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Abstract

To describe the long-term effect of steroid treatment on weight in nonambulatory males with
Duchenne Muscular Dystrophy (DMD), we identified 392 males age 7-29 years with 4,512
weights collected after ambulation loss (176 steroid-naive and 216 treated with steroids =6
months) from the Muscular Dystrophy Surveillance, Tracking, and Research Network (MD
STAR~el). Comparisons were made between the weight growth curves for steroid-naive males
with DMD, steroid-treated males with DMD, and the US pediatric male population. Using linear
mixed-effects models adjusted for race/ethnicity and birth year, we evaluated the association
between weight-for-age and steroid treatment characteristics (age at initiation, dosing interval,
cumulative duration, cumulative dose, type). The weight growth curves for steroid-naive and
steroid-treated nonambulatory males with DMD were wider than the US pediatric male growth
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curves. Mean weight-for-age zscores were lower in both steroid-naive (mean = —1.3) and steroid-
treated (mean = —0.02) nonambulatory males with DMD, compared to the US pediatric male
population. Longer treatment duration and greater cumulative dose were significantly associated
with lower mean weight-for-age zscores. Providers should consider the effect of steroid treatment
on weight when making postambulation treatment decisions for males with DMD.
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INTRODUCTION

As the result of improvements in treatment and management, the life expectancy of males
with DMD has increased greatly over the past few decades. Males with DMD are now living
into their third decade (Calvert, McKeever, Kinnear, & Britton, 2006; Rail & Grimm, 2012).
Thus, males with DMD now have a much longer postambulation period, in which treatment
decisions may need to be reevaluated as the risk/benefit balance of treatment shifts over
time.

For decades, glucocorticoid (“steroid”) treatment has been recommended for ambulatory
males with DMD to preserve (Balaban, Matthews, Clayton, & Carry, 2005; Beenakker et al.,
2005; Biggar, Harris, Eliasoph, & Alman, 2006; Henricson et al., 2013) or improve
(Angelini etal., 1994; Fenichel etal., 1991; Mendell etal., 1989; Rahman, Hannan, Mondol,
Bhoumick, & Haque, 2001) muscle strength and motor function (Gloss, Moxley 3rd,
Ashwal, & Oskoui, 2016), and to prolong independent ambulation by 1-3 years (DeSilva,
Drachman, Mellits, & Kuncl, 1987; Houde et al., 2008; King et al., 2007; Koeks et al., 2017;
McDonald et al., 2017; Pradhan et al., 2006; Yilmaz, Karaduman, & Topaloglu, 2004). More
recently, prolonged steroid treatment in males with DMD has been associated with preserved
upper limb function (McDonald et al., 2017; Pane et al., 2015), reduced or delayed scoliosis
onset (Alman, Raza, & Biggar, 2004; Balaban et al., 2005; Houde et al., 2008; King et al.,
2007; Koeks et al., 2017; Lebel, Corston, McAdam, Biggar, & Alman, 2013; Yilmaz et al.,
2004), preserved respiratory function (Balaban et al., 2005; Biggar et al., 2006; Henricson et
al., 2013; Koeks et al., 2017; Machado et al., 2012; Silversides, Webb, Harris, & Biggar,
2003), delayed cardiomyopathy onset (Barber et al., 2013; Houde et al., 2008; Koeks et al.,
2017; Markham, Kinnett, Wong, Woodrow Benson, & Cripe, 2008; Schram et al., 2013;
Silversides et al., 2003), and prolonged survival (McDonald et al., 2017), albeit
inconsistently. The most recent Care Considerations recommend continued steroid treatment
in the nonambulatory stage of DMD due to the beneficial effects of steroid treatment on a
variety of late-stage comorbidities (Birnkrant et al., 2018), and anecdotal evidence from
clinicians suggests that prolonged steroid treatment in postambulatory males with DMD is
becoming increasingly common.

