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BACKGROUND: Duchenne and Becker muscular dystrophy are progressive disorders associated with cardiac mortality.
Guidelines recommend routine surveillance; we assess cardiac resource use and identify gaps in care delivery.

METHODS AND RESULTS: Male patients, aged 1 to 18 years, with Duchenne and Becker muscular dystrophy between January
2013 and December 2017 were identified in the IBM MarketScan Research Database. The cohort was divided into <10 and
10 to 18 years of age. The primary outcome was rate of annual health care resource per person year. Resource use was as-
sessed for place of service, cardiac testing, and medications. Adjusted incidence rate ratios (IRRs) were estimated using a
Poisson regression model. Medication use was measured by proportion of days covered. There were 1386 patients with a
median follow-up time of 3.0 years (interquartile range, 1.9-4.7 years). Patients in the 10 to 18 years group had only 0.40 (95%
Cl, 0.35-0.45) cardiology visits per person year and 0.66 (95% CI, 0.62—-0.70) echocardiography/magnetic resonance imaging
per person year. Older patients had higher rates of inpatient admissions (IRR, 1.46; 95% ClI, 1.08-2.09), outpatient cardiology
visits (IRR, 2.0; 95% CI, 1.66-2.40), cardiac imaging (IRR, 1.59; 95% ClI, 1.40-1.80), and Holter monitoring (IRR, 3.33; 95% ClI,
2.35-4.73). A proportion of days covered >80% for angiotensin-converting enzyme inhibitors/angiotensin receptor blockers
was observed in 13.6% (419/3083) of total person years among patients in the 10 to 18 years group.

CONCLUSIONS: Children 10 to 18 years of age have higher rates of cardiac resource use compared with those <10 years of age.
However, rates in both age groups fall short of guidelines. Opportunities exist to identify barriers to resource use and optimize
cardiac care for patients with Duchenne and Becker muscular dystrophy.

Key Words: Becker muscular dystrophy m Duchenne muscular dystrophy ® heart failure ® resource use

differences in published analyses on prevalence.

uchenne and Becker muscular dystrophy
D(DBI\/ID) are the most common forms of

childhood-onset muscular dystrophy, with
pooled prevalence estimates of 1.38 per 10 000 male
individuals.! Although phenotypically distinct, both
are attributable to X-linked mutations in the dystro-
phin gene, which subsequently leads to progressive
muscle fiber degeneration and weakness. Because
of differences in diagnostic methods and varia-
tions in populations, there have been some small

Duchenne muscular dystrophy (DMD) has been
estimated to have a prevalence of 1.2 per 10 000
male individuals in North America.! Affected male
patients with DMD usually present with symptoms
between 2 and 5 years of age. Loss of ambulation
occurs around 10 years of age in those untreated
with steroids, and in the setting of progressive re-
spiratory insufficiency, noninvasive ventilatory sup-
port is typically initiated by the age of 18 years.??
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CLINICAL PERSPECTIVE

What Is New?

e Cardiac disease is one of the leading causes
of morbidity and mortality among children with
muscular dystrophy; however, cardiac surveil-
lance is limited.

e Older children with muscular dystrophy have
higher rates of hospitalization and cardiac im-
aging compared with younger children.

e Data of health care resource use may provide
information on areas in need of improvement.

What Are the Clinical Implications?

e An increase in cardiac surveillance for children
with Duchenne or Becker muscular dystrophy is
needed to meet clinical care guidelines.

Nonstandard Abbreviations and Acronyms

ccC complex chronic condition

DBMD Duchenne and Becker muscular
dystrophy

DMD Duchenne muscular dystrophy

IRR incidence rate ratio

PDC proportion of days covered

Becker muscular dystrophy (BMD) has a somewhat
lower prevalence than DMD and is estimated to be
0.36 per 10 000 male individuals in North America.!
It is characterized by variable amounts of functioning
dystrophin and has a later age of onset and a milder
clinical course, with ambulation usually preserved
beyond age 16 years.*

