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ABSTRACT

Purpose: Obesity is a common problem in Duchenne Muscular Dystrophy (DMD) and adversely affects disease
progression. This study aimed to investigate the relation between Body Mass Index (BMI) and gait characteristics and
gait performance in patients with DMD.

Material and Methods: Weight and height were measured to calculate BMI. BMI z-scores were used to categorise
weight. Height, weight, and BMI were standardised to sex- and age-corrected z-scores based on the Turkish
population. The gait characteristics were evaluated with the Gait Assessment Scale for Duchenne Muscular Dystrophy
(DMD-GAS) and Quality and Independence of Gait Classification Scale for Duchenne Muscular Dystrophy (QIGS-
DMD). The gait performance was assessed by the 6-minute walk test and the 10-meter walk/run test. The correlation
between body composition and gait parameters was analysed.

Results: Eighty-six children with DMD were included in the study. Among the participants, 40.7% had a BMI above
the normal range. There were moderate correlations between DMD-GAS and height, weight, and BMI and moderate
correlations between QIGS-DMD and height, weight, and BMI (p<0.01).

Conclusion: The current findings revealed that an increase in BMI affects the characteristics, quality, and
independence of gait in children with DMD, highlighting the need for regular monitoring and timely intervention.
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INTRODUCTION characterized by increased lumbar lordosis and base
Duchenne muscular dystrophy (DMD) is a of support, decreased stride length and gait speed,
devastating childhood disease with an X-linked and toe walking as a compensatory mechanism (3-5).
recessive inheritance (1). Proximal muscle Gait abnormalities including gait performance and

weakness, joint contractures, gait abnormalities and
postural disorders are common characteristics of the
disease in ambulatory period which limit functional
abilities (1, 2). Progressive muscle weakness and
joint contractures result in distinctive gait which is
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characteristics, like other associated symptoms of the
disease, become more severe as the disease
progresses (6, 7). Children with this condition usually
lose the ability to walk in their teens and become
wheelchair-dependent (2).
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Table 1. Descriptive characteristics of the study population (n=86)

Mean (SD) Min — Max
Age (month) 107.90 (26.53) 60— 175
Height (cm) 126.25 (13.12) 103 — 161
Weight (kg) 30.77 (10.58) 17 - 68
BMI (kg/m?) 18.80 (3.13) 13.08 — 28.80
Height Z-score -0.85 (1.41) -3.99 - 2.71
Weight Z-score 0.17 (1.06) -2.23-2.68
BMI Z-score 0.72 (0.98) -1.98 - 2.63
Height percentile 30.32 (31.51) 0-99.66
Weight percentile 54.57 (30.02) 1-100
BMI percentile 70.72 (27.03) 2-100
N %
BMI Percentile
o <5th 1 1.2
e >5th and <85th 50 58.1
e  >85th and <95th 19 221
e >95th 16 18.6
Steroid usage
e Yes 77 89.5
e No 9 10.5

BMI: body mass index; SD: Standard deviation

In addition to physical impairments, nutritional
disorders are also among the frequently observed
symptoms in children with DMD. Willig et al found that
the highest prevalence of obesity (54%) occurs
around the age of 13; and undernutrition occurs after
the age of 14, with a similar prevalence of
underweight at the age of 18 (8). The results of a
study conducted in France by Martigne et al. that 73%
of children were classified as obese by the age of 13,
while 34% were underweight and 47% were obese by
the age of 18 in a DMD population (9). A study
conducted by Davidson et al. in an Australian DMD
population reported that children with DMD aged 3-12
years had a higher body mass index (BMI) than
typically developing children, and that steroid users
had a higher BMI than non-steroid users (10).
Additionally, the literature reported that steroid
treatment, a common medical intervention for DMD
(11), had a detrimental impact on BMI (12). Once BMI
increases, it negatively affects sleep quality, physical
and lung functions, and increases metabolic risk
factors in children with DMD (13-16).

