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Abstract

Background: Patients with Duchenne muscular dystrophy (DMD) are at high risk of endocrine
and bone health complications resulting from the high glucocorticoid (GC) doses used to treat this
condition. There are limited data characterizing the clinical management of these complications.

Objective: To determine the frequency of bone health screening, endocrinologist evaluation, and
use of endocrine and bone health pharmacotherapy in the clinical care of males with DMD.

Methods: A population based cohort study using data from the Muscular Dystrophy
Surveillance, Tracking, and Research Network (MD STARnef) was conducted. Clinical data was
abstracted from the medical records of 683 males with DMD at five surveillance sites across the
us.

Results: A DXA scan had been documented in 24% of cases; the percentage of cases with DXA
varied across surveillance sites from 13% to 43%, p < 0.001. History of fracture and greater
disease duration were associated with greater odds of having a DXA. Only 4.7% of cases had
documentation of an endocrinologist evaluation. The frequency of documented endocrine and
bone health pharmacotherapy use included calcium (42.8%), vitamin D (36.6%), bisphosphonates
(13.3%), growth hormone (1.9%), testosterone (1.7%), insulin (1.2%), and metformin (0.3%)
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Conclusions: A low percentage of DMD males had record of DXA scan, endocrinologist
evaluation, or treatment with endocrine or bone health pharmacotherapy. Endocrine and bone
health care may represent an unmet need in the DMD population.
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INTRODUCTION

Duchenne muscular dystrophy (DMD; OMIM 310200) is a progressive, incurable
neuromuscular disease resulting from loss-of-function mutations in the dystrophin gene. It is
the most common form of pediatric muscular dystrophy, with an estimated prevalence of 1.4
per 10,000 US males aged 5-24 years [1]. DMDhas an X-linked recessive inheritance
pattern; therefore the majority of severely affected individuals are male. Patients typically
present early in childhood with signs of muscle weakness including delayed motor
milestones, abnormal gait, and difficulty rising to stand [2]. Later complications include
scoliosis, cardiomyopathy, respiratory insufficiency, and limb contractures [3]. If left
untreated, loss of ambulation occurs by age 12 years, on average, and survival beyond 20
years of age without ventilatory support is uncommon [4].

Over the past two decades, the use of high dose glucocorticoid (GC) therapy to treat
DMDhas gained widespread acceptance and is now recommended as the standard of care
[5]. GC therapy has been shown to improve muscle function, prolong ambulation, reduce
scoliosis, and delay progression of cardiac and respiratory disease [6]. Chronic GC treatment
is not without risks, however. The endocrine system is adversely affected by GC exposure,
and patients with DMD who are treated with GC therapy are at high risk of endocrine
complications including osteoporosis [7], fracture [8], growth failure [9], hypogonadism
[10], obesity and related complications including glucose intolerance and diabetes [11], and
secondary adrenal insufficiency.

In 2010 a working group for the US Centers for Disease Control and Prevention published
the first “Care Considerations for DMD” designed to aid practitioners in the clinical
management DMD [5, 12], which were subsequently updated in 2018 [13-15]. The 2010
recommendations provided a framework for the screening and management of bone health
and endocrine complications of DMD, but acknowledged the lack of evidence-based
research in this area. Key recommendations relating to bone health included: assessment of
bone mineral density by dual energy X-ray absorptiometry (DXA) starting at diagnosis
and/or initiation of GC therapy; supplementation with calcium and/or vitamin D in deficient
patients; and consideration of bisphosphonates for patients with vertebral compression
fractures. The Care Considerations also recommended routine assessment of height, weight,
and nutritional status but provided no specific recommendations regarding the further
assessment or treatment of patients with complications such as obesity, short stature, or
pubertal delay.

Despite the potentially negative effect of endocrine complications on the health and quality
of life of patients living with DMD, relatively little has been reported on the evaluation and
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treatment of these conditions in clinical practice. The primary objectives of this study were
to characterize the use of DXA, endocrinologist referral, and bone health and endocrine
pharmacotherapies in males with DMD followed by the multi-site Muscular Dystrophy
Surveillance, Tracking, and Research Network (MD STAR~ef). The MD STARnet project
was designed to collect health information directly from medical record abstraction on all
patients with childhood-onset dystrophinopathies living in specific regions of the US, and is
therefore well-suited for studies describing the utilization of clinical screening tests and
therapies [16].

