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Abstract 

We aimed to investigate BMI-z course in patients with Duchenne muscular dystrophy (DMD) during transition to loss of ambulation, and to 
explore the contribution of caloric intake and corticosteroid use. A retrospective multicenter longitudinal study was conducted. First, analyses 
of characteristics at first visit were carried out. Second, discontinuous change models were fitted to explore associations between BMI-z, 
loss of ambulation, caloric intake and corticosteroid use. 790 visits of 159 patients were collected. Cross sectional first visit analyses showed 
the presence of overweight and obesity was 44% in the ambulant group and 51% in the non-ambulant group. In the non-ambulatory group, 
exceeding the recommended caloric intake was associated with higher BMI-z scores (r 0.36, p = 0.04). Patients who were using corticosteroids 
had significantly higher BMI-z scores compared with patients not using corticosteroids (1.06 and 0.51 respectively, p = 0.02). Longitudinal 
analyses on patients ambulant at first visit showed an increase in BMI-z score during transition to the non-ambulatory phase. Caloric intake 
and corticosteroid use were not associated with BMI-z. Transition to the non-ambulatory phase may be crucial in the development of excessive 
weight gain. Early measures – starting before this time frame – may contribute to reduce development of obesity. 
© 2022 The Author(s). Published by Elsevier B.V. 
This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

Keywords: Duchenne muscular dystrophy; BMI; Caloric intake; Corticosteroids; Loss of ambulation; Obesity. 
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. Introduction 

Duchenne muscular dystrophy (DMD), with an estimated 

ncidence of 1 in 5000 newborn males, is the most common 

nherited muscular dystrophy. DMD progressively leads to 

uscle weakness, cardiomyopathy, and decline in pulmonary 

unction [1] . Moreover, patients in later disease stages 
ave a decreased lean body mass and increased fat mass, 
hich decreases energy requirements and puts them more 

t risk to become overweight [2] . Obesity is a common 
ess article under the CC BY-NC-ND license 
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roblem for patients with DMD, previous studies reported 

 prevalence of 54–73% in corticosteroid naive patients [ 3 , 4 ]. 
n Australian cohort study, in which the majority of patients 
sed corticosteroids, reported that around 50% of patients 
ere obese at 10 years of age [5] . 
Development of obesity is undesirable, especially in 

atients with DMD. Obesity hinders movement, accentuates 
keletal deformity, potentially reduces the effectiveness of 
rthopedic surgery, accelerates the reduction of respiratory 

unction in latter disease stages, and can enlarge nursing 

ifficulties [ 6 , 7 ]. Overweight and obesity are associated with 

nsulin resistance and hypertension, which increases the risk 

or secondary health problems such as diabetes type 2 and 

ardiovascular disease [8–10] . 
In clinical practice, weight gain in DMD is often seen 

uring the transition to the non-ambulatory stage, suggesting 

ecrease in physical activity may play an important role, 
ith accompanying changes in body composition. Multiple 

tudies confirm that patients in their non-ambulatory stage 
ave a higher BMI-z score in general [ 5 , 11 ]. Other factors
hich can cause weight gain are corticosteroid use and 

aloric intake [12–15] . Corticosteroid use is recommended 

s treatment in the international guidelines for DMD care 
s it delays disease progression [16] . It is a risk factor 
or increased appetite and developing obesity, depending on 

ose and scheme [ 17 , 18 ]. However, ambulant patients who 

eceived corticosteroids intermittently, as is common practice 
n the Netherlands, showed no significant difference in weight 
ompared to patients who did not use corticosteroids [18] . 
urther, some studies were not able to detect significant 
ssociation in the BMI-z score course and the duration of 
orticosteroid use [5] . The influence of caloric intake on the 
evelopment of obesity also remains unclear. Caloric intake 
as studied by Bernabe et al. [11] in a corticosteroid naive 
MD population, for which they compared caloric intake 
ith the recommended caloric intake. They found high caloric 

ntake at preschool age compared to the recommended caloric 
ntake and found no associations between caloric intake and 

rediction of body fat mass and lean mass. 
While previous literature gives us insight into BMI-z score 

ourse and the possible influence of ambulatory status, caloric 
ntake and corticosteroid use, specific information on the 
nfluence of the transition period to non-ambulatory status 
nd the coherence between ambulatory status, caloric intake 
nd corticosteroid use, relative to the BMI-z course, is still 
acking. The present study aims to gain insight on weight 
hanges during the disease course of DMD and whether this is 
ssociated by ambulatory status, caloric intake, corticosteroid 

se and ambulatory status. 