As previously stated, obesity is prevalent among
these children, and emerging evidence indicates that
obesity has a negative impact on the progression of
disease. However, to the best of our knowledge, no
studies have examined the impact of obesity on gait
in DMD. Investigating the effect of differences in BMI
on gait in children with DMD may be a step towards
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filling the gap in this area. Thus, it was planned to
investigate the relationships between BMI and gait
characteristics and performance in a Turkish DMD
cohort.

MATERIAL AND METHODS

Participants

This study was conducted at the Department of
Physiotherapy and Rehabilitation between November
2022 and November 2023. The study included 86
children with DMD diagnosed through genetic testing
or muscle biopsy. The inclusion criteria were as
follows: a diagnosis of DMD, an age of at least five
years, and the ability to walk at least 10 meters
independently (17, 18). Individuals with a history of
lower extremity surgery or trauma within the previous
six months, as well as those who were unable to
comply with the physiotherapists' instructions, were
excluded from the study. The children and their
parents signed the informed consent form. Ethical
approval was obtained from the Non-Interventional
Clinical Research Ethics Committee of the Hacettepe
University (Date: 01.11.2022, Decision no: 2022/18-
23). The study adheres to the mandates of the
Declaration of Helsinki.

Assessments
All assessments performed in the study were
performed by physiotherapists with at least 6 years of
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Variables Mean (SD) Min — Max
DMD-GAS (0-20) 11.98 (4.93) 1-20
6MWT (m) 384.52 (93.89) 111 - 568
10MWT (sec) 8.47 (2.06) 5.55 - 16.46
N %
QIGS-DMD
v Level-1 9.3
v Level-2 44 51.2
v Level-3 34 39.5

DMD-GAS: Gait Assessment Scale for Duchenne Muscular Dystrophy; 6MWT: 6-minute walk test; 10MWT: 10-meter
walk/run test; QIGS-DMD: Quality and Independence of Gait Classification Scale for Duchenne Muscular Dystrophy;

SD: standard deviation

experience in DMD management and assessments.
All tests were also performed in a quiet room to
minimize potential distractions for the children during
their routine follow-up visits.

Body Mass Index

The children's height was measured using a portable
stadiometer and weight was measured using a
bascule. Children’s height, weight and BMI were
standardized as sex- and age-adjusted z-scores
based on the Turkish population (19). Using the
criteria defined by the World Health Organisation
(WHO), BMI Z-scores by age are graded as follows
(20): Normal = > -1 to < +1 SD; overweight= > +1SD;
Obesity= > +2SD; Thinness= < -2SD; Severe
Thinness= < -3SD. BMI percentiles were also
expressed as follows: <5th percentile= underweight;
>5th and <85th percentile= normal weight; >85th and
<95th percentile= overweight; >95th percentile=
obese (9).

Gait Assessments

The gait characteristics were evaluated by the Gait
Assessment Scale for Duchenne Muscular Dystrophy
(DMD-GAS) and the Quality and Independence of
Gait Classification Scale for Duchenne Muscular
Dystrophy (QIGS-DMD). These scales were
developed specifically for DMD and found valid and
reliable [(ICC>0.90), and (K>0.80), respectively] (18,
21). The 10 item DMD-GAS evaluates the
compensatory movements of body parts such as the
foot, knee, hip, and trunk during walking and the time-
distance characteristics of gait, such as speed, stride
length, and base of support in children with DMD.
Scores ranged between 0 and 20 which lower scores
indicated impaired gait characteristics (18). The
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QIGS-DMD classifies the independence and quality
of gait in 5 levels. Level 5 indicates that child has lost
the ability to walk, while level 1 indicates that child is
able to walk independently without compensation
(21).