While the evidence suggests that steroid treatment may benefit males with DMD across their
lifespan, it may also cause a number of undesirable side effects (Matthews, Brassington,
Kuntzer, Jichi, & Manzur, 2016), including weight gain (Lamb et al., 2016). This side effect
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may exacerbate the complex natural history of weight gain and weight maintenance in males
with DMD, in which excess weight gain and obesity in adolescence (Balaban et al., 2005;
Griggs et al., 1993; Houde et al., 2008; Mendell et al., 1989; Moxley et al., Moxley 3rd et
al., 2005) may be followed by underweight as they age and the disease progresses in both
steroid-naive (Davidson et al., 2014; Martigne et al., 2011) and steroid-treated males
(Davidson et al., 2014) with DMD. Information on the postambulatory weight growth
experience is sparse, both in steroid-naive and steroid-treated males with DMD. Using the
large, longitudinal Muscular Dystrophy Surveillance, Tracking, and Research Network (MD
STARnel) surveillance cohort, we created and compared weight growth curves in
nonambulatory males with DMD, for steroid-naive males and males treated with steroids =6
months cumulatively in their lifetime leading up to each weight measurement. In addition, to
better describe the side effects of steroid treatment in nonambulatory males with DMD, we
examined associations between weight growth and steroid treatment characteristics among
nonambulatory steroid-treated males with DMD.

MATERIALS AND METHODS

Study population and sample

The MD STARnet s a population-based surveillance system that aims to identify all
individuals with childhood-onset DMD or Becker muscular dystrophy born between 1982
and 2011 and who have ever resided in an MD STARnet site. Details of the surveillance
methodology and case classification have been published previously (Mathews et al., 2010;
Miller et al., 2006). Briefly, cases were retrospectively identified in Arizona, Colorado,
lowa, and western New York starting in 2004, Georgia in 2005, and Hawaii in 2008. Annual
medical record abstraction was completed through December 31, 2011 for those cases
identified prior to September 2011, and through December 31, 2012 for those cases
identified between September and December 2011. The case-finding methodology used by
MD STAR~netwas based on active review of source records in neuromuscular clinics,
hospital discharge databases, private physician practices, service sites for children with
special health care needs, and birth defect surveillance programs (Miller et al., 2006). Each
participating site obtained permission for case finding and medical record abstraction either
through institutional review board approval or by state-mandated public health reporting.

Duchenne or Becker Muscular Dystrophy (DBMD) case definitions were assigned following
independent neuromuscular specialist clinician review of critical diagnostic elements of each
abstracted case record. Case definitions included “definite,” “probable,” “possible,”
“asymptomatic,” or “affected female” (Mathews et al., 2010). We selected “probable” and
“definite” DBMD cases for analysis. “Probable” DBMD cases (9% of analysis cohort) had
recorded clinical symptoms related to a dystrophinopathy, an elevated creatine kinase, and
an X-linked pedigree consistent with a dystrophinopathy. “Definite” DBMD cases (91% of
analysis cohort) also had a confirmed dystrophin mutation, a muscle biopsy showing absent
dystrophin, or an X-linked pedigree and an affected family member with a dystrophin
mutation or diagnostic muscle biopsy. In our analysis cohort, the percentage of males that
had a “probable” DMD diagnosis did not differ significantly between steroid-treated (6.7%)
and steroid-naive (12.2%) boys (chi-square p = .06). Affected males were categorized as
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having a Duchenne phenotype if the following criteria were met: (1) ambulation ceased
before 12 years of age or 16 years of age, when prior to cessation, any steroid use or
continuous steroid use of at least 24 months was ascertainable, respectively; or (2)
observation of an out-of-frame DMD mutation consistent with a Duchenne phenotype or a
Western blot showing less than or equal to 5% dystrophin; or (3) onset of symptoms
occurred before 5 years of age. Subjects not meeting this definition of Duchenne phenotype
were excluded from analyses. Subjects from Hawaii were excluded due to very small sample
size and incomplete follow-up. Cohort exclusions and selection of cases for the analyses
were made according to the flowchart detailed in Figure 1. Of the 1,054 subjects in the MD
STARnet surveillance dataset, 392 nonambulatory males with DMD with clinic visits that
occurred between ages 7 and 29 years were selected for these analyses.