. Materials and methods 

.1. Study design and participants 

A multicenter retrospective cross sectional and longitudinal 
tudy was carried out. Data were collected from patients 
ho visited the outpatient clinics of two large neuromuscular 
237 
linics in the Netherlands, annually, between January 2012 

nd March 2020. Patients were included if DMD was 
enetically or histologically confirmed and at least one height 
nd weight measurement was available. Exclusion criteria 
ere: being female, having tube feeding, being ambulant 

fter 16 years of age, or conditions that could affect growth 

nd motor development, such as treatment with growth 

ormone. Data were anonymized and handled according to the 
uidelines of good clinical practice. The study was approved 

y the local medical ethical committee, patient consent was 
ot required (no. 2019–5760). 

.2. Outcome measures 

The following data were collected for each visit to the 
linic: date of visit, age at time of the visit, ambulatory 

tatus, height (cm), weight (kg), corticosteroid use, functional 
easures (Brooke and Vignos scale), caloric intake (kcal/day), 

nd recommended caloric intake (kcal/day). Where relevant, 
ge at loss of ambulation was collected. For the model, the 
ate of visit was used to classify whether a patient was 
mbulant or non-ambulant. 

Anthropometric measures were conducted by trained 

ersonnel from the neuromuscular team. Weight of 
mbulatory patients was measured using a digital scale. Non- 
mbulant patients were weighed on a digital chair scale or 
n a hoist with spring balancer. Height was measured with 

 wall-mounted stadiometer. In non-ambulant patients, the 
lna length method or arm span was used. We computed 

eight z-scores to be able to investigate the influence of 
eight on the BMI-scores in the study population, as short 
eight is common in DMD patients [13] . BMI- z scores were 
omputed based on the WHO standards [19] . From the age 
f 19 and older, we used the z-value calculation which is 
ppropriate for the age of 19 years. Because BMI tend to 

nderestimate the presence of obesity in patients with DMD, 
e chose the norm value of the WHO instead of the CDC, 

s the CDC charts reflect a heavier sample than the WHO 

ample [20] . Overweight was defined as BMI-z score between 

 1 SD and + 2 SD; obesity as BMI-z score ≥ + 2 SD; 
nderweight as BMI-z score ≤ −1 SD [21] . The age at loss of 
mbulation was determined on month and year. Corticosteroid 

se was reported as “yes or no” and “type of corticosteroid”
or every patient visit, based on whether corticosteroids 
ere prescribed at the previous visit. Intermitted or daily 

dmission was reported, dose and duration of corticosteroid 

se was not included in the analyses. The Brooke scale 
eported the functional possibilities of the upper extremities 
n a 6-point scale [22] . The Vignos scale was used to 

ategorize the functional possibilities of the lower extremities 
23] . Caloric intake was reported by patients (and/or their 
arents) using a form that guided a 48-hour recall of food 

nd drink intake as part of the standard annual assessment 
ithin the neuromuscular centers. The Radboudumc started 

his routinely assessment in 2015, LUMC started with this 
n 2019. Before this period, the dietician was involved upon 

equest. The average caloric intake per day was calculated 
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y a registered dietician in kcal. The recommended caloric 
ntake was prospective, calculated by the dietician using the 
chofield equation considering the age categories [ 24 , 25 ], 
 physical activity factor, and the individual growth curves 
kcal/day) [ 26 , 27 ]. In case an energy restricted diet was 
ecommended, 200–500 kcal were deducted from the reported 

ntake. Intake data were divided by 100, in order to support 
he interpretation of the results. ’Caloric difference’ was 
efined as the reported caloric intake minus recommended 

aloric intake. 

