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Abstract

IMPORTANCE Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease;
understanding ALS risk factors is a critical public health issue.

OBJECTIVES To evaluate the incidence of and mortality from ALS in National Football League (NFL)
athletes and to describe characteristics associated with ALS within this cohort.

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study included all 19 423
NFL athletes who debuted between 1960 and 2019 and played 1 or more professional game. It was
conducted between October 3, 2020, and July 19, 2021.

EXPOSURE Participation in the NFL, including playing 1 or more professional games.

MAIN OUTCOMES AND MEASURES Cases of ALS and death information were identified based on
public records from NFL statistics aggregators, news reports, obituaries, and National Death Index
results. The standardized incidence ratio and the standardized mortality ratio were calculated based
on data acquired from surveillance studies of ALS accounting for age, sex, and race. Secondary
analyses examined the association of body mass index, NFL career duration, race, birth location, and
markers of fame, using a nested case-control design, matching athletes with ALS to athletes without
ALS, by NFL debut year.

RESULTS A total of 19 423 male former and current NFL players (age range, 23-78 years) were
included in this cohort study and were followed up for a cumulative 493 168 years (mean [SD]
follow-up, 30.6 [13.7] years). Thirty-eight players received a diagnosis of ALS, and 28 died during the
study time frame, representing a significantly higher incidence of ALS diagnosis (standardized
incidence ratio, 3.59; 95% CI, 2.58-4.93) and mortality (standardized mortality ratio, 3.94; 95% CI,
2.62-5.69) among NFL players compared with the US male population, adjusting for age and race.
Among NFL athletes, nested-case-control analyses found that those who received a diagnosis of ALS
had significantly longer careers (mean [SD] duration, 7.0 [3.9] years) than athletes without ALS
(mean [SD] duration, 4.5 [3.6] years; odds ratio, 1.2; 95% CI, 1.1-1.3). There were no differences in ALS
status based on proxies of NFL fame, body mass index, position played, birth location, or race.

CONCLUSIONS AND RELEVANCE The age-, sex-, and race-adjusted incidence of and mortality from
ALS among all NFL players who debuted between 1960 and 2019 were nearly 4 times as high as
those of the general population. Athletes with a diagnosis of ALS had longer NFL careers than those
without ALS, suggesting an association between NFL duration of play and ALS. The identification of
these risk factors for ALS helps to inform the study of pathophysiological mechanisms responsible
for this fatal neurodegenerative disease.
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Key Points
Question What are the incidence and

mortality rates of amyotrophic lateral

sclerosis (ALS) in athletes who played in

the National Football League (NFL)?

Findings In this cohort study of all

19 423 NFL athletes who debuted

between 1960 and 2019 and played at

least 1 professional game, the athletes

had nearly 4 times higher incidence and

mortality rates of ALS compared with

the US male population, adjusting for

age and race. Among these athletes,

those with a diagnosis of ALS had played

football for approximately 2.5 years

longer than those without ALS.

Meaning This study’s findings suggest

that factors associated with NFL

participation may increase the incidence

of and mortality from ALS.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a motor neuron disease characterized by loss of upper and
lower motor neurons, often leading to rapidly progressing disability and death.1 The cause of this
neurodegenerative process is not yet understood, with 90% of ALS cases considered sporadic.1 The
incidence of ALS in the United States is 1.5 to 2.2 per 100 000 but varies markedly depending on
age, sex, and race.2-8 The incidence of ALS generally increases with age and peaks during the seventh
decade of life.2-5 Men have a higher incidence of ALS (1.7-2.6 per 100 000) than women (1.1-1.5 per
100 000),2-7 and White individuals (1.7-2.5 per 100 000) have a higher incidence than Black
individuals (0.7-1.5 per 100 000).2,3,6-8 Because ALS is a fatal disease with a typically rapid course, its
incidence rate largely approximates mortality.9 Given these substantial differences by age, sex, and
race, adjusting for these variables is critical, especially in cohorts with unique characteristics such as
elite athletes, as athletes often share characteristics that may be associated with ALS risk. Ideally,
investigations of ALS risk in athletes would compare ALS incidence and mortality with nonathletes
who otherwise have the same baseline ALS risks. Some studies have addressed this challenge of
exchangeability of baseline risks by comparing ALS risk among elite athletes of 1 sport with ALS risk
among elite athletes of another sport.10

