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Abstract

Introduction: Previous studies indicated variability in the prevalence of Duchenne and Becker 

muscular dystrophies (DBMD) by racial/ethnic groups. The Centers for Disease Control and 

Prevention’s (CDC) Muscular Dystrophy Surveillance, Tracking, and Research network (MD 

STARnet) conducts muscular dystrophy surveillance in multiple geographic areas of the United 

States and continues to enroll new cases. This provides an opportunity to continue investigating 

differences in DBMD prevalence by race and ethnicity, and to compare the impact of using 

varying approaches for estimating prevalence.

Objective: To estimate overall and race/ethnicity-specific prevalence of DBMD among males 

aged 5 to 9 years and compare the performance of three prevalence estimation methods.
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Methods: The overall and race/ethnicity-specific 5-year period prevalence rates were estimated 

with MD STARnet data using three methods. Method 1 used the median of 5 yearly prevalence 

and Methods 2 and 3 calculated prevalence directly with different birth cohorts. To compare 

prevalence between racial/ethnic groups, Poisson modelling was used to estimate prevalence ratios 

(PRs) with non-Hispanic (NH) whites as the referent group. Comparison between methods was 

also conducted.

Results: In the final population-based sample of 1,164 DBMD males, the overall 5-year 

prevalence for DBMD among 5 to 9 years of age ranged from 1.92-2.48 per 10,000 males; 

0.74-1.26 for NH blacks, 1.78-2.26 for NH whites, 2.24-4.02 for Hispanics and 0.61-1.83 for NH 

American Indian or Alaska Native and Native Hawaiian or Pacific Islander (AIAN/API). The PRs 

for NH blacks/NH whites, Hispanics/NH whites and NH AIAN/API/NH whites were 0.46 

(95%CI: 0.36,0.59), 1.37 (1.17,1.61), and 0.61 (0.40,0.93), respectively.

Conclusions: In males aged 5 to 9 years, compared to the prevalence of DBMD in NH whites, 

prevalence in NH blacks and NH AIAN/API was lower and higher in Hispanics. All methods 

produced similar prevalence estimates; however, Method 1 produced narrower confidence intervals 

and Method 2 produced fewer zero prevalence estimates than the other two methods.
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Introduction

Duchenne and Becker muscular dystrophies (DBMD) are genetic x-linked conditions caused 

by a mutation in the DMD gene that alters dystrophin production (1, 2). Variability in 

dystrophin production is associated with a spectrum of severity in DBMD (3). Duchenne 

muscular dystrophy (DMD) typically presents with onset of symptoms before age 5 years, 

rapid progression of severe muscle weakness that leads to impaired ambulation by age 12 

years, and death due to respiratory failure or cardiac conditions in young adulthood (2, 4). 

Becker muscular dystrophy (BMD) has a later onset, slower progression and less severe 

muscle weakness, and longer life expectancy (5).

DBMD are rare conditions, which in the United States refers to conditions that affects fewer 

than 200,000 people nationally (6). Estimating prevalence of rare conditions can be 

challenging due to scarce epidemiological reports and measuring small populations (7). The 

first US population-based prevalence study of DBMD used data from the Muscular 

Dystrophy Surveillance, Tracking, and Research network (MD STARnet) (8). In this study, 

point prevalence among males born from 1983-2002 who resided in one of four MD 

STARnet sites was estimated by site and age group. The estimated point prevalence, per 

10,000, in 2007 was 1.3-1.8 among those aged 5–24 years and 0.9–1.9 among those aged 5–

9 years (8). More recently, period prevalence was estimated for 6 MD STARnet sites among 

males born from 1982–2011 who resided in at least one site (9). The period prevalence 

estimates, in 5-year periods from 1991 to 2010, for males aged 5-9 years ranged from 

1.51-2.05 per 10,000.
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Decisions about whether to calculate point prevalence or period prevalence may be 

impactful when conditions are rare and there are variable rates of detection or survival across 

age. For example, the MD STARnet prevalence estimates were shown to vary by 

geographical region (8), race/ethnicity (8), and age group (8, 9). Other studies have also 

reported variability in prevalence across racial/ethnic groups in different geographic areas 

(10–27). Therefore, we examined three approaches to calculating prevalence. Specifically, 

we estimated DBMD prevalence among males aged 5 to 9 years by combining two DBMD 

birth cohorts from MD STARnet. We also stratified by race/ethnicity and compared the 

performance of the three different prevalence estimation methods across these strata.