METHODS

Data source

MD STAR~et, funded by the US Centers for Disease Control and Prevention, is the largest
population-based surveillance program of cases with childhood-onset dystrophinopathies in
the US. MD STAR7etincludes data on cases born after January 1, 1982, diagnosed before
age 21 years, and resided in Arizona (AZ), Colorado (CO), Georgia (GA), Hawaii (HI),
lowa (I1A), and a 12 county region of Western New York (WNY). Data were abstracted from
medical records by trained abstractors [17]. Cases identified as having a dystrophinopathy
were classified by a systematic clinician review process as “definite”, “probable”,
“possible”, “affected female” or “asymptomatic” [18]. A classification of “definite” required
clinical symptoms compatible with a dystrophinopathy, increased CK, an X-linked family
history and confirmation of dystrophin mutation or abnormal dystrophin in the individual or
an affected family member; classification as “probable” required clinical symptoms
compatible with a dystrophinopathy, increased CK and an X-linked family history. Cases
were further classified into DMD and Becker muscular dystrophy phenotypes using criteria
including age at loss of ambulation, steroid use, and genetic testing results. Data collection
in AZ, CO, IA, and WNY started in 2004, followed by GA in 2005, and HI in 2008. Data
from 1982 to each site’s start date were collected retrospectively; data after the start date
were collected annually through December of 2011. Participants were followed until death,
out-migration, or end of data collection period. Surveillance data collection was approved at
all sites under public health surveillance regulations (CO, IA, GA, WNY) or institutional
review board (AZ, HI).

Study sample

The sample selection for this study is illustrated in Fig. 1. Inclusion criteria included case
classification as “definite” or “probable” and DMD phenotype. Exclusion criteria included
female sex, and case classification as “possible” or “asymptomatic”. Cases from HI were
excluded based upon incomplete follow-up. Because of low frequencies of outcomes prior to
2002, analyses were restricted to cases with clinic visits from January 1, 2002 to December
31, 2011.

Study variables

Documentation of a DXA scan in the medical record during the study period was the
primary outcome used to assess bone health screening; documentation of a spine radiograph
was secondarily assessed. The use of endocrine and bone health pharmacotherapies during
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the study period was ascertained based upon presence of a prescription or other
documentation of medication use in the medical record. The following pharmacotherapies
were evaluated: calcium, vitamin D, bisphosphonates, growth hormone, testosterone, insulin,
and metformin. Evaluation by an endocrinologist was determined by documentation of an
endocrinologist visit in the medical record. Other variables of interest included
demographics (age at first and last clinic visit, racial/ethnic group), disease duration (time
since diagnosis), health insurance, anthropometrics [height, weight, body mass index
(BMI)], fracture, spine radiograph, and surveillance site. Diagnosis age was calculated as the
first occurrence of the following events, in descending order of priority: abnormal creatinine
kinase, abnormal DNA results, abnormal muscle biopsy, signs and symptoms noted by a
clinician. GC exposure was defined as a cumulative use of GCs for=six months prior to or
during the study period. Clinically, many boys with DMD are seen on a twice yearly basis,
therefore six months was felt to be the shortest reliable measure of GC exposure. This
definition has also been used to determine steroid exposure in recent clinical trials [19] and
other clinical studies within the MD STARnet cohort [20]. Variables of interest were
assessed at time of first occurrence of outcome (DXA, pharmacotherapy, etc) or at time of
most recent clinic visit within the study period (in cases with no documentation of outcome)
unless otherwise specified. Loss of ambulation was defined at the first mention of full time
wheel chair usage or cessation of mobility. Deaths during the study period were confirmed
using vital records data. A case was considered lost to follow-up if the last known visit
occurred more than two years prior to December 31, 2011 (among living) or if the last
known visit occurred more than two years prior to death date (if deceased).

