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ABSTRACT ARTICLE HISTORY
Purpose: To outline the prevalence of vitamin D and vitamin B,, deficiencies in enuretic children. Received 27 November
Methods: An analytical descriptive study was conducted on enuretic children who were followed 2023

up at the outpatient clinic for nocturnal enuresis at the Children’s Hospital, Cairo University. Revised 9 April 2024
Sociodemographic and clinical data were recorded. The levels of vitamin D and vitamin B,, were ~ Accepted 22 April 2024
assessed and correlated with the severity of enuresis.

Results: Two hundred and eighty-eight children were enrolled. Insufficiency of Vitamin D
predominated (n=139; 48.3%). Vitamin D deficiency was present in 31.3%, n=90 and it was
normal in 20.5%, n=59). Vitamin B,, deficiency was observed in 25% of the studied children,
n=72). The one-sample Wilcoxon signed-rank test was significant for both vitamins (P value
=0.001). Vitamin D showed a stronger inverse correlation with the number of enuresis episodes
per day than vitamin B,, (-0.680 vs. —0.219 respectively). A cut-off of 13.7ng/ml for vitamin D was
detected, below which the child was predicted to have failed dry nights. Using multivariate
logistic regression, higher vitamin D levels and behavioural treatment coexistence were significant
protective factors for the absence of dry nights.

Conclusion: Low levels of vitamin D and B,, were detected in children with primary nocturnal
enuresis, which could be considered a burden on the clinical severity of enuresis.
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KEY MESSAGES

+  What is already known on this topic?
Children with Primary Nocturnal Enuresis may have vitamin D and vitamin B,, abnormalities
as deficiencies

+  What does this study add?
Vitamin D insufficiency may be the most prevalent vitamin D abnormality in children with
primary nocturnal enuresis. Vitamin D insufficiency may be more common in children with
severe enuresis than vitamin B,, deficiency.

- How might this study affect research, practice, or policy?
This study may invite further research to examine the possible use of vitamin D and vitamin
B12 as potential adjuvant therapies for children with Primary Nocturnal Enuresis.

Introduction extensively studied because of its high prevalence. The

causes of PNE, such as small bladder size, abnormal

Primary Nocturnal Enuresis [PNE] is the most common
voiding problem in children and is characterized by
involuntary urination during the night after the age at
which bladder It has been

control is expected.

sleep patterns, increased urine production at night,
and delayed development of the central nervous sys-
tem, have been widely discussed but are not fully
understood [1].

CONTACT Hoda Atef Abdelsattar Ibrahim @ hodaibrahim424@cu.edu.eg, hodaibrahim424@gmail.com @ Department of Pediatrics, Faculty of Medicine,
Cairo University, Cairo 12613, Giza, Egypt.

This article is published in the PEDIATRICS SECTION OF ANNALS OF MEDICINE

© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0001-5399-8861
mailto:hodaibrahim424@cu.edu.eg
mailto:hodaibrahim424@gmail.com
https://doi.org/10.1080/07853890.2024.2352030
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1080/07853890.2024.2352030&domain=pdf&date_stamp=2024-6-8

2 € H.ATEF ABDELSATTAR IBRAHIM ET AL.

Vitamin D receptors can be found in various parts
of the body, including the muscles, bladder, and skel-
etal and smooth muscles. Vitamin D is believed to play
a role in several clinical conditions, such as asthma,
respiratory tract infections, insulin problems, autoim-
mune disorders, metabolic syndrome, fertility, urinary
tract infections, overactive bladder syndrome, chronic
kidney diseases, and pelvic floor muscle disorders.
Recent studies have suggested a potential link between
vitamin D and lower urinary tract symptoms, although
the results have been inconsistent [2]. Moreover, evi-
dence from clinical studies suggests that vitamin D is
involved in sleep regulation [3].

Vitamin B,, may play an essential role in the develop-
ment and maturation of the nervous system in children.
Despite extensive research on PNE, many questions
regarding its pathophysiology remain unanswered [4].

Our study aimed to outline the prevalence of vitamin
D and B, abnormalities in enuretic children. Additionally,
the link between the levels of both vitamins and the
clinical severity of enuresis, which was represented by
the number of enuresis episodes per day and the
absence of dry nights, was another objective.

