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Abstract

Background The purpose was to investigate the frequency of lower urinary tract symptoms (LUTS) and lower urinary tract
dysfunction (LUTD) in Duchenne muscular dystrophy (DMD) and the relationship between these symptoms and independ-
ence and quality of life (QoL).

Methods The cross-sectional study included children aged 5-18 years and diagnosed with DMD and their families. Data were
collected using the Dysfunctional Voiding and Incontinence Scoring System (DVISS), the Barthel Index, and the Pediatric
Quality of Life™ 3.0 Neuromuscular Module (PedsQL-NMM).

Results The study was completed with 45 children with DMD. LUTS was found in 86.66% and LUTD was found in 44.44%.
The most common symptom was holding maneuvers (62.22%). Other common symptoms were urinary urgency (55.55%),
daytime urinary incontinence (46.66%), and enuresis (31.11%). There was a significant correlation of the DVISS with the
level of independence and QoL (p <0.05). Moreover, higher LUTS score was associated with lower Barthel and PedsQL-

NMM scores.

Conclusion LUTS is a neglected condition, although it is frequently seen in children with DMD.

Clinical trial registration: NCT05464446

Keywords Duchenne muscular dystrophy - Lower urinary tract symptoms - Activities of daily living - Quality of life -

Child - Enuresis

Introduction

Duchenne muscular dystrophy (DMD) is an X-linked reces-
sive genetic disorder that occurs once every 5000 live male
births [1, 2]. It is a type of neuromuscular disease caused
by a mutation in the dystrophin gene [3]. Dystrophin is a
protein complex that plays an important role in the continu-
ity of muscle function in the body. Dystrophin deficiency
in children with DMD also causes dysfunction of smooth
muscle cells in the bladder and urethra [4]. Lower urinary
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tract symptoms (LUTS) are common in children with DMD
due to smooth muscle dysfunction in the urinary tract [5].

In the literature, the presence of LUTS has been reported
in approximately half of individuals with DMD [4]. How-
ever, the prevalence of LUTS varies because studies have
included muscular dystrophies other than DMD, examined
broad age groups, and used different questionnaires. More
information is needed on the frequency and distribution of
LUTS. In addition, it is important to examine the relation-
ship between LUTS and related factors.

The primary objective of this study was to determine the
frequency and distribution of LUTS in children with DMD.
Second, the study aimed to examine the relationship between
LUTS and children's participation in activities of daily living
(ADL) and their quality of life (QoL).
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Materials and methods

This cross-sectional study was approved by the Non-
Interventional Clinical Research Ethics Committee of
Hacettepe University (GO 21/982). This study was regis-
tered with clinical trials (NCT05464446) and conducted
in accordance with the Declaration of Helsinki. All data
were recorded after obtaining the verbal and written con-
sent from the parents and children who met the inclusion
criteria.

Participants

The study consisted of children aged 5-18 years with a
diagnosis of DMD and their families between October
2021 and May 2022. Children with a diagnosis in addi-
tion to DMD, children with Becker muscular dystrophy
(BMD) and other neuromuscular diseases, and those with
cooperation problems and difficulty in understanding the
Turkish language were excluded from the study. Of the
86 patients who presented to the Neuromuscular Diseases
Application and Research Center, 41 patients who did not
meet the inclusion criteria were excluded from the study.
As aresult, the study was completed with 45 patients with
DMD and their families (Fig. 1).

Included in the analysis
(n=45)

A 4

Dysfunctional Voiding and
Incontinence Scoring System

(DVISS)
< 85 > 8.5
Lower urinary Lower urinary
tract tract
dysfunction dysfunction
negative positive
(n=25) (n=20)

Fig. 1 Study flowchart
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Measures

The children’s demographic characteristics and disease
information were obtained using a general assessment
form. The general assessment form asked about the child's
age, body weight, height, age at diagnosis, age of toilet
training, ambulation level, steroid use, and urological
control. The participants then completed validated DMD-
specific questionnaires.

The functional levels of the upper and lower extremities
of children with DMD were assessed using the Brooke
Upper Extremity Functional Rating Scale (BUEFRS) and
the Vignos Scale. The BUEFRS consists of 6 stages. Each
stage is divided into early, intermediate, and late stages
[6]. The Vignos Scale consists of 10 stages [7]. The first
three stages were classified as “early stage”, stages of four
and five as “intermediate stage”, and stages six through
ten as “late stage” [8]. Individuals with DMD were then
assessed for LUTS, ADL and QoL.

