 0.821+0.76
Non-enuresis 151 7.23+1.99 2.72 + 1.60* 87.09 +6.72° 2.03+0.68* 0.75+0.79*
P - 0.185 0.001 0.001 0.049 0.001
?P<0.05.

A/N, adenoidal-nasopharyngeal; AHI, apnea—hypopnea index; L-SaO,, lowest oxygen saturation.

Table 3. Binary logistic regression of enuresis with AHI, L-SaO2, BMI, tonsil size, A/N ratio, open-mouth

breathing, and sleep apnea.

Variable p SE Wald P OR 95% Cl

AHI —0.898 0.178 25.445 0.001* 0.407 0.287-0.578
L-SaO, 0.074 0.040 3.429 0.064 1.077 0.996—1.165
BMI —0.148 0.072 4.165 0.041* 0.862 0.748-0.994
Tonsil size 1.201 0.470 6.536 o.011® 3.323 1.323-8.344
A/N ratio —6.000 4.004 2.245 0.134 0.002 0.000-6.350
Open-mouth breathing 0.335 0.657 0.260 0.610 1.398 0.385-5.071
Sleep apnea 1.759 0.678 6.723 0.010* 5.808 1.536-21.954
?P<0.05.

BMI, body mass index; A/N, adenoidal-nasopharyngeal; AHI, apnea—hypopnea index; L-SaO,, lowest oxygen saturation;

SE, standard error; OR, odds ratio; Cl, confidence interval.
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The chi-square test showed that the surgical
approach could significantly improve
enuresis symptoms in children who under-
went adenotonsillectomy compared with
those who did not. To avoid the influence
of other factors on the results, we compared
the differences in age, BMI, AHI, L-SaO2,
tonsil size, and A/N ratio between the sur-
gery group and non-surgery group; the
results showed no statistically significant
differences.

Discussion

OSAHS in children refers to the repeated
occurrence of upper airway obstruction
during sleep, which leads to blocked
ventilation and disturbs the normal sleep
structure, thereby causing a series of path-
ological and physiological changes.’ At pre-
sent, the incidence of OSAHS in children
(1%-3%)" is considered relatively high;
OSAHS has become a common problem
affecting children’s growth and develop-
ment. The main clinical manifestations of
OSAHS in children are snoring, and also
include open-mouth breathing, sleep
apnea, restless sleep, memory deterioration,
inattention, hyperactivity, and daytime
sleepiness. Severe OSAHS can affect the
growth and development of children, lead-
ing to short stature, weakness, or related
cardiovascular diseases.'® Parents of chil-
dren with OSAHS tend to be most worried
about maxillofacial deformity caused by
prolonged open-mouth breathing, which is
sometimes referred to as “adenoid face”.
The common causes of OSAHS in chil-
dren include compliance changes caused by
increased upper airway resistance, such as
allergic rhinitis, nasosinusitis, laryngeal car-
tilaginous softening, airway stenosis caused
by obesity, craniofacial deformity, and sim-
ilar causes;'! the most common causes are
tonsil hypertrophy and adenoid hypertro-
phy. According to the Pearson’s correlation
test and chi-square test, age had no obvious

correlation with OSAHS among children in
our study. In contrast, BMI, tonsil size, and
A/N ratio showed a certain correlation with
OSAHS in these children. BMI was posi-
tively correlated with OSAHS. Higher
BMI indicates that body weight and
height are not in harmony; thus, OSAHS
is more likely to occur. Tonsil size and A/
N ratio were also positively correlated with
OSAHS and the A/N ratio had a strong
correlation. With larger tonsils and
adenoids, we observed higher AHI, lower
L-SAO2, and more severe OSAHS. This
suggests that tonsil and adenoid hypertro-
phy seriously affect upper airway ventila-
tion during sleep. These results indicate
that BMI and tonsil and adenoid hypertro-
phy are important factors causing OSAHS
in children.

In our pediatric otolaryngology clinic,
parents commonly report enuresis symp-
toms in their children with OSAHS.
Nonetheless, it remains unclear why enure-
sis occurs in these children. According to
the  International  Classification  of
Diseases, 10th Revision (ICD-10),” enuresis
is a condition that occurs twice or more per
month in children 5 to 6 years old, and once
or more per month in children age 7 years
and older and that lasts for more than
3 months. In Western countries,'? approxi-
mately 16% of children age 5 years, 10% of
children age 7 years, and 5% of children age
11 to 12 years have enuresis. In China,"?
approximately 11.8% of children age
S years and 4.07% of children age 5 to 18
years have enuresis. Studies also have
shown that approximately 10% to 40% of
children with OSAHS have enuresis at the
same time. The urination process in humans
is completed via coordination of the blad-
der and urethra, under joint regulation by
the brain, spinal cord, and peripheral
nerves.'* When the bladder is not complete-
ly filled, it stores urine by relaxing the
detrusor muscle and contracting the pelvic
floor muscles and wurethral sphincter.
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When the bladder is filled, the bladder ten-
sion receptors are excited and induce blad-
der detrusor muscle contraction and
urethral sphincter relaxation by stimulating
the sacral parasympathetic pathway and
somatic nerve pathway, thus promoting
urine output.