Growth data

Weight data were obtained from annual medical record abstraction. The analysis cohort
contained 1,832 weight records for 176 nonambulatory (defined as full-time wheelchair use
or first report that ambulation had ceased) steroid-naive males with DMD, and 2,596 weight
records for 209 nonambulatory males with DMD who were treated with steroids for =6
months. We excluded growth measurements collected between 1 day and 6 months of
cumulative steroid treatment (daily or intermittent regimens) from our analyses, because the
effect of steroids on weight is gradual and may not be evident until at least 6 months of
treatment. Records of males with DMD who had been treated with steroids for at least 6
months, then discontinued steroid treatment, were included in the “steroid-treated” group.
There were seven males with DMD who had nonambulatory weight records collected both
before and after steroid initiation. The 84 steroid-naive records from these males were
included in the steroid-naive analysis, and the 92 records collected from these males after 6
months of steroid treatment were included in the steroid-treated analysis (Figure 1). When
comparing the weight growth curves between steroid-treated and steroid-naive
nonambulatory males with DMD, we excluded the seven males that had both steroid-naive
and steroid-treated records, due to a potential change in the slope of their growth curve
shortly after the initiation of steroid treatment.

Steroid treatment

Steroid age at initiation, cumulative duration, cumulative dosage, and dosing interval were
abstracted from medical records and calculated as follows. Cumulative duration of steroid
treatment was calculated as a count of days during which the child was determined to have
been treated with steroids, based on recorded steroid start and stop dates (if applicable), and
was calculated for each clinic visit at which weight was collected, to determine the total
length of exposure to steroid treatment for that weight measurement. The number of days
was converted into number of years for analysis. Cumulative dose of steroids was calculated
as the actual dosing interval (in days) multiplied by the dose of steroid multiplied by the
duration of treatment, calculated for each reported steroid treatment regimen, and summed
over each reported change in steroid dose (reported as mg/kg), and was determined for each
clinic visit at which weight was collected. For prediction models, steroid dosing interval was
dichotomized from recorded dosing intervals to “at least daily” or “less than daily,” and was
determined for each clinic visit at which weight was collected. Each steroid treatment
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variable was calculated for prednisone and deflazacort separately, to determine if these two
steroids had differential effects on weight growth.

Growth curve analysis

To create weight growth curves, we calculated weight-for-age in 6 month intervals from age
8.5 to 21.0 years in steroid-naive males, and 8.5-22.5 years in steroid-treated males using
the same methodology as the CDC growth charts (Kuczmarski et al., 2002). The small
number of nonambulatory weight records collected before age 8.5 years (due to the fact that
most boys with DMD were still ambulatory at these younger ages) made the growth curve
calculation unstable and prone to excessive influence of a single outlier, so we began the
growth curve calculations at age 8.5 years. To compare the weights of males with DMD to
general US population males, we restricted our dataset to weights collected prior to age 20
years, because the CDC growth charts only specify weight percentiles up to 20 years of age
due to flattening of the growth curves in adulthood. We then created growth curves (10th,
25th, 50th, 75th, and 90th percentiles) for steroid-naive and steroid-treated nonambulatory
males with DMD. If more than one growth measurement was available for an individual in a
given 6 month interval, the measurements for that individual in that interval were averaged,
and the average value was used in growth curve creation.

To produce percentile curves that could be directly compared, linear smoothing procedures
modeled after the smoothing procedures used by the 2,000 CDC Growth Charts for the
United States were applied in two stages to the irregular plots of the empirical percentile
values (Kuczmarski et al., 2002). Graphical examinations were made to compare differences
in weight-for-age growth curves among nonambulatory steroid-naive males with DMD,
nonambulatory steroid-treated males with DMD and general population US pediatric males.
We also compared the mean weight-for-age z scores for nonambulatory steroid-naive males
with DMD, nonambulatory steroid-treated males with DMD, and general US pediatric
population males (Kuczmarski et al., 2002) using Student’s #tests.