Statistical analysis

RESULTS

Standard descriptive statistics were used to characterize cases and report frequencies.
Distributions of variables were assessed prior to analyses. For continuous variables, means
were compared using Satterthwaite #tests; for categorical variables, proportions were
assessed using Pearson chi-squared test; and for ordinal variables, trends were assessed
using the Cochran-Armitage trend test. Primary analyses included data from the full study
period (2002—2011); secondary analyses were performed using annual data to assess for
trends over time. To be considered eligible (i.e. to be listed in the denominator) for the
annual analyses, cases were required to have documentation of at least one clinic visit in the
given calendar year. Multiple logistic regression was used to identify clinical factors
associated with presence of one or more DXA scans in the medical record during the study
period. Variables of interest with bivariate association at p < 0.10 were included as
candidates for the multiple logistic regression model. Backwards variable selection was then
applied, subject to the same p-value threshold. Analyses were performed using SAS 9.4
(SAS Institute, Cary, NC, USA).

Clinical characteristics

A total of 683 cases from five surveillance sites were included in this study. Case
characteristics are shown in Table 1. There were 107 deaths during the study period and 109
cases were lost to follow-up. The mean (£SD) age at diagnosis was 4.5+2.9 years, the mean
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age at first and last clinic visit during study period was 8.6+5.1 and 14.4+6 years,
respectively. The majority of cases (73.3%) were ambulatory at first visit; 40.4% lost
ambulation over the study period. A total of 161 cases (23.6%) had been exposed to
cumulative GC therapy for =6 months. A total of 455 fractures were documented in 251
cases (36.7%). The first documented fracture was at the femur in 33.5% and spine in 4.4%
of cases, respectively; the full distribution of fracture site is provided in Supplemental Table
1. History of fracture was more common in GC exposed individuals (50.3%) compared to
those with no GC exposure (33%), p < 0.0001. Age at first visit and prevalence of GC
exposed cases did not differ across surveillance sites; however differences were seen in age
at last visit, racial distribution, ambulatory status, and fracture history (Supplemental Table
2).

DXA and spine radiograph utilization

A total of 343 DXA scans were documented in 164 cases (24% of the cohort; 25% of the
cohort = five years of age). The number of DXA scans per case ranged from 1 to 8 (mean
2.1); only one case had a DXA scan documented in each year in which they were eligible.
The percentage of cases with a documented DXA scan in a given year ranged from a
minimum of 5.9% in 2006 to a maximum of 10.7% in 2008 (Fig. 2). There was no evidence
of a trend toward increasing or decreasing DXA utilization over the study period (p=0.75).
The percentage of cases with a documented DXA varied by surveillance site, ranging from
12.9% to 43%, p< 0.001 (Fig. 3).

At time of first documented DXA scan, cases had a mean age of 11.6+3.9 years, and were
69.5% white, 3.1% black, and 12.8% Hispanic/Latino; 31.1% were GC exposed, and 40.8%
had a history of fracture. Compared to individuals with no documentation of DXA, those
with=one documented DXA scan had greater disease duration (12.2+5 vs 9.2+6.1 years, p<
0.01), were more likely to have fractured (60.4% vs 29.3%, p < 0.0001), been exposed to
GCs (35.4% vs 19.8%, p < 0.0001) and were more likely to be white (69.5% vs 54.5%, p <
0.001). Given the potential for variability in demographics and medical practice by
surveillance site, multiple logistic regression analysis was performed to identify
characteristics of cases with at least one documented DXA scan vs those with no
documentation of DXA, after adjustment by variables of interest including surveillance site
(Table 2). Documentation of DXA was associated with greater odds of fracture [OR 2.76
(95% Cl:1.83-4.17)] and disease duration [1.05 (1.01-1.09)] and decreased odds of being of
Hispanic/Latino racial group compared to white [0.46 (0.26-0.8)]. There was a trend toward
greater odds for GC exposure [1.46 (0.93-2.28)], and lesser odds for black racial group
[0.41(0.13-1.05)] in cases with a documented DXA.

