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ABSTRACT

Background: Muscular dystrophies (MDs), characterized by progressive muscle wasting, are as-
sociated with 1 in 2,500 deaths in the United States. Although treatments slow the progression,
these disorders lead to early death, usually due to cardiac or respiratory failure.

Methods: We analyzed death record data from 18,315 MD-associated deaths that occurred in
the United States in 1986 through 2005 to assess trends in the age at death of people with MDs.

Results: From 1986 through 2005, the MD-associated mortality rate did not change among blacks,
whites, males, or females. The median age at death among white females with MDs was 12 years higher
than among black females. The frequency of reported cardiomyopathy increased among white but not
black male decedents with MDs, although cardiomyopathy remained more commonly reported among
black males. Among white males, the median age at death increased by 0.2 annually for those with and 1.3
for those without indications of cardiomyopathy. Among black males, the median age at death increased
0.3 years annually among those without reported cardiomyopathy. Among white males, the frequencies of
pulmonary failure and pulmonary infection decreased significantly over time.

Conclusions: Changes in age at death and reported clinical comorbidities reflect improvements in
the treatment of MDs. White males with MDs have shown a greater increase in age at death over
time than black males. Contributing factors to this difference might include differences in types of
MDs, rates of genetic and environmental modifiers, natural history, socioeconomic factors, and
access to and use of treatment options. Neurology® 2010;75:982–989

GLOSSARY
BMD � Becker muscular dystrophy; DMD � Duchenne muscular dystrophy; EDMD � Emery-Dreifuss muscular dystrophy;
FSHD � facioscapulohumeral muscular dystrophy; ICD � International Classification of Diseases; LGMD � limb-girdle mus-
cular dystrophy; MD � muscular dystrophy; NIV � noninvasive ventilation.

Muscular dystrophies (MDs) are genetic disorders associated with progressive muscle wasting and loss of
motor function. Individual MDs are characterized by varying age at onset, rate of progression, distribu-
tion of muscle weakness, genetics, and presence of respiratory and cardiac involvement.1

Noninvasive ventilation (NIV) and corticosteroids are common interventions, particularly
for the most common MD, Duchenne MD (DMD). NIV decreases the frequency of early
death from respiratory failure,2-6 and might slow deterioration of cardiac muscle,7,8 although
the frequency of cardiomyopathy increases with lifespan.9-11 Corticosteroids slow the progres-
sion of DMD7,12 and decrease or delay the risk of cardiomyopathy.13,14

In the United States, MDs account for about 1 in 2,500 deaths, and whites with MDs have a
higher age at death than blacks,15 possibly due to differences in prevalences of individual MDs,
although prevalence data for minority groups in the United States are lacking. Sociocultural barriers
to good health that disproportionally affect blacks or African Americans16-18 and people with disabil-
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ities19 in the United States also might contribute
to differences in age at death; health care prefer-
ences and treatment choices are additional fac-
tors. In addition, cardiomyopathy, common in
some MDs,20-23 was more often reported among
black decedents with MDs15 and among black
decedents in the general US population (2.1%
white and 3.0% black decedents).24 Further re-
search is required to sufficiently describe the ra-
cial differences in natural history among people
with MDs in the United States. We report the
analysis of trends related to MD-associated
deaths in the United States from 1986 to 2005.

METHODS We analyzed 1986–2005 records from the Na-
tional Center for Health Statistics’ Multiple Cause Mortality
Files, which contain data from all death certificates in the United
States.25 Data include decedent’s demographic information and
immediate and underlying causes of death coded with the Inter-
national Classification of Diseases (ICD). Prior to 1999, version
ICD-926 was used; version ICD-1027 has been in use since.
Changes in coding did not appear to introduce bias (appendix
e-1 on the Neurology® Web site at www.neurology.org).

MDs are coded in ICD-9 by code 359.1, and in ICD-10 by
code G71.0 (table e-1). These codes include DMD, Becker MD
(BMD), Emery-Dreifuss MD (EDMD), limb-girdle MD
(LGMD), facioscapulohumeral MD (FSHD), and other less-
common MDs. MD-associated deaths were defined as those con-
taining an ICD code for MD as an immediate or underlying cause
of death. The definition of MD-associated death did not include
those with a code for congenital MD (359.0/G71.2), because the
distribution of age at death indicated that they were clinically dis-
tinct from those with code 359.1/G71.0, as expected (figure e-1).

Conditions in the analysis included those known to be
associated with MDs (cardiomyopathy, heart failure, and re-

spiratory failure) or found on at least 1% of MD-associated
death records (table e-2).