Frequently, height was not directly measured in nonambulatory males with DMD due to
muscle contractures; approximately two-thirds of the clinic records included in our analysis
data set were missing height information. Therefore, due to likely bias in the existing height
data, we only conducted an exploratory analysis comparing US pediatric male height-for-age
zscores and BMI-for-age zscores with mean height-for-age and BMI-for-age z scores for
steroid-naive and steroid-treated nonambulatory males with DMD for whom height data
were available. Due to lack of data, we did not construct height and BMI growth curves for
this nonambulatory analysis cohort.

Demographic comparisons and linear mixed-effects analysis

Demographic variables in steroid-treated and steroid-naive nonambulatory males with DMD
were compared using Student’s ftest for continuous variables and chi-square for categorical
variables. Using a linear mixed-effects model to account for intrasubject correlation of
repeated measures with an unstructured covariance matrix of weight in children as they age,
we described associations between weight-for-age zscores and steroid treatment
characteristics (age at initiation, dosing interval, cumulative duration, cumulative dose,
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steroid type) in the nonambulatory males with DMD that were treated with steroids for =6
months. Stratified linear mixed-effects models were conducted for each steroid treatment
characteristic. All models were adjusted for birth year and race/ethnicity to control for their
confounding effects. SAS statistical package 9.4 (Cary, NC) was used for all analyses.

RESULTS

Of the 392 nonambulatory males with DMD in our analysis cohort, 176 were steroid-naive
and 216 had been treated with steroids for =6 months. Demographic details of the analysis
population can be found in Table 1. Weight and steroid treatment information were collected
from multiple clinic records across the child’s nonambulatory childhood and early
adulthood; the mean age of clinic record was 15.2 years, with weight data for steroid-naive
males with DMD being collected at a slightly younger average age than steroid-treated
males with DMD (15.1 years vs. 15.3 years, p = .045). Steroid treatment patterns varied
widely in our analysis cohort. Subjects started and stopped steroid treatment up to 3 times
throughout the observation period. While very few (7= 7) males with DMD in our analysis
cohort initiated steroid treatment after ambulation loss, 39% of steroid-treated males with
DMD in our analysis cohort discontinued steroid treatment around the time of ambulation
loss. Non-Hispanic white males with DMD were more likely to be treated with steroids than
Hispanic or non-Hispanic Black males with DMD (o < .0001). Mean cumulative length of
steroid treatment was 5.6 years, and the difference between deflazacort treatment length (6.5
years) and prednisone treatment length (5.2 years) was not statistically significant (o =.13).
Length of steroid treatment ranged from 0.58 to 17.4 years for deflazacort, and 0.50-17.1
years for prednisone.

Among both steroid-treated and steroid-naive nonambulatory males with DMD, the ranges
of their growth curves were wider than the growth curve of their peers from the US pediatric
male population: weight-for-age range for US pediatric males at 20 years of age: 10th
percentile = 59 kg, 90th percentile = 89 kg; weight-for-age range for nonambulatory steroid-
naive males with DMD at 20 years of age: 10th percentile = 29 kg, 90th percentile = 92 kg;
weight-forage range for nonambulatory steroid-treated males with DMD at 20 years of age:
10th percentile = 39 kg, 90th percentile = 103 kg (Figure 2, Supporting Information Figure
S1). Steroid-naive nonambulatory males with DMD had significantly lower mean weight-
for-age zscores compared with both steroid-treated nonambulatory males with DMD (-1.3
vs. —0.02, p<.0001) and the US pediatric male population (-1.3 vs. 0, p < .0001). The mean
weight-for-age zscore in steroid-treated nonambulatory males with DMD was only slightly
lower than the US pediatric male population (-=0.02 vs. 0, p=.60). At younger ages, the
mean weight-for-age zscores in both steroid-naive and steroid-treated nonambulatory males
with DMD were greater than the US pediatric male population. However, as the
nonambulatory males with DMD got older, their weight-for-age fell off compared with the
US pediatric male population, likely because of progressive muscle wasting and replacement
with fibrotic tissue. Means and selected growth curve percentiles of weight by age in steroid-
naive and steroid-treated nonambulatory males with DMD can be found in Supporting
Information Tables S1 and S2.
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The exploratory analysis showed mean height-for-age zscores for nonambulatory steroid-
naive males with DMD and nonambulatory steroid-treated males with DMD were below US
pediatric male averages (—0.80 in steroid-naiive males with DMD, —0.84 in steroid-treated
males with DMD). In the steroid-naive males with DMD, mean BMI-for-age z scores were
also low (-1.15) compared to US pediatric males, while in steroid-treated nonambulatory
males with DMD, mean BMI-for-age 2 scores were higher compared to US pediatric males
(0.16).