Cardiomyopathy represents a significant source
of morbidity and mortality for patients with DBMD.
Affected patients typically have a ventricular dysfunc-
tion, dilated phenotype, and electrocardiographic ab-
normalities, and may have fibrosis detected by cardiac
magnetic resonance imaging (MRI).>~ More import-
ant, the findings of cardiomyopathy do not typically
manifest until late childhood or even adolescence.”®
However, as the life expectancy among patients with
DMD has improved with the introduction of noninva-
sive respiratory support and the growing use of gluco-
corticoids, the cardiac manifestations of the disease
have become increasingly prominent,>%'" with some
studies estimating an increase in mortality attribut-
able to a cardiac cause from 8% to 40% over the past
30 years.”? It is in the context of evolving medical man-
agement and increase in life expectancy that there has
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rightly been a growing focus on standardization and
optimization of cardiac management for patients with
DBMD.13'14

In the setting of skeletal muscle weakness and im-
paired ambulation, it can be difficult to identify symp-
toms of poor cardiac output in patients with muscular
dystrophy. Therefore, surveillance is critical in diagnos-
ing cardiomyopathy and initiating potentially disease-
modifying interventions. In 2017, the American Heart
Association updated management guidelines, recom-
mending cardiac evaluation in asymptomatic patients,
including a physical examination, ECG, and noninva-
sive imaging every 2 years in patients <10 years of age,
with an increase to an annual evaluation at 10 years of
age and later.’® The DMD care considerations, which
focus specifically on the care of those with DMD,
were originally published in 2010 and then updated in
2018."817 The current care guidelines recommend an-
nual evaluation for patients at even younger ages in
the late ambulatory period.'® With respect to recom-
mendations on heart remodeling therapies, consid-
eration of initiating an angiotensin-converting enzyme
inhibitor (ACEI) or angiotensin receptor blocker (ARB)
before the age of 10 years among patients with DMD
has been suggested, but there is no definitive guide-
line. Furthermore, it is unknown how many providers
prescribe prophylactic ACEIs/ARBs.'>®

There are limited data evaluating the use of cardiac
care for patients with DBMD, yet doing so is especially
important given the changing disease course and the re-
cently revised guidelines. Therefore, our objectives were
to describe the burden of cardiac disease and manage-
ment in pediatric patients with DBMD and to assess the
association between age and cardiac resource use.

METHODS

The present study contains deidentified data and
thus was deemed to be exempt from review by The
Children’s Hospital of Philadelphia Institutional Review
Board, according to the Common Rule. The study ma-
terials linked to this research are available from the cor-
responding author on reasonable request and following
approval by the IBM MarketScan Research Databases.

Data Sources

The IBM MarketScan Research Databases are a family
of research data sets that capture deidentified patient-
and insurance claim-level health data (medical, drug,
and dental), productivity (workplace absence, short-
and long-term disability, and workers’ compensation),
laboratory results, health risk assessments, hospital
discharges, and electronic medical records. The data-
base has collected information on >245 million unique
patients since 1995, and data are contributed by large
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employers, health plans, and government and public
organizations.' It includes claims from both inpatient
and outpatient encounters for all patient enrollment
periods, thus representing a longitudinal characteriza-
tion of resource use. This analysis used the following
individual databases:

1. IBM MarketScan Commercial Claims and
Encounters database, which includes data from
active employees, early retirees, COBRA con-
tinuees, and dependents insured by employer-
sponsored health plans;

2. IBM MarketScan Multi-State Medicaid Database,
which contains pooled health care data of >44 mil-
lion Medicaid enrollees from multiple states.

The MarketScan Research Databases have been ef-
fectively used in a variety of other studies to characterize
patient populations with chronic disease, such as Fontan
physiology, HIV, and cirrhosis, and to describe trends in
resource use.?023

Study Sample Selection
Male patients <18 years of age with at least one he-
reditary progressive muscular dystrophy diagnosis
(International Classification of Diseases, Ninth Revision
[ICD-9], code 359.; International Classification of
Diseases, Tenth Revision [ICD-10], code G71.01) were
identified between January 1, 2013, and December
31, 2017. As illustrated in Figure 1, the date of the first
hereditary progressive muscular dystrophy diagnosis
was designated as the index date. All patients were
required to have continuous enrollment for at least
12 months after the index date. To limit the number
of patients with other hereditary progressive muscular
dystrophies who tend to have earlier and more severe
presentations, patients aged <1 year on the index date
were excluded. Patients were also excluded if they
had any of the following diagnoses indicated via /CD-
9/ICD-10 codes in any patient claims: mitochondrial
disorder, fatty oxidation disorders, lipid storage dis-
orders, metabolic disorder, spinal muscular atrophy,
congenital myotonia, myotonic muscular dystrophy,
and myasthenia gravis. Similar methods have been
used in other retrospective studies on DMBD.?4-26
Patients were grouped into 2 cohorts based on their
index age: <10 years and 10 to 18 years. These cohorts
were selected as 10 years is traditionally considered the
beginning of the early nonambulatory stage, and current
guidelines use this age as a cutoff with respect to rec-
ommendations for frequency of cardiac evaluation.'®'®