The Dysfunctional Voiding and Incontinence Scoring
System (DVISS) was used to evaluate the presence and
frequency of LUTS in children. The scale assesses daytime
symptoms, nighttime symptoms, voiding habits, bowel
habits, and QoL of children with DMD [9]. LUTS were
subjectively assessed using the DVISS. The International
Children's Continence Society (ICCS) recommends the
DVISS for the evaluation of the function of the lower
urinary tract function [10]. The total score of the scale
ranges from O to 35, and the increase in the total score
indicates an increase in the severity of LUTS. The QoL
questionnaire score is not added to the total score, only
the symptom scores are added to obtain the total score
of the questionnaire. Akbal et al. showed that a score
of 8.5 may be an optimal threshold score to determine
whether the child has clinically significant lower urinary
tract dysfunction (LUTD), with a sensitivity of 90% and
a specificity of 90% [9]. In our study, we used this cut-off
value to determine the presence of LUTD.

The Barthel Index was used to measure children's par-
ticipation in ADL and their level of independence in these
activities. The scale evaluates feeding, bathing, self-care,
dressing, grooming, bowel and bladder control, toilet use,
transfer activities, ambulating and stair climbing activities.
The scale has 10 questions and the total score ranges from
0 (completely dependent) to 100 (independent). Higher
scores indicate greater independence in ADL [11, 12].

The Pediatric Quality of Life ™ 3.0 Neuromuscular
Module (PedsQL-NMM) was used to evaluate QoL of
children with DMD. The PedsQL-NMM was developed
by Varni et al. to evaluate QoL in neuromuscular disorders
such as DMD [13]. Therefore, the PedsQL-NMM is
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valid and reliable in DMD. This module, which has 25
items, consists of three subscales: About My/My Child’s
Neuromuscular Disease (17 items), Communication (3
items), and About Our Family Resources (5 items). The
total score ranges from 0 and 100, and as the total score
increases, children’s QoL increases [13, 14].

Statistical analysis

All analyses were performed with SPSS version 26.0.
Excel 2016 was used for the frequency distribution
graph of the symptoms. Spearman’s correlation test was
used to determine the correlation between LUTS and the
Barthel Index total score and PedsQL-NMM total score
and sub-group scores. A correlation coefficient > 0.80 was
considered very strong, 0.60 — 0.79 as strong, 0.40 — 0.59
as moderate, 0.20 — 0.39 as poor, and <0.20 as very poor.
A p-value of less than 0.05 was considered a statistically
significant level [15]. The presence of LUTD in children
was determined using the cut-off value in the DVISS score.
The Chi-square test was used to examine the difference
between subjects with and without LUTD in terms of
Barthel Index subscales and urologist control categories.

Results

Children aged 5-18 years were included in this study,
and the study was completed with 45 children with DMD
(age: 9.00+3.32 years). Mean body mass index was
18.83 +2.81 kg/cm? and mean age at toilet training was
2.87+£0.87 years. Of the 45 children included in the study, 38
were in the ambulatory stage and 7 were in the non-ambula-
tory stage. In addition, the levels of upper and lower extremity
functionality were high. Patient characteristics related to the
children’s demographics and disease are shown in Table 1.

Lower urinary tract symptoms and dysfunction

Twenty children with a DVISS score of 8.5 and above were
included in the LUTD-positive group, and 25 children with a
score below 8.5 were included in the LUTD-negative group.
LUTD was found in 20 (44.44%) of the children.

At least one lower urinary tract symptom was detected
in 86.66% (n=239) of the children. Five children (11.11%)
had one lower urinary tract symptom, 13 children (28.88%)
had two to four LUTS, and 21 children (46.66%) had more
than five LUTS (ni symptoms = 6; Ng symptoms = 4; Ny symptoms = 5;

ng symptoms = 3; Ny symptoms =

Table 1 Characteristics of

. . Demographic characteristics
children with DMD

Total
(n=45)
Median (25-75. Percentile)

Age (years)

Body weight (kg)

Height (cm)

BMI (kg/m?)