In nonambulatory males with DMD who were treated with steroids for =26 months, longer
duration of treatment and greater cumulative dose were significantly associated with lower
weight-for-age zscores. Age at steroid initiation was not significantly associated with
weight-for-age zscore. Dosing frequency was not associated with weight-for-age zscore in
males treated with deflazacort; however, in males treated with prednisone, at least daily
dosing interval was associated with greater weight-for-age zscore. There was no difference
in weight-for-age z score between prednisone-treated males and deflazacort-treated males
(Table 2).

DISCUSSION

We describe, for the first time, the weight growth of postambulatory steroid-naive and
steroid-treated males with DMD. A comparison of the steroid-naive to the steroid-treated
weight growth curves shows that steroid treatment is associated with increased weight in the
postambulatory stages of DMD. This increased weight often resulted in overweight in the
nonambulatory adolescent males. Other studies have also noted a tendency toward obesity in
both steroid-treated and steroid naive adolescents with DMD (Balaban et al., 2005; Griggs et
al., 1993; Houde et al., 2008; Mendell et al., 1989; Moxley 3rd et al., 2005). This increase in
body mass likely differs in composition between steroid-treated and steroid naive males with
DMD. A longitudinal study of boys with DMD age 5-15 years showed that steroid treatment
increased lean tissue mass, while steroid-naive boys with DMD experienced a significant
increase in body fat mass (Vuillerot et al., 2014).

The growth curves of both steroid-naive and steroid-treated males with DMD appeared to
flatten out at a younger age than the growth curve of the US pediatric male population,
perhaps due to the advancing muscle wasting that occurs as the disease progresses. Steroid
treatment appeared to protect against underweight in the older males with DMD. The
tendency toward underweight in the older steroid-naive males with DMD that can be seen in
the growth curves we created was also described in other studies (Davidson et al., 2014;
Martigne et al., 2011), as it was the attenuating effect of steroid treatment on underweight in
older males with DMD (Davidson et al., 2014).

It is worth noting that the weight-for-age zscores may not be a good proxy for obesity in
this patient population. The height growth of ambulatory steroid-treated males with DMD is
stunted (Lamb et al., 2016), due to both the DMD disease process and steroid treatment.
Therefore, the weight in nonambulatory males with DMD in our analysis may still be higher
than expected for their height, and could reach the obesity range despite their overall smaller
size. We did not perform a formal analysis of height-for-age and BMI-for-age using the MD
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STAR~et cohort, due to a large amount of missing data and the strong possibility of
selection bias—height could have been collected only for the children with fewer or less
severe contractures. However, in an exploratory analysis of the available data from the MD
STARnet cohort, the height-for-age zscores for nonambulatory steroid-naive males with
DMD were below US pediatric male averages. In the steroid-naive males with DMD, BMI-
for-age zscores were also low, while in steroid-treated nonambulatory males with DMD,
BMI-for-age zscores were higher, but still not high enough to be of clinical concern, as
defined by CDC growth charts.

As a male with DMD becomes increasingly disabled due to disease progression, excess
weight gain may be a concern for its potential negative effects on health as well as the
logistics of caregiving. Research thus far, however, suggests that the endocrine and physical
effects of higher BMI do not appear to exacerbate or speed the development of DMD
comorbidities, and may actually be protective (Canapari et al., 2015; Davidson et al., 2014;
Janssen, Hendriks, Geurts, & de Groot, 2016; McKane et al., 2017). Nevertheless, excess
weight does complicate the full assistance with daily care and transfers that these boys and
men eventually require. Males with DMD and their families should be aware of the practical
implications of the possible effects on weight, as well as the potential health benefits, when
considering postambulatory steroid treatment.