Characteristics
Patient-level characteristics included duration of
follow-up, age at time of claim, insurance plan type,
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geographic region (Commercial Claims and Encounters
database only), race (Multi-State Medicaid Database
only), comorbidities, such as heart failure and renal
failure (defined by presence of ICD-9/ICD-10 diagnosis
code), complex chronic conditions (CCCs), and death.
CCCs were used to identify comorbid conditions and
have been defined as “medical conditions that can be
reasonably expected to last at least 12 months and
that involve either several different organ systems or
one organ system severely affected enough to require
specialty pediatric care and some period of hospitali-
zation in a tertiary care.”?” CCCs, heart failure, respira-
tory failure, and in-hospital death were captured in any
patient claim and attributed to the entire patient study
period.

Study Outcomes

The primary outcome measure in the study was the rate
of annual health care resource use during the follow-up
period. Resource use was assessed for place of ser-
vice (inpatient, outpatient cardiology, and emergency
department visits), cardiac tests (echocardiogram/
MRI, ECG, and Holter monitoring), and medications
(ACEIs/ARBSs and steroids). Medication use was meas-
ured by proportion of days covered (PDC), which was
determined by summing the number of days patients
were covered on a particular drug during each follow-
up year divided by 365 days and multiplied by 100. To
capture different patterns of use, patients were strati-
fied into 5 PDC categories: 0%, >0% to <20%, 20% to
<560%, 50% to <80%, and >80%.

Statistical Analysis

Patient demographic and clinical characteristics at
time of the index date were summarized using descrip-
tive statistics. Frequencies and percentages were re-
ported for categorical variables (insurance plan type,
geographic region, race, comorbidities, CCCs, and
death), and differences between the 2 age-group co-
horts were assessed with x2 or Fisher exact tests, as
appropriate; median and interquartile range were re-
ported for continuous variables (follow-up duration),
and differences between the 2 cohorts were deter-
mined using Wilcoxon rank-sum tests. Resource use
was assessed between the 2 age groups; the age of
the patient at the time of the claim was used to assign
the event to the specific age group. Thus, if a patient
aged 9 years old turned 10 years of age during the
study period, claims observed following this date were
assigned to the 10 to 18 years group.

Crude incidence rates for the primary outcome were
calculated by dividing the total number of events by
the total number of person-years contributed by peo-
ple at risk during the time period of interest. Because
patients within age group cohorts can have repeated



Mejia et al

Cardiac Care Use in Pediatric Muscular Dystrophy

-
Patients with >1 medical claim with a primary or secondary diagnosis for hereditary
progressive muscular dystrophy between January 1, 2013 and December 31, 2017
n = 4353
g /
f N
Males
n = 3250 (74.7%)

- /

-
Patients between age 1 to 18 at index date
n = 3040 (69.8%)
\-
4
4 N\
Patients with continuous enrollment for at least 12 months post index date
n = 2335 (53.6%)
(N J
~
Patients without an ICD-9/10 diagnosis on exclusionary list
n = 1386 (31.8%)
/ \ )
Index age <10 years Index age 10-18 years
n = 622 n =764

Figure 1. Patient selection.

ICD-9 indicates International Classification of Diseases, Ninth Revision; and ICD-10,
International Classification of Diseases, Tenth Revision.

events, repeated measures Poisson regression mod-
els, adjusted for follow-up time, were used to estimate
incidence rates and incidence rate ratios (IRRs) of re-
source use (place of service and cardiac tests). P<0.05
was considered to indicate a significant difference.
SAS version 9.4 (SAS Institute Inc, Cary, NC) was used
for data management and all statistical analyses.