Decedents were categorized by age at death as 10–34 years
and 35 or older. Ten years was selected because it marks the
beginning of the large peak in age at death among males that is
presumably the result of DMD. Age 34 was selected because it is
near the beginning of the peak among older males (figure 1), and
the frequencies of age-related conditions began to increase after
34 years in the study population. Females were also categorized
as less than 45 years and 45 or older.

Race was categorized as white, black, and other, as provided
in the Multiple Cause Mortality Files (appendix e-1). We fo-
cused on blacks and whites because the number of MD-
associated deaths among other decedents was too small to
produce reliable estimates, and race data on death records were
less accurate for this group.28

Age-adjusted mortality rates were calculated as previously de-
scribed.2 Linear regression (SAS version 9.1) was used to assess
trends in mortality rates and median age at death by year. Me-
dian age at death and frequencies of conditions were compared
between groups using the Mann-Whitney U test and �2 analysis
(SPSS software). Records with missing values were excluded.

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Centers for Disease
Control and Prevention Institutional Review Board. Consent
was not required because the study data were obtained from a
public-access, de-identified death record database.

RESULTS Refer to tables 1 and 2 (and appendix
e-1) for complete results. In this section, we provide the
significant results and pertinent negative results. There
were 18,315 MD-associated deaths in the United States
from 1986 through 2005. Of these, 71.7% were male
and 28.3% were female; 90.6% were white, 7.7% were
black, and 1.7% were of other races. MDs were associ-
ated with 1 in 2,502 deaths overall, and with 1 in 1,759
male, 1 in 4,388 female, 1 in 3,944 black, and 1 in

Figure 1 Distribution of age at muscular dystrophy–associated death

Age at muscular dystrophy–associated death in the United States, 1986–2006, among (A) males and (B) females.
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2,380 white decedents. The overall age-adjusted MD-
associated mortality rate was 0.347 per 100,000
persons per year. The mortality rate was 0.523 for
males, 0.182 for females, 0.220 for blacks, and
0.374 for whites. The mortality rate did not change

over time for any group (figure e-2). About half of the
MD-associated deaths occurred in hospitals, clinics, or
medical centers, although there were significant differ-
ences in location of death between blacks and whites
(table e-4).

Table 1 Race- and sex-specific median age at death by cardiomyopathy status, size of town, and geographic
region of residence

All White Black

Males

No. 14,042 12,565 1,186

Median age at death, y 31 (30–32) 33 (32–34)a 23 (22–24)a

By cardiomyopathy status

% Cardiomyopathy 12.6 (12.1–13.2) 11.8 (11.2–12.4)a 20.9 (19.7–23.3)a

Median age at death without cardiomyopathy, y 34 (33–35) 36 (35–38)a 25 (24–26)a

Median age at death with cardiomyopathy, y 24 (23–25) 26 (25–27)a 19 (18–20)a

By town of residence: metropolitan vs nonmetropolitan

% Metropolitan residents 73.2 (72.5–74.0) 72.4 (71.6–73.2)a 81.8 (79.5–84.0)a

Median age at death for metropolitan residents, y 30 (29–31) 32 (31–34)a 23 (22–23)a

Median age at death for nonmetropolitan residents, y 32 (30–33) 33 (31–35)a 26 (22–29)a

By region of residence

% Residents of Northeast 16.9 (16.3–17.6) 17.6 (16.9–18.3)a 11.9 (10.2–13.9)a

Median age at death for Northeast residents, y 32 (30–34) 33 (32–36)a 23 (21–25)a

% Residents of South 25.3 (24.6–26.1) 26.3 (25.5–27.1)a 17.0 (15.0–19.3)a

Median age at death for South residents, y 30 (29–32) 32 (30–34)a 22 (21–24)a

% Residents of Midwest 36.6 (35.8–37.5) 35.1 (34.3–36.0)a 52.1 (49.3–54.9)a

Median age at death for Midwest residents, y 30 (29–31) 32 (31–34)a 24 (23–25)a

% Residents of West 21.1 (20.4–21.9) 21.0 (20.2–21.7) 19.0 (16.8–21.3)

Median age at death for West residents, y 32 (30–35) 35 (32–37)a 22 (21–23)a

Females

No. 5,359 4,960 339

Median age at death, y 62 (61–64) 63 (62–63)a 51 (48–54)a

By cardiomyopathy status

% Cardiomyopathy 3.9 (3.4–4.4) 4.0 (3.5–4.6) 3.0 (1.7–5.5)

Median age at death without cardiomyopathy, y 62 (61–63) 63 (62–64)a 52 (49–55)a

Median age at death with cardiomyopathy, y 52 (49–54) 53 (50–55) 37 (16–68)