Black and Hispanic nonambulatory males with DMD were significantly less likely to have
had =6 months of steroid treatment compared to non-Hispanic white males with DMD. This
treatment disparity has been observed previously in MD STARnet (Fox et al., 2015). The
difference in steroid treatment by race/ethnicity may stem from lower treatment initiation
rates (Fox et al., 2015), which could, in turn, be due to lower acceptance of the
recommended treatment by families, lower rate of steroid treatment offered to minority
populations, or lack of culturally sensitive presentation of treatment options. While MD
STARnet does not have the appropriate data with which to test these hypotheses, other DMD
cohorts could explore the presence of, and reasons for, this treatment disparity.

Our analysis of the association between steroid treatment characteristics and weight growth
revealed an inverse association between steroid dose and weight, and between steroid
treatment duration and weight. These findings are at odds with our previous findings in
ambulatory males with DMD (Lamb et al., 2016). However, these findings are compatible if
there is an acceleration of muscle wasting in the later stages of the disease process. Loss of
muscle mass would reduce a subject’s weight, and the weight-gaining effects of steroid
treatment may eventually not be enough to offset the weight loss due to muscle wasting.
Alternatively, these results could be the result of a selfselection effect. Weight gain is a
major side effect of steroid treatment, and many subjects find this side effect so undesirable
that they discontinue treatment. Thus, if only those males with DMD who did not gain much
weight continued steroid treatment, while those who gained weight in excess were more
likely to discontinue steroid treatment, then that may explain our observed inverse
association between steroid dose and weight.

We did not find an association between dose frequency (at least daily vs. < daily) and weight
in nonambulatory males with DMD who were treated with deflazacort; however, greater
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dose frequency was associated with weight in those treated with prednisone, suggesting that
dose frequency does not consistently modify this side effect of steroid treatment. Our
findings are similar to those of other studies. A UK study found that a daily dose of
prednisolone increased the prevalence of obesity among males with DMD (Ricotti et al.,
2013), and a study performed by the Cooperative International Neuromuscular Research
Group found increased BMIs in those treated with prednisone daily compared with those
treated on weekends only, but their findings did not reach statistical significance (Escolar et
al., 2011). Researchers and clinicians are not in agreement on the optimal steroid dosing
regimen for DMD (Griggs et al., 2013). The FORDMD trial is currently testing different
steroids and steroid dosing regimens to find the most effective treatment with the least side
effects (Guglieri et al., 2017).

Strengths of this study include the classification of DMD using a standard protocol by a
review committee consisting of neuromuscular specialist clinicians. These data are derived
from a population-based cohort and are thus likely to be an accurate representation of males
with DMD in the surveillance areas, which are scattered across the United States. Also, the
MD STAR~net surveillance methodology collects data longitudinally, which permits
evaluation of growth throughout childhood and into adulthood. Adjustment for birth year
enabled us to reduce cohort effects due to clinical practice shifts in prescribing steroids to
males with DMD over the past few decades, and to potential acceleration in US children’s
growth (Ogden, Carroll, & Flegal, 2008).