Because ALS is fatal, understanding ALS risk factors is a critical public health issue both to
improve knowledge of disease pathogenesis and to provide potential interventions to minimize
these risks. Several putative risk factors associated with sporadic cases have been proposed,
including repetitive head impacts (RHIs) and traumatic brain injury (TBI).11-14 Previous work has
sought to quantify the association between ALS and TBI by studying ALS risk in individuals with high
exposure to RHIs (ie, elite contact and collision sports athletes).10,15,16 Lehman et al15 examined
mortality in the 3439 athletes who played at least 5 years in the National Football League (NFL) from
1959 through 1988, and found that there was an ALS age- and race-standardized mortality ratio of
4.04 (95% CI, 1.48-8.79), using US male mortality rates as the standard. Nguyen et al10 also examined
mortality rates in a subset of these same NFL athletes, this time comparing them with 2708 former
Major League Baseball players who played at least 5 seasons at the professional level from 1959
through 1988. They reported a race-adjusted ALS hazard ratio of 3.10 (95% CI, 0.84-11.38). Because
the mean NFL career length is 3.3 years,17 restricting previous analyses to athletes who played for
at least 5 years meant that only a subset of the most elite NFL players with greatest exposure was
studied. In addition, athletes with shorter professional careers may have had early health
consequences related to their athletic exposure, and/or different disease susceptibility compared
with those with longer careers. Examining ALS risk in a more comprehensive group of athletes who
participated in the NFL is necessary to better understand both the risk of ALS generally, as well as any
possible association between duration of NFL play and ALS risk. In addition, because previous studies
have relied on death certificates alone, the incidence of ALS in NFL players has not been previously
reported, to our knowledge.

Other factors, which may be associated with NFL athletes, have been implicated in risk of ALS.
Specifically, previous work has found that individuals with a higher body mass index (BMI; calculated
as weight in kilograms divided by height in meters squared) have a lower risk of ALS 15 to 50 years
later.18 In addition, environmental toxins are a proposed risk factor for ALS.19 Strenuous physical
activity has also been implicated in the risk of ALS.20-22

We sought to clarify the association between ALS diagnosis and NFL participation by
determining ALS incidence and mortality relative to the general population, and by examining the
association between years of NFL exposure and ALS. We hypothesized that ALS incidence and
mortality would be increased in NFL athletes compared with the general population, adjusting for
age, sex, and race. To further characterize factors associated with ALS diagnosis, a nested case-
control study matched by year of NFL debut examined differences based on duration of play,
position, location of birth, and BMI at NFL debut. We hypothesized that NFL athletes with ALS would
have significantly more years of NFL exposure, but no differences in position, BMI at debut, or
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location at birth, compared with NFL athletes without ALS. To assess the extent of selection bias
associated with the link between publicity surrounding the announcement of ALS diagnosis and
athlete fame, the nested case-control study also examined NFL Pro Bowl status and appearances, as
well as NFL Hall of Fame status. We hypothesized that there would be no differences in markers of
fame between NFL athletes with ALS and those without ALS.

Methods

Study Population
Information about all athletes drafted into the NFL since the league’s founding in 1920 is maintained
in a comprehensive database by Hidden Game Sports/24-7 Baseball LLC, where it is licensed for use
by major organizations including ESPN, Pro-Football Reference, SportRadar US, Stats Perform, and
SportsTicker, and has been used for research purposes23-25 (see eMethods in the Supplement for
additional details). Athletes were excluded from the study if they were not drafted from 1960
through 2019 or did not play in at least 1 regular season game professionally. The study was approved
by the Boston University Medical Center institutional review board. This study followed the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting
guideline.

For the nested case-control study, a cumulative incidence sampling design was used to match 5
NFL athletes from the cohort without ALS to each athlete with ALS, based on debut year. Specifically,
NFL athletes without ALS were randomly selected from all athletes who debuted that year within
the cohort. The study was conducted between October 3, 2020, and July 19, 2021.