Materials and methods

This study enrolled 288 children diagnosed with pri-
mary nocturnal enuresis between January 2022 and
June 2022. Face-to-face interviews with caregivers or
parents were conducted using a structured question-
naire. The information collected included the child’s
age, gender, frequency of nighttime bedwetting, pres-
ence or absence of dry nights, and possible risk factors
such as family troubles or psychiatric disorders.

Serum samples of the collected blood from all
enuretic children were separated using tubes contain-
ing separating gel, centrifuged, and preserved at —
20°C until laboratory assessments. We used the
Electrochemiluminescence method to detect serum
25-hydroxyvitamin D and B,, levels and correlated
these results with the reference ranges.

For each child, a checklist was used to record
their data [name, age, sex, serum vitamin D, and
vitamin B,,]. All enrolled children with primary enure-
sis were diagnosed and confirmed to have no sec-
ondary causes or systemic causes as convulsions.
Children who were 5years or older than 5years of
age, who had at least 2 episodes of wet nights,
never experienced nocturnal dryness for more than 6
consecutive months and with normal urine and stool
analysis, normal lumbar x-ray were enrolled. Informed
consent was obtained from all the caregivers or
parents.

Control of potential bias

1. Children receiving vitamin D or vitamin B,, sup-
plementation were excluded from the study.

2. Children with secondary nocturnal enuresis by
history; through which the child had a period
of being dry and then beginning to wet, were
excluded. Also, we excluded children with
genetic causes through family history.
Laboratory investigations as random blood
sugar and kidney functions were applied to
exclude other secondary causes such as
Diabetes Mellites and renal compromise [5-6].

3. Sampling of the enrolled children was in one
season which is the Spring (March to May) to
exclude any bias resulting from seasonal varia-
tions in vitamin D levels

Operational definitions

1. Reference ranges for vitamin D and vitamin B ,,
were used to outline the definitions for vitamin
D and vitamin B,, abnormalities [7-8].

2. Primary nocturnal enuresis is the involuntary pas-
sage of urine at night in children old enough to
be expected to have bladder control. Enuresis is
considered to be primary when bladder control
has never been achieved and secondary when the
incontinence reappears after at least six months of
continence [9]. Children who have more than five
episodes of wet nights are defined to have severe
Primary nocturnal enuresis [10].

Sample size considerations

The primary objective of this study was to determine
the prevalence of abnormally low 25-hydroxy vitamin
D (25 [OH] D) levels among children with primary noc-
turnal enuresis. El-Baz et al. 2021 estimated that 46%
of pediatric patients with primary nocturnal enuresis
had low abnormal vitamin D levels [11].

By setting an acceptable margin of error of 0.06, and a
confidence level of 95%, the minimum required sample
size for the study was 266 patients using a Statulator cal-
culator for estimating a single proportion. [12]. To enhance
the precision of our findings and achieve a lower margin
of error, we purposefully exceeded the calculated sample
size in our study as much as it was possible.

Ethical considerations

After an adequate explanation of the study, written
consent was obtained from all parents or caregivers of



the enrolled children. The study was revised and
approved by the Scientific Ethical Research Committee
of Cairo University (ethical clearance number: N-80-
2021). This study was performed following the laws for
human research, following the principles of the
Declaration of Helsinki.

Statistical considerations

Statistical calculations were performed using SPSS
version 27 and MedCalc software. Categorical vari-
ables were represented as frequency counts and per-
centages, while numerical variables were represented
as medians and ranges, as most of the data were not
normally distributed according to the Kolmogorov-
Smirnov test. The one-sample Wilcoxon signed-rank
test was applied to detect whether the median of
the sample was equal to the known standard value
(i.e. the reference value of vitamin D and vitamin
B,,). Spearman’s rank correlation was used to deter-
mine the possible correlation of vitamin D and B,
levels with the number of enuresis episodes per day.
Associations between categories of vitamin D levels
and categories of dry nights were studied using the
chi-square test. The receiver operator characteristic
(ROC) curve was used to detect the cut-off value for
vitamin D for predicting children with the absence
of any dry nights. Multivariate logistic regression

analysis was used to control for possible
confounders.
Results

This study aimed to estimate the prevalence of vita-
min D abnormalities as deficiencies in children with
nocturnal enuresis and to assess the prevalence of
vitamin B;, deficiency. Figure 1 illustrates the

Insuffuecny
of vitamin D:

1.A
P value = 0.001*
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prevalence of abnormal levels of vitamin D and shows
that insufficiency of vitamin D was predominant
(n=139, 48.3%). Vitamin D deficiency was present in
31.3%, n=90 and it was normal in 20.5%, n=59). The
figure also shows the prevalence of vitamin B,, defi-
ciencies (25%, n=72). To address if each of these
results is different from the normal population, the
one-sample Wilcoxon signed-rank test was applied
using the normal levels of both vitamins as references.
A significant difference was also observed (p=0.001).