Methods

MD STARnet, a population-based surveillance system funded by the Centers for Disease 

Control and Prevention, began data collection in 2004 in four sites (Arizona, Colorado, 

Iowa, and 12 counties in western New York). Georgia and Hawaii began data collection in 

2006 and 2010 respectively. Eligible cases were diagnosed with DBMD before age 21 years, 

were born from January 1, 1982 through December 31, 2011 and resided in a catchment area 

at some point after diagnosis through December 31, 2011 or December 31, 2012 if identified 

after September 1, 2011 (first dataset). In 2015, data collection began in 6 sites (Colorado, 

Iowa, 21 counties in western New York, the Piedmont region of North Carolina, South 

Carolina, Utah/Nevada) (second dataset). Eligible cases were diagnosed with DBMD before 

age 21, were born from January 1, 2000 through December 31, 2015 and resided in a 

catchment area at some point during the study.

MD STARnet surveillance methods have been described in depth previously (9, 28, 29). For 

all sites, case sources included healthcare facilities, vital records, and state hospital 

discharge data. Potential cases were identified in medical records using International 

Classification of Diseases (ICD), 9th Revision, Clinical Modification (CM) code 359.1 and 

death certificates using ICD, 10th Revision, CM code G71.0. De-identified clinical data were 

reviewed by a neuromuscular physician at each site and the multi-site clinical review 

committee to assign a case definition (definite, probable, possible, asymptomatic, and 

manifesting female) (29). Definite DBMD was defined as documented clinical symptoms of 

DBMD and confirmatory diagnostic testing by DNA analysis or muscle biopsy in the index 

case or family member. Probable DBMD was defined as clinical symptoms and X-linked 

family history of DBMD but no diagnostic confirmation. Possible DBMD was defined as 

clinical symptoms without confirmatory diagnostic testing or family history. Asymptomatic 

DBMD was defined as confirmatory diagnostic testing without clinical symptoms and 

manifesting female was defined as confirmatory diagnostic testing with clinical symptoms in 

a female.

All sites, except Utah, obtained public health authority to collect surveillance data. All sites 

had Institutional review board (IRB) approval or exemption.

Study sample

Due to incomplete case ascertainment or truncated data collection, 45 cases from Hawaii or 

Nevada were not included. Details about the remaining sites are provided in Table 1. There 
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were overlapping cases between the two datasets among sites (CO, IA, 12 western counties 

of NY) that contributed to both datasets. We used data from the most recent dataset when 

inconsistencies were found in overlapping cases. We only included males who were 

classified as definite or probable DBMD and born from January 1, 1982 to December 31, 

2010. Each case’s self-defined race/ethnicity was identified from the medical record. If 

missing, parent’s race/ethnicity from the birth certificate was used. Race/ethnicity was 

categorized into 5 groups: Hispanic (any race), non-Hispanic (NH) white, NH black, NH 

American Indian, Alaska Native, Native Hawaiian or Pacific Islander (AIAN/API), and other 

(including other, multiple, and unknown). The site that submitted data for pooling was used 

to assign surveillance site. Year of death was identified from medical or vital records. For 

patients not identified as deceased, year of loss-to-follow-up was assumed to be the year at 

last clinical visit (9).

We defined 5-year study periods as: P1 (1991–1995), P2 (1996–2000), P3 (2001–2005), P4 

(2006–2010) and P5 (2011–2015).

The National Center for Health Statistics (NCHS) releases bridged-race population estimates 

for the July 1st population of the United States. We used the 1990–2017 NCHS online 

database as the denominator source for overall population and four race/ethnicity groups 

(Hispanic, NH white, NH black, and NH AIAN/API). Details can be obtained from https://

wonder.cdc.gov/Bridged-Race-v2017.HTML (30).

Statistical analysis

Three methods were used to estimate prevalence (Supplement Table 1). Method 1 calculated 

period prevalence by taking the median of annual point estimates. Due to the different times 

of case enrollment by sites, denominators were composed from different populations. For 

example, in New York, patients born in 2000 would be collected from 12 original plus 9 

additional counties. They would reach 5 years old in 2005. The denominator to calculate the 

prevalence in 2005 included males 5 to 9 years of age from the original 12 counties and 5-

year-old males from the 9 new counties. In the following year, 2006, they would become 6 

years old and a new group of 5-year-old males born in 2001 were also included. Therefore, 

the denominator in 2006 was now a combination of 5 to 9 years of age from 12 counties and 

5 to 6 years of age from 9 counties.

In Method 2, the numerator was the total number of cases who were 5 to 9 years of age in at 

least one year during the study period. The denominator was the population at the last year 

of a study period. For example, males who were 9 years old in the first year would be 13 

years old in the last year. Thus, the denominator was the population who were 5 to 13 years 

of age in the last calendar year. An important contrast between this method and Method 1 

was that Method 2 calculated period prevalence directly.