Outcomes
Age at ALS diagnosis and death were identified based on public news reports (Google News) and
obituaries (Legacy.com) to identify items containing the terms NFL and ALS through April 30, 2021.
Flagged items were individually reviewed to identify public disclosures of ALS diagnoses in these NFL
athletes. Age at death was obtained from the Hidden Game Sports/24-7 Baseball LLC database.
Diagnoses of ALS at death were matched to National Death Index (NDI) records; NDI-Plus metrics
were used to ensure matches between databases, with only class 3 or higher matches considered
true matches. Athletes were included in the study from their date of NFL debut until ALS diagnosis
and/or death.

Statistical Analysis
Standardized incidence ratios and Fisher exact test 95% CIs were calculated from the expected
incidence in the cohort. The expected incidence was determined using ALS incidence estimates from
the largest US study of ALS incidence by age, sex, and race.2 In brief, crude incidence rates were
calculated using the number of male patients with ALS with dates of initial diagnosis occurring from
January 1, 2009, to December 31, 2011, along with age- and race-specific estimates. These rates were
extrapolated for the entire study period. To ensure enough cases within each subgroup to generate
an estimated incidence, we created age groups (20-49, 50-64, and �65 years) and classified race as
Asian or Other Pacific Islander, Black, White, and other (races not conforming to Asian or Other
Pacific Islander, Black, or White were classified as “other”) (eTable 1 in the Supplement). Denominator
data came from the California Department of Finance Population Estimates.26 Standardized
mortality ratio and Fisher exact test 95% CIs were calculated using the expected ALS mortality in the
cohort, adjusted for age (in 5-year categories) and race, which was determined using the Centers for
Disease Control and Prevention National Institute for Occupational Safety and Health Life Table
Analysis System, version 4.5.27 Analyses used US male mortality rates with the neurodegenerative
causes of death rate file (eTable 2 in the Supplement). These Life Table Analysis System data only
provide mortality data for individuals classified as “White” and “non-White”; non-White was used as
an imperfect proxy for Black for the purpose of mortality analyses alone.
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For the nested case-control study, between-group differences were examined by conditional
logistic regression to determine odds ratios with 95% CIs for each outcome. Primary playing position
was determined, as well as grouping by nonspeed positions (offensive and defensive linemen) and
speed positions (all other positions), to mirror previous analyses (eMethods in the Supplement).15 To
account for multiple comparisons, false discovery rate–corrected P values for each category were
calculated using the Benjamini-Hochberg procedure, with a significance threshold of .05.

In addition to the nested case-control study, logistic regression of the entire cohort was
completed to confirm the association between duration of play and ALS status, adjusting for BMI,
debut year, and race. All statistical analyses were conducted with IBM SPSS Statistics, version 20.0
(IBM Corp) and R Statistical Software, version 3.6.1 (R Group for Statistical Computing).

Results

A total of 19 423 male former and current NFL players (age range, 23-78 years) were included in the
cohort and followed up for a cumulative 493 168 years (mean [SD] follow-up, 30.6 [13.7] years). A
total of 55 professional football players with ALS diagnoses were identified. Eight of these athletes
were reported as NFL athletes but did not play a game in the NFL, and 9 debuted before 1960; thus,
38 NFL athletes with ALS were part of the cohort (Figure). Characteristics of NFL athletes with ALS
are described in Table 1 and eFigure in the Supplement. These athletes received a diagnosis of ALS at
a mean (SD) age of 51.0 (13.8) years. A total of 28 athletes died during the study window; 24 of the
28 were identified in a database of NDI-Plus results, with 23 including a clear underlying cause of
death (the remaining case was described as “ill-defined and unknown cause of mortality”). Of these
23 athletes, 22 were confirmed to have ALS as an underlying entity or cause of death (the cause of
death for the remaining case was described as “myocardial infarction”). The decedents were
diagnosed at a mean (SD) age of 52.5 (13.8) years and lived for a mean (SD) of 3.5 (2.6) years with
ALS. The 10 living athletes received a diagnosis of ALS at a mean (SD) age of 46.1 (12.6) years, and
have been alive with ALS for a mean (SD) of 6.1 (5.7) years. There was no significant difference
between living and deceased athletes in age at ALS diagnosis (P = .23) or years between diagnosis

