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Abstract

Background Nocturnal enuresis (NE), a prevalent childhood condition associated with significant emotional
morbidity, including anxiety, guilt, and diminished self-esteem. Notably, NE exhibits substantial variability in
prevalence across diverse geographical and sociocultural contexts ranging from 2 to 75%, highlighting the influence
of environmental and societal factors. The associated social stigma exacerbates emaotional distress, negatively
impacting self-perception and overall quality of life. This systematic review and meta-analysis seek to synthesize
global epidemiological data on NE, accounting for inter-country prevalence variations, and to elucidate its associated
factors, thereby informing the development of culturally sensitive and effective intervention strategies.

Methods All observational quantitative research articles conducted among children and adolescents in the world
were included. We used PubMed Central, Cochrane Library, Scopus, and Google Scholar searching databases.

The study quality was checked using the Newcastle - Ottawa Scale. Then I? statistics and Cochran’s Q test were
used to evaluate heterogeneity. Funnel, Egger’s test, and non-parametric trim and fill effect tests were used to
check publication bias by using a random effect model. Finally, subgroup analysis was done to evaluate statistical
heterogeneity, and sensitivity analysis was also done to detect the presence or absence of any influential study.

Results In the final analysis, one hundred twenty-eight studies involving 445,242 individuals in 39 countries. The
overall pooled prevalence of Nocturnal enuresis among children and adolescents was 7.2% (95% Cl: 6.2-8.1%). Positive
family history AOR 1.49 (95% Cl: 1.26-1.71), positive urinary tract infection AOR; 3.89, 95% Cl (2.93-4.46), parental
death AOR=1.93 (95% Cl: 1.73-2.12), first birth order AOR 0.5 (95% Cl: 0.37-0.62), and male sex AOR 1.63; 95% Cl
(1.31-1.94 were the significant associated factors with Nocturnal enuresis among children and adolescent.

Conclusion The study found that nocturnal enuresis affects approximately 7.2% of children and adolescents.
Family history, urinary tract infection, parental death, birth order, and sex were statistically significant factors. It is
recommended that healthcare providers should implement routine screening for nocturnal enuresis, particularly for
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children with known risk factors such as family history and urinary tract infections, and the development of targeted
interventions and support mechanisms should be prioritized, considering the significant impacts of these factors

among children and adolescents.

Keywords Nocturnal enuresis, Global, Prevalence, Children, Adolescents, Meta-analysis

Introduction

Nocturnal enuresis (NE), or bedwetting, is defined by the
DSM-5 as the involuntary loss of urine during sleep in
children aged five and older; occurring at a developmen-
tal stage where bladder control is expected. Classified
as an elimination disorder, NE is diagnosed when this
behavior occurs at least twice a month and is notattrib-
uted to a medical condition or substance effects. NE is
categorized into primary nocturnal enuresis, where chil-
dren have never achieved consistent nighttime dryness,
and secondary nocturnal enuresis, which occurs after a
period of dryness lasting six months or more [1, 2].

Additionally, NE can be further classified based on
associated symptoms; monosymptomatic nocturnal
enuresis occurs without urological symptoms or day-
time incontinence, while polysymptomatic nocturnal
enuresis is linked to daytime bladder dysfunction such
as urgency, frequency, or incontinence. Children with
monosymptomatic NE may also experience psychosocial
issues, including oppositional defiant disorder (ODD) or
attention deficit hyperactivity disorder (ADHD). Under-
standing these classifications and underlying factors is
essential for developing tailored therapeutic interven-
tions for affected children [3, 4].

Globally, the prevalence of nocturnal enuresis varies
considerably, influenced by factors such as age, gender,
and cultural background. Research indicates that approx-
imately 10-20% of children aged 5 years’ experience NE,
with rates declining as children grow older. By adoles-
cence, the prevalence drops to about 1-3% [5, 6]. Varia-
tions in prevalence rates can be attributed to differences
in study designs, definitions of enuresis, and cultural per-
ceptions surrounding the condition. Some studies sug-
gest that boys are more likely to be affected than girls,
with boys exhibiting higher rates of enuresis, particularly
in younger age groups [6].

The consequences of nocturnal enuresis extend beyond
the physical symptoms. Children who experience bed-
wetting may suffer from significant emotional distress,
leading to low self-esteem and social withdrawal. Par-
ents often report feelings of frustration and helplessness,
which can strain family dynamics. The stigma associated
with bedwetting can result in bullying and social exclu-
sion, further exacerbating the psychological impact on
affected children. As awareness of mental health issues
grows, it is crucial to recognize the emotional and social
ramifications of nocturnal enuresis and address them as
part of a comprehensive treatment plan [7].

Understanding the factors that contribute to nocturnal
enuresis is essential for effective management. Numer-
ous studies have identified a range of associated factors,
including genetic predispositions, developmental delays,
vitamin D status, and psychological issues. Vitamin D
receptors are present in detrusor muscle and urothelium
of bladder. Vitamin D decrease detrusor contractions
by suppressing sensory signals during filling phase. The
vitamin D deficiency can increase uninhibited bladder
contraction. A study defined that the vitamin D value
was lower in Primary MNE children. It seems that vita-
min D status was risk factor for development of PMNE
[8]. Family history plays a significant role, with children
having a higher risk of bedwetting if one or both parents
experienced the condition during childhood [9, 10]. Psy-
chological factors, such as stress, anxiety, and emotional
disturbances, can also influence the onset and persistence
of nocturnal enuresis [11]. Additionally, physiological
factors, including bladder capacity and sleep disorders,
have been implicated in the condition [12]. Another com-
mon and important disease in such children is functional
Constipation which can be seen simultaneously with
incontinency that it causes more anxiety in child and par-
ents [13].

