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Purpose: Current literature has suggested a relationship between nocturnal enuresis (NE) in 
childhood and the development of nocturia later in life as both disorders have similar 
underlying etiologies, comorbidities, and treatments. The objective was to synthesize the 
available evidence on the association between childhood NE and later presentation of 
nocturia.
Methods: PubMed, CINAHL, Scopus, and Google Scholar were searched for peer-reviewed 
studies published between January 1980 and April 2021. Case–control and cohort studies 
that reported on childhood NE and current nocturia were included. The PRISMA protocol 
was followed (PROSPERO ID: CRD42021256255). A random-effects model was applied to 
calculate the pooled odds ratio (OR) and 95% confidence interval (CI). Risk of bias was 
assessed using the Grading of Recommendations, Assessment, Development, and Evaluation 
(GRADE) criteria and with a funnel plot.
Results: Of the 278 articles identified, 8 studies met inclusion criteria. The 6 case–control 
and 2 prospective cohort studies resulted in a total sample size of 26,070 participants. In 
a random-effect pooled analysis, childhood NE was significantly associated with the devel-
opment of nocturia (OR: 1.75, 95% CI: 1.11–2.40). Significant heterogeneity (I2 = 92.7%, 
p < 0.01) was identified among the included studies, which was reflected in an asymmetrical 
funnel plot. NE and nocturia have similar underlying etiologies of hormonal abnormalities, 
sleep disorders, physiological disorders, and psychological disorders.
Conclusion: The history of childhood NE is significantly associated with nocturia later in 
life. The data in this meta-analysis support this transition and identify potential similarities 
between the two disorders. The sparse number of articles relevant to this topic is a strong 
indicator of the need for more work on this transition from childhood to maturity. More 
studies are warranted to further explore the association between NE and nocturia.
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Introduction
Nocturnal enuresis (NE) is a bothersome incontinence condition usually present in 
childhood and defined as the involuntary passage of urine during sleep in children 
over 5 years of age.1 This disease affects 10% of 7-year-olds but drops to a rate of 
0.5% of adults.2 There is a misconception that NE is a benign disorder and resolves 
spontaneously; however, Yeung et al documented that in children with severe 
enuresis, the spontaneous resolution rate is only 50–60%.3 In addition to subclinical 
effects on self-esteem, quality of life and distress, NE is also linked with an 
increased rate of comorbid clinical behavioral disorders.4 Sleep arousal disorders, 
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nocturnal polyuria, and decreased nocturnal bladder capa-
city all play a role in the pathogenesis of NE.2 Many of 
these underlying pathophysiological mechanisms are com-
mon to both NE and nocturia. Due to these similarities, 
there has been a suggestion that patients with childhood 
NE may go on to develop nocturia in adulthood.5

Nocturia is a common but often neglected symptom of 
adulthood, defined as waking at night one or more times to 
void.6 Nocturia is present in over 15% of men and women 
between the ages of 20 and 40.7 Nocturia is associated 
with elderly patients and increases with age up to a 50% 
prevalence in individuals older than 50.7 It may reduce 
quality of life, productivity, and even cause physiological 
harm.7 Nocturnal polyuria, decreased nocturnal or global 
bladder capacity, and global polyuria have been proposed 
to be the main etiologies of nocturia.7

The main dissimilarity between NE and nocturia is 
the presence of appropriate arousal resulting from blad-
der stimulation to cause awakening in nocturia.8 

Although differences exist in the expression of NE and 
nocturia, there are many similarities in the etiologies, 
comorbidities, and treatment.9 NE and nocturia both 
have the underlying pathophysiological mechanism of 
nocturnal polyuria and decreased nocturnal bladder capa-
city. These overlaps and similarities in prevalence rates 
suggest a relationship between NE of childhood and 
nocturia of adulthood. Additionally, previous studies 
have shown that children with NE are more likely to 
experience nocturia and lower urinary tract symptoms in 
adulthood.10 Unfortunately, data are lacking on how and 
why NE transitions to nocturia; a better understanding of 
the pathophysiology of NE and nocturia can be impor-
tant for a targeted therapeutic approach.