Figure. Study Inclusion and Exclusion Criteria for National Football League (NFL) Cohort and Nested
Case-Control Analyses

25 372 NFL athletes

55 Reported NFL athletes with ALS 25 317 NFL athletes without ALS

17 Excluded
8
9

Did not play an NFL game
Debuted before 1960

5932 Excluded because they 
debuted before 1960

38 NFL athletes with ALS in cohort 19 385 NFL athletes without ALS 
in cohort

19 423 NFL athletes who debuted 
from 1960 to 2019

228 In nested case-control study 
matched by debut year

38 NFL athletes with ALS in 
case-control study

190 NFL athletes without ALS in
case-control study ALS indicates amyotrophic lateral sclerosis.
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and death or end of study (P = .06), although the mean values are quite different, and our study may
have been inadequately powered to detect differences owing to the low number of athletes with
ALS. The standardized incidence ratio was 3.59 (95% CI, 2.58-4.93) and the standardized mortality
ratio was 3.94 (95%CI, 2.62-5.69; Table 2). Although both the standardized incidence ratio and
standardized mortality ratio were lower for White athletes compared with Black athletes
(standardized incidence ratio: 3.50 [95% CI, 2.24-5.21] vs 3.63 [95% CI, 1.93-6.21]; and standardized
mortality ratio: 3.61 [95% CI, 2.14-5.71] vs 4.72 [95% CI, 2.26-8.67]), these differences were not
statistically significant.

Athletes with ALS played in the NFL for a mean (SD) of 7.0 (3.9) years compared with 4.5 (3.6)
years for matched athletes without ALS (odds ratio, 1.2; 95% CI, 1.1-1.3; P � .001). There were no
differences between athletes with ALS and matched athletes without ALS in debut BMI, race, Pro
Bowl status, number of NFL Pro Bowl appearances, NFL Hall of Fame status, or position (Table 3), as
well as location of birth (eTable 3 in the Supplement). Proxies of football fame were associated with
duration of play (eTable 4 in the Supplement). Logistic regression over the entire cohort
demonstrated a significant association between ALS and duration of NFL play as well as debut year,
but not race or BMI (eTable 5 in the Supplement).

Discussion

To our knowledge, this study represents the largest investigation of ALS risk in NFL athletes. These
findings indicate that athletes who played in the NFL have a nearly 4 times greater rate of developing,
and dying from, ALS.

Previous analyses have reported similar increased rates of ALS in former NFL athletes.10,15

However, these studies examined only mortality, and only in athletes who played from 1959 through
1988 for at least 5 years at the professional level. The present study is the first, to our knowledge, to
report ALS incidence in NFL athletes. In addition, by including all athletes who debuted from 1960

Table 1. Characteristics of NFL Athletes With ALS Who Debuted Between 1960 and 2019

Decade of
debut

No. of ALS
cases

No. of athletes
by race Position

Time in NFL,
mean (SD), y

Age at entering
NFL, mean (SD), y

Age at ALS
diagnosis,
mean (SD), y

Time before death,
mean (SD), y
[No. of athletes]

Time between diagnosis
and end of study,
mean (SD), y [No. of athletes]a

1960s 15 1 Black and 14
White players

2 DB, 3 DL, 1 LB,
4 OL, 3 QB, 1 RB,
1 WR

6.3 (4.1) 23.1 (1.5) 60.4 (12.8) 3.2 (2.8) [15] NA

1970s 5 1 Black and 4
White players

1 DL, 1 LB, 1 OL,
1 RB, 1 WR

8.8 (3.1) 22.4 (0.5) 55.8 (10.9) 3.0 (2.2) [4] 4.0 (0.0) [1]

1980s 13 10 Black and 3
White players

4 DB, 2 DL, 3 LB,
2 OL, 2 RB

6.6 (4.8) 22.6 (1.0) 45.3 (10.1) 3.0 (1.8) [7] 4.8 (7.2) [6]

1990s 3 2 Black and 1
White player

1 DB, 1 LB, 1 RB 7.3 (0.6) 24.3 (2.3) 37.0 (4.6) 8.0 (2.8) [2] 13.0 (0.0) [1]

2000s 2 2 White players 1 DB, 1 LB 6.5 (0.7) 23.0 (0.0) 32.0 (2.8) NA 7.5 (2.1) [2]