A total of 1221 spine radiographs were documented in 371 (54.3%) cases. The stated
indication was “scoliosis” for the majority (95.4%) of radiographs, with an indication of
“fracture” listed for 2.1% of radiographs. Mean age at first spine radiograph did not differ
from that of first DXA (12+3.4 vs 12.2+3.4 years, p = 0.69). Cases with documentation
of=one DXA were more likely to have had a spine radiograph (71.9% vs 48.7%, p < 0.01)
and the indication for spine radiograph was more likely to be “fracture” (3.5% vs 1.3%, p=
0.01).
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Endocrinologist evaluation

A total of 32 cases (4.7% of the cohort, 5.6% of GC exposed cohort) had documentation of
an endocrinologist evaluation. The percentage of cases with an endocrinologist evaluation
ranged from 2.4% to 9.7% across surveillance sites (p = 0.08). Mean age at time of first
endocrine visit was 14.6+4.4 years; 28% had a history of GC exposure and 66% had a
history of fracture. Mean height, weight, and BMI Z-scores were —1.89+2.1, —0.25+2.16,
and 1+1.34, respectively. Cases with a documented endocrinology evaluation had lower
height Z-score (-2.3+2.3 vs —1.1+1.8, p< 0.01), were more likely to have a history of
fracture (65% vs 25%, p < 0.001) and were more likely to be white (81% vs 57%) compared
to those with no documentation of an endocrinology evaluation.

By comparison, 319 cases (46.7% of the cohort) had documentation of an orthopedic
surgery evaluation. The mean age at time of first documented orthopedic visit was 11.7+4.9
years; cases with documentation of orthopedic visit had greater disease duration (11.1+5.2
vs 9+6.4 years, p< 0.001), were more likely to have fractured (46.1% vs 28.6%, p < 0.001)
and been exposed to GCs (29.8% vs 18.1%, P < 0.01) compared those with no
documentation of orthopedic visit.

Bone health and endocrine pharmacotherapy

The frequency of documented bone health and endocrine pharmacotherapy use is shown in
Fig. 4. Calcium and vitamin D were the most common bone health medications reported in
the medical record, documented for 42.8% and 36.6% of cases, respectively. Bisphosphonate
use was documented in 13.3% of cases. The frequency of bisphosphonate use varied
significantly across surveillance sites, ranging from 9.9% to 34.1%, p < 0.0001. The mean
age at time of first bisphosphonate was 13.3+3.4 years; 75.8% had a history of fracture and
38.5% had been exposed to GCs. Calcium and vitamin D use was documented in 74.7% and
80.2% of participants treated with bisphosphonates, respectively. Those with documentation
of bisphosphonate therapy had greater disease duration (13.7+4.2 vs 9.4+6, p < 0.0001),
lower height Z-score (-1.8+2 vs —1+1.8, p < 0.001) and were more likely to have fractured
(75.8% vs 30.7%, p < 0.0001), been exposed to GCs (38.5% vs 21.3%, p < 0.001), and be of
white racial group [76.2% vs 1.1 % (black) and 13.2% (Hispanic), p < 0.001]. The
documented use of other endocrine pharmacotherapy was low, including growth hormone
(1.9%), testosterone (1.7% of males aged 14 or older), insulin (1.2%) and metformin (0.3%).
Sensitivity analyses limited to GC exposed cases found the frequency of pharmacotherapy
use to be: calcium (54.8%) vitamin D (44.1%), bisphosphonates (21.7%), growth hormone
(0%), testosterone (1.2%), insulin (1.9%), and metformin (0.6%).

DISCUSSION

We used the multi-site MD STARnet surveillance database to describe the utilization of
endocrine and bone health screening and pharmacotherapies in the clinical care of males
with DMD. Despite the known complications of DMD and GC use on the skeletal and
endocrine systems [21, 22]; we found that only 1/, of cases had documentation of DXA bone
density screening and less than 5% of cases had documentation of an endocrinologist
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evaluation during the period studied. With the exception of calcium and vitamin D, the
documented use of endocrine or bone health pharmacotherapies was very low.

The negative effects of DMD and its treatment with GC on the skeleton including low bone
density and increased fracture risk have been widely reported [23-26]. Fractures are an
important complication in this population as they adversely affect quality of life, may hasten
loss of ambulation [27], and in rare cases can be associated with the life-threatening fat-
emboli syndrome [28]. Early consensus statements that recommended the use of DXA to
monitor bone health in DMD [5] have been recently updated and now include a
recommendation for regular lateral thoracolumbar spine radiographs to assess for vertebral
fracture [14]; however there remains uncertainty as to which measure or skeletal site
provides the best fracture prediction in this population [29]. There is growing evidence to
support the use of bisphosphonates in the DMD population [30, 31], however high quality
data from clinical trials is lacking [32].