RESULTS

Patient Characteristics

Patient attrition is displayed in Figure 1. Of the 4353
patients who had at least 1 medical claim with a
primary or secondary diagnosis for hereditary pro-
gressive muscular dystrophy, 2335 (53.6%) satisfied
the inclusion criteria: male sex, age 1 to 18 years
at the index date, and continuous enrollment for at
least 12 months after the index date. After exclud-
ing patients who also carried diagnoses of other

neuromuscular diseases, 1386 patients (31.8%) re-
mained in the study.

Patients of White race (63.2%) were the most com-
monly represented race (using the Medicaid data-
base only as race information was not available in the
Commercial database) (Table 1). The most commonly
represented region was the South (36.1%, using the
Commercial database only as region was not widely
available in the Medicaid database). Of the 1386 pa-
tients, 622 (44.8%) were aged <10 years at the index
date. The median follow-up duration was 3.0 (inter-
quartile range, 1.9-4.7) years, with patients <10 years
having a slightly longer duration of follow-up (3.9 [inter-
quartile range, 2.0-5.3] years versus 2.5 [interquartile
range, 1.7-4.0] years; P<0.001). There was no signifi-
cant difference between the 2 groups with regard to
type of insurance, region, or race.

Overall, cardiopulmonary disease was common, with
1 in 6 patients having a diagnosis of cardiomyopathy, 1
in 20 patients having heart failure, and 1 in 10 patients
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Table 1. Patient Demographic and Clinical Characteristics
Overall Index age <10y Index age 10-18 'y
Characteristics (n=1386) (n=622) (n=764) P value
Race or ethnicity, n (%)* 0.448
White 379 (53.2) 163 (50.5) 216 (55.5)
Black 82 (11.5) 39 (12.1) 43 (11.1)
Hispanic 50 (7.0) 28 (8.7) 22 (5.7)
Other' 7 (1.0) 4(1.2) 3(0.8)
Unknown 194 (27.3) 89 (27.5) 105 (26.9)
Region, n (%)* 0.209
Northeast 116 (17.2) 49 (16.4) 67 (8.8)
North central 166 (24.6) 62 (20.7) 104 (13.6)
South 243 (36.1) 115 (38.5) 128 (16.8)
West 133 (19.7) 66 (22.1) 67 (8.8)
Unknown 16 (2.4) 7(2.3) 9(2.4)
Insurance, n (%) 0.707
Commercial 674 (48.6) 299 (48.1) 375 (49.1)
Medicaid 712 (51.4) 323 (51.9) 389 (50.9)
Follow-up duration, y, median (Q1-Q3) 3.0(1.9-4.7) 3.9 (2.0-5.3) 2.5 (1.7-4.0) <0.001
Heart failure, n (%) 75 (5.4) 18 (2.9) 57 (7.5) <0.001
Dilated or other cardiomyopathy, n (%) 211 (16.2) 40 (6.4) 171 (22.4) <0.001
Hypertrophic cardiomyopathy, n (%) 10 (0.7) 2(0.9 8(1.1) 0.200
Respiratory failure, n (%) 144 (10.4) 34 (5.5) 110 (14.4) <0.001
CCCs, n (%)
>1 CCC 431 (31.1) 180 (28.9) 251 (32.9) 0.117
CCC categories, n (%)
Renal 43 (3.1) 24 (3.9) 19 (2.5) 0143
Gastrointestinal 110 (7.9) 43 (6.9) 67 (8.8) 0.203
Hematologic/immunologic 35 (2.5) 22 (3.5) 13 (1.7) 0.030
Metabolic 215 (15.5) 99 (15.9) 116 (15.2) 0.708
Malignancy 52 (3.8) 23 (3.7) 29 (3.8 0.924
Premature/neonatal 18 (1.3) 14 (2.3) 4 (0.5) 0.005
Transplant 5(0.4) 2(0.3) 3(0.4) 0.999
Technology dependence 169 (12.2) 50 (8.0) 119 (15.6) <0.001
Death, n (%) 14 (1.0) 0(0.0) 14 (1.8) <0.001

CCC indicates complex chronic condition; Q1, quartile 1; and Q3, quartile 3.