2010s NA NA NA NA NA NA NA NA

Total 38 14 Black and 24
White players

8 DB, 6 DL, 7 LB,
7 OL, 3 QB, 5 RB,
2 WR

6.8 (3.9) 22.9 (1.3) 51.0 (13.8) 3.5 (2.6) 6.1 (5.7)

Abbreviations: ALS, amyotrophic lateral sclerosis; DB, defensive backs; DL, defensive
linemen; LB, linebackers; NA, not applicable; NFL, National Football League; OL,
offensive linemen; QB, quarterbacks; RB, running backs; WR, wide receivers.

a Study window ended on April 30, 2021.

Table 2. Amyotrophic Lateral Sclerosis Incidence and Mortality in NFL Athletes

NFL players Standardized incidence ratio (95% CI) Standardized mortality ratio (95% CI)
Overall 3.59 (2.58-4.93) 3.94 (2.62-5.69)

Race

Black 3.63 (1.93-6.21) 4.72 (2.26-8.67)

White 3.50 (2.24-5.21) 3.61 (2.14-5.71)
Abbreviation: NFL, National Football League.
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through 2019 and who played in at least 1 NFL game, the present study expands the number of
athletes studied by nearly 6-fold. By including a wider range of NFL exposures, the present study is
also the first, to our knowledge, to show that greater duration of NFL play is associated with
increased ALS rates among NFL athletes.

There are 2 potential explanations for the latter finding: (1) either duration of NFL play serves as
a proxy for an exposure that increases risk of ALS or (2) there were additional athletes with a
diagnosis of ALS who also had shorter NFL careers but were not identified for the present study.
Although it is certainly likely that announcements pertaining to more famous NFL athletes generate
more news coverage, all NFL athletes garner news coverage at different stages throughout their
playing career; even athletes with relatively unknown professional careers were often standout
football stars at the local, high school, and/or collegiate level. In addition, there were no differences
in proxies of football fame, including NFL draft position, NFL Pro Bowl status, number of NFL Pro
Bowl appearances, or NFL Hall of Fame status, between NFL athletes who received a diagnosis of ALS
and those who did not. The ALS mortality rate reported in this cohort is also similar to that reported
by prior studies.10,15 Furthermore, the 55 athletes with ALS identified in the present study are largely
consistent with the 59 individuals with ALS granted monetary awards as part of the NFL concussion
settlement.28

In addition, the game of football has changed substantially throughout the past 60 years.
Several of these changes may be associatedwith ALS risk. For example, the racial composition of the
NFL has changed from predominantly White athletes to predominantly Black athletes.29 Older
athletes, therefore, are more likely than younger athletes to be White. Because both age and race
have a nonlinear association with ALS risk, both these factors should be accounted for
simultaneously when examining the role of NFL participation in the risk of ALS. Furthermore, style of
play and how positions are used has changed substantially, which may have a further association
with ALS risk. The NFL officially adopted plastic shell helmets in 1943, single-bar face masks in 1955,
and double-bar face masks in 1962, with each resulting in significant changes to RHI and TBI risk.30,31

Statistically adjusting for these confounders may not adequately account for the intersection of these

Table 3. Differences Between NFL Athletes With ALS and Matched NFL Athletes Without ALS

Characteristic
Athletes with ALS
(n = 38)

Matched athletes without
ALS (n = 190)

Odds ratio
(95% CI)a

Potential ALS risk factors

Years of NFL play, mean (SD) 7.0 (3.9) 4.5 (3.6) 1.2 (1.1 to 1.3)b

BMI at debut, mean (SD) 29.3 (3.2) 29.0 (3.4) 1.0 (0.9 to 1.1)

Black race, No. (%) 14 (36.8) 103 (54.2) 2.0 (1.0 to 4.2)

Markers of fame

Ever in an NFL Pro Bowl, No. (%) 5 (13.2) 18 (9.5) 1.5 (0.5 to 4.2)

NFL Pro Bowl appearances, mean (SD) 0.18 (0.51) 0.14 (0.49) 1.2 (0.6 to 2.3)