The goal of this paper is to conduct a systematic review 
and meta-analysis of studies investigating the relationship 
of NE of childhood to nocturia later in life. This paper will 
also summarize common pathophysiologies in order to 
suggest treatment options and identify future areas of 
research.

Methods
The meta-analysis of studies showing the transition from 
NE to nocturia was conducted according to the Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) extension statement for network 
meta-analysis.11–14 The protocol was registered on 
PROSPERO (ID: CRD42021256255).

Search Strategy
In April 2021, two authors (SG and LK) designed and 
executed literature searches in PubMed, CINAHL, Scopus, 
and Google Scholar for studies published from 
January 1980 to April 2021 on studies connecting child-
hood NE to later nocturia. The year restriction was to 
allow for the greatest inclusion while ensuring the rele-
vance of the studies. The search string included keywords 
such as “adult nocturia”, “nocturnal polyuria”, and addi-
tional terms to describe nocturia in adults and “childhood 
enuresis”, “childhood bedwetting”, and other terms 
describing childhood NE. Initial screening was performed 
independently by two investigators (SG and LK) based on 
the titles and abstracts of the article. Reasons for exclu-
sions were noted, and potentially relevant studies were 
subjected to a full-text review. Data extraction confirmed 
the relevance of the reports. Disagreements were resolved 
via consensus with the co-authors.

Inclusion and Exclusion Criteria
Two authors (SG and LK) independently screened articles 
for studies that met the inclusion criteria. Studies were 
included if they followed children with NE to see if 
nocturia occurred later in life (prospective cohort study) 
or if they tracked the history of NE in nocturia patients 
(case–control study). We focused on primary monosymp-
tomatic NE, which is characterized by enuresis during 
sleep in children who have never achieved a satisfactory 
period of nighttime dryness and who lack symptoms of the 
lower urinary tract and/or daytime incontinence.15–17 We 
used the definition of one or more voids per night for 
nocturia.18 We excluded studies which had comorbidities 
(eg spina bifida occulta),19 only focused on animal cases, 
or did not discuss both childhood NE and nocturia in the 
title and abstract sorting. In full-text screening, we 
excluded studies which were narrative reviews or had 
insufficient data. Included studies must have NE occurring 
in childhood and nocturia occurring later in life.

Data Extraction
Two authors (SG and LK) created a data extraction sheet 
to record the following information: the first author’s 
surname, publication year, number and age of participants, 
study design (cohort or case control) and duration, the 
country where the study was performed, and outcomes 
measured. Subsequently, the odds ratios (OR) and 95% 
confidence intervals (CI) of the association of NE and 
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nocturia were retrieved. All discrepancies regarding data 
extraction were resolved by consensus with the committee 
of authors.

Risk of Bias Assessment
Two authors (FG and LK) independently assessed the 
quality of the included studies using GRADE (Grading 
of Recommendations, Assessment, Development and 
Evaluations) criteria and the level of evidence was rated 
according to the criteria provided by the Oxford Centre for 
Evidence-Based Medicine (OCEBM).20,21 Disagreements 
were resolved by consultation with the coauthors.

Statistical Analyses
Odds ratios (OR) and 95% confidence intervals (CI) were 
utilized to pool data from the existing literature of case- 
control and cohort studies. The standard error of each 

study was then calculated from the existing data. 
Statistical significance for all analyses was set at p < 
0.05 (two-tailed). Heterogeneity was assessed via the 
Cochran Q and the I2 statistics. Significant heterogeneity 
was identified in a fixed effect model, prompting the use of 
the random effects model to calculate the cumulative 
effect size and CI. Potential publication bias was evaluated 
using a funnel plot. All analysis was performed using the 
R software (version 3.4.0) and the R packages metafor and 
ggplot2.