By town of residence: metropolitan vs nonmetropolitan

% Metropolitan residents 72.0 (70.7–73.2) 73.2 (71.8–74.4) 78.2 (73.3–82.4)

Median age at death for metropolitan residents, y 62 (61–63) 63 (62–64)a 51 (48–54)a

Median age at death for nonmetropolitan residents, y 62 (61–64) 63 (62–65)a 49 (42–56)a

By region of residence

% Residents of Northeast 17.9 (16.8–19.0) 18.5 (17.4–19.6)a 11.0 (8.0–15.0)a

Median age at death for Northeast residents, y 65 (64–67) 66 (64–67)a 48 (37–56)a

% Residents of South 24.3 (23.1–25.5) 24.8 (23.6–26.1) 18.5 (14.6–23.2)

Median age at death for South residents, y 61 (59–62) 61 (59–65)a 50 (45–57)a

% Residents of Midwest 36.6 (34.9–37.6) 34.8 (33.4–36.2)a 61.7 (56.2–66.9)a

Median age at death for Midwest residents, y 59 (58–60) 60 (59–61)a 51 (45–53)a

% Residents of West 21.6 (20.4–22.8) 22.0 (20.8–23.2)a 8.8 (6.1–12.5)a

Median age at death for West residents, y 64 (62–66) 64 (63–66)a 56 (40–65)a

a Significant differences between whites and blacks.
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Age at death. Distributions of age at death by sex are
shown in figure 1. The median age at death was lower
among black females (51 years, n � 329) than among
white females (63 years, n � 4,785) (p � 0.001). The
median age at death among white males increased by
1.09 per year (n � 11,806, p � 0.001), and 0.25 per
year among black males (n � 1,078, p � 0.004) (figure
2). The proportion of white female decedents who were
45 years or older at death increased from 78.7% in the
first decade of the study period to 83.8% in the second
decade (p � 0.001). In comparison, only about 63% of
black females were 45 years or older at death, and this
proportion did not change over time (table e-3). White
female decedents in the South died at a younger age
than those in the Northeast (p � 0.001) or in the West
(p � 0.001). Otherwise there were no racial or sex dif-
ferences by region or size of town of residence
(table 1).

Cardiomyopathy. There was a linear increase in the
frequency of cardiomyopathy reported among white
males (0.2% per year, p � 0.0138), but not among
black males (figure 3). In the 5 most recent years,
cardiomyopathy was reported for 24.5% of black
males, double that reported for white males (12.8%,
p � 0.001). Among females, the frequency of cardio-
myopathy did not differ between blacks and whites,
and did not change by decade (table 2).

Overall, the median age at death for males with
cardiomyopathy was lower than among those with-
out, among both blacks and whites (table 1). Regard-
less of cardiomyopathy status, the median age at
death was lower among black than white males.
Among white males, the median age at death in-
creased at 1.3 years annually (p � 0.001) among
those without cardiomyopathy and 0.2 years annu-
ally (p � 0.017) among those with cardiomyopathy
(figure 2). Among black males, the median age at
death increased for those without (0.33 years annu-
ally, p � 0.031), but not those with cardiomyopathy.

The median age at death among white females
was lower among those with cardiomyopathy (53
years) than without (63 years, p � 0.001). Among
females without cardiomyopathy, the median age at
death was higher among whites (63 years) than
among blacks (52 years, p � 0.001). The median age
at death among black females with cardiomyopathy
was 37 years, but did not differ from other female
groups.

Secondary and age-related conditions by age group.
Among white males who died at age 10–34 years,
reports of cardiomyopathy increased over time, while
the frequencies of pulmonary infection and pulmo-
nary failure decreased, and the frequency of other
heart failure remained the same (table 2). Among

Table 2 Secondary and age-related conditions among decedents with
muscular dystrophy