Cultural attitudes towards bedwetting can greatly influ-
ence how families perceive and manage NE. In some
cultures, bedwetting is seen as a normal part of child-
hood, while in others, it may carry a significant stigma.
This cultural context can affect the willingness of fami-
lies to seek medical help and the types of interventions
pursued. Treatment options for nocturnal enuresis vary
widely, ranging from behavioral techniques and parental
education to pharmacological interventions [14]. Recent
advances in understanding the underlying mechanisms
of enuresis have led to more effective treatment modali-
ties, yet many children still go untreated.

Nocturnal enuresis is a hidden public health concern
that warrants greater attention from healthcare profes-
sionals, educators, and society as a whole. The complex
interplay of genetic, psychological, and physiological
factors contributes to the prevalence of this condition
among children and adolescents. By increasing awareness
and understanding of nocturnal enuresis, we can improve
the quality of life for affected children and their families
[15]. This systematic review and meta-analysis aim to
provide a comprehensive overview of the global preva-
lence of nocturnal enuresis and its associated factors,
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ultimately contributing to more effective management
strategies and interventions.

Methods

Study design and reporting

This systematic review and meta-analysis were per-
formed to determine the pooled prevalence of Noctur-
nal enuresis and its associated factors among children
and adolescents in the world. The study was conducted
based on the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines recom-
mendation (Fig. 1). This systematic review and meta-
analysis had been registered (CRD42024603498) on the
International Prospective Register of Systematic Reviews
(PROSPERO) protocol.
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Inclusion and exclusion criteria

This study includes all original research articles con-
ducted elsewhere in the world that fulfilled the inclusion
criteria. We included studies conducted among children
and adolescents aged 5 to 18, published in English, used
observational studies including longitudinal cohort,
cross-sectional, and case-control studies, and were avail-
able in electronic resources regardless of the year of pub-
lication. In this systematic review and meta-analysis,
articles that had no clearly stated outcome variable or no
information on the practice outcome, low quality, and
studies difficult to extract necessary information due to
no full-text access were excluded.

eligible studies
identified

1499 Potentially

Identification

— | duplications

123 excluded due to

L
0 1376 papers were
g mitially selected
W
8 Records excluded
after reading
e Title=362
e Abstract=639
N
175 potential
papers for SRM
Full-text articles excluded
The scale of measurement
1s not operationalized=22
The proportions are not
stated=14
N The outcome of interest not
Pinally, 127 pepas clearly reported= 12

Included

were reviewed

Fig. 1 PRISMA flow diagram to illustrate the study selection process
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Search strategy and source of information
The search strategy was formulated using an adapted
“PEOS” framework (population, exposure, outcomes,
study design, and setting) to create the MeSH terms
needed to identify relevant studies in the database, as
outlined below:

Population: Children and adolescents.

Exposure: Nocturnal enuresis, bedwetting, sleeping
disorders, nighttime urinary incontinence.

Outcome: Prevalence, incidence, epidemiology; associ-
ated factors, predictors, barriers, or determinants.

Study design: Observational studies.

Setting (context): Worldwide.

To identify relevant primary studies, we developed the
following review questions based on the above format:

What is the global prevalence of nocturnal enuresis
among children and adolescents?

What associated factors contribute to nocturnal
enuresis or bedwetting in children and adolescents?

Then, primary studies were searched using PubMed
Central, Cochrane Library, Web of Science, Scopus, and
Google Scholar searching databases. The search was con-
ducted in electronic databases using the following free-
text terms and Boolean operator strings: (“Nocturnal
enuresis” OR “bedwetting” OR “sleeping disorders” OR
“nighttime urinary incontinence”) AND (“children” OR
“adolescents”) AND (“prevalence” OR “incidence” OR
“epidemiology”) AND (“associated factors” OR “predic-
tors” OR “barriers” OR “determinants”). After search-
ing for accessible articles, all the retrieved articles were
sorted, and the duplications were removed.

Study selection and quality assessment
Three investigators, MAA, TEH, and YAD screened the
studies by reviewing titles and abstracts to identify poten-
tially relevant studies before full-text retrieval. They con-
tacted the corresponding authors for clarification when
further information was needed to assess eligibility. Any
discrepancies between the investigators were resolved
through thorough discussion to ensure consensus on
inclusion or exclusion. Additionally, all retrieved articles
were imported into EndNote version 20, where dupli-
cate files were removed. The investigators then indepen-
dently screened the articles based on their objectives and
designs, reviewing titles, abstracts, and full texts to iden-
tify eligible studies according to predetermined inclusion
criteria, after which the selected articles were compiled
by both reviewers.

To ensure the quality of each study, we employed
a modified Newcastle-Ottawa Scale (NOS) evalu-
ated by three independent reviewers. Reviewers con-
ducted a thorough assessmentof each article that met
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the inclusion criteria and aligned with the study objec-
tives. Any discrepancies between the reviewers were
addressed through discussion and adjudication of a third
reviewer. The assessment criteria encompassed several
key domains: representativeness of the sample, adequacy
of sample size, response rates and characteristics of
responders versus non-responders, the quality of mea-
surement tools used for exposure or risk factor ascertain-
ment, comparability of outcome groups based on study
design, control of important confounding variables, out-
come assessment, and the application of statistical tests.
Each study was scored out of a total of 7 points, with a
score exceeding 4 indicating a low risk of bias for inclu-
sion. All studies included in the analysis demonstrated a
low risk of bias, achieving scores of 4 to 7.

Data extraction

The data extraction form was developed using a Micro-
soft Excel spreadsheet. Two independent reviewers
(MAA and TEH) systematically extracted data from
full-text articles. This process involved utilizing the data
extraction form, which encompassed essential variables
such as the name of the first author, year of publica-
tion, country of study, study design, sample size, age of
the participants, sample distribution by sex, assessment
criteria, types of nocturnal enuresis (monosymptomatic
vs. polysymptomatic, primary vs. secondary), as well as
prevalence and the number of cases reported. For each
primary outcome, we recorded the prevalence, while
adjusted odds ratios for each associated factor (secondary
outcome) were noted, accompanied by 95% confidence
intervals. Any discrepancies between the data extractors
were addressed through discussion and consensus with
another author.