Results
Study Selection and Characteristics
Our initial search identified 278 publications, and after the 
elimination of duplicates, 259 publications were available. 
After sorting through titles and abstracts, 19 studies were 
selected for full-text review. Based on selection criteria, 8 

Figure 1 Study selection flow diagram. Flow diagram of articles screened showing the study selection process using PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses). Screening was done using inclusion and exclusion criteria. All screened studies were published between January 1980 and April 2021. 
Notes: PRISMA figure adapted from Moher D, Liberati A, Altman D, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies 
that evaluate health care interventions: explanation and elaboration. Journal of clinical epidemiology. 2009;62(10). Creative Commons.12
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studies were identified, comprising 26,070 patients for the 
meta-analysis. The detailed retrieval process is shown in 
Figure 1. These studies, published between 2010 and 
2021, were case–control or prospective cohort studies 
that connected the current history of nocturia to the child-
hood history of NE. Summaries of study design and out-
comes measured from these eight studies are shown in 
Table 1. The ratio of male/female varied between studies, 

with a total of 3692 male subjects and 22,378 female 
subjects. These studies were performed in six different 
countries (Turkey, Japan, USA, Colombia, England, 
Sweden). The earliest study began in 1991, while the 
most recent study was conducted in 2014. The case–con-
trol studies (studies 1–3, 6–8) asked adults about nocturia 
symptoms and to recall childhood NE.22–27 The prospec-
tive cohort studies (studies 5 and 6) followed children with 

Table 1 Study Characteristics

Study First Author 
Last Name, 
Year

N (% 
M/% 
F)

Age 
(Years)

Study 
Design

Country Study 
Duration

Outcomes Measured

1 Akashi, 2014 2555 

(44%/ 
56%)

30–89 Case 

control

Japan July-August 2012 -Childhood history of urinary symptoms 

-Age of NE resolution 
-Current urinary symptoms 

-Nocturia, urgency

2 Azuero, 2021 1060 

(50%/ 

50%)

18–89 Case 

control

Colombia 2015 -Sociodemographic characteristics 

-Race, education, socioeconomic status, marital 

status, employment status, 
-Childhood history of urinary symptoms 

-Age of NE resolution, bedwetting 

-Current urinary symptoms 
-Nocturia, voids per night, symptom bother

3 Fitzgerald, 
2006

2109 
(0%/ 

100%)

40–69 Case 
control

USA 2004 -Sociodemographic characteristics 
-Race, marital status, education, total household 

income, occupation 

-Childhood history of urinary symptoms 
-NE, frequent daytime voids, nocturia, daytime 

urinary incontinence, nocturnal enuresis, 

frequency of UTI 
-Current urinary symptoms 

-Nocturia, daytime void frequency, urgency, 

incontinence, UTI

4 Heron, 2017 920 

(51%/ 
49%)

4–14 Prospective 

cohort

England 1991–2005 -Sociodemographic characteristics 

-Social class, home ownership, car access, 
maternal education 

-Childhood urinary symptoms 

-NE, bedwetting frequency, daytime void frequency 
-Current urinary symptoms 

-Nocturia, daytime wetting, bedwetting, urgency, 
frequent urination, low void volume, void 

postponement

5 Negoro, 2020 5402 

(29%/ 

71%)

30–75 Prospective 

cohort

Japan 2008–2010 -Childhood urinary symptoms 

-NE 

-Current urinary symptoms 
-Nocturia, lower urinary tract symptoms, 

urgency, incontinence

(Continued)
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NE into adulthood.28,29 All studies measured childhood 
history of urinary symptoms (eg NE, daytime voids) and 
current urinary symptoms (eg nocturia, UTI, inconti-
nence). Only studies 2, 3, and 4 provided detailed socio- 
demographic data (eg race, education, marital 
status).23,24,29

Network Meta-Analysis
Bivariate ORs with their corresponding 95% CIs for each 
individual study and for the combination of all included 
studies are presented in Figure 2. Overall, the pooled 
estimate of the OR was 1.75 (95% CI: 1.11–2.40) based 
on eight studies in a random effects model with significant 
heterogeneity (I2 = 92.7%, p < 0.01). So, childhood NE 
was significantly associated with the incidence of nocturia.

Quality Assessment and Publication Bias
Based on the GRADE criteria, which factors in an 
evaluation of publication bias, a quality of evidence 
rating of low (study 4),29 moderate (studies 1–3, 6– 
8),22–27 or high (study 5)28 was given (Table 2). With 
the OCEBM criteria, six studies (1–3 and 6–8)22–27 

were level 3b while two studies (4–5)28,29 were level 
1b. A funnel plot was used to evaluate publication bias 
(Figure 3). Upon visual inspection of the plot, a certain 
degree of asymmetry was observed.