Diagnosis age (years)
Toilet training age (years)

Time of non-ambulatory (years) (min—max)
Functional level and medical characteristics

BUEFRS

Vignos Scale

Using steroid

Ambulation

8.00 (6.00-11.00)
28.00 (20.00-37.00)
121.00 (110.00-136.00)
17.84 (16.97-21.40)
3 (1.50-6.00)
2.50 (2.50-3.00)
0.71+£1.57 (0.00 — 6.00)

n (%)
Early stage 40 (88.89)
Middle stage 3(6.67)
Late stage 2 (4.44)
Early stage 36 (80.00)
Middle stage 1(2.22)
Late stage 8 (17.78)
Yes 36 (80.00)
No 6 (13.33)
Quit 3(6.67)
Ambulatory 38 (84.44)
Non-ambulatory 7 (15.56)

SD Standard deviation; BMI Body mass index; BUEFRS Brooke Upper Extremity Functional Rating Scale
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For children with DMD, the most prevalent symptoms were
holding maneuvers (62.22%) and urgency (55.55%). Daytime
urinary incontinence was found in 21 children (46.66%), and
enuresis (nighttime/nocturnal incontinence) was found in 14
children (31.11%). Urgency incontinence was found in 19
children (42.22%), feeling of incompletely emptying the blad-
der in 16 children (35.55%), increased voiding frequency in
15 children (33.33%), and intermittent voiding in 13 children
(28.88%). In addition, dysuria (burning or discomfort during
micturition) was found in 6 children (13.33%) and straining
(intense effort to increase intra-abdominal pressure to void)
in 5 children (11.11%). In addition, 23 children (51.11%) had
infrequent stooling. The frequency of LUTS in children with
DMD is shown in Fig. 2.

It was also found that 36 of 45 children with DMD who
participated in the study had never been to a urologist. It was
determined that 80.00% of the children with DMD, 84.00%
of LUTD-negative children, and 75.00% of LUTD-positive
children, had never been to a urologist in their lives (Table 2).

Participation in activities of daily living

Independence in ADL was significantly lower in the LUTD-
positive group (p <0.05). It was shown that children with
DMD in the LUTD-positive group were more dependent
on ADL. There was also a moderately significant negative

Fig.2 Frequency of lower uri-
nary tract symptoms in children
with DMD

Lower Urinary Tract Symptoms

Daytime urinary incontinence

Urgency incontinence

correlation between the level of independence in ADL and
the DVISS total score (r=-0.467; p=0.001). As a result, a
significant association was found between higher LUTS total
score and lower Barthel total score. Data on the participa-
tion in ADL of children with DMD are presented in Table 3.

Quality of life

There were differences between the groups in the communica-
tion sub-dimension (parent-reported), the disease/symptoma-
tology sub-dimension (child-reported), and the PedsQL-NMM
total score (child-reported) (p <0.05). QoL was significantly
lower in the LUTD-positive group for these parameters. Moreo-
ver, there was a weak negative correlation between the dis-
ease/symptomatology sub-dimension (child-reported) and the
PedsQL-NMM total score (child-reported) and the DVISS total
score (r=-0.363, p=0.014; r=-0.378, p=0.010) (Table 4).

Discussion

This study examined the relationship between the severity
of LUTS and parameters of ADL and QoL in children with
DMD and found LUTS in 86.66% and LUTD in 44.44% of
cases. Moreover, higher LUTS scores were associated with
lower Barthel and PedsQL-NMM scores. A significant

Holding maneuvers I 62.22

Urgency I 55.55

Infrequent stooling I 51.11

I 1 6.66
I, 4222

Feeling of incomplete emptying I 5.55
Increased voiding frequency IS 33.33

Enuresis GG 31.11

Intermittent voiding I 3.8

Dysuria I 13.33
Straining N 11.11

0 10 20 30 40 50 60 70

Percentage

Table 2 Urologist follow-up

. . . h Variable LUTD positive LUTD negative X2 P
information of children with
n (%) n (%)
DMD
20 (44.44) 25 (55.56)
Urologist follow-up None 15 (75.00) 21 (84.00) 0.563 0.482
Yes 5 (25.00) 4 (16.00)

Chi-square test; p <0.05

LUTD Lower Urinary Tract Dysfunction
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Table 3 Participation in activities of daily living of children with DMD

Total score DVISS Total LUTD positive LUTD negative zZ D
(n=20) (n=25)
r )4 Mean +SD
Barthel Index total -0.467 0.001%° 71.75+20.60 86.20+22.51 -3.346 0.001%*
Subgroups n (%) x2 P
Barthel Index categorical Independent (100) 0 (0.00) 8 (32.00) 16.108 0.003P*
Mildly dependent (91-99) 2 (10.00) 8 (32.00)
Moderately dependent (62-90) 13 (65.00) 6 (24.00)
Highly dependent (21-61) 5 (25.00) 2 (8.00)
Completely dependent (0-20) 0 (0.00) 1 (4.00)

aMann-Whitney U test, °Chi-square test

DVISS Dysfunctional Voiding and Incontinence Scoring System; LUTD Lower Urinary Tract Dysfunction; SD Standard deviation; *p <0.05

