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Abstract

Our objective was to describe racial and ethnic differences of amyotrophic lateral sclerosis (ALS) in distinct geographic
locations around the United States (U.S.). ALS cases for the period 2009-2011 were identified using active case surveil-
lance in three states and eight metropolitan areas. Of the 5883 unique ALS cases identified, 74.8% were white, 9.3% were
African-American/black, 3.6% were Asian, 12.0% were an unknown race, and 0.3% were marked as some other race. For
ethnicity, 77.5% were defined as non-Hispanic, 10.8% Hispanic, and 11.7% were of unknown ethnicity. The overall crude
average annual incidence rate was 1.52 per 100,000 person-years and the rate differed by race and ethnicity. The overall
age-adjusted average annual incidence rate was 1.44 per 100,000 person-years and the age-adjusted average incidence
rates also differed by race and ethnicity. Racial differences were also found in payer type, time from symptom onset to
diagnosis, reported El Escorial criteria, and age at diagnosis.

In conclusion, calculated incidence rates demonstrate that ALS occurs less frequently in African-American/blacks and
Asians compared to whites, and less frequently in Hispanics compared to non-Hispanics in the U.S. A more precise
understanding of racial and ethnic variations in ALS may help to reveal candidates for further studies of disease etiology
and disease progression.
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Introduction Hispanic descent (minorities) (9-13). However,

this postulation is difficult to gauge because of the
limited number of minority cases identified and the

Amyotrophic lateral sclerosis (ALS), also known as
Lou Gehrig’s disease, is a progressive neuromuscular

disease that typically leads to death within three to
five years (1). While the etiology of ALS is poorly
understood, data from disease registries and epide-
miologic studies have provided insight into many of
the population based characteristics of the disease.
Annual incidence rates worldwide tend to range
from 1-2 per 100,000 person-years and prevalence
rates are reported as 4-6 per 100,000 persons (2-6).
ALS is more prevalent in males than females and
typically affects those in the later years of life (7,8).

Less is known about how ALS affects people
of different racial and ethnic backgrounds. Some
studies suggest that ALS rates are higher among
non-Hispanic Caucasians (whites) in Western coun-
tries compared with those of African, Asian, and

homogeneous nature of the various ALS registries
and epidemiologic studies. Even data from the
well-established population based ALS registries in
Europe, and to a lesser degree, the patchwork of
smaller-scale ALS studies from around the United
States (U.S.) provide far less sensitivity to compare
minority populations. Studies in China show an
incidence rate among Asians significantly lower than
that of the overall U.S. average (14,15). Recent stud-
ies comparing whites to African-American/blacks
found a younger age of disease onset and diagnosis
among African-American/blacks (16). Examining
racial and ethnic variations in ALS may help further
studies on topics such as disease etiology and pro-
gression among different subpopulations.
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In October 2010, the U.S. government launched
its first and only population based countrywide ALS
registry (17).This National ALS Registry is allowing
researchers to quantify the prevalence of ALS among
cases identified within the Registry and describe the
demographic characteristics of persons with ALS
identified by the Registry. As a separate initiative,
surveillance activities were conducted in three states
and eight metropolitan areas of the U.S. to help
evaluate the completeness of the Registry and to
determine how ALS impacts different subpopula-
tions. To examine race and ethnicity, the 11 project
areas were selected to over-represent minority popu-
lations compared with the racial and ethnic distribu-
tion of the U.S. population as a whole.

The primary objective of this paper is to describe
the racial and ethnic differences among ALS cases
from three states and eight metropolitan areas in the
U.S. using the largest combined cohort of clinically
reviewed cases to date. Findings from this and other
similar studies may provide important insights into
the pathogenesis of ALS.

Materials and methods
Project sites and management

Three states (Florida, New Jersey, and Texas)
and eight metropolitan areas (Atlanta, Baltimore,
Chicago, Detroit, LLas Vegas, LLos Angeles, Philadel-
phia, and San Francisco) participated. The state and
metropolitan project areas comprise 17.1% and
10.0% of the U.S. population, respectively (18).
These 11 areas are 64.4% white, 16.0% African-
American/black, and 6.7% Asian; 28.3% of the
population is Hispanic. Compared with the U.S.
population, Asians, African-American/blacks, and
Hispanics were over-represented. All state and met-
ropolitan area projects followed a standard, ATSDR-
approved protocol. Details regarding site selection,
project management, and data collection materials
and methods are described elsewhere (19).