Statistical analysis
After extracting the data, we performed a meta-analysis
using STATA version 17. Prevalence estimates were cal-
culated alongside their corresponding standard errors
(SE), derived from the formulas p=r/n and SE = v p
(1-p)/n, where p represents the proportion, r is the
total number of children and adolescents with Noctur-
nal enuresis, and n is the sample size. The meta-analysis
results are presented as the pooled prevalence of Noctur-
nal enuresis, accompanied by 95% confidence intervals. A
significance threshold was set at p-values less than 0.05.
We also examined the factors associated with Noctur-
nal enuresis using STATA version 17. A random effects
model was employed to assess significant heterogene-
ity among the studies. Heterogeneity was assessed using
the I” index and Cochran’s Q test. The I” statistic, which
ranges from 0 to 100%, indicates the degree of heteroge-
neity, with 0% signifying no heterogeneity and 100% indi-
cating considerable heterogeneity. I* values below 25%
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suggest low heterogeneity, values between 25% and 50%
indicate moderate heterogeneity, and values exceeding
75% reflect high heterogeneity.

To minimize random variations across studies, we con-
ducted subgroup analyses to evaluate the prevalence of
nocturnal enuresis among children and adolescents by
year of publication, and continent. The impact of indi-
vidual studies on the overall prevalence estimate was
assessed through a sensitivity analysis. Finally, Publica-
tion bias was assessed using funnel plots for symmetry
Egger’s test and non-parametric trim and fill tests. While
both methods were employed, Egger’s test is generally
more reliable for detecting publication bias, as it presents
the actual effect sizes and their precision. In contrast, the
funnel plot provides a more subjective view of potential
asymmetry.

Results

Literature search

This systematic review and meta-analysis followed the
PRISMA guidelines. The authors searched PubMed
Central, Web of Science, Cochrane, and Google Scholar,
identifying 1499 papers on Nocturnal enuresis among
children and adolescents and its associated factors. After
removing duplicates, 1376 papers were screened. Of
these, 562 papers were excluded based on their titles, and
639 were discarded after abstract review. Ultimately, 128
studies met the inclusion criteria and were included in
the final analysis.

Study characteristics

The final analysis comprised 127 studies involving
445,242 individuals across 39 countries distributed over
six continents. Specifically, the breakdown of studies by
region is 76 studies were conducted in 16 Asian coun-
tries, 25 in 7 African countries, 20 in 11 European coun-
tries, 2 studies from 2 North American countries, and 2
studies were conducted in 1 South American country.
Additionally, 2 studies were included from 2 Australian
countries. Overall, 117 studies were cross-sectional, 7
were case-control, and 3 were cohort studies. Regard-
ing the year of studies, 9 studies were conducted before
2000, 36 studies were conducted during the period from
2000 to 2009, 71 studies were conducted from 2010 to
2019, and 11 studies were conducted from 2020 to 2024.
The median number of participants per study was 1133
(ranging from 100 to 130,000). Almost half (48.7%) of the
participants were female. Among the 127 studies, 113
examined both types of nocturnal enuresis, 13 focused
exclusively on the primary type, and 1 study specifically
addressed the secondary type. One hundred nineteen
studies have been conducted since the year 2000, while
the remaining nine studies were completed before that
year (Table 1).
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Publication bias
The publication bias was evaluated using both funnel
plot analysis and Egger’s regression test. The funnel plot
revealed an asymmetric distribution, which intuitively
suggests the presence of publication bias (Fig. 2). Addi-
tionally, Egger’s regression test yielded a p-value of 0.000,
providing statistical evidence of publication bias. This
combination of subjective and objective analyses under-
scores the likelihood of bias in the published literature.
To address the issue of potentially missing studies aris-
ing from publication bias indicated by the funnel plot and
Egger’s test, we conducted a non-parametric trim and fill
analysis to adjust the overall effect estimate. The analysis
of publication bias through the nonparametric trim-and-
fill method identified a total of 179 studies, with 52 stud-
ies imputed due to potential bias. The observed effect
size was 0.069 (95% CI: (0.061, 0.077)), while the adjusted
effect size, after accounting for the imputed studies, was
0.064, which falls within the confidence interval of the
observed effect size. This suggests that the imputed stud-
ies had little to no impact on the overall effect size.

Pooled prevalence of nocturnal enuresis

The prevalence of Nocturnal enuresis among 127 indi-
vidual studies ranged from 1.2-76.4%, with a pooled
prevalence of 7.2% (95% CI: 6.2—-8.1%), and there was no
heterogeneity between the studies (Q=90.12, P=1.00,
12=0.00, #=0.00% and H=1.00) (Fig. 3). Among the
studies that specified both sex and the type of nocturnal
enuresis, 60% of the cases were male, while 71.6% were
classified as primary type.

Subgroup analysis

In the subgroup analysis of nocturnal enuresis (NE) using
publication year, the pooled prevalence reported after
2019 indicates a higher rate of 0.11 (95% CI: 0.04-0.17, I?
= 0.00%, p =0.84). This contrasts with the pooled preva-
lence of 0.07 (95% CI: 0.06-0.08, I* = 0.00%, p=0.93)
observed in studies from 2010 to 2019. Furthermore,
studies from 2000 to 2009 reveal a lower prevalence of
0.06 (95% CI: 0.04—0.07, I* = 0.00%, p =0.98), while those
conducted before 2000 report a prevalence of 0.10 (95%
CL 0.07-0.13, I? = 0.00%, p=0.99) (Fig. 4). In a further
subgroup analysis based on the continent, the pooled
prevalence of nocturnal enuresis (NE) among African
studies is notably higher at 0.12 (95% CI: 0.08-0.15, I* =
0.00%, p=1.00). This contrasts sharply with the pooled
prevalence of 0.06 (95% CI: 0.00-0.07, I* = 0.00%, p = 1.00)
observed in studies from Asian countries. Addition-
ally, studies from Europe report a prevalence of 0.08
(95% CIL: 0.06-0.10, I* = 37.73%, p=0.05), while stud-
ies from Australia indicate a higher prevalence of 0.14
(95% CIL: 0.02-0.26, I> = 0.00%, p=0.4). In North Amer-
ica, the prevalence stands at 0.08 (95% CI: 0.06-0.23, I
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Fig. 2 A funnel plot for publication bias for nocturnal enuresis among children and adolescents

= 6.21%, p=0.3), and studies from South America show
a prevalence of 0.10 (95% CI: 0.00-0.21, I* = 0.00%,
p=1.00) (Fig. 5). These findings illustrate the consider-
able geographical variation in the prevalence of NE, with
Africa exhibiting the highest rates among the continents
analyzed.