Table 4 Quality of life of children with DMD

Quality of life LUTD positive LUTD negative zZ P DVISS Total
(n=20) (n=25)
Median (25-75. Percentile) Median (25-75. Percentile) r P
Parent
PedsQL NMM—Disease/symptomatology  70.58 (58.09-77.94) 76.47 (69.11-83.82) -1.659 0.097°  -0.272 0.071°
PedsQL NMM—Communication 62.50 (33.33-79.16) 75.00 (58.33-100.00) -2.066 0.039%* -0.230 0.128°
PedsQL NMM—Family Resources 70.00 (57.50-90.00) 75.00 (60.00-85.00) -0.230 0.818*  -0.022 0.885°
PedsQL NMM—Total 65.00 (57.00-80.50) 75.00 (70.00-84.00) -1.623 0.105*  -0.247 0.102°

Child
PedsQL NMM—Disease/symptomatology
PedsQL NMM—Communication
PedsQL NMM—Family Resources
PedsQL NMM—Total

80.15 (70.58-83.82)
33.33 (0.00-95.83)
62.00 (0.00-75.00)
78.50 (68.82-84.50)

-0.363  0.014%
-0.109 0.475°
0.039 0.800°
-0.378 0.010%°

85.29 (80.88-88.23)
75.00 (0.00-100.00)
45.00 (0.00-70.00)

85.29 (78.00-87.00)

-2.306  0.021*
-0.436 0.663%
-0.733  0.464°
-2.507 0.012**

3Mann-Whitney U test, "Spearman Correlation test

LUTD Lower Urinary Tract Dysfunction; DVISS Dysfunctional Voiding and Incontinence Scoring System; PedsQL NMM The Pediatric Quality

of Life™ 3.0 Neuromuscular Module; SD Standard deviation; *p <0.05

difference was found between the LUTD-positive and LUTD-
negative groups in terms of independence in ADL and QoL.
These parameters were better in the LUTD-negative group.
In the literature, the prevalence of LUTS in individuals
with DMD varies from 50 to 90% due to the use of different
measures to assess symptoms. Furthermore, different symp-
toms have been investigated, a wide age range (childhood to
adulthood) has been searched, and BMD has been included
in studies [4]. In the cross-sectional study by Bertrand et al.
including 56 cases with DMD and/or BMD, 40 individuals
(71.42%) reported at least one lower urinary tract symptom
[16]. In a study by MacLeod et al., in which 74 individuals
with DMD were examined for bladder dysfunction, 46 men
with DMD reported LUTS (62.16%) [17]. In the study by
van Wijk et al., 170 out of 199 patients with DMD (85.42%)
reported one or more LUTS [5]. The study by Lionarons
et al. reported that 89.47% of individuals with DMD had

at least one bladder and/or bowel symptom [18]. In light of
these studies, the presence of one or more LUTS in 86.66%
of the cases in our study is consistent with the literature.
In addition, our study was age-restricted and included only
children with DMD.

In the study by Lionarons et al., the highest rates of symp-
toms in DMD were found to be enuresis, post-micturition
dribble and urinary urgency [18]. Bertrand et al. showed in
their retrospective study that the most common symptoms
in individuals with DMD and BMD were hesitancy (dif-
ficulty in initiating voiding), urinary urgency, and daytime
urinary incontinence/enuresis [16]. In our study, the most
common symptom was holding maneuvers (62.22%). Other
common symptoms were urinary urgency (55.55%), daytime
urinary incontinence (46.66%), and enuresis (31.11%). In
fact, when daytime urinary incontinence and enuresis are
combined under the title of incontinence, it is the most
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common symptom with a rate of 77.77%. In addition, infre-
quent stooling was observed in 51.11% of the children with
DMD. It has been suggested that the variability in symptoms
often seen in the literature may be related to differences in
the symptoms evaluated by the researchers and differences in
the person (child/family/caregiver) reporting the symptoms.
In addition, it was considered that the different functional
levels of individuals with DMD included in the studies may
have affected the results. In our study, the study sample was
limited to childhood, and most of them were in the early
stages of the disease. Therefore, it was a homogeneous group
consisting of children with a high functional level.