The gait performance was evaluated by using the 6-
minute walk test (6MWT) and the 10-meter walk/run
test, which were valid and reliable measures in DMD.
The 6MWT is considered as the primary endpoint in
clinical trials with DMD populations. The distance
taken during the 6BMWT were recorded in meters (22,
23). The 10MWT is another outcome measure used
in studies with DMD populations. The time taken
during walking a 10 meter walkway was recorded in
seconds (22).

Data Analysis

IBM SPSS Statistics software version 26.0 was used
for data analysis. Descriptive characteristics were
defined by mean and standard deviation (mean+SD)
for quantitative data and number/percentages for
qualitative data. After verifying the absence of a
standard statistical normal distribution using the
Kolmogorov-Smirnov test, Spearman's correlation
coefficient was used to assess the relation between
body composition and gait data of the children. The
strength of the correlations (r) was graded as: 0.05 to
0.30 weak; 0.30 to 0.70 moderate; and 0.70 to 1.00
strong (24, 25). Chi-square test was used to compare
gait quality and independence by BMI percentile.
Statistical significance was set at a p<0.05.

G* Power (Version 3.1.9 Universitat Disseldorf,
Dusseldorf, Germany) was used for post-hoc power
analysis. Taking into account the relationship
between BMI and DMD-GAS in the current study, the
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Table 3. The correlations between the gait characteristics and gait performance of the children and body composition

(Spearmen’s r)

Gait Assessments Height Weight BMI Height Z- | Weight Z- BMI Z- BMI .
score score score percentile
DMD-GAS -0.36** -0.44* -0.36** 0.07 -0.06 -0.10 -0.10
QIGS-DMD 0.44** 0.48** 0.35** -0.07 0.06 0.07 0.08
6MWT -0.05 -0.12 -0.15 0.10 0.04 -0.02 -0.02
10MWT -0.01 0.07 0.15 -0.16 -0.06 0.06 0.06
**p<0.01

effect size of the current study was 0.36 and the post-
hoc power was 91.8%.

RESULTS

The results related to the descriptive characteristics
of children were shown in Table 1. According to BMI
percentile, a total of 40.7% of the cohort had a BMI
above the normal range in which 22.1% were
overweight and 18.6% were obese.

The results related to the gait characteristics and gait
performance of the children were given in Table 2.
There were moderate correlations between DMD-
GAS and height, weight, and BMI (r=-0.36, r=-0.44,
r=-0.36, respectively) and moderate correlations
between QIGS-DMD and height, weight, and BMI
(r:0.43, r:0.48, r:0.35, respectively) (p<0.01). The
findings related to the correlations of the test
parameters were shown in Table 3.

Statistical differences were found in the comparison
of gait quality and independence by BMI percentile
(p<0.05) (Figure 1).

DISCUSSION

Prenatal, genetic, developmental and psychosocial
risk factors are important determinants of
susceptibility to obesity. Reduced energy expenditure
due to limited physical activity and mobility and
steroid use leads to increased risk of obesity in
individuals with DMD (26). Excessive weight gain
worsens many functional and daily life factors in
children with DMD. Previous studies have shown that
higher BMI and fat mass contribute to clinical
milestones, metabolic risk factors, and respiratory
function in children with DMD (13, 14, 16, 27, 28). In
this study which was aimed to investigate the
relations between excessive weight gain and gait
characteristics showed that a significant proportion of
the cohort were overweight or obese, and the
increased weight and higher BMI might contribute to
the deterioration of gait characteristics including gait
performance and quality.
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Considering the BMI analysis of our study, it can be
interpreted that the obesity rate of the cohort is
approximately similar to the rate in different countries
which highlights the vulnerability of DMD population
to obesity (8-10, 29). The Z-scores of the studied
population showed that this cohort included both thin
and obese children. It has been reported in the
literature that younger children with DMD are at risk
of obesity, whereas older children with DMD are at
risk of underweight due to muscle damage, nutritional
problems and dysphagia (10, 14). With these results,
it can be stated that the body composition
characteristics of the population in this study which
included a wide age range by including children up to
14.5 years of age, are compatible with the literature
(8-10, 29).