Sensitivity analysis

A sensitivity analysis was undertaken to assess the influ-
ence of outlying or potentially influential studies on
the pooled prevalence estimate of nocturnal enuresis
among children and adolescents. Employing a random
effects model, the results of this analysis revealed that no
influential studies were detected, as all point estimates
remained within the boundaries of the 95% confidence
interval. This finding indicates that the overall preva-
lence estimate is robust and not significantly impacted
by any single study, thus reinforcing the reliability of the
pooled results. Full results of the sensitivity analysis on
the prevalence of NE among children and adolescents are
provided in Fig. 6 of the supplementary file.

Factors associated with nocturnal enuresis among children
and adolescents

Family history of NE

Ten studies found a significant association between a
family history of nocturnal enuresis and childhood noc-
turnal enuresis. Of these, the lowest and highest risk fac-
tors for children and adolescents with nocturnal enuresis
were AOR 2.76(95% CI: 1.3—-5.85) Mohammad Alkot and
Mohsen Deeb 2012 and AOR 9.77(95% CI: 4.1-23.26)
Reda Goweda et al. 2020 respectively compared with
those who had no family history of NE. The forest plot
pooled result of these ten studies showed that the overall
estimate of AOR was 1.49(95% CI: 1.26-1.71); I>=59.83
and p=0.01. I* and p showed moderate heterogeneity
(Fig. 6).

Concerning publication bias, the funnel plot analysis
demonstrated asymmetrical distribution (Supplemen-
tary Fig. 8). However, the results from Egger’s regression
test and the Begg test produced p-values of 0.53 and 0.72
respectively, both of which indicate the absence of pub-
lication bias. The Galbraith plot further corroborated
this assessment by revealing no outliers (Supplementary
Fig. 9).
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Effect size Weight
Study with 95% CI (%)
Abdulaziz Alamri et al(2017) e 0.24 [ -0.17, 0.65] 0.04
Abdul-Kareem M Ali(2009) e Eam— 0.22 [ -0.07, 0.51] 0.07
Abdullah Alshahrani et al (2017) I 0.18 [ -0.26, 0.63] 0.03
Ahlam Ismail et al(2012) = 0.10[ 0.04, 0.17] 1.43
Ahmed Hamed et al(2016) —— 0.18 [ 0.06, 0.30] 0.40
Alaa H. Abed et al(2009) S B 0.24 [ -0.07, 0.55] 0.06
Ali Gunes et al (2009) _— 0.15[-0.17, 0.47] 0.06
Mahmoud E. Abu Salem et al(2016) _— 0.15[-0.27, 0.58] 0.03
Afshin Azhir et al(2006) - 0.05[ -0.03, 0.13] 0.91
Anfal Nayir H. Alanazi et al (2022)  E— 0.24 [ -0.23, 0.71] 0.03
Ashok N. Solanki and Sarzoo G. Desai(2012) —_— 0.11[-0.07, 0.30] 0.18
Ashraf H. Mohammed et al(2012 —_— 0.16 [ -0.21, 0.52] 0.04
Emin Ozkaya et al(2013) B — 0.20 [ -0.09, 0.49] 0.07
Avinash De Sousa et al(2007) S 0.07 [ -0.07, 0.20] 0.35
Ayten Erdogan et al (2007) _— 0.13 [ -0.24, 0.49] 0.04
B Gu'mu’s et al(1999) — 0.14 [ -0.04, 0.31] 0.19
Bassem abu Merhi et al (2014) - 0.05[ 0.00, 0.11] 2.12
BB Kalo and H Bella(1996) — 0.15[ -0.15, 0.45] 0.07
Bharat Choudhary et al(2005) o m— 0.13 [ -0.06, 0.32] 0.16
C.I. Esezobor et al(2014)  E— 0.24 [ -0.07, 0.56] 0.06
Yazici M cenk et al(2012) - 0.07 [ 0.02, 0.13] 1.90
Cuneyt Ozden et al (2007) — 0.17 [ -0.05, 0.40] 0.12
Dayanand P. Nakate et al(2018) S 0.11 [ -0.06, 0.29] 0.19
Denise M. Mota et al(2004) —_— 0.11 [-0.00, 0.21] 0.53
Dipak N. Khadke et al(2012) —_— T 0.11[-0.21, 0.43] 0.06
Elham Alhifthy et al(2021) 0.48 [ -0.12, 1.08] 0.02
Emad M. Hammad et al(2019) N 0.18 [ -0.07, 0.42] 0.10
EMEL GUR et al(2002) — 0.05 [ -0.06, 0.17] 0.45
Etuk, I. S et al (2011) —— 0.07 [ -0.03, 0.16] 0.64
Fatemeh Torkashvand et al (2017) b 0.11 [ -0.09, 0.30] 0.16
Faten Younis et al (2020) —_—T 0.14 [ -0.18, 0.47] 0.06
Gaonkar Neha V1 et al (2018) B— 0.13 [ -0.28, 0.53] 0.04
Gulumser Dolgun et al (2011) —_— 0.16 [ -0.22, 0.55] 0.04
H.N. Al-Nageeb et al (1989) —_ 0.10 [ -0.07, 0.27] 0.20
Hamsa Shaker Abdul-Nabi e al (2013) e 0.09 [ -0.14, 0.33] 0.11
Hasan Mohamed Aljefri e al (2013) —_— 0.29 [ -0.08, 0.65] 0.05
Hasmet Sarici et al(2013) B 0.10 [ -0.04, 0.23] 0.32
Hui-Lung Tai et al (2006) - 0.07 [ 0.01, 0.12] 1.93
Hui-Mei Huang et al (2020) - 0.04 [ -0.01, 0.09] 2.55
Ipek Ozunan Akil et al (2014) —_— 0.17 [ -0.23, 0.56] 0.04
irene Mbinya Nzamu (2012) R 0.14 [ -0.23, 0.52] 0.04
J. M. Chinawa et al (2014) 0.23 [ -0.37, 0.83] 0.02
J.Marleen Linde et al (2018) —_— 0.02 [ -0.15, 0.18] 0.22
Jae Min Chung et al (2006) 0.06 [ 0.03, 0.10] 3.98
Jian Guo Wen et al (2005) J 0.04 [ 0.00, 0.08] 3.84