Data collection

Neurologists were contacted to determine if they
diagnosed and/or provided care for ALS patients
residing in each project’s catchment area and those
that did were asked to submit case reports for eligible
cases. Eligible cases were under the physician’s
care at any point between 1 January 2009 and 31
December 2011, met one of the El Escorial criteria
(20), and had a residential address in one of the proj-
ect’s catchment areas at some point in 2009-2011.
The study used a brief standard case reporting
form (CRF) created specifically for this project
that included questions about patient demographic
characteristics as well as questions about date of
symptom onset, date of diagnosis, El Escorial criteria
classification, and payer type. Predetermined categories

on the reporting form for race were: ‘Asian’, ‘African
American/black’, “White’, ‘Unknown’, and ‘Other’
with an option to specify ‘Other’. Predetermined cat-
egories for ethnicity included: ‘Hispanic or Latino’,
‘Non-Hispanic or Latino’, and ‘Unknown’. Forms
were completed by the reporting neurologists and/or
their designated staff member based on information
contained in the medical record. To ensure accuracy
of case diagnosis, a symptom-oriented Medical
Record Verification Form (MRVF) and electromyo-
gram (EMG) report were requested on a sample of
reported cases. The completed MRVFs, along with
copies of the redacted EMG reports, if available,
were forwarded to the project’s consulting neurolo-
gist for independent assignment of El Escorial crite-
ria classification (20).

Death certificate data were reviewed in each
project area to identify possible ALS cases. The death
certificate data were matched to the reported cases
and attempts were made to procure case reports for
decedents that were not already reported. Compen-
sation was offered for completed forms. This proto-
col was approved by the Centers for Disease Control
and Prevention’s Institutional Review Board. No
patients were contacted.

Data cleaning, creation of composite records
and analysis

Each case report was examined as it was received
and case reports for the same person were accepted
if reported from different practices. Only one case
report for each individual was retained in the final
data set. Upon completion of data collection, a
composite record was created for cases reported
more than one time. The case record with the most
complete information was retained and missing
information was filled in using the duplicate case
report and death certificate data when available. If
there were inconsistencies in duplicate case reports
the response was changed to ‘Unknown’. The U.S.
Census-defined race categories (21) were utilized
to categorize cases in which race ‘Other’ was
reported. For example, a case reported as ‘Leba-
nese’ race was placed into the “White’ category. At
the conclusion of this reassignment process, 18
cases remained as race ‘Other’. Data were analyzed
using Microsoft Excel® (22) and SPSS (23). Inci-
dent cases were determined by date of diagnosis
on the CRF and are expressed in 100,000 person-
years. Race and ethnicity specific incidence rates
were calculated wutilizing race/ethnicity specific
populations from the 2010 U.S. Census (21).
A Poisson distribution was assumed in the calcula-
tion of the 95% confidence intervals (24). Age
adjusted rates were standardized to the year 2000
U.S. Standard Population. Time from symptom
onset to diagnosis was calculated using incident
cases with a known month and year of both symp-
tom onset and diagnosis.



Results
Reported cases and demographic characteristics

Based on the 2010 U.S. Census population and
previous estimates of ALS incidence and prevalence
(2-6), a total of 6677 cases were expected and 5883
unique cases were collected within the three states
and eight metropolitan areas used in this analysis.
Of these cases, 4401 (74.8%) were white, 546 (9.3%)
were African-American/black, 214 (3.6%) were
Asian, 704 (12.0%) were of unknown race, and 18
(0.3%) were categorized as other race (e.g. American
Indian, Caribbean, and multiple races). African-
American/blacks were more likely to be between 50
and 59 years of age at diagnosis while all other races
were more likely to be 60-69 years of age. Over half
(55.3%) of the African-American/black cases were
diagnosed before age 60 years with a median age of
58 years. For all races, cases were more likely to be
male than female, with the greatest difference
between genders in the Asian race (59% male vs.
41% female) and the smallest difference in the
African-American/black race (51% male vs. 49%
female) (Table I).