*Region was reported in the Commercial database only; race or ethnicity was reported in the Medicaid database only.
The “Other” race/ethnicity category includes those not identified in the above mentioned groups.

having respiratory failure (Table 1). When comparing age
groups, there was a higher percentage of patients aged
10 to 18 years with dilated or other cardiomyopathy (171
[22.4%] versus 40 [6.4%); P<0.001), heart failure (57 [7.5%)
versus 18 [2.9%)]; P<0.001), and respiratory failure (110
[14.4%] versus 34 [5.5%)]; P<0.001). With respect to com-
plex chronic conditions, 431 (31.1%) of all patients had
>1 CCCs, with the most commonly reported CCC being
metabolic (215 [15.5%)]). Metabolic CCCs encompass a
variety of diagnoses, including hypocalcemia, dyslipid-
emia, and disordered carbohydrate metabolism, which
can be seen in patients with DBMD. Glucocorticoid ther-
apy and loss of ambulation/progressive musculoskeletal
weakness have predisposed this patient population to

J Am Heart Assoc. 2022;11:e024722. DOI: 10.1161/JAHA.121.024722

poor nutritional status and compromised bone health.282°
The frequency of CCCs among both groups was com-
parable. In the <10 years age group, there were higher
rates of hematologic/immunologic conditions and pre-
maturity, whereas those 10 to 18 years had higher rates
of technology dependence (119 [15.6%)] versus 50 [8.0%);
P<0.001). During the study period, there were 14 deaths
(1.8% of 764 patients) in the cohort, all of which occurred
in the 10 to 18 years age group.

Resource Use

The 1386 patients contributed 4829 total person-years.
The <10 years and 10 to 18 years cohorts contributed
1746 and 3083 person-years, respectively. Visit and
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testing rates based on these person-years are shown
in Table 2.

Of the 1386 patients, 638 (46.0%) had at least 1
emergency visit during their follow-up period. Children
who were 10 to 18 years of age had a lower rate of an-
nual emergency department visits (IRR, 0.71; 95% Cl,
0.58-0.87) compared with those who were younger.
A total of 289 (20.9%) patients had at least 1 hospital
admission, and 550 patients (39.7%) had at least 1 out-
patient cardiology visit during follow-up. Children who
were 10 years or older had ~1.5 times the rate of in-
patient admissions (IRR, 1.46; 95% ClI, 1.03-2.09) and
twice the rate of outpatient cardiology visits (IRR, 2.00;
95% Cl, 1.66-2.40) compared with children <10 years
of age (Table 2).

With respect to cardiac testing, 68.6% (951/1386) of
patients had at least one echocardiogram or MRI scan;
the overall rate of echocardiograms/MRIs was 0.57 per
person year (Figure 2). The rate of annual cardiac im-
aging among 10- to 18-year-old children was just 0.66
tests per person year (Table 2); those in the 10- to
18-year-old group had a higher rate of cardiac imaging
(IRR, 1.59; 95% ClI, 1.40-1.80) than those <10 years
of age. A total of 64.4% (892/1386) of patients had at
least one ECG, and the overall rate of ECGs was 0.54
per person year. Older children had 1.68 times the rate
of ECGs (IRR, 1.68; 95% Cl, 1.50-1.89) compared with
those <10 years of age. A total of 18.2% (252/1386) of
patients had a Holter monitor during follow-up, with a
rate of 0.10 monitors per person year. Patients in the
10- to 18-year-old group had triple the rate of Holter
monitor testing (IRR, 3.33; 95% Cl, 2.35-4.73) com-
pared with patients <10 years of age.

Medication

With regard to medications, use of an ACEl or ARB
was rare. Only 9.3% (448) of all person years had an
ACEI or ARB prescription with PDC >80% during fol-
low-up (Figure 3). Among those <10 years of age, 1.6%
(28/1746) of person years had a PDC >80% for ACEl/

Table 2. Visit and Testing Rates

Cardiac Care Use in Pediatric Muscular Dystrophy

ARB use, whereas among those in the 10- to 18-year
group, only 13.6% (419/3083) of total person years
had a PDC >80%. Steroid use was also rare, with 7.1%
of the total person years (345) having a PDC >80%.
For those <10 years of age, PDC >80% was seen in
5.2% (91/1746) of all person years; and for those 10
to 18 years of age, PDC >80% was seen in 8.2%
(253/3083) of total person years.