Fig. 3 A forest plot for the pooled global prevalence of nocturnal enuresis among children and adolescents
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R J rona et al (1997) - 0.10[ 0.05, 0.15] 2.32
Ravi Gupta et al (2016) o — 0.09[-0.11, 0.29] 0.15
Reda Goweda et al (2020) 0.64[-0.18, 1.46] 0.01
Safaa Mohammed El-Sayed Ahmed et al (2022)  — 0.09 [ -0.18, 0.36] 0.08
RICHARD J. BUTLER et al (2005) = 0.03[-0.01, 0.06] 4.85
S Mattsson (1994) —_—T 0.08 [ -0.27, 0.43] 0.05
S.D. LEE et al (2000) - 0.09 [ 0.02, 0.17] 1.16
Saad S. Al-Zahrani (2014) - 0.08 [ -0.03, 0.18] 0.54
Salvatore Arena and Mario Patricolo (2017) 0.30 [ -0.65, 1.26] 0.01
Sameena Shah et al (2018) 0.43[-0.19, 1.05] 0.02
Secil Ozkan et al (2010) - 0.09[ 0.04, 0.14] 2.42
D.M. Fergusson et al (1990) T 0.08 [ -0.10, 0.26] 0.18
Sedat Aydin et al (2008) — 0.09 [ -0.08, 0.27] 0.19
SEMA UGURALP et al (2003) — 0.05[-0.07, 0.17] 0.41
Shatha Abdul-Rahman et al (2008) s 0.14 [ -0.16, 0.44]  0.07
Shitanshu Srivastava et al (2012) e 0.13 [ -0.07, 0.33] 0.15
Sinead Hanafin (1998) - 0.11[ 0.03, 0.19] 0.90
SRIRANGAM SHREERAM et al (2008) B 0.05[-0.08, 0.19] 0.32
Stephanie Gonzalez Mejias et al (2008) — 0.28 [ -0.12, 0.68] 0.04
Sunayna Pandey et al (2020) —t— 0.07 [ -0.05, 0.18] 0.44
Tine Caroc Warner et al (2019) - 0.10[ 0.03, 0.18] 1.02
TSANG-WEE CHER et al (2002) - 0.06 [ 0.00, 0.11] 2.03
Uju Ifeoma Nnubia et al (2024) — 0.15[-0.12, 0.42] 0.08
Xi Zheng Wang et al (2019) - 0.07 [ 0.03, 0.11] 3.82
XIANCHEN LIU et al (2000) = 0.04 [ -0.03, 0.11] 1.20
Y KANAHESWARI (2003) -1 0.08 [ -0.03, 0.19] 0.48
Yusuf Cetin Doganer et al (2015) b 0.10 [ -0.03, 0.23] 0.36
Birhane G Hiwot et al (2016) — 0.06 [ -0.06, 0.19] 0.37
M. Mohammadpour et al (2012) —_— 0.07 [ -0.26, 0.39] 0.06
EmamGhoraishy F. et al (2004)  — 0.17 [ -0.09, 0.42] 0.09
Hakim A. etal (2015) 0.32[-0.46, 1.10] 0.01
Shafi Pour Z etal (2014) —_—t 0.07 [-0.12, 0.26] 0.17
Ranjbar kochaksaraei F et al (2003) —=r 0.02 [ -0.06, 0.10] 0.94
Hashem M et al (2013) N 0.19[-0.09, 0.47] 0.08
Majeed Hameed and Bilal Mohammed (2019) e 0.15[-0.19, 0.49] 0.05
Chizoma I. Eneh et al (2015) 0.21[-0.55, 0.96] 0.01
Alaa A Salih (2011) — 0.21[-0.15, 0.57] 0.05
Overall 0.07 [ 0.06, 0.08]
Heterogeneity: T = 0.00, I’ = 0.00%, H’ = 1.00
Test of 6, = 0;: Q(126) = 89.97, p =0.99
Testof 6=0:z=17.53, p=0.00

s o0 5 1 15

Random-effects DerSimonian—Laird model

Fig. 3 (continued)

Positive UTI history
A total of five studies reported a significant association
between positive urinary tract infection and NE. Of

these, the lowest and highest risk factors for children and
adolescents with nocturnal enuresis were AOR 2.92 (95%
CI: 1.6—4.16) Mahmoodzadeh et al. (2013) and AOR 5.83
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Fig. 4 A forest plot for the sub-group analysis of the prevalence of nocturnal enuresis among children and adolescents based on the publication year

of studies

(95% CI: 1.52-22.33) Reda Goweda et al. 2020 respec-
tively. The forest plot result of the studies showed that
the overall effect size was 3.89, with a 95% CI (2.93-4.46).
The heterogeneity measures, including 1*=76.82% and
P value=0.00, suggest a high degree of variability in the
effect sizes across the included studies (Fig. 7).