Ethnicity was defined as Hispanic (10.8%),
non-Hispanic (77.5%), or unknown (11.7%).Among
Hispanics, the racial background was reported for
60% (383/634) of the population: 374 (59.0%) were
white, four (0.6%) were black, four (0.6%) were
other race and one (0.2%) was Asian. Over half of
the Hispanic cases had a known country of birth
(352/634), with the most common country being
the U.S. (123/634). Other countries of birth for
Hispanic cases included: Central American coun-
tries and Caribbean Islands (105), Mexico (72),
South American countries (43), European countries
(7) and Asian countries (2). Of the non-Hispanic
cases, 3113 cases had a known country of birth with
the most common being the United States (2753),
India (38), China (28), and Germany (21). Hispan-
ics were most likely to be diagnosed between ages 50
and 69 years with a median age at diagnosis of 58
years, while non-Hispanics were most likely to be
diagnosed between ages 60 and 69 years, with a
median age of 62 years. For both Hispanic and non-
Hispanic cases, the number of cases per age group
decreased after age 69 years.

Reported El Escorial classification

In total, 4846 (82.4%) cases were reported as ‘defi-
nite’, ‘probable’, or ‘probable laboratory- supported’
ALS; 754 (12.8%) were reported as ‘possible’ ALS;
and 283 (4.8%) were reported as ‘not classifiable’
according to the El Escorial criteria (17). Asians
were the most likely to have a ‘possible’ ALS
diagnosis (18.2% of Asians vs. 13.6% of African-
American/black vs. 12.1% of whites). Whites were
more likely to be classified as ‘definite’ or ‘probable’
compared with African-American/blacks and Asians

Table I. Demographic characteristics of all reported prevalent ALS cases by race and ethnicity for the period 1 January 2009 through 31 December 2011 in all 11 project sites (z=5883).
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Table II. Reported El Escorial criteria of all reported prevalent ALS cases by race and ethnicity for the period 1 January 2009

through 31 December 2011 in all 11 project areas (n=5883).

Race Ethnicity
African- Non-

All Cases! White American/black Asian Hispanic Hispanic

(n=5883) (n=4401) (n=54T) (n=214) (n=634) (n=4562)
El Escorial criteria classification # % # % # % # % # % # %
Definite 3069 52.2 2369 53.8 273 499 86 40.2 403 63.6 2369 519
Probable 1295 22.0 990 225 115 21.0 48 22.4 122 19.2 1016 22.3
Probable laboratory- supported 482 8.2 319 7.2 54 9.9 29 13.6 41 6.5 378 8.3
Possible 754 12.8 533 12.1 74 13,5 39 18.2 49 7.7 597 13.1
Not classifiable 283 4.8 190 4.3 30 5.5 12 5.6 19 3.0 202 4.4

ncludes cases with a reported race of white, African-American/black, Asian, Other or Unknown and a reported ethnicity of Hispanic,

Non-Hispanic or Unknown.

and less likely to be classified as ‘probable labora-
tory- supported’ or ‘possible’ (Table II).

Incidence

A total of 3819 cases were newly diagnosed during
the period 1 January 2009 through 31 December
2011. The overall crude annual incidence rates for
2009, 2010 and 2011 were 1.42 per 100,000 person-
years, 1.53 per 100,000 person-years and 1.62 per
100,000 person-years, respectively, and the overall
crude average annual incidence rate was 1.52 per
100,000 person-years. The average crude annual
incidence rate for whites was 1.79 per 100,000
person-years compared with 0.80 per 100,000
person-years for African-American/blacks and 0.76
per 100,000 person-years for Asians (Figure 1).
The average crude annual incidence rate for
non-Hispanics was 1.65 per 100,000 person-years
compared with 0.57 per 100,000 person-years for
Hispanics (Figure 1).