Method 3 introduced birth cohorts for each study period, P1–P5: 1986–1990, 1991–1995, 

1996–2000, 2001–2005, and 2006–2010. For instance, the numerator of prevalence for P1 

(1991-1995) was the number of cases born from 1986-1990. The denominator was the 

population 5 to 9 years of age at the last year of a study period. The key difference that 
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distinguishes Method 3 from Method 2 is that in Method 3, case identification was restricted 

within a birth cohort. This method was used in a recent study by Romitti et al. (9).

For all three methods, cases who died or were lost-to-follow-up before each study period 

were subtracted from the numerator. The 95% confidence intervals (CIs) of prevalence were 

estimated with the Bootstrap percentile for Method 1 and were estimated with Wilson score 

intervals for Methods 2 and 3 using the ‘boot’ and ‘DescTools’ packages in R version 3.6.1 

(31, 32).

To compare prevalence by race/ethnicity, a prevalence ratio (PR) was estimated by fitting 

Poisson regression, adjusting for study periods and using NH white males as the reference 

group. To evaluate differences in prevalence estimates across methods, Poisson models were 

fitted with the method indicator as the main variable of interest. We included race/ethnicity, 

study period, and a multiplicative interaction between method and race/ethnicity to control 

for potential confounding among these factors. Poisson models were estimated using SAS 

9.4 (Cary, NC).

Patient characteristics were described in frequency and percentage, and by case definition, 

race/ethnicity, site, and eligibility. All tests were two-tailed, and type I error probability was 

set at 0.05.

Results:

Comparison of methods:

We did not find statistically significant differences in prevalence estimates across the three 

methods. However, the performance of methods varied on width of the 95% CIs and 

frequency of zero prevalence. Method 1 had the narrowest CI, followed by Method 2 (Fig. 

1). For race/ethnicity-site-study period specific prevalence (supplemental table), zero 

estimates appeared 28 times for Method 1, 21 times for Method 2, and 30 times for Method 

3. Given that Method 1 provided the most precise prevalence estimates, the following results 

described were estimated using Method 1.

Main results on DBMD prevalence:

Among the 1,164 DBMD males, most were classified as definite (93.4%) and NH white 

(61.2%) (Table 2).

The overall prevalence, per 10,000 males, of DBMD ranged from 1.92-2.48 for study 

periods P1–P5 (Table 3). In general, prevalence estimates were lowest for NH blacks and 

NH AIAN/API and highest for Hispanics (Table 3 and Fig. 1). Prevalence ranged from 

0.74-1.26 for NH blacks and 1.78-2.26 for NH whites. Among Hispanics, prevalence 

estimates were 4.02 and 3.98 during P1 and P2, respectively, but became roughly 

comparable to NH whites from P3 through P5 (P3–P4: 2.24; P5: 2.57). In the NH 

AIAN/API racial group, prevalence ranged from 0.61 in P2 to 1.83 in P4. A detailed table of 

prevalence for DBMD and 95% CIs by race/ethnicity, site and study period are shown in the 

supplementary Table 2 and Figure 1.
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Adjusted prevalence ratios by race/ethnicity groups showed NH blacks had 0.46 times the 

prevalence of NH whites; NH AIAN/APIs had 0.61 times the prevalence of NH whites; and 

Hispanics had 1.37 times the prevalence of NH whites. (Table 4)

Discussion:

There are two important findings in this study. First, by Method 1, the overall 5-year 

prevalence of DBMD ranged from 1.92-2.48 per 10,000 males aged 5–9 years. Prevalence 

estimates from Method 3, which aligned with that used by Romitti et al., agreed with 

estimates from 6 sites (9). The only difference was the decreased prevalence for the last 

study period (2006-2010), which could be explained by delayed diagnosis in younger ages.

Second, we also confirmed findings from other studies that demonstrate racial/ethnic 

differences in DBMD prevalence (10–27, 33). For example, a South African study with 143 

DMD patients diagnosed during 1987–1992 found substantial variation in DMD minimum 

prevalence (per 10,000) in blacks of 0.04 compared to 0.12 for whites, 0.71 for Indians, and 

0.22 for mixed ancestry (10). There are also studies that did not compare racial/ethnic 

groups, but their population were compromised by one major race/ethnic group. For 

example, DMD prevalence from studies in Japan and Hong Kong, where the majority race is 

Asian, have ranged from 0.50-0.98 (12, 16, 21, 27). Studies from European countries, where 

whites are the majority, have reported DMD prevalence ranges from 0.20-2.50 (11, 13–15, 

17, 18, 22–26). A study in Puerto Rico, where Hispanics are the majority, found that the 

minimum prevalence for all age groups was 0.8 per 10,000 males in 2012 (33). Our new 

findings are in line with the previous analysis of MD STARnet data, but with 32.1% new 

cases (9). Prevalence of DBMD in NH blacks was less than half the prevalence of that as in 

NH whites, a difference that was robust across the three methods. Prevalence in NH AIAN/

APIs was lower than that in NH whites and Hispanics. However, the small number of cases 

led to wider confidence intervals. Prevalence in Hispanics was higher than that in NH 

whites. We also found that the prevalence decreased in Hispanics from P1–P2 to P3–P5. As 

shown in Table 3, this decrease in prevalence was due to an increase in the population 

(denominator) of Hispanics that was not accompanied by a commensurate increase in 

DBMD cases.