Regarding publication bias, the funnel plot analysis
revealed a symmetrical distribution (Fig. 11 in the Sup-
plementary file). Additionally, the results from Egger’s
regression test and the Begg test results have p-values
of 0.41 and 0.46 respectively, both of which indicate the
absence of publication bias. The Galbraith plot corrobo-
rated this assessment by revealing no outliers (Fig. 12 in
Supplementary file).

Presence of stressful events

The meta-analysis presented in the forest plot investi-
gates the association between nocturnal enuresis with
the presence of stressful events like the death of a loved
one, parental divorce, relocation from a permanent
home, and the presence of long-term illness. The over-
all pooled effect size of the studies was AOR=1.90(95%
CL 1.75-2.05), ’=0.00%, and P value=0.74, suggest-
ing homogeneities in the effect sizes across the included
studies (Fig. 8). The funnel plot analysis showed a sym-
metrical distribution (refer to Supplementary Fig. 14).
Additionally, the results from Egger’s regression test
resulted in p-values of 0.88, both of which indicate the
absence of publication bias. The Galbraith plot also did
not show any outliers (see Supplementary Fig. 15).

Male sex

A total of seven studies reported a significant association
between male sex and NE. Of these, the lowest and high-
est risk factors for children and adolescents with noc-
turnal enuresis were AOR 1.02(95% CI: 1.01-1.03) Segil
Ozkan et al. 2010 and AOR 2.69 (95% CI: 1.37-5.26) Sri-
rangam Shreeram e al 2008 respectively. The forest plot
result of the studies showed that the overall effect size
was 1.63, with a 95% CI (1.31-1.94). The heterogeneity
measures, including 1*=92% and P value =0.00, suggest
a high degree of variability in the effect sizes across the
included studies (Fig. 9). Concerning publication bias, the
funnel plot analysis demonstrated asymmetrical distribu-
tion (Supplementary Fig. 17). Additionally, the results
from Egger’s regression test and the Begg test produced
p-values of 0.00 and 0.03 respectively, indicating publica-
tion bias. The Galbraith plot revealed no outliers (Supple-
mentary Fig. 18).

First birth order

The forest plot result of the studies showed that the
overall effect size was AOR 0.5 (95% CI: 0.37-0.62).
The heterogeneity measures, including 1*=0.00% and
P value=0.71, suggest a homogeneity in the effect sizes
across the included studies (Fig. 10). Regarding publica-
tion bias, the funnel plot analysis revealed a symmetrical
distribution (Supplementary Fig. 20). Additionally, the
results from Egger’s regression test p-value of 0.83 indi-
cate the absence of publication bias. The Galbraith plot
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corroborated this assessment by revealing no outliers
(Supplementary Fig. 21).

Discussion

Nocturnal enuresis, or bedwetting, is a significant global
public health concern that remains under-recognized,
particularly among children and adolescents. Despite
its prevalence, the associated discrimination and stigma
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0.07 0.06, 0.08]

deter many young individuals from seeking help. Studies
indicate that the rates of nocturnal enuresis are higher
than previously acknowledged, with many affected chil-
dren choosing not todisclose their condition due to fear
of ridicule or misunderstanding. This lack of recognition
impacts their emotional well-being and obstructs effec-
tive treatment.
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Effect size Weight

Study with 95% CI (%)
2000-2009

Abdul-Kareem M Ali(2009) —_ 1T 0.22[-0.07, 0.51] 0.07
Alaa H. Abed et al(2009) —_1T 0.24[ -0.07, 0.55] 0.06
Ali Gunes et al (2009) e 0.15[-0.17, 0.47] 0.06
Afshin Azhir et al(2006) — 0.05[-0.03, 0.13] 091
Avinash De Sousa et al(2007) — 0.07 [ -0.07, 0.20] 0.35
Ayten Erdogan et al (2007) e 0.13[-0.24, 0.49] 0.04
Bharat Choudhary et al(2005) —_1T 0.13[-0.06, 0.32] 0.16
Cuneyt Ozden et al (2007) B B 0.17 [ -0.05, 0.40] 0.12
Denise M. Mota et al(2004) i 0.11 [-0.00, 0.21] 0.53
EMEL GUR et al(2002) B 0.05[ -0.06, 0.17] 0.45
Hui-Lung Tai et al (2006) - 0.07[ 0.01, 0.12] 1.93
Jae Min Chung et al (2006) 0.06[ 0.03, 0.10] 3.98
Jian Guo Wen et al (2005) I 0.04[ 0.00, 0.08] 3.84
K 0 Osungbade and F 0 Oshiname (2003) e B 0.18[-0.14, 0.49] 0.06
K.U. Ozkan et al (2004) - 0.10[ -0.01, 0.20] 0.55
Murat Unalacak et al (2004) B 0.09 [ -0.08, 0.25] 0.22
N Semoli et al (2009) B 0.09[ -0.07, 0.25] 0.23
N. Pashapour et al (2008) -+ 0.08 [ -0.01, 0.17] 0.70
HANSAKUNACHAI TIPPAWAN et al (2005) —= 0.04 [ -0.04, 0.12] 0.96
Issa Hazza and Hussein Tarawneh et al (2005) —_—T 0.24[-0.13, 0.60] 0.04
NH Mbibu et al (2005) -1 0.15[-0.05, 0.35] 0.15
Premala Sureshkumar et al (2009) — 0.18[ 0.03, 0.34] 0.24
Qing Wei Wang et al (2004) - 0.06[ 0.01, 0.11] 2.42
RICHARD J. BUTLER et al (2005) = 0.03[ -0.01, 0.06] 4.85
S.D. LEE et al (2000) - 0.09[ 0.02, 0.17] 1.16
Sedat Aydin et al (2008) B 0.09[ -0.08, 0.27] 0.19
SEMA UGURALP et al (2003) — 0.05[-0.07, 0.17] 0.41
Shatha Abdul-Rahman et al (2008) e m— 0.14[ -0.16, 0.44] 0.07
SRIRANGAM SHREERAM et al (2008) - 0.05[-0.08, 0.19] 0.32
Stephanie Gonzalez Mejias et al (2008) S 0.28[-0.12, 0.68] 0.04
TSANG-WEE CHER et al (2002) - 0.06[ 0.00, 0.11] 2.03
XIANCHEN LIU et al (2000) - 0.04[-0.03, 0.11] 1.20
Y KANAHESWARI (2003) —_ 0.08[-0.03, 0.19] 0.48
EmamGhoraishy F. et al (2004) B Ea— 0.17[-0.09, 0.42] 0.09
Ranjbar kochaksaraei F et al (2003) —= 0.02 [ -0.06, 0.10] 0.94
Heterogeneity: T = 0.00, I’ = 0.00%, H’ = 1.00 0.06[ 0.04, 0.07]