The overall age-adjusted average annual inci-
dence rate was 1.44 per 100,000 person-years. The
age-adjusted average incidence rates differed by race
(1.48 whites vs. 0.89 for African-American/blacks vs.
0.78 for Asians) and by ethnicity (0.84 for Hispanics
vs. 1.36 for non-Hispanics). Age-specific incidence
rates increased until age 79 years.

Time from symptom onset to diagnosis

Of the 3819 incident cases, there were 269 cases with
missing information for month and/or year of symp-
tom onset and/or month of diagnosis, leaving 3550
cases for this analysis. The overall mean duration of
time from symptom onset to diagnosis was 16.9
months, with the lowest mean occurring among
African-American/blacks (15.6 months) and the
highest among Asians (20.4 months). The median
time from symptom onset until diagnosis was 11
months for whites, African-American/blacks, and
non-Hispanics; while it was 12 months for Asians and
Hispanics. Ninety percent of cases were diagnosed
within 36 months of symptom onset (Table III).

Payer type

Overall, 65.6% of cases identified within the three
states and eight metropolitan areas used in this anal-
ysis utilized a non-federal payment type such as
private insurance or an HMO (by itself or in com-
bination with other payer types). Sixty-two percent
of cases had at least one federal payer (Medicaid,
Medicare, and Veterans Administration (VA)) includ-
ing 55.9% of whom utilized Medicare. Asians were
least likely to utilize a federal payer (52.8%).The use
of self-pay differed by race (12.6% of Asians vs. 5.4%
of whites vs. 6.6% of African-American/blacks).
A total of 144 cases were exclusively self-pay: 1.9%
of whites, 3.5% of African-American/blacks and
6.1% of Asians. A larger percentage of Hispanics had
no federal payer compared with non-Hispanics
(43.8% vs. 35.0%) (Table IV).
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Note: 95% Confidence Interval marked by the error bars.

Race White alone (n = 2896) 1.79 1.91 1.68 1.79
Black alone (n = 319) 0.80 0.95 0.64 0.80
Asian alone (n = 127) 0.76 0.99 0.53 0.76
Ethnicity ~ Hispanic (n = 407) 0.57 0.67 0.48 0.57
Non-Hispanic (n = 2957) 1.65 1.75 1.54 1.65
All (n=3819) 1.52 1.61 1.44 1.52

Figure 1. Stratified age-adjusted average annual incidence rates
for reported ALS cases by race and ethnicity for the period 1
January 2009 through 31 December 2011 in all 11 project areas.



Table III. Time from symptom onset to diagnosis for all
reported incident ALS cases by race and ethnicity for the
period 1 January 2009 through 31 December 2011 in all 11
project areas (n=3550).

Time from symptom onset to diagnosis

50th 90th
Mean Percentile Percentile
Cases (months) (months) (months)
Race
White 2729 17.0 11.0 36.0
African- 291 15.6 11.0 33.8
American/black
Asian 119 20.4 12.0 36.0
Ethnicity
Hispanic 375 16.5 12.0 34.4
Non-Hispanic 2775 16.8 11.0 34.0
Total Cases! 3550 16.9 11.0 36.0

Includes those with Unknown ethnicity, Unknown or Other
race; 269 cases were removed due to missing data for symptom
onset and diagnosis.

Familial ALS

The case reporting form asked neurologists to report
if an immediate family member (parent, sibling,
child) was diagnosed with ALS. Overall, 244 (4.1%)
cases had an immediate family member diagnosed
with ALS, while 5023 (85.4%) did not and 616
(10.5%) were unknown. Familial ALS (FALS) was
reported more frequently among whites than other
races (4.6% of whites, 2% of African-American/
blacks and 2.8% of Asians). Non-Hispanic cases had
nearly double the percentage of cases reporting pos-
sible FALS than Hispanics (4.4 % vs. 2.7%).