There are many reasons for enuresis in
children, including wakefulness disorder,
delayed development, changes in bladder
function or pathology, changes in nighttime
hormone secretion, psychological disorders,
and genetic predisposition, among others."”
However, it remains unclear why some chil-
dren with OSAHS have enuresis symptoms.
According to our analysis, the prevalence of
severe OSAHS in the enuresis group was
significantly higher than that in the non-
enuresis group. The independent-samples
t-test also revealed that AHI, tonsil size,
A/N ratio were significantly higher, and
L-Sa02 significantly lower, in the enuresis
group. According to the degree of severity
of OSAHS, the higher AHI, the greater the
OSAHS severity. Furthermore, our analysis
revealed that more severe OSAHS was
associated with a greater likelihood of
enuresis. We also found no significant dif-
ferences in age between the enuresis and
non-enuresis groups. In logistic regression
analysis, we identified BMI, AHI, tonsil
size, and sleep apnea as risk factors for
enuresis in children. Although not identi-
fied as a risk factor for enuresis in children,
the A/N ratio was significantly correlated
with AHI; therefore, adenoid size also has
a certain impact on enuresis in children.

Considering etiology, a known common
cause of enuresis is arousal disorder, which
refers to a higher threshold of arousal
during sleep and difficulty in awakening.®'>
Our study identified a greater number of
apneas during sleep in children with enure-
sis, and the degree of tonsil adenoid hyper-
trophy and BMI were also greater. We
speculate that this might be owing to
upper airway obstruction caused by tonsil

and adenoid hypertrophy, obesity, and
repeated apnea, which lead to repeated
arousal during sleep, and long-term repeat-
ed arousal during sleep leads to an increase
in children’s arousal threshold. A high
arousal threshold results in low sensitivity
to bladder filling or detrusor contraction,
which stimulate the urge to urinate.
However, children with OSAHS cannot
awaken in time through the usual wake-up
mechanism, which eventually leads to
enuresis. Endocrine and metabolic disor-
ders are also common causes of enuresis,
and an important hormone involved is
brain natriuretic peptide.'® Brain natriuretic
peptide is secreted by myocardial cells and
promotes the excretion of sodium, thus
inhibiting the renal angiotensin aldosterone
system, reducing the release of antidiuretic
hormone, and promoting urination.'® We
observed that the degree of upper airway
obstruction in children with enuresis was
more serious. We speculated that repeated
upper airway obstruction leads to sleep
apnea. At the end of an apnea event, the
negative pressure in the chest is increased,
systemic venous reflux is increased, left and
right ventricular load are increased, acute
ventricular load is increased, and atrial wall
dilation caused by increased intrathoracic
negative pressure—which promotes brain
natriuretic peptide release from ventricular
myocytes—eventually leads to enuresis.

For children with OSAHS, it has been
reported that adenotonsillectomy is a
simple and effective method that may alle-
viate enuresis in this population.'” In tele-
phone follow-up, we found that the
symptoms of enuresis were improved in
83.3% of children who underwent adenoton-
sillectomy. It is possible that by removing
the tonsils and adenoids, upper airway
obstruction during sleep is relieved and the
occurrence of night apnea is reduced, which
in turn leads to a normal arousal threshold
and reduced release of brain natriuretic pep-
tide, thereby effectively alleviating enuresis.
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The current research has some limita-
tions. First, our study participants were
selected from the ENT outpatient depart-
ment, which would result in a greater pro-
portion of OSAHS among the included
children. Additionally, the number of chil-
dren with enuresis was relatively small;
thus, a selection bias is present. Second,
the follow-up of children with enuresis
was relatively short, and there was no
formal evaluation of the effect of treatment
for enuresis; further research is needed in
this regard. Third, the pathogenesis of
enuresis in children with OSAHS must be
further verified in animal experiments.

Conclusion

OSAHS is one of the most common dis-
eases observed in pediatric otolaryngology,
and enuresis is often overlooked by doctors
in children with OSAHS. Our results
revealed that enuresis was closely linked to
OSAHS in children. BMI, AHI, tonsil size,
and sleep apnea were indicators of OSAHS
severity, as risk factors for enuresis in chil-
dren. Adenotonsillectomy may improve the
symptoms of enuresis.
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