As indicated in several studies, obesity or overweight
is a potential risk for gait characteristics in children
with various musculoskeletal disorders or typical
development (30-33). Hills et al. showed that the
cadence, cycle duration, velocity, and stance duration
of gait of obese children were worser than children
with normal weight (30). Another study showed the
negative effect of obesity on the stance duration of
gait pattern in children with Down Syndrome (DS)
(31). Similarly, Elshemy et al. reported that children
with DS had a lower cadence and a shorter stride
length than healthy children and non-obese children
with DS (32). Obesity has also been reported as a
contributor to the disability of children with Charcot-
Marie-Tooth (33) and excessive weight was shown to
be a potential risk for normal gait characteristics in
children with cerebral palsy (34). Similar to the results
of the studies above, the current study provided
evidence that gait characteristics, gait quality and
independency worsened as children's height, weight
and BMI increased in DMD. Weight gain was related
to the shorter stride length, increased trunk
movement, arm swing, base of support, and lumbar
lordosis, decreased gait speed, or adverse joint
kinematics according to DMD-GAS. On the other
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QIGS-DMD

W Level-1
M Level-2
M Level-3

p=0.04

1.16%
o I
<5th >5th - <85th 285th - <95th
Underweight Normal Overweight
BMI percentiles

Figure 1. Distribution of QIGS-DMD levels according to the BMI percentile

hand, obesity is known to impair balance and
constitutes a risk factor for falls (35). Thus, the
authors hypothesized that children with DMD may
have developed a strategy to maintain their balance
by altering their gait characteristics. It can also be
interpreted that overweight or obese children with
DMD might use their muscles in a way that caused
more compensatory movements and affecting gait
characteristics more to maintain upright stability.

In addition to the common effects of obesity in DMD,
there have also been reports of adverse effects on
motor function (14, 36). A previous study showed that
body composition and anthropometry were
associated with the functional level measured by
Gross Motor Function Classification System
(GMFCS) in children with DMD (36). Billich et al.
found that obesity increased the risk of fracture in
younger DMD children, and that obesity at 8 years
was associated with 10-m walk/run test results, but
did not affect other physical functions [supine-to-
stand and climbing four stairs, North Star Ambulatory
Assessment (NSAA), 6MWT] and forced vital
capacity. They also found that obesity in other age
groups was not associated with 10-m walk/run scores
(14). Similarly, in this study, there was no association
between obesity and children’s performance tests
(6MWT and 10-m walk/run). There are 2 hypotheses
considered as a reason for this. First, the mean age
of our cohort indicated the early-mid stage of the
disease, and although BMI was known to be higher in
children in this period (37), they might have more
preserved muscle mass (38). This means that
younger DMD children with more muscle mass may
be able to maintain gait performance despite an
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increase in body composition by modifying their gait
characteristics. Second, our cohort included children
predominantly on steroids. Although it has been
known that obesity is more common in steroid-treated
children, it is also known that steroids protect muscle
mass and functional ability (10, 39). Approximately
90% of the children in this study were on steroids,
which might explain why the gait performance of the
children was preserved despite the increased BMI.
This study had several limitations. First, the gait
parameters could not have been assessed by an
objective method. Second, since the BMI data alone
might not be sufficient to further interpretation of the
effects of obesity, the lack of muscle-fat ratio
measurement can be considered as another
limitation. Studies that eliminate these limitations may
provide a better understanding of the effect of
excessive weight gain on gait characteristics in this
population. There is also a need for studies that
include more patients, a homogeneous population of
patients of similar age, and longitudinal studies.

CONCLUSION

It is concluded that weight control during the disease
process is essential since there may be deterioration
in gait function related to the change of body
composition, especially by the excessive weight gain
in children with DMD. As a recommendation, regular
monitoring of the weight in each visit might lead to
timely interventions to maintain gait ability of children
with DMD.
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