Discussion

This project compiled the largest sample of minori-
ties of any published, clinically reviewed ALS
research study to date. We found differences in dis-
ease incidence rates by race and ethnicity. The racial
distribution of the population in our analysis has a
larger percentage of minorities (35.6% non-white)
than that of the U.S. population per the 2010 U.S.
Census (27.6% non-white). According to the 2010
U.S. Census (18), African-American/blacks make up
13% of the total U.S. population and 16% of the
population in the 11 project areas; however, African-
Americans/blacks comprised only 9% of our cases.
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Similar findings were found for the Asian popula-
tion, which made up 5% of the U.S. population, but
7% of the project population and less than 4% of
our collected cases. Hispanics comprised 16% of the
U.S. population, 28% of the project population and
11% of our collected cases. Of those with a known
racial background, the Hispanic population con-
sisted predominately of white-Hispanics. We expected
to collect case reports by race and ethnicity that were
proportionately similar to the U.S. Census data in
the respective geographic areas. Contrary to this
expectation, the collected cases were still dispropor-
tionately white and non-Hispanic, further demon-
strating the racial and ethnic differences in disease
incidence.

While the overall crude average annual incidence
rate for ALS of 1.52 per 100,000 person-years and
overall age-adjusted average annual incidence rate of
1.44 per 100,000 person-years are within the 1-2
per 100,000 person-years range reported in the lit-
erature (2-6), this project may have found overall
crude and age-adjusted incidence rates lower than
the actual national incidence rates due to the over-
representation of minority groups in our population.
Notably, there is a difference among the racial groups
for both crude average incidence rates of ALS (1.79
per 100,000 person-years white; 0.80 per 100,000
person-years African-American/black; 0.76 per
100,000 person-years Asian) and age-adjusted aver-
age incidence rates (1.48 per 100,000 person-years
white, CI 1.42-1.53; 0.89 per 100,000 person-years
African-American/black, CI 0.79-0.99; 0.78 per
100,000 person-years Asian, CI 0.64-0.92 ). There
is a statistically significant difference in the age-
adjusted average annual incidence rates for whites
compared with African-American/blacks and whites
compared with Asians.

A difference exists in the crude average incidence
rates for non-Hispanics (1.65 per 100,000 person-
years) compared with Hispanics (0.57 per 100,000
person-years). A statistically significant difference
also exists between non-Hispanics and Hispanics
when comparing age-adjusted average incidence
rates (1.36 per 100,000 person-years non-Hispanics,
CI 1.31-1.41 vs. 0.84 per 100,000 person-years
Hispanics, CI 0.75-0.92). Similarly to previously
published literature (9-13), whites were found to

Table IV. Payer type for all reported prevalent ALS cases by race and ethnicity for the period 1 January 2009 through 31 December

2011 in all 11 project areas (n= 5883).

Race Ethnicity
All Cases White African-American/ Asian Hispanic Non-Hispanic
(n=5883) (n=4401) black (n=546) (n=214) (n=634) (n=4562)
# % # % # % # % # % # %
Any Federal Payer! 3630 61.7 2743 62.3 345 63.1 113 52.8 356 56.2 2905 63.7
No Federal Payer 2188 37.2 1615 36.7 190 34.8 98 45.8 278 43.8 1595 35.0
Unknown 65 1.1 43 1.0 11 2.0 3 1.4 0 0.0 62 1.3

!Any Federal Payer includes Medicare, Medicaid and VA.
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have the highest incidence rate of ALS compared
with other races. African-American/blacks had the
second highest incidence rate of ALS followed by
Asians; non-Hispanics had a higher incidence rate
of ALS than Hispanics. After age adjustments the
differences in rates diminished, but there is still a
significant white predominance compared with other
races. These differences may be due in part to whites
traditionally having better access to healthcare and
receipt of health services (24,25), thereby increasing
their likelihood of being diagnosed versus their non-
white counterparts. However, given the severity of
symptoms as ALS progresses it is unlikely that a case
never seeks treatment.

Age at diagnosis was slightly lower among
African-American/black cases than the other racial
groups, where the median age at diagnosis was 58
years (Table I). Hispanics had a median age at diag-
nosis four years less than non-Hispanics (58 years vs.
62 years) (Table I). There is a male predominance in
all races and no major differences in the distribution
of male and female cases within races (Table I).