In people with DMD, participation in ADLs gradually
decreases as the disease progresses, and dependence on
caregivers increases with age [19]. Although studies inves-
tigating the relationship between LUTS and ADL in people
with DMD are lacking, Lionarons et al. reported that blad-
der and bowel symptoms would have a negative impact on
ADL in 42.00% of individuals with DMD [18]. In our study,
an association was found between the severity of LUTS
and participation in ADL. The LUTD-negative group had
a higher level of participation in ADL and independence.
This result was explained by decreasing functionality and
increasing dependency. In addition, people with LUTS tend
to stay away from activities and prefer social isolation due
to shame and social stigma [20]. For these reasons, the exist-
ence of an association between LUTS and participation in
ADL in children with DMD is consistent.

Due to the fatal nature of DMD, the QoL of individuals
with the disease is much lower than that of healthy individu-
als [21]. For this reason, QoL assessment and mental health
screening are recommended at all follow-up visits following
guidelines for individuals with DMD [22]. There are many
studies in the literature on QoL related to musculoskeletal
symptoms in individuals with DMD. Additionally, the rela-
tionship between the presence of LUTS and QoL in healthy
children is clearly established in the literature [23]. However,
few studies have investigated the presence of LUTS in chil-
dren with DMD. Compared to their healthy peers, children
with DMD have developmental and motor delays, lower
functional levels, poor posture, and gait disorders. These
disease-specific symptoms have been observed to affect the
health-related quality of life of people with the condition in
a variety of ways [22, 24]. The addition of bladder and bowel
symptoms to these symptoms can further exacerbate the neg-
ative impact on QoL. In the study by van Wijk et al. in 199
individuals with DMD, the presence of LUTS was shown
to reduce QoL [5]. In children with urinary symptoms,
emotional well-being and self-esteem are affected. This
condition can cause psychological and emotional distress
in children, directly impacting their quality of life. Addi-
tionally, it can cause other adverse effects such as fatigue,
decreased sleep quality, decreased academic performance,
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decreased participation in sports, and mood disturbances,
further affecting overall QoL [23]. In our study, a negative
correlation was found between the severity of LUTS and
child-reported QoL. In addition, the family-reported com-
munication sub-dimension score, the child-reported disease
symptoms sub-dimension score, and the child-reported total
QoL score were significantly lower in LUTD-positive chil-
dren than in LUTD-negative children. The decrease in QoL
caused by LUTS was consistent with the literature.

Strengths

The strengths of our study include the selection of DMD-
specific assessment tools (BUEFRS, Vignos Scale, and
PedsQL-NMM), the inclusion of a specific disease group,
and recruiting a homogeneous group in a specific age group.
Moreover, another strength of study is the use of a question-
naire with cut-off value (DVISS) and thus the ability to iden-
tify children with LUTD in the clinic without the need for
further investigation. In addition, the explanation and ques-
tioning of symptoms increased the awareness about LUTS
in individuals diagnosed with DMD and their caregivers.

Limitations

The present study has several limitations. First, in this study,
in which we investigated LUTS in children with DMD, we
did not ask about all symptoms defined by the ICCS, but only
the symptoms in the DVISS questionnaire. Symptoms of
reduced voiding frequency, nocturia, hesitancy, weak stream,
and post-micturition dribbling, which were not covered in the
DVISS, were not assessed. However, the DVISS was used in
this study because it is recommended by international asso-
ciations and the literature. It is also an easy-to-use evaluation
method. Another limitation is that some families may have
low awareness of LUTS. Families may not see the symptoms
as a problem because they accept the existing symptoms as
normal. Some families are very resistant to the presence of
these symptoms and may refuse even if they have symptoms.
In addition, LUTS may be incorrectly reported by children.
Such difficulties may have complicated the assessment of
LUTS and influenced the results of symptom frequency. To
minimize the effect of this situation on the results, the symp-
toms were explained to the families in detail with examples.
In the sample, non-ambulatory and ambulatory groups coex-
ist and there is no homogeneous distribution. Despite these
limitations, our study is important to raise awareness among
families and related health professionals.

The number of studies on LUTS in DMD is insufficient,
and evaluation and treatment studies on the subject should be
planned. Future studies should be planned to assess all LUTS
in individuals with DMD. In particular, they should focus on
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individuals with DMD in the non-ambulatory stage. In addi-
tion, the frequency of LUTS and related factors can be studied
in neuromuscular diseases other than DMD.

Conclusion

Although LUTD is an overlooked condition, it is quite com-
mon in children with DMD. As a result of the presence of
LUTS and LUTD, the participation of children with DMD
in ADL, their level of independence, and their QoL are nega-
tively affected. Despite its negative effects on children with
DMD, urological evaluations are also neglected. Regular
urological evaluations of children with DMD are important.
Accordingly, awareness should be raised among all healthcare
professionals working with patients with DMD.
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