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Abstract

Introduction/Aims: With current and anticipated disease-modifying treatments, including gene
therapy, an early diagnosis for Duchenne muscular dystrophy (DMD) is crucial to assure
maximum benefit. In 2009, a study from the Muscular Dystrophy Surveillance, Tracking, and
Research Network (MD STAR~ef) showed an average diagnosis age of 5 years among males with
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DMD born from January 1, 1982 to December 31, 2000. Initiatives were implemented by the US
Centers for Disease Control and Prevention (CDC) and patient organizations to reduce time to
diagnosis. We conducted a follow-up study in a surveillance cohort born after January 1, 2000 to
determine whether there has been an improvement in time to diagnosis.

Methods: We assessed the age of diagnosis among males with DMD born from January 1, 2000
to December 31, 2015 using data collected by six US MD STARnet surveillance sites (Colorado,
lowa, western New York State, the Piedmont region of North Carolina, South Carolina, and
Utah). The analytic cohort included 221 males with definite or probable DMD diagnosis without
a documented family history. We computed frequency count and percentage for categorical
variables, and mean, median, and standard deviation (SD) for continuous variables.

Results: The mean [median] ages in years of diagnostic milestones were: first signs, 2.7 [2.0];
first creatine kinase (CK), 4.6 [4.6]; DNA/muscle biopsy testing, 4.9 [4.8]; and time from first
signs to diagnostic confirmation, 2.2 [1.4].

Discussion: The time interval between first signs of DMD and diagnosis remains unchanged
at 2.2 years. This results in lost opportunities for timely genetic counseling, implementation of
standards of care, initiation of glucocorticoids, and participation in clinical trials.

Keywords

delay; diagnostic criteria; Duchenne muscular dystrophy; MD STARnef, muscle dystrophy;
surveillance

INTRODUCTION

Studies of individuals with Duchenne muscular dystrophy (DMD) have shown an average
age at diagnosis of approximately 5 years, which has not changed over time.1~* Creatine
kinase (CK) level is almost always elevated in patients with DMD and is therefore a useful,
although underutilized, screening test in patients suspected of having DMD.

Achieving an early diagnosis is important. Implementation of established care guidelines

for patients with DMD that focus on proactive monitoring of disease progression and the
use of corticosteroids have proven critical in guiding clinicians to establish a standard of
treatment.>~’ New disease-modifying treatments, such as exon-skipping drugs, have recently
been approved, and promising gene replacement therapies are under development.8-12 As a
result, there is continued interest from clinical and patient communities to diagnose DMD as
early in life as possible.

Using data from four sites of the Muscular Dystrophy Surveillance, Tracking, and Research
Network (MD STARne), we found an interval of 2.5 years between recognition of the

first signs and symptoms of DMD and a confirmatory diagnosis (mean age, 4.9 years)
among individuals born from January 1, 1982 through December 12, 2000.1 This finding
represented a lack of change from the previous two decades.23 We conducted a follow-up
study using a surveillance cohort born after January 1, 2000 to determine whether there has
been an improvement in time to diagnosis.
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METHODS

Individuals with DMD were identified through the MD STARnet, methods for surveillance
activities have been described previously.13 Briefly, MD STARnet s a population-based
surveillance system for childhood-onset dystrophinopathy among individuals born between
January 1, 2000 and December 31, 2015 and residing in one of six sites (Colorado [CQO],
lowa [IA], 21 counties in western New York State [wNY7], 33 counties in the Piedmont
region of North Carolina [NC], South Carolina [SC], and Utah/Nevada [UT]).

Trained personnel identified cases and obtained data from medical records (ie,
neuromuscular clinics, physical medicine and rehabilitation clinics, hospitals, outpatient
clinics) and administrative sources (ie, birth defects registries, birth and death certificates,
state hospital discharge databases). A clinical review committee reviewed and classified

each of the cases using published case classification definitions (definite, probable,

possible, asymptomatic, female).1# All sites obtained institutional review board approval

or exemption. Most sites (CO, IA, NC, wNY, SC) also had public health authority to conduct
surveillance for muscular dystrophy (MD).