Discussion
To the best of our knowledge, this paper is the first meta- 
analysis assessing the association between childhood NE 
and adult nocturia. A total of 26,070 participants in case– 
control and prospective cohort studies were included in 
our meta-analysis. Our results showed that there was 
a significant association between the history of NE and 
the development or persistence of nocturia later in life.

For the included studies, sample sizes ranged from 577 
participants to 9197 participants and studies were either 
case control or prospective cohort. Most ORs of the indivi-
dual studies ranged between 1.00 and 2.00.23,25,27–29 

Specifically, studies 1, 5, 6, and 7 showed statistically sig-
nificant associations between the two conditions (OR: 2.38, 
CI: 1.94–2.94; OR: 1.39, CI: 1.20–1.57; OR: 1.91, CI: 

Table 1 (Continued). 

Study First Author 
Last Name, 
Year

N (% 
M/% 
F)

Age 
(Years)

Study 
Design

Country Study 
Duration

Outcomes Measured

6 Othman, 2021 9197 
(0%/ 

100%)

25–64 Case 
control

Sweden 2014 -Childhood urinary symptoms 
-Age of NE resolution 

-Current urinary symptoms 

-Nocturia, incontinence, urgency, overactive 
bladder, pelvic floor disorder, pelvic organ 

prolapse

7 Sarici, 2014 4250 

(0%/ 

100%)

15–49 Case 

control

Turkey January-May 

2013

-Childhood history of urinary symptoms 

-NE 

-Current urinary symptoms 
-Nocturia, urge incontinence, frequency, urgency, 

overactive bladder

8 Yazici, 2013 577 

(0%/ 

100%)

17–24 Case 

control

Turkey November 2011- 

April 2012

-Childhood history of urinary symptoms 

-NE 

-Current urinary symptoms 
-Nocturia and frequency

Abbreviation: NE, nocturnal enuresis.

Figure 2 Individual and pooled OR of included studies.
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1.53–2.38; OR: 3.75, CI: 2.55–5.52; respectively).22,25,26,28 

Overall, the pooled random effects model also showed 
a significant association between NE and nocturia (OR: 
1.75, CI: 1.11–2.40). A pooled random effects model was 
used in order to take into account both within- and between- 
study variability when calculating pooled OR estimates. 
This suggests that a history of childhood enuresis is asso-
ciated with an increased risk of occurrence of nocturia later 
in life. The heterogeneity was statistically significant, I2 = 
92.7%, which indicates differences between study results 
beyond those attributable to chance. This could be due to 
methodological variation in study design as case control and 
prospective cohort studies were included. Furthermore, clin-
ical differences between studies, such as varied populations, 
would also increase heterogeneity. For example, although 
we wished to include only primary monosymptomatic NE, 
some studies did not specify their classification of NE. 
Additionally, the definition of primary monosymptomatic 
NE has been amended throughout the years. Thus, data on 
secondary or non-monosymptomatic NE may have been 
included. Also, studies 3, 5, 6, 7, and 8 were predominantly 

female, while studies 1, 2, and 4 had more equal sex 
distribution. The heterogeneity of the studies could have 
contributed to an asymmetrical funnel plot. In addition to 
heterogeneity, reporting bias and chance can cause 
asymmetry.30

Previous studies have noted the similarities between NE 
and nocturia. A genetic factor is suspected for both 
conditions.31 Chromosomes 12q, 13q, and 22q have loci 
associated with NE phenotypes, and these potential NE 
risk genes have been identified with roles in sleep, urine 
production, and bladder function.31,32 Nocturia has a strong 
familial occurrence and differs in prevalence by ethnicity.31 

Furthermore, physical and mental health are compromised in 
both conditions. While children with NE have comorbidities 
of constipation, attention deficit disorder, and low self- 
esteem, adults with nocturia have comorbidities of cardio-
vascular disease, fall injuries, personal distress, and 
depression.31 For both conditions, a more individualized 
approach seems to be necessary; however, treatment is 
often inadequate. Due to the persisting mindset that NE 
and nocturia are “normal”, treatment options have not been 
pursued adequately by patients and doctors. Although there 
are many similarities between NE and nocturia, one major 
difference is the arousal owing to bladder stimuli.31 This 
suggests that the bladder-brain dialogue during sleep and 
sleep characteristics play a key role in these conditions.