.3. Statistical analysis 

Statistical analyses were conducted using SPSS version 

5.0 (IBM SPSS, Inc., Armonk, New York) and Stata/SE 

6.0 for Windows (StataCorp LLC, Texas). Descriptive 
tatistics were used to summarize patient characteristics 
t first visit (baseline) using mean and standard deviation 

or continuous variables and frequency (percentage) for 
ategorical variables. T-tests were used to analyze the 
ifferences between the ambulant and non-ambulant groups, 
orrelations were calculated using Pearson’s correlations. To 

epresent the hypothesis that the trajectory of BMI z-scores 
ver time is not linear, discontinuous change models were 
pecified [28] . These models explored the possibilities of an 

mmediate shift in elevation at the change from ambulant to 

on-ambulant; an immediate shift in slope after becoming 

on-ambulant; or shifts in both the elevation and slope. The 
rimary model of interest focused on the relationship between 

MI z-score and loss of ambulation (on the study population 

hich lost ambulation during the follow-up period), with the 
ime-dependent covariates of corticosteroid use and caloric 
ntake as potential confounders. Site was also included as a 
xed variable in the model. Additional random effects models 
ere fitted to explore the associations between BMI z-score 

nd caloric intake and corticosteroid use. For these models 
nly the longitudinal variable of age was included, with a 
andom slope and intercept specified for age. Missing data 
ere not imputed. 

. Results 

.1. Cross sectional analysis: first visit data, see Table 1 

Data of 790 visits of 159 patients was collected (age 2.7–
8.3 years), which is on average 5 annual visits per patient. 
n total, 95 patients were ambulant at the moment of the first 
isit, as is shown in Table 1 . Overall, 54% of all patients used
orticosteroids at the first visit, of which majority were using 

hese intermittently. The presence of overweight and obesity 

as 44% in the ambulant group and 51% in the non-ambulant 
roup ( p = 0.403). Underweight was present in 6% of the 
mbulant patients and in 9% of the non-ambulant patients 
 P < 0.001). 

The mean ‘caloric difference’ of the total group ( n = 159) 
as 156 kcal/ day (SD 255), which means that the reported 

aloric intake exceeded the recommended caloric intake 
238 
y 156 kcal/ day on average (range −500 kcal/ day to 

01 kcal/ day). In the non-ambulatory group, the ‘caloric 
ifference’ was associated with higher BMI-z scores (r 0.36, 
 = 0.04), meaning the degree of exceeding the recommended 

aloric intake was associated with higher BMI-z scores. 
he height-z scores were around zero and did not tend 

o change over time (Correlation with age: r −0.02). 
urthermore, patients who were using corticosteroids had a 
ignificantly higher BMI-z score compared with patients not 
sing corticosteroids (1.06 and 0.51 respectively, p = 0.02). 
o significant differences were seen on caloric intake 
etween patients using corticosteroids or patients not using 

orticosteroids. 

.2. Longitudinal analyses: age, ambulatory status, BMI-z, 
orticosteroid use and caloric intake 

Fig. 1 shows great variety in BMI-z scores of all first 
isits included in this study. Additionally it shows that BMI-z 
cores are generally above 0 and an increasing trend is seen 

rom around the age of 7. Fig. 2 compares longitudinal data 
etween ambulant and non-ambulant participants in different 
ge categories, which also shows an increasing trend of the 
MI-z between 7 and 12 and higher BMI-z scores in the non- 
mbulant patients. Further explorative longitudinal analyses 
n BMI-z scores were performed on the period around losing 

heir ambulation, as seen in Fig. 3 . Again, great variety in 

MI-z scores was seen between and within patients over 
ime, however the mean regression line shows that BMI-z 
cores starts around SD + 1, and show an increasing trend 