Whites Blacks

1986–1995 1996–2005 1986–1995 1996–2005

Secondary conditions among
males aged 10–34 y, %

n � 3,317 n � 2,491 n � 357 n � 332

Any heart failure 35.5a 37.9a 50.1 53.0

Cardiomyopathy 14.7 18.7 25.5 31.6

Other heart failure 26.8 27.2 35.6 37.7

Any pulmonary failure 57.9a 48.8a 43.7 36.1

Respiratory failure 43.4a 35.3a 28.9 24.4

Respiratory infection 22.2a 17.5a 19.6 14.8

Pneumonitis 1.7 2.6 2.0 2.4

Secondary conditions among
males aged >35 y, %

n � 2,575 n � 3,418 n � 171 n � 189

Any heart failure 34.4a 29.6a 34.5 34.4

Cardiomyopathy 7.8 7.5 8.2 8.5

Other heart failure 30.3 25.8 29.8 29.6

Any pulmonary failure 48.6 47.7 40.9 45.5

Respiratory failure 29.5 29.0 23.4 25.9

Respiratory infection 22.0a 19.9a 25.7 24.3

Pneumonitis 5.9 7.4 4.1 4.2

Age-related conditions

Ischemic heart disease 15.8 16.6 8.8 14.3

Chronic obstructive
pulmonary disease

6.0 7.0 6.4 5.3

Primary hypertension 3.0a 4.5a 5.8 11.1

Diabetes mellitus 6.7 8.4 9.4 8.5

Diseases of pulmonary
circulation

2.1 1.8 2.9 4.2

Cerebrovascular disease 4.8 3.5 5.3 4.2

Secondary conditions among
females aged >35 y

n � 1,887 n � 2,404 n � 117 n � 142

Secondary conditions among
males aged >35 y, %

n � 2,575

Any heart failure 30.5 26.0 32.5 25.3

Cardiomyopathy 3.5 3.5 2.6 2.8

Other heart failure 28.5 24.3 30.0 23.9

Any pulmonary failure 50.6 48.6 49.6 57.0

Respiratory failure 32.0 29.1 36.8 35.2

Respiratory infection 22.7 19.7 19.7 21.8

Pneumonitis 5.2 7.5 0.8 8.4

Age-related conditions

Ischemic heart disease 14.3 11.3 13.7 10.6

Chronic obstructive
pulmonary disease

4.0 6.2 0.8 0.3

Primary hypertension 3.6 5.4 3.4 7.8

Diabetes mellitus 6.2 8.0 11.1 8.4

Diseases of pulmonary
circulation

3.2 2.0 1.7 2.1

Cerebrovascular disease 4.7 4.3 8.6 3.5

a Significant changes over time.

Neurology 75 September 14, 2010 985



white males in this age group without cardiomyopa-
thy or other heart failure, the frequency of pulmo-
nary complications decreased over time. Among
black decedents aged 10–34 years, cardiomyopathy
was more common and respiratory failure was less
common (p � 0.001) than among white males.

Among white males who died at 35 years or older,
the frequencies of pulmonary infection, pulmonary
failure, and heart failure decreased over time, and the
frequency of cardiomyopathy remained the same (ta-
ble 2). The frequency of pulmonary complications
decreased significantly over time among white males
without cardiomyopathy, but not among those with
cardiac indications. Among black males, the frequen-
cies of these conditions did not change significantly

over time. The frequencies of cardiomyopathy, car-
diac failure, respiratory failure, and respiratory infec-
tion did not differ between white and black males. In
addition to these common secondary conditions, sev-
eral age-related conditions appeared on 1% or more
of death records for this age group (table 2). Primary
hypertension was more commonly reported among
black than white males (p � 0.001); otherwise,
males in this age group did not differ by race in fre-
quencies of age-related conditions.

The same trends were seen among both black and
white females in the 35-and-older group, but not sig-
nificantly. The frequencies of secondary and age-
related conditions did not differ between males and
females, except for cardiomyopathy and ischemic
heart disease, which were more common among
white males than white females.

DISCUSSION Increases in age at death were ob-
served among decedents with MDs, as expected due
to evolving health care treatments for MDs such as
corticosteroids and NIV, with an older age at death
among whites than blacks with MDs, among both
males and females, and a greater increase in age at
death among white males than black males with
MDs. The distribution of age at death is consistent
with the mix of MDs classified together in the ICD
system. The small peak at zero years of age and the
peak in the 60-year age range are present in both
sexes. In the latter group, there were more male than

Figure 2 Age at muscular dystrophy–associated death among males by year

Median age at muscular dystrophy–associated death among all male decedents, males with
cardiomyopathy, and males without cardiomyopathy on death certificate, United States,
1986–2005, for (A) white males and (B) black males.

Figure 3 Race-specific percent of
cardiomyopathy among muscular
dystrophy–associated male
decedents over time

Race-specific percent of cardiomyopathy among male de-
cedents with muscular dystrophy–associated deaths by
year, with significant linear trend among white but not black
males.
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female decedents, consistent with a mixture of auto-
somal MDs such as FSHD and LGMD, and
X-linked MDs such as BMD and EDMD. Among
male decedents, there is an additional peak around
20 years of age, which is likely to be composed pre-
dominantly of deaths from DMD. The overall MD-
associated mortality rate was lower among blacks
than among whites, which might be due to a lower
prevalence of MDs, underdiagnosis of MDs, or un-
derascertainment through death records for MDs
among blacks.