Figure S1 shows the analytic cohort with study inclusion and exclusion criteria. Individuals
from Nevada were excluded due to incomplete data on early diagnostic milestones. The final
analytic cohort included 221 individuals with DMD.

We computed frequency count and percentage for categorical variables, and mean, median
(Md), and standard deviation (SD) for continuous variables. Due to violations of variance
homogeneity across race/ethnicity, the Kruskal-Wallis test was used to determine overall
significance, and the Dwass-Steel-Critchlow-Fligner method was used to evaluate all
pairwise comparisons. For analysis of mean changes by year of birth, analysis of variance
with planned comparisons (2000 vs each subsequent year through 2005) was used. Data
analysis was performed using SAS version 9.4 software (SAS Institute).

RESULTS

Family/primary caregivers were most commonly the first to note concerns, followed by the
child’s primary care provider. Initial medical evaluation was performed most frequently by
a primary care provider, followed by a neurologist or neuromuscular specialist (Table 1).
For the total sample, the mean age at first signs and symptoms reported by the caregiver
was 2.7 (SD = 1.8, Md = 2.0) years, followed by first CK at 4.6 (SD = 2.3, Md = 4.6)
years and DNA/muscle biopsy confirmatory testing at 4.9 (SD = 2.3, Md = 4.8) years.

The average time from first symptoms to diagnostic confirmation was 2.2 (SD = 2.5, Md

= 1.4) years. The ages at first concern, and subsequent CK testing and initial visit to a
neurology or neuromuscular specialist, were significantly later among non-Hispanic black
individuals compared with non-Hispanic white individuals (Figure 1). In addition, the age
at CK testing was significantly later among Hispanics compared with non-Hispanic whites.
No other differences in ages by race/ethnicity were found. Additional details are available in
Table S1.
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The diagnosis was genetically confirmed by DNA testing in 96.4% of all individuals,
whereas muscle biopsy was performed in only a small number (n = 27). Definitive diagnosis
(DNA testing or muscular biopsy) occurred at earlier mean ages for non-Hispanic whites
and showed statistically significant later ages among Hispanics and non-Hispanic blacks
compared with non-Hispanic whites (Table S1).

Of the individuals in the final analytic cohort, 39 were diagnosed incidentally after CK
testing ordered for other medical reasons revealed elevated CK. The time to definitive
diagnosis was 2.6 (SD = 2.4, Md = 1.9) years among those not diagnosed due to an
incidental CK test result, whereas this interval was 0.5 (SD = 2.1, Md = 0.9) year in those
suspected of muscular dystrophy due to incidental CK testing.

We found no significant differences over time in mean ages for diagnostic milestones,
including time from earliest symptom to confirmatory testing, for males born from 2000 to
2005 (Figure S2 A-F).

DISCUSSION

In this study we have demonstrated a persistent 2.2-year time interval between first signs and
symptoms of DMD and diagnostic confirmation and an average age of 4.9 years at diagnosis
among males without a family history of DMD in selected geographical regions in the
United States. This interval between symptom onset and diagnosis has not changed in the
past three decades' and is persistently later in minority groups, as reported elsewhere.15

Our study also showed that nearly all patients born and diagnosed after January 1, 2000
were genetically confirmed. Knowing a patient’s specific genetic mutation is very important
because there are now four US Food and Drug Administration (FDA)-approved exon-
skipping drugs that are indicated for specific subgroups of DMD patients with mutations
amenable to exon 45, 51, or 53 skipping. Precise genetic confirmation is also a requirement
for participation in the ongoing gene therapy and mutation-specific treatment clinical trials.