Our study found evidence of significant variability in DXA and bisphosphonate utilization
across surveillance sites. Access to specialists with expertise in the treatment of pediatric
osteoporosis may limit availability of DXA in children and there are additional practical
limitations that may complicate the use of DXA in the DMD population. DXA interpretation
in children is not straightforward, and requires adjustment for short stature and pubertal
delay, conditions that are common in GC treated boys with DMD [33]. Additionally,
physical limitations that limit the ability to tolerate supine positioning makes obtaining a
DXA difficult in many patients with DMD. We also uncovered evidence of racial disparity
in DXA utilization; further studies will be needed to identify barriers to DXA use so that
adequate access to bone health screening can be provided to all patients. Approximately
22% of GC-exposed cases in our cohort had documentation of bisphosphonate use. This
compares to a single center study from Canada which reported that 36% of boys with DMD
on GCs had been treated with a bisphosphonate [34]. Other reports from retrospective,
single-center analyses confirm the inter-institutional variability in bisphosphonate use in
terms of both choice of agent (oral vs intravenous) and indication (primary vs secondary
prevention) for patients with DMD [30, 31, 35].

There is limited literature describing the use of endocrine therapies to treat short stature,
hypogonadism, or obesity in DMD. Growth [36] and growth hormone secretion [37] have
been shown to be impaired in DMD even in the absence of GCs; however concerns about the
potential negative effects of rapid growth and/or tall stature on muscle function may limit the
use of growth hormone [38]. A single-center retrospective study concluded that growth
hormone treatment improved short-term growth velocity without detriment to muscle
function [39]. A second small study reported that growth hormone was well tolerated in a
trial to assess impact on cardiac function, growth outcomes were not reported [40]. Further
data on the use of growth hormone in DMD are not available. Hypogonadism in DMD s
most likely attributable to GC exposure [13, 41] and it is likely that many, if not most boys
with DMD on GC therapy will have delayed or absent pubertal development [21, 39, 42].
Published data on the use of testosterone to treat hypogonadism in DMD is limited to a
single retrospective study of 14 boys that reported increased growth velocity and high
patient satisfaction with treatment [43]. While data on pubertal stage was not collected in
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MD STAR~et, the fact that only six boys aged 14 years or greater had been prescribed
testosterone suggests the possibility that delayed puberty was not widely recognized or
treated during the years studied. Metformin was not widely used in this cohort. Metformin
was shown to lower weight and increase insulin sensitivity in a small study in participants
with neuromuscular disorders including DMD [44], but is not recommended as standard of
care due to insufficient evidence related to safety and efficacy.

The strengths of this study include analyses of a population-based cohort of DMD cases
from centers across the US. Data were abstracted from the medical records and therefore
expected to represent true clinical practice and be less subject to the recall or participation
bias that may result from survey designs. Limitations include retrospective data collection
which may have been subject to information and misclassification bias from incomplete or
inaccurate abstraction, and bias may have varied across sites. “Endocrinologist” was not a
pre-specified provider choice on data collection forms and had to be entered. Bone mineral
density and body site were not abstracted from DXA reports and lab data were not reviewed
to determine if vitamin D levels were performed. Abstracted data for spine curvature from
radiographs were insufficient to make a determination of scoliosis, and radiographs were not
specified as “lateral” or “anterior-posterior”, so we could not fully ascertain the utilization of
lateral spine radiographs as a means of assessing bone health [45]. The percentage of GC
users in our cohort was low; we believe that this may be related to the stringent criteria
applied to define GC use (>6 months), the fact that GC therapy is commonly discontinued at
time of loss of ambulation, and the slow adoption of GC use into routine clinical practice
during the years studied. The results of this study apply to clinical care provided before 2012
and may not reflect current practice, but do represent important baseline data for future
comparison.