We do not have sufficient information available to test or make conclusions on the reasons 

why prevalence declined among Hispanics. We can speculate that possible contributing 

factors may include changes in demographics among the Hispanic population in the United 

States and across the MD STARnet participating states (34, 35) or delayed diagnosis among 

Hispanics (36, 37). Another possibility is purely random variation; while the trend for 

decline in prevalence is statistically significant (p = 0.0056), purely random variation is 

within the realm of reasonable possibility. Additional research with a sufficiently large 

Hispanic population will be needed to identify cases to evaluate whether the decline in 

DBMD prevalence among Hispanics is sustained and, if so, which of the above factors may 

contribute to it.

A strength of this study is that it is currently the largest population-based study of DBMD 

prevalence in the United States. Patients were identified from 8 sites, which added a number 
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of people from race/ethnicity minority groups, although the underlying population 

demographics do not necessarily reflect those of the entire United States. Another strength 

of the study was the use of a novel method (Method 1) and two other approaches (Method 2 

& 3) to calculate prevalence. Methods 2 and 3 are the most widely used approaches with the 

denominator defined as the average population or population at the mid-intervals of the 

period (8). Both require a constant population assumption, which is valid when there is not a 

substantial change in the underlying population. Method 2 performs well in reducing 

chances of zero estimates, since more cases are included in the numerator. However, Method 

1 does not require an assumption of constant population and can work with data from any 

length of time and over various population dynamics. Another advantage for Method 1 is the 

straightforward calculation and the narrowest confidence intervals based on point estimates. 

In this study, although results using the three methods were comparable, Method 1 is 

preferred due to its increased precision. However, an understanding of the pros and cons for 

each method is needed and the methodology should be chosen according to the 

characteristics of interest in future studies. Statistical simulations should be conducted with 

other study populations to compare methods under numerous conditions.

Despite study strengths, there are also limitations to this study. First, surveillance was 

limited to 8 US sites. It is possible that prevalence in these sites differs from that in other 

states. Second, surveillance was conducted primarily at neuromuscular clinics in the selected 

geographic areas. Although it is considered standard of care for individuals with DBMD to 

receive care in specialized clinics; we do not know whether some cases may have received 

care in settings not included in surveillance activities. Racial/ethnic differences in accessing 

to healthcare services might introduce selection bias in the estimated prevalence as well as 

for the prevalence ratios. Finally, for racial/ethnic specific prevalence, we did not include 

cases who were reported as other, multiple or missing race/ethnicity which may result in an 

underestimation of prevalence within these groups and biased prevalence ratios.

This study confirmed racial/ethnic differences in DBMD prevalence among males aged 5 to 

9 years. We also demonstrated agreement in prevalence estimation across three methods 

with the smallest confidence interval when the midpoint was used. The prevalence 

calculation approaches described can be used for other rare conditions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
5-year prevalence of Duchenne and Becker muscular dystrophy among males aged 5 to 9 

years by race/ethnicity and three estimating methods, the Muscular Dystrophy Surveillance, 

Tracking, and Research network (MD STARnet). The lines at the top of each bar are 95% 

confidence intervals. AIAN = American Indian or Alaska Native & Native Hawaiian. API = 

American Pacific Islander.
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Table 2.

Characteristics of males with Duchenne and Becker muscular dystrophies in the Muscular Dystrophy 

Surveillance, Tracking, and Research network (MD STARnet), N=1164

Characteristics N %

Case status Definite 1087 93.4

Probable 77 6.6

Race/Ethnicity* Non-Hispanic white 712 61.2

Non-Hispanic black 83 7.1

Non-Hispanic AIAN/API 27 2.3

Hispanic 243 20.9

Other < 10 -

Multiple 16 1.4

Unknown 77 6.6

State** AZ 215 18.5

CO 236 20.3

GA 242 20.8

IA 145 12.5

NC 64 5.5

wNY 143 12.3

SC 58 5.0

UT 61 5.2

Eligibility January 1, 1982 – December 31, 2010 790 67.9

January 1, 2000 – December 31, 2010 374 32.1

*
AIAN = American Indian or Alaska Native & Native Hawaiian. API = American Pacific Islander.

**
AZ = Arizona, CO=Colorado, GA = Georgia, IA = Iowa, NC = North Carolina, wNY = western New York State, SC = South Carolina, UT = 

Utah.
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