DISCUSSION

This is the largest observational study to date assess-
ing pediatric cardiac resource use among patients
with DBMD. Prior work exploring resource use in this
population has relied on surveys and, thus, may have
provided a biased estimate.®°-3? The present study
addresses this limitation by using a national claims
database. Challenges on identification and selection
of participants attributable to lack of specific /ICD-
9 codes for DBMD were addressed using methods
previously described to include a cohort of patients
who represent the population of interest.?*25 Through
these methods, the present study provides a more
accurate assessment of cardiac resource use in the
United States among patients with DBMD and was
able to highlight 3 notable findings: older patients have
a higher rate of cardiac resource use; the rate of car-
diac testing is greater than the rate of outpatient car-
diac evaluation; and the rate of resource use and use
of cardiac reverse remodeling medications suggests a
need to improve access to care to meet current guide-
line recommendations.

Consistent with previous findings, cardiac and respi-
ratory comorbidities increased with age in our cohort,
and there were greater inpatient admissions among
older children.8'62* The higher rate of inpatient ad-
missions among older patients may be attributable to
progression of disease. Interestingly, the rate of emer-
gency department visits was lower among those 10 to
18 years of age and may be attributable to challenges

IR (95% CI)* IRR (95% CI)*
Variable <10y 10-18y 10-18yvs <10y P value
Visits
Emergency department 0.47 (0.39-0.56) 0.34 (0.30-0.38) 0.71 (0.58-0.87) 0.0010
Admissions 0.09 (0.06-0.12) 0.13 (0.11-0.15) 1.46 (1.03-2.09) 0.035
Cardiology 0.20 (0.17-0.23) 0.40 (0.35-0.45) 2.00 (1.66-2.40) <0.001
Tests
Echocardiogram/MRI 0.42 (0.37-0.47) 0.66 (0.62-0.70) 1.59 (1.40-1.80) <0.001
ECG 0.37 (0.34-0.41) 0.63 (0.58-0.67) 1.68 (1.50-1.89) <0.001
Holter monitoring 0.04 (0.03-0.06) 0.14 (0.12-0.16) 3.33 (2.35-4.73) <0.001

The unit of IR is per person per year. IR indicates incidence rate; IRR, IR ratio; and MRI, magnetic resonance imaging.

*Estimates adjusted for follow-up time.

J Am Heart Assoc. 2022;11:e024722. DOI: 10.1161/JAHA.121.024722
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Rates per person per year
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Figure 2. Resource use.
MRI indicates magnetic resonance imaging.

surrounding transportation. As patients age and have
greater dependence on technology, it may be increas-
ingly difficult for caregivers to take patients to seek
medical care, thus leading to lower rates of emergency
department visits. However, further study would be
needed to better understand this pattern of use.

The most striking observations in the present
study lie in the low frequency of cardiac evaluation

and testing seen in our cohort. Although it is not sur-
prising that children aged 10 to 18 years had higher
rates of outpatient cardiology visits than those aged
<10 years, it is notable that the adjusted rate among
the older age groups was just 0.40 visits per person
year. The rate of cardiac imaging among older chil-
dren was also just 0.66 echocardiographic studies or
MRIs per person year. Applying current practice care

ACElARBs

100% -

75% -

50% -

Percentage

25% -

0% -

10-18 years
Age Group

'
<10 years

'
=10 years

Steroids

PDC Category
0
>0-<20
. 20-<50
- 50-<80
. »=80

10-18 years

Figure 3. Proportion of days covered (PDC) for angiotensin-converting enzyme
inhibitors (ACEls)/angiotensin receptor blockers (ARBs) and steroids by age group.
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guidelines, the expected rate for both cardiac evalua-
tion and testing would be ~1 visit/test per patient year
starting at 10 years of age.”® Similar patterns were ob-
served for both ECG and Holter monitoring, wherein
children in the older cohort had higher rates compared
with younger children, but the absolute rate was sur-
prisingly low.

As the most recent guidelines were published to-
ward the end of the observation period in 2017 and
2018, the present study is not a measure of adherence
to the most updated clinical guidelines but rather a
reflection of the significant change that is needed to
meet such recommendations. In a patient population
where the report of symptomatic heart failure is lim-
ited by musculoskeletal weakness, regular cardiac
surveillance is crucial in identifying those at higher risk
of cardiac disease, as well as those who have already
developed cardiac dysfunction. Nearly 30 years ago,
Nigro et al found that among a cohort of 328 patients
with DMD, nearly 62% of patients had cardiac involve-
ment by the age of 10 years, with nearly universal
cardiac involvement by the age of 18 years.? This and
other work have underscored the significant burden of
cardiac pathology among these patients relatively early
in the course of disease.’®3334 Although the introduc-
tion of glucocorticoids has extended life expectancy
for patients with DMD, it has also ushered in an era
where complications related to disease progression
are a growing clinical concern.® Cardiac pathology,
one of the leading causes of death for these patients,
is one such area in need of attention.