With partial support from the CDC, a National Task Force for Early Identification

of Childhood Neuromuscular Disorders was convened. This group was comprised of
representatives from a range of professional organizations involved in the care of children
and from several pediatric neuromuscular disease advocacy groups. The task force
developed a tool to assist health-care providers in early identification and evaluation of
children with motor delay with the goal of decreasing the age at pediatric neuromuscular
disease diagnosis, including DMD.6 This resource includes a modified algorithm
emphasizing early CK testing in children with motor delays. In addition, the American
Academy of Pediatrics published a complementary algorithm for the surveillance and
screening of children for motor delays for pediatric care providersl’” and developed a
website, Physical Developmental Delay: What to Look For, to provide a resource for parents
who may be worried about the motor development of their child.18

Although such ongoing educational efforts may improve early recognition of DMD,
newborn screening (NBS) for DMD could ensure early diagnosis and help to mitigate
racial disparities that currently exist. The unchanged time interval to diagnosis, recent
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FDA approval of four exon-skipping drugs, and preliminary results of successful gene
transfer in children with DMD age 4 to 7 years have underscored the potential value of

NBS for DMD.8-10.19 Sjnce 1976, 10 DMD NBS programs have screened more than 1.8
million newborns2% and current programs are underway in New York, North Carolina, and
Boston.21:22 Many ethical, legal, and social issues have been identified and are important to
consider in the design of DMD NBS programs before widespread implementation including:
(1) whether both males and females should be screened for an X-linked disorder; (2)

genetic treatment availability for a subset of the DMD population; and (3) identification and
follow-up of newborns with other conditions in which CK is elevated.20:23.24

The time to diagnosis of DMD among males without family history remains unchanged and
results in lost opportunities for timely genetic counseling, implementation of standards of
care, access to newly approved disease-modifying medications, and participation in clinical
trials. Educating pediatric providers to identify children with DMD and other conditions
causing muscle weakness or motor delay has been one approach to reducing the time

to diagnosis. More studies can inform whether early treatment improves the outcomes of
children with DMD and whether newborn screening is a feasible approach to achieving early
and equitable diagnosis.
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Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.

Histogram of age in years at important clinical and diagnostic milestones by race/ethnicity
among males with Duchenne muscular dystrophy in the Muscular Dystrophy Surveillance,
Tracking and Research Network, 2000-2015. Statistically significant differences (P < .05)
were determined by Dwass-Steel-Critchlow-Fligner method pairwise analysis and denoted
by asterisk

Muscle Nerve. Author manuscript; available in PMC 2023 August 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Thomas et al.

TABLE 1

Page 9

Demographic and characteristics of individuals with Duchenne muscular dystrophy in the Muscular Dystrophy
Surveillance, Tracking, and Research Network, 2000-2015

Characteristics

Total

Race/ethnicity
Hispanic
Non-Hispanic black
Non-Hispanic white
Unknown

First concern noted by:
Family or primary caregiver
Child's primary care provider
School (teacher, RN, PT, PE)
Therapist (PT, OP)

Other specialitiesa
Orthopedist/podiatrist
Unknown

First professional evaluating concerns

Primary care providera
Neurologist/neuromuscular specialist
First professional evaluating concerns
Therapist (early intervention, PT, ST)
Orthopedist/podiatrist
Gastroenterology/hepatology

Developmental pediatrician/rehabilitation medicine

Other specialtiesb

Unknown

n(%)
221

37(16.7)
15 (6.8)
150 (67.9)
19 (8.6)

117 (52.9)

50 (22.6)

25 (11.3)
9(4.2)
5(2.3)

2(0.1)
13 (15.9)

93 (42.1)

32 (14.5)

23 (10.4)
23 (10.4)
20 (9.0)
11 (5.0)
11 (5.0)

8(3.6)

Abbreviations: OP, occupational therapy; PE, physical education; PT, physical therapist; RN, registered nurse; ST, speech therapy.

aEmergency physician, gastroenterologist, hospital physician, or hematologist/oncologist.

Family practice, nurse practitioner, pediatrician, or unknown specialty.
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