tarting around one year before losing ambulation until 2 

ears thereafter. 
Mixed model analyses on the transition period, caloric 

ntake and corticosteroid use was performed on the 
mbulant patients at first visit (542 visits of 95 patients). 
able 2 presents the estimated regression coefficients and 

ssociated 95% confidence interval and p-values from the 
nalyses. Column 1 shows a significant coefficient of 0.47 for 
he ‘Transition period’ variable ( p = 0.004), meaning that on 

verage, there was an increase of BMI-z score of 0.44 units 
n the year around loss of ambulation. The other columns 
f Table 2 show the regression coefficients of the separate 
ariables with adjustment for age at visit only. There was no 

vidence of an association between BMI z-score and the other 
ariables ‘corticosteroid use’ and ‘caloric intake’. 

Finally, a longitudinal exploration was conducted on the 
aloric intake reports, compared to the national guidelines and 

he individualized recommended caloric intake. Fig. 4 shows 
hat in the study cohort, the reported caloric intake tended 

o be lower than recommended in the national guidelines. 
nder 16 the reported caloric intake seemed to exceed 

he recommended caloric intake, in the non-ambulatory 

roup this was comparable. Besides, both the reported and 

ecommended caloric intake were decreasing around the age 
f 10. Moreover, in general the recommended and reported 

aloric intake of non-ambulant patients tended to be lower 
han the caloric intake of the ambulant patients. 
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Table 1 
Cohort characteristics at baseline. 

Total group 
( n = 159) 

Ambulant 
( n = 95) 

Non-ambulant 
( n = 64) 

Age Visit, mean (SD) 11.7 (8.1) 6.8 (2.7) 14.3 (3.0) 
Age LoA, mean (SD) 10.8 (2.0) NA 

∗ 9.8 (1.8) 
Steroid use (y) 
Prednison use 

85 (54) 49 (52) 36 (56) 

Intermittent, n (%) 71 (45) 41 (43) 30 (47) 
Daily, n (%) 2 (1) 2 (2) 0 

Deflazacort use 
Intermittent, n (%) 4 (3) 3 (3) 1 (2) 

Daily, n (%) 5 (3) 3 (3) 2 (4) 

∗ NA = not applicable. 

Table 2 
Summary of the results of the longitudinal regression analysis on group 1 ( n = 95, visits = 542). 

Variable All variables included Transition to LoA Caloric intake Corticosteroid use 
Coefficient (95% CI) p-value Coefficient (95% CI) p-value Coefficient (95% CI) p-value Coefficient (95% CI) p-value 

Age 0.06 ( −0.01, 0.14) 0.11 0.06 ( −0.01, 0.12) 0.09 0.05 ( −0.02, 0.12) 0.135 0.04 ( −0.03, 0.11) 0.27 
Transition period 0.47 (0.16, 0.77) 0.004 ∗ 0.39 (0.15, 0.63) 0.002 ∗
Period after LoA −0.03 ( −0.16, 0.10) 0.64 −0.10 ( −0.21, 0.01) 0.08 
Caloric 
Intake_100 −0.01 ( −0.40, 0.20) 0.52 −0.00 ( −0.03, 0.04) 0.77 
Corticosteroid use −0.10 ( −0.59, 0.55) 0.94 0.15 ( −0.17, 0.85) 0.19 

∗ p < 0.01Age: BMI-z scores before losing ambulation.Transition period: BMI-z scores during the period patients lose their ambulation.Period after LoA: 
BMI-z scores after loss of ambulation.Intake_100: caloric intake variable (Kcal/ 100).Cortiocosteroid use: difference in BMI-z in between use of steroids 
and no steroid use. 

Fig. 1. BMI-z scores and age including all first visits included in the study; 790 observations in 159 patients. 