However, within the children with nocturnal enure-
sis, vitamin D appears to be a stronger covariate with
the number of nocturnal enuresis episodes per day
than vitamin B ;, as shown in Table 1.

Table 2 presents the socio-demographic and clinical
criteria. The median age of the children with nocturnal

Table 1. Spearman’s rank correlation between the number of
nocturnal enuresis episodes per day and both vitamin D and B,,.
Number of nocturnal enuresis per day

Studied variables rho* p value**
Vitamin D —-0.680 0.001**
Vitamin B 12 -0.219 0.001**

"Spearman’s rank correlation coefficient.
“p value is significant if <0.05.

Table 2. Sociodemographic and clinical criteria of the study
participants.
Numerical study

variable Median (IQR) Min-Max
Age in years 9.3 (8) 5-13
Vitamin D 14.15(7.83) 3.54-68.21
Vitamin B12 403.7(202.3) 174-2000
Number of nocturnal 2(5) 1-6
enuresis per day
Gender distribution, Total n=288,100%
Males N=142 49.3%
Females N=146 50.7%
Dry nights
Absence of dry nights N=168 58.3%
Presence of dry nights N=120 41.7%

IQR: interquartile range; N: number.

Deficiency
‘of vitamin
B12:25%

1.B
P value =0.001*

Figure 1. Distribution of levels of vitamin D(1.A) and vitamin B12(1.B) in our study. *p value of One-Sample Wilcoxon Signed Rank

Test is significant.
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Figure 2. The distribution of absence and presence of dry nights through levels of vitamin D. *p value of Chi-squared test.
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Figure 3. ROC curve of vitamin D level for absence of dry
nights.

enuresis was 9.3 with female predominance. Nearly
fifty-eight percent (n=168) of the study participants
did not have dry nights.

As the vitamin D level was a strong covariate with
the number of nocturnal enuresis, further analysis was
performed in the absence and presence of dry nights.
A significant association was observed (Figure 2). It
seems that children who did not experience any dry
nights had lower vitamin D levels.

Additionally, ROC analysis was carried out to outline
the cut-off with the highest sensitivity and specificity
for the absence of dry nights, and a cut-off of 13.7
with a considerable area under the curve was detected,
as shown in Figure 3.

To control for possible confounders that could affect
the predictive value of vitamin D in the absence of dry
nights, a multiple logistic regression was performed.
The vitamin D level was a significant predictive vari-
able. Vitamin D levels seemed to be protective factors;
the odds of the absence of any dry nights decreased

Table 3. Multivariate logistic regression for the absence of dry nights in children.

Univariate analysis

Multivariate analysis

Unadjusted odds Adjusted 95% Confidence Interval

Independent variables p value ratio p value odds ratio for odds ratio
Lower Upper

Vit D ng/ml <0.001 0.840 <0.001 0.841 0.795 0.890
Vit B12 pg/ml 0.008 0.998 0.124 0.999 0.998 1
Gender (female)* 0.002 2.1 0.111 0.641 0.372 1.106
Age in years 0.396 0.954
Behavioural treatment**(no) 0.015 1.08 0.012 0.492 0.283 0.855
Family disorders(yes) 0.235 134
Psychiatric disorders*** (yes) 0.01 1.98 0.53 0.558 0.309 1.008

*Female gender is the reference, so the odds for the absence of dry nights decreased by 0.641 times in males compared to females.
**Absence of behavioural therapy is the reference. So, the odds of the absence of dry nights decreased in those children with behavioural therapies by

0.492 times compared to those without.

***The presence of any psychiatric disorder is the reference, so the odds of the absence of dry nights decreased in children without psychiatric disorders

by 0.558 times compared to those children with.
N.B: p value is significant if <0.05.



with higher levels of vitamin D (odds ratio =0.841,
p=0.001), as shown in Table 3.