Cardiomyopathy, a major contributor to morbid-
ity and mortality for MDs, was more often reported
among blacks than among whites, even early in the
study period before the widespread use of corticoste-
roids and NIV were likely to have had an effect on
patients with DMD. Cardiomyopathy is not associ-
ated with all types of MD, but is common in
DMD,20 BMD,21 EDMD,22 and some of the
LGMDs.23 Therefore, this finding may be indicative
of racial differences in prevalences or natural histories
of the different types of MDs. It might also be related
to the higher frequency of cardiomyopathy among
blacks in general.24

Although it might have been difficult to distin-
guish clinical heart failure with or without cardiomy-
opathy, the differences in age at death between
decedents with and without reported cardiomyopa-
thy suggested clinically relevant differences between
the 2 groups. From 1986 through 2005, the fre-
quency of cardiomyopathy increased steadily among
white males, likely the result of increased age at death
associated with NIV in patients with DMD and
health care improvements for people with MDs in
general. At the same time, the age at death of white
males with cardiomyopathy gradually increased, con-
sistent with the increased age at death among white
males with MDs in general. Neither the frequency of
cardiomyopathy nor age at death among those with
cardiomyopathy increased among black males.

The racial differences in changes in age at death
and frequency of cardiomyopathy might have been
related to different prevalences of the various types of
MD, different natural histories, or differences in en-
vironmental, genetic, or behavioral risk factors.
However, it is possible that the use of corticosteroids
and NIV was less common among black than white
patients, or that these treatments were less effective in
blacks because of differences in types of MD or other
factors that affect natural histories. While differences
in use of interventions might be due to racial or geo-
graphic preferences in balancing quality of life
against potentially life-extending treatments, differ-
ences in access to health care may also be a factor, as

suggested by racial differences in locations of MD-
associated deaths (appendix e-1).

We looked at the frequencies of cardiac and pul-
monary conditions among males who died at ages
10–34 years, which we presume to be mostly com-
prised of cases of DMD. The increasing frequency of
cardiomyopathy and decreasing frequency of pulmo-
nary complications among those without cardiac
problems are consistent with the improvements in
DMD treatment, which reduce pure pulmonary fail-
ure and therefore increase the age at death and the
likelihood of cardiomyopathy.

Cardiomyopathy was less common among male
decedents over the age of 35 years than among those
aged 10–34 years. This finding was expected because
males in the older age group are more likely to have
one of the autosomal MDs that have lower frequen-
cies of cardiomyopathy, such as FSHD.

As individuals with MDs lived longer, age-related
conditions became apparent. The same trends were
seen among both races and sexes, although the trends
were not significant among blacks and females, likely
due to smaller sample sizes. The frequencies of car-
diomyopathy and ischemic heart disease were higher
among white males than females with MDs, as they
are among decedents in the general population.24

Along with the racial difference in cardiomyopathy
among all decedents, this suggests that risk factors for
heart disease in the general population might also
affect the natural histories of MDs.

There were several limitations to this study. This
dataset did not include information about quality of
life, so increases in age at death do not necessarily
equate with improvements in quality of life.29 Inter-
pretation was complicated by the coding of MDs as a
group in the ICD system, and by the lack of age-,
race-, and sex-specific prevalence and age at death
estimates for MDs. The sample sizes for female and
black decedents limited the power of some race- or
sex-specific analyses, especially when the need to di-
chotomize year of death could have masked small
gradual changes. The dataset did not include age at
onset or age at diagnosis; thus, we could not assess
disease-related longevity relative to these events.
While the database contains some possible social ef-
fect modifiers, such as education and marital status,
it does not include information to assess sufficiently
other sociocultural variables, such as health insurance
and family structure.

There was the potential for bias resulting from
inaccurate recording of information on death
records. While the accuracy of physician-provided
race data on death records of black and white dece-
dents was about 98% when compared to information
gathered from next of kin,30,31 the reported cause of
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death and underlying conditions might have been
incomplete or inaccurate.32,33 It is not known if
accuracy of death record data differed by race, so it
is possible that race-specific biases existed because
of uniform differences in the reporting of cause of
death and underlying conditions for black and
white decedents.

There was a greater increase in median age at
death among whites than blacks with MDs in the
United States, particularly among males without car-
diomyopathy. The trends of increasing age at death
and frequencies of secondary and age-related condi-
tions were consistent with a slowing of the progres-
sion of MDs from corticosteroid use, respiratory
support provided by NIV, and improvements in
MD-related health care. More studies are needed,
such as those ongoing in the Muscular Dystrophy
Surveillance Tracking and Research Network,34 to
understand the racial differences in age at MD-
associated death in the United States.
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