Test of 6, = 0;: Q(34) = 19.91, p =0.97

Test of 6 = 0: z=8.06, p=0.00

Fig. 4 (continued)
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Before 2000
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Fig. 4 (continued)

This systematic review and meta-analysis, which incor-
porated 127 studies involving 445,242 children and ado-
lescents globally, demonstrated a pooled prevalence of
nocturnal enuresis of 7.2% (95% CI: 6.2—8.1%). The analy-
sis employed a random effects model, confirming the
homogeneity among the included studies, as indicated by
the Q test (p=1) and an I” statistic of 0.00%. Notably, this
result is slightly lower than that reported in a systematic
review conducted in Iran, which found a prevalence of
10.2%. This discrepancy may be attributed to the larger
sample size utilized in the present analysis.

In the subgroup analysis of nocturnal enuresis (NE),
the pooled prevalence reported for studies conducted
after 2019 indicates a higher rate of 0.11 (95% CI: 0.04—
0.17, I> = 0.00%, p =0.84). This finding contrasts with the
pooled prevalence of 0.07 (95% CI: 0.06—0.08, I* = 0.00%,
p=0.93) observed in studies from 2010 to 2019. Further-
more, studies from 2000 to 2009 reveal a lower preva-
lence of 0.06 (95% CI: 0.04-0.07, I* = 0.00%, p=0.98),
while those conducted before 2000 report a prevalence of
0.10 (95% CI: 0.07-0.13, I* = 0.00%, p =0.99).

In a further subgroup analysis based on the continent,
the pooled prevalence of NE among African studies is
notably higher at 0.12 (95% CIL: 0.08-0.15, I* = 0.00%,

p=1.00). This sharply contrasts with the pooled preva-
lence of 0.06 (95% CI: 0.00-0.07, I* = 0.00%, p=1.00)
observed in studies from Asian countries. Additionally,
studies from Europe report a prevalence of 0.08 (95%
CL 0.06-0.10, I? = 37.73%, p=0.05), while studies from
Australia indicate a higher prevalence of 0.14 (95% CI:
0.02-0.26, I = 0.00%, p=0.40). In North America, the
prevalence stands at 0.08 (95% CI: 0.06-0.23, I* = 6.21%,
p=0.30), and studies from South America show a preva-
lence of 0.10 (95% CI: 0.00-0.21, I* = 0.00%, p = 1.00).

The increase in prevalence rates post-2019 and the
observed geographical variation may be attributed to
heightened awareness and improved diagnostic prac-
tices. Additionally, the psychological and social impacts
of global events, particularly the COVID-19 pandemic,
alongside geopolitical factors such as conflicts and wars,
have exacerbated these challenges, especially for chil-
dren in affected regions where instability and trauma
can further increase the prevalence of NE. Therefore,
understanding these contextual influences is crucial for
developing targeted interventions and providing effective
support for children and adolescents experiencing noc-
turnal enuresis in the current global landscape.
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Effect size Weight

Study with 95% CI (%)
Africa

Ahlam Ismail et al(2012) - 0.10[ 0.04, 0.17] 143
Ahmed Hamed et al(2016) —— 0.18[ 0.06, 0.30] 0.40
Mahmoud E. Abu Salem et al(2016) N — 0.15[-0.27, 0.58] 0.03
Ashraf H. Mohammed et al(2012 —_— 0.16 [ -0.21, 0.52] 0.04
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Karim Eldin Mohamed Ali Salih et al (2013) — 0.06 [ -0.11, 0.23] 0.21
Margaret W. Fockema et al (2012) — 0.16[ 0.03, 0.29] 0.33
Michel N Aloni et al (2012) B Ee— 0.26[-0.23, 0.75]  0.02
Mohammad Alkot and Mohsen Deeb (2012) B 0.15[-0.13, 0.43] 0.08
Murat Unalacak et al (2004) B — 0.09 [ -0.08, 0.25] 0.22
Nega Tezera Assimamaw et al (2024) B Ee— 0.22[-0.12, 0.56] 0.05
NH Mbibu et al (2005) - 0.15[-0.05, 0.35] 0.15
Nuru Hassen Ibrahim et al (2021) B 0.27[-0.08, 0.61] 0.05
OU ANYANWU et al (2015) 0.37[-0.44, 1.18] 0.01
Reda Goweda et al (2020) 0.64[-0.18, 1.46] 0.01
Safaa Mohammed El-Sayed Ahmed et al (2022) —_—T 0.09[-0.18, 0.36] 0.08
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Regarding the associated factors of NE, the pooled odds
ratio indicates that children and adolescents with a family
history of NE are nearly 1.5 times more likely to develop
the condition compared to their counterparts without
such a history, with an AOR of 1.49 (95% CI: 1.26-1.71).
This finding is consistent with existing literature, which
suggests a strong genetic predisposition to NE. Previous
studies have established that familial patterns of bedwet-
ting are common, highlighting the importance of genetic
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and environmental influences in the etiology of NE [9,
141, 142]. Understanding these familial links is crucial for
identifying at-risk populations and developing targeted
intervention strategies.