The rate of cardiac imaging is greater than the rate
of outpatient cardiac visits for both age groups. This
observation suggests that noncardiac providers, such
as primary care clinicians, acute care clinicians, or neu-
rologists, may be delivering cardiac care to this patient
population. It is also possible that patients are receiv-
ing cardiac care in settings other than an outpatient
cardiology visit, such as during a hospitalization or in
conjunction with another specialty visit. There is no ev-
idence to suggest that receipt of cardiac care in these
circumstances fails to provide appropriate surveillance
or management. However, it does underscore a re-
source use pattern for a complex cohort of patients
who have multisystem involvement and require multi-
disciplinary input as their disease progresses. It high-
lights how approaches on improvement of delivery and
access to care may need to consider models that fa-
cilitate multidisciplinary participation. Such multidisci-
plinary clinics that involve cardiology have been shown
to lower cardiac-related hospitalizations and duration
of hospitalizations among adult patients with muscular
dystrophy and may be of similar value for children.®®

It is also noteworthy that in the present study, use
of ACEIs/ARBs was low among both age groups, with
older patients in the 10 to 18 years group representing
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a larger portion of patients using these interventions.
The use of cardiac reverse remodeling agents in this
population is an area of growing interest as patients
are now living into the third and fourth decade of life.
There is evidence to suggest that early implementa-
tion of ACEIs/ARBs and aldosterone antagonists may
delay the decline of myocardial function, increase sur-
vival, and reduce heart failure hospitalization.'®36:37 |n
a randomized, double-blinded, placebo-controlled
study of patients with DMD, among patients with ear-
lier use of ACEI, there were fewer cases of decreased
ventricular function and reduced mortality.'®%8 In light
of such findings, the 2018 DMD Care Considerations
and American Heart Association guidelines suggest
starting an ACEIl or ARB around the age of 10 years
for patients with DMD.'®'® The findings in this study
demonstrate a need not only to enhance cardiac eval-
uation, but also a need to understand practice variation
and to improve standardization of care with respect to
initiation of cardiac reverse remodeling agents.

Although MarketScan has many strengths, the pres-
ent study does have several limitations, many of which
are inherent to retrospective studies and the use of ad-
ministrative claims-level data sets. Although we used
methods to define our cohort similar to those found in
studies using claims data for patients with DBMD, it is
possible that we included patients with other pathology
and this may have affected our results. Furthermore,
we recognize that the present analyses are pooled es-
timates for DMD and BMD. ICD-9/ICD-10 diagnostic
codes unfortunately do not differentiate between these
2 distinct entities. As the DMD-specific guidelines can-
not be applied to patients with BMD, conclusions from
this study should be interpreted within the context of
the mixed study cohort. However, as DMD has been
demonstrated to be more prevalent than BMD, the
present population is likely to be weighted with more
patients with DMD. Although there is now a “Duchenne
or Becker muscular dystrophy” ICD-70 code, the next
revision may consider differentiating these entities fur-
ther for research purposes. There may also be clinician
and institutional differences with respect to coding
practices for diagnosis, testing, and medications; and
we may have thus not captured all events, such as car-
diac imaging obtained for a funded clinical research
study. Furthermore, data on important patient charac-
teristics are limited as race and region are collected
only in MarketScan Medicaid and Commercial claims,
respectively.

The present study demonstrates a gap between
cardiac resource use among patients with DBMD and
the recently published recommendations on frequency
of evaluation, including arrhythmia monitoring, nonin-
vasive imaging, and initiation of ACEI/ARB for patients
with DMD. Although resource use in some areas was
greater among older patients, our findings suggest
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that significant efforts must be implemented to meet
current guidelines. It is unclear from the present study
whether the observed gap is the result of practice vari-
ation before modification of the guidelines or if barriers
on access to care are hindering the DBMD community
from receiving the recommended care. However, as
cardiac disease continues to be a significant source
of morbidity and mortality, identifying and addressing
limitations and barriers will be essential for improving
cardiac care for patients with DBMD.
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