A limitation of this study is the use of anthropometric measurements extracted
retrospectively from medical records. The weights were likely collected with the patient in
the wheelchair. It is standard clinical procedure to subtract the weight of the wheelchair.
However, we cannot confirm that the chairs were weighed separately each time and if the
weight of the wheelchair was subtracted appropriately from each of our nonambulatory
weight measurements. We also relied on medical records for steroid treatment details, which
may have been incomplete and may have resulted in misclassification of steroid treatment.
We note that the clinic records in which steroid start and stop dates were recorded may not
be complete, and may not reflect the true steroid exposure of the child due to incomplete
reporting of steroid treatment compliance by the family. Thus, cumulative steroid duration
and dose may be over or underestimated for each child. We note that neither the subjects nor
the persons measuring knew that the anthropometric data being collected or steroid dosing
information being recorded would be used to explore the association between weight and
steroid treatment; thus the misclassification is likely to be nondifferential, and would bias
our results toward the null hypothesis (no association). MD STARnet could not extract body
fat measurements from clinic records; these measures are not routinely collected in males
with DMD. This deficiency, combined with the large amount of missing height data,
prevented us from more accurately describing the obesity status and fat mass of the subjects
in our analysis. The loss to follow-up rate (defined as no clinic visit at which weight was
measured within the last 3 years of data collection or 3 years prior to death, whichever
occurred first) in males that died during the follow-up period was 23.71%, and the loss to
follow-up rate in males that did not die during the follow up period was 14.58%. Thus, it is
possible that the males with DMD nearing the end of their life may be underrepresented in
these analyses. Finally, the finding of a lower rate of steroid treatment in non-white
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nonambulatory males with DMD limits the generalizability of our findings, as does the fact
that the analysis cohort was drawn from surveillance sites, and not the entire United States.

Our results suggest that prolonged steroid treatment is associated with increased weight
gain/weight maintenance in nonambulatory males with DMD. The growth charts for
nonambulatory males with DMD that we have provided herein should be useful to both
clinicians and families as they monitor this major side effect of steroid treatment, and ponder
initiation, continuation, or cessation of steroid treatment across the lifespan of a patient with
DMD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
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Flowchart of exclusions to produce the analysis cohort for comparison of weight growth
curves in nonambulatory males with Duchenne muscular dystrophy: The MD STARnet
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FIGURE 2.
Weight growth curves in nonambulatory males with Duchenne muscular dystrophy who

were either steroid-naive or were treated with corticosteroids for =6 months, compared with
weight growth curves for the US pediatric male population: The MD STAR et [Color figure
can be viewed at wileyonlinelibrary.com]
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TABLE 1
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Demographic and steroid treatment characteristics of nonambulatory steroid-naive and steroid-treated males
with Duchenne muscular dystrophy age 7-29 years (/7= 392 subjects): The MD STARnet

Steroid-Naive N =176  Steroid-treated N = 216 p value?
Mean (SD) Mean (SD)
Age 15.1(3.7) 153(3.7) 59
Age at steroid initiation (years) 7.6 (2.4)
Treated with prednisone only Treated with 7.6 (2.5)
Deflazacort only (1.8)
Age at most recent visit (years) 4.2)
Treated with prednisone only Treated with (3.8)
Deflazacort only 16.9 (4.4) 17.1(4.2) .36
N (%) N (%)
Race/ethnicity: 75 (42.6%) <.0001
Non-Hispanic white 146 (67.6%)
Hispanic 60 (34.1%) 34 (15.7%)
Black 22 (12.5%) 9 (4.2%)
10 (5.7%) 5 (2.3%)
Other unknown 9 (5.1%) 22 (10.2%)

Steroid treatment at most recent observation

94 (43.5%)

Type of steroid used: Prednisone

146 (67.5%)

Deflazacort 31 (14.4%)
Both (not concurrently) 33 (15.3%)
Not specified 6 (2.8%)

a . . . .
p value obtained from Student’s ¢test for continuous data, and chi-square test for categorical data.
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Linear mixed-effects analyses of steroid treatment and weight zscores calculated using the CDC growth charts

among nonambulatory males with Duchenne muscular dystrophy: The MD STARnet

Weight zscore

Estimate (SE)? p value
Prednisone
Age at initiation (years) -0.09 (0.07) 22
At least daily dosing (vs.< daily) 0.29 (0.05) .047
Duration of use (years) -0.10 (0.02) <.0001
Cumulative dose (mg) -0.00002 (2.8 E-6) <.0001
Deflazacort
Age at initiation (years) 0.03(0.13) .84
At least daily dosing (vs.< daily) -0.64 (0.42) 12
Duration of use (years) -0.15 (0.03) <.0001
Cumulative dose (mg) -0.00001 (2.5E-6) <.0001
Drug comparison
Deflazacort vs. prednisone (ref)  0.17 (0.39) .66

aAdj usted for year of birth and race/ethnicity.
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