In summary, this is the first multi-center study to describe the utilization of bone health and
endocrine screening tests and treatments in a cohort of males with DMD. We found that a
low percentage of cases had bone density assessed by DXA, were evaluated by an
endocrinologist, or were treated with an endocrine or bone health pharmacotherapy. We
expect that these results will be of interest to providers working to integrate endocrine and
bone health care into multi-disciplinary DMD clinics. Ultimately, placebo-controlled clinical
trials conducted in DMD participants are needed to determine if the routine use of anti-
osteoporosis agents, hormone replacement (growth hormone and/or testosterone), and anti-
diabetic medications is indicated to manage or even possibly prevent DMD and GC related
complications of the endocrine and skeletal systems.
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Study flow chart. Flow diagram illustrating the criteria applied to derive the evaluable

cohort.
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Fig. 2.
Annual frequency of DXA utilization in boys with Duchenne muscular dystrophy from MD

STARnet 2002-2011. The percentage of cases with DXA ranged from 5.9% to 10.7%, with
no evidence of a trend over the study period. Total number (n) of cases eligible for a DXA in
a given year based upon documentation of least one clinic visit in the given calendar year.
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Fig. 3.

Frequency of DXA utilization by surveillance site in boys with Duchenne muscular
dystrophy from MD STAR et 2002-2011. The percentage of cases who received one or
more DXA scans across sites during the study period ranged from 12.9% to 43%, p < 0.001.
Total number (n) of cases with DXA is shown in bars.
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Fig. 4.
Frequency of endocrine and bone health pharmacotherapy in boys with Duchenne muscular

dystrophy from MD STARnet2002-2011. All cases counted as eligible (7= 683) for all
medications except testosterone, where only males older than 14 years were counted in the
denominator (n7=360). No males younger than 14 years had record of testosterone
treatment.
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Characteristics of boys with Duchenne muscular dystrophy from MD STAR et 2002—-2011

Table 1

Eligible Sample, n 683
Age at first clinic visit, y 8.6%51
Age at last clinic visit, y 144+6
Age at diagnosis, y 45+29
Racial Group
White, n (%) 397 (58.1)
Hispanic, n (%) 158 (23.3)
Black, n (%) 47 (6.9)
Other/multiple, n (%) 37 (5.4)
BMI Z-score %% 0327
Height Z-score’ -1£16
Weight Z-score -03+18
Ambulatory1'4, n (%) 459 (73.3)
Loss of ambulation®, n (%) 185 (40.4)
Glucocorticoid exposure®. n (%) 161 (23.6)
Fracture’ n (%) 251(36.7)

Duration of clinical data

in study period,y  6.2+3.2

Death during study period, n (%) 107 (15.7)

1At first clinic visit during

2n= 608.

study period.

3Determined using US reference data [39].

4/7: 675.

5 o . .
Percentage of cases who were ambulatory at first visit and lost ambulation over study period.

6During or prior to study period.

J Neuromuscul Dis. Author manuscript; available in PMC 2019 January 01.

Page 16



Weber et al. Page 17

Table 2

Adjusted odds ratios from multiple logistic regression analysis to identify variables associated with presence
of DXA scan in boys with Duchenne muscular dystrophy from MD STARnet 2002-2011

Variables of Interest Adjusted OR (95% CI) p

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Fracture 2.76 (1.83-4.16) <0.001
Glucocorticoid exposurel 1.46 (0.93-2.28) 0.10
Disease durationz, y 1.05 (1.01-1.09) 0.01
Diagnosis age, y 0.97 (0.9-1.04) 0.39
Race

White Ref

Black 0.41 (0.13-1.05) 0.09

Hispanic/Latino 0.46 (0.26-0.8) <0.01

Other/unknown 1.34 (0.74-2.42) 0.33
Surveillance Site

GA Ref

AZ 1(0.52-1.93) 0.99

co 2.35 (1.31-4.3) <0.01

1A 3.9 (2.08-7.45) <0.001

WNY 2.96 (1.51-5.84) <0.01

1 . . . . .
Cumulative use for=six months prior to or during the study period.
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At time of last study visit — (date of last visit - date of diagnosis). Abbreviations: AZ, Arizona; CO, Colorado; GA, Georgia, I1A, lowa, WNY;
Western New York.
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