The similarities between NE and nocturia may provide 
an explanation for the mechanism of transition from NE to 
nocturia. Both disorders are direct consequences of 
a disparity between bladder capacity and nocturnal urine 
production.33,34 Factors associated with the pathophysiol-
ogies of NE and nocturia include hormonal abnormalities, 
sleep disorders, physiological disorders, and psychological 
disorders. Normally, nocturnal urine production is <20% 
of the daily urine output in young adults and <30% of the 
daily urine output among older adults.35 The amount and 

Table 2 Assessment of Study Quality Using GRADE Quality Assessment Criteria

Study Author, Year Risk of Bias Inconsistency Indirectness Imprecision Publication Bias Quality Rating

1 Akashi, 2014 Not serious Not serious Serious Not serious None Moderate
2 Azuero, 2021 Not serious Not serious Not serious Serious None Moderate

3 Fitzgerald, 2006 Not serious Not serious Serious Not serious None Moderate

4 Heron, 2017 Serious Not serious Serious Not serious None Low
5 Negoro, 2020 Not serious Not serious Not serious Not serious None High

6 Othman, 2021 Not serious Not serious Serious Not serious None Moderate

7 Sarici, 2014 Not serious Not serious Serious Not serious None Moderate
8 Yazici, 2013 Not serious Not serious Serious Not serious None Moderate

Figure 3 Funnel plot.
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frequency of nocturnal urination is related to fluid intake 
before going to bed, as well as to endocrine factors. 
Studies have shown that low levels of nocturnal arginine- 
vasopressin may result in overproduction of urine at night, 
nocturnal polyuria.36,37 Nocturnal polyuria may result in 
NE and nocturia. Children with NE and nocturia exhibit 
little circadian variation in urine excretion rate, urine 
osmolality, or vasopressin secretion, and produce large 
volumes of dilute urine during the night. If this abnormal 
hormonal circadian rhythm is not corrected, NE can persist 
or transition into nocturia in adulthood.

NE and nocturia are also linked to sleep disorders.31 

An abnormally deep sleep pattern may occur in children 
with enuresis.38 Additionally, obstructive sleep apnea 
(OSA) has been cited as a precipitating condition asso-
ciated with NE.34 Similarly, findings suggest that men with 
OSA have a high incidence of nocturia.35 Thus, untreated 
OSA in children may present as nocturia in adulthood.

Additionally, NE and nocturia can be connected 
through physiological disorders, such as lower bladder 
capacity and detrusor overactivity. Children with NE 
have diminished functional bladder capacity and detrusor 
instability, which may be due to delayed maturation of the 
bladder and its functional controlling signal pathways.2,39 

It is also known that the bladder contributes to nocturia in 
the case of low capacity, urgency, and detrusor 
overactivity.37,40 An inability to hold urine at night and 
uninhibited bladder contractions may result from issues in 
bladder development, which begin in childhood and carry 
on into adulthood, resulting in NE, then nocturia.

Furthermore, there has been evidence of a relationship 
between psychological disorders and the onset of NE and 
nocturia. Psychological stress is a precipitating condition 
associated with enuresis.34 NE is considered a regressive 
symptom in response to stress (eg parental divorce, sexual 
abuse, trauma).34 Comparably, nocturia is positively asso-
ciated with childhood and adolescent/adult sexual, physi-
cal, and emotional abuse.41 If these underlying 
psychological traumas are not addressed in a child, it is 
possible that these conditions will persist into adulthood 
and present as nocturia.