Furthermore, the pooled odds ratio indicates that chil-
dren and adolescents with a history of UTIs) are nearly
four times more likely to develop NE compared to those
without a history of such infections, with an AOR of 3.89
(95% CI: 2.93-4.46). This association underscores the
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Fig. 7 A forest plot for the association of positive UT! history with nocturnal enuresis

significant impact of UTIs on the development of NE, as
recurrent infections can lead to bladder dysfunction and
increased irritability of the urinary tract [5]. Prior studies
have suggested that the inflammatory response associ-
ated with UTIs may contribute to alterations in bladder
capacity and function, thereby increasing the likelihood
of enuresis in affected individuals [12]. These findings

highlight the importance of monitoring urinary health
in children, particularly those with a history of UTIs, to
mitigate the risk of developing NE.

Additionally, the pooled odds ratio indicates that chil-
dren and adolescents who have experienced stressful
events are nearly twice as likely to develop NE compared
to those without such a history, with an adjusted odds
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Fig. 8 A forest plot for the association of parental death with nocturnal enuresis
Effect size Weight
Study with 95% CI (%)
SRIRANGAM SHREERAM e al 2008 —— 2.69[2.02, 3.36] 9.99
Shitanshu Srivastava et al 2012 —— 1.52[1.22, 1.82] 16.00
Secil Ozkan et al 2010 [ | 1.02 [ 1.01, 1.03] 18.81
Majeed Hameed and Bilal Mohammed 2018 —— 1.70[ 1.19, 2.21] 12.56

P. CHANG, W.J. CHEN et al 2001 —

Katayoun Bakhtiar etal 2014

Hasmet Sarici et al 2016 . 3

i 1.80[ 1.36, 2.24] 13.64
—— 2.16[ 1.55, 2.76] 10.99

1.25[1.10, 1.40] 18.00

Overall E— 1.63 [ 1.31, 1.94]

Heterogeneity: T = 0.13, I’ =92.04%, H’ = 12.56
Test of 6; = 0;: Q(6) = 75.36, p=0.00
Testof 6 =0:z=10.26, p=10.00

Random-effects DerSimonian—Laird model

Fig. 9 A forest plot for the association of male sex with nocturnal enuresis

ratio (AOR) of 1.90 (95% CI: 1.75-2.05). This finding
underscores the significant impact that stressful experi-
ences can have on a child’s psychological and emotional
well-being, which may manifest in various behavioral
and developmental issues, including NE. Research has
demonstrated that adverse childhood experiences—such
as the death of a loved one, parental divorce, relocation
from a permanent home, and the presence of long-term
illness—can lead to increased stress and anxiety, both of
which are recognized risk factors for the development of
enuresis [9, 11]. Consequently, understanding the impli-
cations of familial disruptions is crucial for clinicians
and caregivers in identifying at-risk populations and

implementing effective interventions to support affected
children.

Furthermore, the pooled odds ratio indicates that male
children and adolescents are approximately 1.63 times
more likely to develop NE compared to their female
counterparts, with an AOR of 1.63 (95% CI: 1.31-1.94).
This finding is potentially due to biological, psychologi-
cal, and social factors. Boys are more likely to experience
delays in bladder maturation and may exhibit different
coping mechanisms in response to stress. Additionally,
societal expectations regarding gender behavior may
influence reporting and diagnosis, further contributing to
the observed disparity [144]. Understanding these gender
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Fig. 10 A forest plot for the association of first birth order with nocturnal enuresis
differences is essential for developing targeted interven-  Conclusion

tions and providing appropriate support for children
affected by NE.

Finally, the pooled odds ratio indicates that children
and adolescents who are first-born are 50% less likely
to develop NE compared to those who are subsequent
births, with an AOR of 0.50 (95% CI: 0.37-0.62). This
finding suggests that birth order may play a significant
role in the prevalence of NE, potentially due to differ-
ences in parenting practices, sibling dynamics, and
environmental factors. Research has shown that first-
born children often receive more focused attention and
resources from parents, which may enhance emotional
and developmental support during early childhood [143].
Understanding the implications of birth order can be
valuable for clinicians in identifying at-risk populations
and developing tailored interventions for families dealing
with NE.

This study represents the first systematic review of
the global prevalence of nocturnal enuresis (NE) among
children and adolescents. We conducted a meta-analy-
sis to synthesize prevalence estimates without imposing
restrictions on publication dates, thereby maximizing
the inclusion of relevant studies. The results exhibited
homogeneity across the included article, which enhances
the generalizability of our findings. Additionally, we
performed subgroup analyses based on the year of pub-
lication and geographic regions, facilitating an under-
standing of trends in NE prevalence over decades and
highlighting the burden of the condition in different
continents.

However, one limitation of this meta-analysis is the
variability in cut-off points and assessment criteria
employed by researchers, which may differ based on the
study’s geographical context. Furthermore, some articles
presented challenges in obtaining full-length information
due to accessibility issues.

In this systematic review, the summary estimate of noc-
turnal enuresis among children and adolescents was
approximately 7.2%. Family history, urinary tract infec-
tion, stressful events, birth order, and sex were statisti-
cally significant factors.

Given these findings, it is crucial for healthcare pro-
viders to implement routine screening for nocturnal
enuresis, especially for children presenting with known
risk factors such as a family history of the condition or
a history of urinary tract infections. Early identification
and intervention can help mitigate the psychological
and social impacts of nocturnal enuresis, which can be
profound and long-lasting. Furthermore, the develop-
ment of targeted interventions and support mechanisms
is essential. This may include educational resources for
families, behavioral therapies, and, when appropriate,
pharmacological treatments. Recognizing the multifac-
torial nature of nocturnal enuresis will allow clinicians
to tailor their approaches to individual patients effec-
tively, thereby improving outcomes and quality of life for
affected children and their families. We recommend that
future research focus on developing specific interven-
tion strategies tailored to at-risk populations and further
investigating the long-term psychological effects of NE
on affectedchildren.
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