4

4

c
a

a
c
D
o
I
c
a

. Discussion 

.1. BMI-z course in patients with DMD 

This retrospective longitudinal analyses aimed to describe 
hanges in BMI-z score over time in boys with DMD, with 

 focus on the phase around the transition to the loss of 
239 
mbulation. We also aimed to explore associations between 

orticosteroid use and caloric intake on the BMI-z course in 

MD. The most important results on the first visits were that 
verweight and obesity are highly prevalent in our population. 
n the non-ambulatory group, exceeding the recommended 

aloric intake was correlated with higher BMI-z scores, 
nd BMI-z scores were significantly higher in the group 
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Fig. 2. Longitudinal BMI-z scores of all visits, age interval 2 years in ambulant and non- ambulant patients. For the number of observations per age group, 
see Table 1 in the supplementary material. 
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sing corticosteroids. However, no significant difference on 

eported caloric intake was found between patients using 

orticosteroids or patients not using corticosteroids. 
The most important explorative longitudinal results showed 

hat the BMI-z scores tended to increase between 7 and 

2 years, i.e. the period around loss of ambulation was 
ignificantly associated with an increase in BMI-z scores. 

ixed model analyses confirmed an increase of BMI-z 
cores in the transition period to losing ambulation. Finally, 
aloric intake was generally below the recommended intake 
ccording to the national guidelines, but exceeded the 
ndividual recommendations, especially in the ambulatory 

roup under 16 years of age. Recommended and reported 

aloric intake both tended to decrease after the age of 10. 
fter the age of 17 a decreasing trend is seen in BMI-z scores, 
hich emphases that weight stays an important assessment in 

MD throughout the full disease course. 

.2. Strengths and weaknesses 

These results should be interpreted in the context of the 
trengths and weaknesses of the study design. A main strength 

s the large sample size with a mean follow-up of five years, 
esulting from the integration of two longitudinal cohorts 
rom two muscular centers. There are also limitations to this 
tudy. First, it is controversial to use BMI for estimating 

he presence of obesity in patients with DMD as it fails to 

ifferentiate changes in muscle mass, fat mass, or edema, 
ll occurring in DMD [ 6 , 12 , 29 , 30 ]. We therefore also take
nto account an underestimation of the number of patients 
240 
ith obesity in our results. However, it is necessary to 

ccount for reduced stature in patients with DMD, and until 
ow, no other disease specific measures exists which take 
eight into account [ 5 , 13 , 31 ]. Moreover, when using BMI, z-
cores can be calculated based on norm scores of the general 
opulation. Nevertheless, further research on user-friendly and 

ccurate measures on body composition in DMD is warranted. 
econdly, in practice two different height measurements 
ere used for ambulant and non-ambulant patients, which 

ould lead to a misinterpretation of height. In our clinic, 
he previous growth curve of the patients were taken into 

ccount, to correct for this. However, we recommend to 

dditionally apply ulna length measurements in ambulant 
atients in the future. Thirdly, because of the retrospective 
ature of this current study, the observed association may 

ot be interpreted as a causal relationship. Also, inaccuracies 
n measurement and reporting of anthropometric measures 
ay have influenced the findings. Finally, the 48-hour recall 

rocedure to estimate the caloric intake can induce mis- 
eporting. Especially underreporting is known to be common 

32] . Regarding the latter, however, involvement of parents 
ay help to improve the accuracy and at this moment, this 

s simply the gold standard for measuring caloric intake. 
ecause reporting caloric intake was introduced to the 

tandards of care after 2015, missing data on intake were 
resent, especially in the early observations, which could also 

e of influence on the findings. The current study emphasizes 
he importance of monitoring caloric intake during every 

isit, which means a dietician should be a part of any 

euromuscular team. 
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Fig. 3. Longitudinal data of the group losing ambulation during the follow up period in 3 years before and after losing ambulation. ( n = 53, 258 visits). 
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.3. Increase BMI-z score leading up to loss of ambulation 