NE in children and nocturia in adults have similar 
underlying mechanisms, which support the transition of 
NE into nocturia with increasing age. Aging is known to 
impact the lower urinary tract (LUT) through a variety of 
mechanisms. In addition to muscle and nerve damage due 
to ischemia, vascular damage due to endothelial dysfunc-
tion and inflammation is commonly associated with LUT 

disorders, which may be present with the phenotype 
complaint of nocturia.42–45 The mechanisms by which 
these damaging factors manifest due to aging are being 
studied at the molecular level. Age-related changes in the 
levels of hormones, receptors, and increases in reactive 
oxygen species may increase oxidative stress and cause 
the transition from NE to nocturia.46–49 Children with NE 
have higher prevalences of a variety of bladder symp-
toms, such as bedwetting, urgency, and frequent urina-
tion; accordingly, patients with NE may be more prone to 
these aging mechanisms in the urinary tract.29 More 
studies are needed to elucidate the mechanisms by 
which NE progresses to nocturia. The use of a 24-hour 
bladder diary, nocturnal bladder diary, renal functional 
profiles and other tools in a controlled setting may assist 
in providing more information in understanding the NE 
to nocturia transition.

Consideration and Limitations
Long-term follow-up studies in children with NE are 
lacking, which has led to the misconception that once 
incontinence is resolved in childhood, the patient is 
cured. However, our meta-analysis provides strong evi-
dence that NE in childhood is associated with the devel-
opment or persistence of nocturia later. Most people with 
nocturia do not seek help, accepting it as a natural con-
sequence of aging; however, nocturia is common in men 
and women of all ages, profoundly lowers the quality of 
life, and may be associated with increased morbidity and 
mortality.50 The understanding that there is a connection 
between childhood NE and adult nocturia can provide 
treatment options that may thwart the occurrence of noc-
turia. Currently, both are treated through lifestyle 
changes, drugs (eg desmopressin), and behavioral 
therapy.7 Verbal behavioral therapy, in combination with 
a written checklist of behavioral instructions or desmo-
pressin, has been shown to increase rates of treatment 
compliance in children with NE.51 Treatment of child-
hood NE may be equally effective in preventing later 
development of nocturia if the underlying cause is the 
same. Future studies should consider the mechanisms of 
NE transitioning to nocturia.

The findings of our review have several limitations. To 
begin with, heterogeneity was observed across studies (I2 

= 92.7%, p < 0.01) and the funnel plot was asymmetrical. 
The high heterogeneity underscores the need for further 
research into this topic given the limited number of studies 
with high-quality evidence. As a future consideration, we 
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can perform meta-regressions to better understand what is 
behind the high heterogeneity. Additionally, four databases 
were used, so despite conducting comprehensive searches, 
articles that were not indexed in the used databases were 
missing. Also, only studies 2, 3 and 4 provided detailed 
demographic data (eg race, education, marital status).9,10,12 

Most studies lack this information, which makes it difficult 
to account for these factors as possible confounders. 
Furthermore, most studies were case–control studies, 
which had the risk of recall bias since adults were asked 
to remember if they had NE as a child.22 Even though their 
responses are confirmed by caregiver responses whenever 
possible, this design runs the risk of inaccurate retrieval of 
past information.

Despite these limitations, our review is the first to 
conduct a meta-analysis on the transition from childhood 
NE to later nocturia. Our study had several important 
strengths. First, we tested several search constructions 
and selected the ones that allowed for the broadest selec-
tion of articles. Second, we searched four databases and 
had two reviewers independently screen studies to reduce 
selection bias. Third, we used two quality assessment 
methods, GRADE and OCEBM criteria. Finally, various 
stratified and publication bias analyses were performed to 
comprehensively evaluate the robustness of the combined 
effect size estimate.

Numerous studies, including this meta-analysis, have 
indicated an association between NE and nocturia. 
However, further studies are needed to explore the transi-
tion from NE to nocturia in the context of pathophysiolo-
gies, prognosis, and treatment outcomes.

Conclusion
In summary, this meta-analysis of case–control and pro-
spective cohort studies found an association between the 
history of NE and the occurrence of nocturia later in life. 
NE and nocturia have similar underlying conditions, links 
to genetic factors, and resulting physical and mental health 
issues. Thus, findings in NE in children may be useful in 
elucidating the missing links in knowledge about nocturia 
in adults. The sparse number of articles relevant to this 
topic is a strong indicator of the need for more work on the 
transition from childhood to maturity. Data gathered herein 
provide targets for future studies, and highlight the neces-
sity for further investigation regarding prognosis and treat-
ment outcomes.
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