All cases were assigned an El Escorial classifica-
tion (19) by the reporting neurologist. While over
half of reported white and African-American/black
cases were reported as ‘definite’ ALS, approximately
40% of Asians were reported at that level. A larger
percentage of Asian cases were reported as ‘possible’
ALS, than in any other racial group.

There are many possible explanations for this
finding which go beyond the scope of this project.
For example, Asians may have sought diagnosis or
treatment earlier than the other racial groups, before
the disease has had time to progress to ‘definite’,
‘probable’, or ‘probable laboratory supported’ or
Asians do not seek care from a neurologist after the
initial diagnosis, perhaps seeking alternative forms of
treatment (27-29). Finally, this may be a result of the
data collection and cleaning methods utilized in this
project (e.g. disease symptoms and thus El Escorial
classifications may have progressed after the initial
case report was received or when creating composite
records for cases reported more than one time, a
lower El Escorial criteria classification may have been
retained). Further research examining health care
seeking behaviors and disease progression among
subpopulations may be warranted to explain the dif-
ferences in reported El Escorial categories by race.

The median and 90th percentiles were utilized to
compare racial differences in the time from symptom
onset to diagnosis. The median time from symptom
onset to diagnosis is longest (12 months) for Asians
and Hispanics. Nearly all cases were diagnosed
within three years of symptom onset. This measure
may reflect the length of time until symptoms prog-
ress enough to meet the El Escorial criteria warrant-
ing an ALS diagnosis by a physician, it may reflect
the patient’s delay in seeking treatment until symp-
toms progress, or it may reflect a recall bias of symp-
tom onset by the patient.

With some caveats, most patients diagnosed with
ALS are eligible for Medicare. Over half of the cases
(55.9%) utilized Medicare. Rates of Medicare usage
were highest among whites (57.6%) and African-
American/blacks (50.7%). Asians had the smallest
percentage of reported Medicare payer types
(46.7%), perhaps supporting the hypothesis that
Asians with ALS do not seek additional treatment
from neurologists after receiving an ALS diagnosis
(28,29). These cases may be reported from the first
neurologist visit, when an initial diagnosis is made,
and thus the patient has yet to become eligible for
Medicare due to an ALS diagnosis as opposed to
age. It is also possible that this group is less likely to
have had traditional employment for the required
amount of time required for these benefits. Further
research may provide clarity on the difference in the
use of Medicare as a payer type by race.

Payer type is especially important for the
National ALS Registry because it relies on federal
administrative data sets and a self-registration web
portal. Over one-third (37.2%) of all cases in this
analysis listed no federal payer (Medicare, Medic-
aid or VA) and might not be captured in the federal
data sets. Asians in particular are more likely to not
have a federal payer type (45.8% vs. 36.7% of
whites vs. 34.8% of African-American/blacks).
Non-Hispanics were more likely to have a federal
payer than Hispanics. In total, 6.1% of cases uti-
lized self-pay (2.5% were self-pay only) which
could represent uninsured individuals in this pop-
ulation. The self-pay payer type was highest among
Asians followed by African-American/blacks and
then whites. The cases with no federal payer will
need to be captured in the self-registration web
portal component of the Registry.

Overall, this analysis is consistent with previous
studies (9-13) by demonstrating that there appear to
be racial and ethnic differences in ALS rates in the
U.S. Specifically, this analysis shows that ALS occurs
less frequently in those that are African-American/
black, Asian, and Hispanic compared with whites and
non-Hispanics in the U.S. It is unclear if this finding
is due to methodological issues (e.g. under-ascertain-
ment of minority cases, small sample size) or can be
attributed to behavioral factors (e.g. access to ade-
quate health care, diet), socioeconomic status, envi-
ronmental exposures (e.g. occupational or residential),
or genetic factors (e.g. genetic predisposition). How-
ever, since this analysis used the largest sample of
minorities with ALS to date, the finding is likely due
to one, or a combination, of the behavioral, environ-
mental, and genetic factors of ALS. Further research
is needed to better understand why these differences
occur among racial and ethnic populations..
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