Notwithstanding the limitations of our study, the average 
ncrease of BMI-z course which starts already before the 
ctual loss of ambulation is evident. We hypothesize multiple 
actors may be of influence. In the first place a decrease 
n physical activity. Before losing ambulation, patients 
ncreasingly depend on their wheelchair. Heutinck et. al [33] ., 
tudied the amount and perception of physical activity in 

oys with DMD and found that physical activity was lower 
nd less demanding compared to healthy pears, and further 
ecreases in the non-ambulatory stages. Barriers to perform 

hysical activity for patients with DMD were lack of sport 
acilities and insufficient health. Although physical abilities 
ecrease inevitably, it is important that patients stay active, 
or example with adjusted sports, use of electric wheels on 

anual wheelchair or supported gaming facilities. Second, 
here is progressive replacement of muscle tissue with fat 
nd fibrosis, a recent study found a direct relation between 

at fraction of the vastus lateralis and the loss of ambulation 

34] . This means that before and during the transition period, 
ody composition is changing, which may be of influence 
n resting energy expenditure (REE) and consequently on 

eight. 

.4. The role of caloric intake 

Saure et al. [6] investigated energy expenditure and body 

omposition in patients with DMD and found that patients 
ith DMD presented a medium REE of 1061 kcal/ day, 
241 
hich was lower than their obese peers. They did not found 

ifferences in energy expenditure between ambulant patients 
nd non-ambulant patients. Hankard et al. [2] reported a 13% 

ecrease in REE as well and a muscle mass decline of 71% 

t ten years of age. With this knowledge, dieticians tend 

o advice non-ambulant patients with DMD a daily caloric 
ntake of 1000–1500 kcal/ day. If we apply this rule of thumb 

o Fig. 4 a it is seen that most of the patients, especially 

on-ambulatory patients, reported their caloric intake in this 
andwidth. In the current study as well as the previous study 

f Bernabe [11] , no association was found between a high 

aloric intake and obesity for the total group. This can be 
xplained by the fact that non-ambulant (older) patients have 
igher BMI-z scores and have a lower caloric intake, for 
xample because of feeding difficulties. We did found in 

he first visit analysis that within non- ambulant patients 
xceeding the recommended caloric intake was associated 

ith higher BMI scores. Moreover, we see that BMI-z scores 
re increasing from the age of 7 and the recommended and 

eported caloric intake decreases around the age of 10. We 
ypothesize that if the daily caloric intake is restricted earlier, 
ossibly from the moment the diagnosis is known, or when 

atients reach their plateau phase, especially when starting 

orticosteroids, the onset of overweight and obesity can be 
revented. 

.5. The role of corticosteroid use 

In the longitudinal current study, corticosteroid use was 
ot associated with BMI-z scores. This in contrast to the 
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Fig. 4. Longitudinal data of all visits; ambulant compared non- ambulant patients in different age categories on a) reported caloric intake, b) recommended 
caloric intake, and c) caloric difference (reported caloric intake-recommended reported intake). 
Reference lines represent the norm values of daily caloric intake in different age categories: 4–8 years: 1500 kcal, 9–13 years: 2150 kcal, 14–18 years: 2700 kcal 
(out of range of this figure), 19–20 years: 2600 kcal (out of range of this figure). 

fi
b
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p
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p
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rst visit analysis, where a significant difference did exist 
etween the corticosteroid use group and patients not using 

orticosteroids. Possible explanations for not finding an 

ssociation in the longitudinal analyses are that only the 
242 
atients who were ambulant at first visit were included 

n further analysis and within this group the amount of 
atients not using corticosteroids was very small. Second, 
ajority used intermittent use of corticosteroids, which can 
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educe the effect on appetite and weight, as described before 
18] . As corticosteroid use delays disease progression, it is 
till strongly recommended however, that parents, carers and 

atients should be aware from the beginning of the possible 
ffects on both appetite and weight. 

. Conclusions 

Obesity is a common problem in patients with DMD. 
his study showed that even a year before losing ambulation, 
MI-z scores increased. Therefore, preventive measures are 
eeded before this time frame. Earlier intervention in caloric 
ntake may help to prevent obesity. Besides, stimulation of 
adjusted or supported) physical activities during all disease 
tages can additionally prevent overweight and obesity in the 
ater disease stages. 
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