Discussion

Our study aimed to determine the prevalence of vita-
min D and vitamin B,, abnormalities in children with
primary nocturnal enuresis. This study reports that
vitamin D insufficiency could be a major risk factor for
children with PNE because of the higher prevalence of
vitamin D insufficiency in the enrolled children. Our
report is very close to a previous report, in which a
higher prevalence of vitamin D insufficiency and defi-
ciency was detected [13]. Additionally, there was a
strong inverse correlation between the number of noc-
turnal enuresis episodes per day and levels of vitamin
D, a result that has been closely reported [13].

There are various explanations for the impact of vita-
min D on bladder function. Vitamin D receptors, including
those in the detrusor muscle and urothelium of the blad-
der, are found in both skeletal and smooth muscle cells.
Vitamin D helps reduce bladder contractions by suppress-
ing sensory signals during the bladderfiling phase.
Insufficiency or deficiency of vitamin D can lead to uncon-
trolled bladder contractions. Additionally, vitamin D plays
a role in bladder mucosal immunity by promoting cathe-
licidin production. Lack of vitamin D can increase the risk
of recurrent urinary tract infections, leading to bladder
dysfunction. Furthermore, low levels of vitamin D can
affect the renal expression of endothelin-1 and decrease
the activity of the epithelial sodium channel, potentially
causing natriuresis [13-17].

Enuretic children who were capable of having some
dry nights represented 41.7% of the study group. We
were interested in defining the cut-off value for vita-
min D, below which an enuretic child cannot have any
dry nights. This cut-off was 13.7 ng/dl. Previous research
has defined a higher cutoff value of 19ng/dl, but this
value was used to discriminate between enuretic and
healthy children [11]. Therefore, it could be concluded
that, with higher levels of vitamin D, the child’s chance
of being enuretic decreases.

Looking at the status of vitamin B,, vitamin B,
deficiency occurs in a considerable number of patients.
New research in behavioural neuroscience has empha-
sized the importance of nutrition in brain develop-
ment. These studies have shown that a lack of essential
nutrients can have detrimental effects on children’s
cognitive abilities and motor neuron functions.
Additionally, deficiencies in vitamin B,, have been
linked to behavioral changes, delayed puberty, and
maturation of the central nervous system [18-20]. This
could be the reason for the considerable prevalence of
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vitamin B,, deficiency in our enrolled patients, a result
that was closely stated [21].

As part of the structured questionnaire, data regard-
ing possible contributing factors for enuresis were
gathered. Examples of these factors include the
absence of behavioral treatment, the presence of fam-
ily troubles, and the coexistence of psychiatric disorders.

To adjust the possible predictive value of vitamin D
and vitamin B,,, all other possible contributing factors
were studied via multiple logistic regression. It was found
that higher levels of vitamin D and the co-existence of
behavioral therapy were the only significant protective
factors against severe enuresis, which was represented
by the absence of dry nights. Behavioral interventions
are the primary treatment approach for PNE. Vitamin D
deficiency may be a potential cause of treatment failure
[22]. Behavioural treatments for bedwetting are charac-
terized as interventions that require the child to engage
in conduct or activity that promotes night dryness, as
well as techniques that reward that behavior [23].
Previous investigations have shown that vitamin D
metabolites may cross the blood-brain barrier. Vitamin D
has also been found in human CSF fluid. Therefore, it
may play a role in the behavioural therapy [24].

Study recommendations

Our study recommends screening children with noc-
turnal enuresis for levels of vitamin D, as insufficiency
of vitamin D predominated in our study, which may
not have the clinical presentations of low vitamin D
and might be bypassed. Furthermore, screening for
vitamin B,, deficiency should be considered.

Strength of the study

To the best of our knowledge, this is the first study to
simultaneously investigate vitamin D and vitamin B, lev-
els in children with PNE. Therefore, we outlined which of
them was a stronger covariate for the severity of enuresis.

Limitations of the study

This is a cross-sectional study, meaning that no
assumptions for etiology can be made. Only preva-
lence can be found from cross-sectional studies. To
provide assumptions for etiology, cohort or case-control
studies should be performed.

Conclusion

Through conducting this study, it was concluded that
children with nocturnal enuresis suffered from low
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levels of vitamin D and B;, to some extent, which
might have been a factor responsible for the sleep dis-
orders and maturation delay, subsequently, for induc-
ing the enuresis in children.
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