NFL Hall of Fame, No. (%) 0 3 (1.6) Not applicable

Position, No. (%)c

Nonspeed vs speed 12 (31.6) 53 (27.9) 0.33 (−0.80 to
1.46)

All positions, individual, No. (%)

Defensive back 7 (18.4) 30 (15.8)

P = .50d

Defensive line 6 (15.8) 22 (11.6)

Linebacker 7 (18.4) 23 (12.1)

Offensive line 6 (15.8) 31 (16.3)

Quarterback 3 (7.9) 6 (3.2)

Running back 7 (18.4) 40 (21.1)

Special teams 0 1 (0.5)

Tight end 1 (2.6) 14 (7.4)

Wide receiver 1 (2.6) 22 (11.6)

Abbreviations: ALS, amyotrophic lateral sclerosis; BMI,
body mass index (calculated as weight in kilograms
divided by height in meters squared); NFL, National
Football League.
a Difference between athletes with ALS and matched

athletes without ALS. The 95% CI from the χ2 test
was used for analyses of categorical variables, with
the Fisher exact test used when expected values
were less than 5, or from 2-sample t test for analyses
of continuous variables.

b Significance based on false discovery rate–corrected
P < .05.

c Analyses examined differences among all 9
positions, as well as grouped by nonspeed (offensive
and defensive linemen) and speed positions (all
other positions).

d P value was determined using the Fisher exact test
and was provided given no odds ratio for more than
2 × 2 tables.
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factors, whereas a case-control study matched for debut year better accounts for these interacting
confounders.

Ultimately, this study provides additional evidence suggesting that NFL athletes are at
increased risk of ALS and suggests that this risk may increase with more years of NFL exposure. There
were no associations between ALS and location at birth, position played, or BMI, although the low
number of athletes with ALS limits the power to detect differences. Although the present design is
unable to identify the specific factor(s) responsible for an increased rate of ALS among NFL players, it
is possible that RHIs or TBIs play a role. Previous studies have demonstrated a dose-response
association between duration of football career and the neurodegenerative disease chronic
traumatic encephalopathy (CTE).32,33 Pathologic evidence has suggested that CTE and ALS may be
linked based on the TDP-43 (transactive response DNA-binding protein 43)–positive inclusions in
many cases of CTE, especially marked in the subset of individuals with neuropathologically
confirmed CTE and ALS.13,25,34 Furthermore, in a study of 155 veterans with ALS who donated their
brain for research, 9 (5.8%) were found to have neuropathologic evidence of CTE, and those with
ALS and CTE were more likely to have a history of TBI, bulbar-onset ALS symptoms, mood disorders,
and behavioral disorders.14 Other factors that may explain the observed increase in risk of ALS, such
as smoking, physical exertion, and athletic exposure to substances such as pesticides, are potentially
relevant.12,19,20,35,36 However, studies comparing ALS rates in elite football players with those in elite
baseball players have found an approximately 3-fold higher hazard ratio for the football players,
which supports RHIs and/or TBIs as a more likely risk rather than physical exertion or pesticide
exposure.10

Limitations
There are several limitations to the present study. Both the retrospective nature of the study and
identification of cases from public records could cause underrepresentation of the true incidence and
mortality of ALS within this cohort.37 In addition, without access to clinical information, it is possible
that some of these cases do not truly represent diagnosed ALS; however, this possibility is less likely
given the secondary confirmation of 22 of the 23 decedents with a clear underlying cause of death
in the NDI records, the short duration between diagnosis and death for most of these athletes, and
the similar duration after diagnosis for decedents and those currently alive. Also owing to the lack of
clinical information, the study could not assess the presence of clinical differences, or other risk
factors, including family history, genetics, environmental toxin exposure, or lifestyle factors (eg,
smoking). Data pertaining to RHI exposure and TBI history, both within and outside of football, were
also unavailable. Amyotrophic lateral sclerosis diagnoses in NFL athletes were based on news
reports, potentially resulting in variability in the capture of cases compared with medical record
review, which is how the general population incidence of ALS was determined. However, given that
ALS is a fatal disease, mortality largely approximates incidence.

In addition, ALS diagnoses in the general population were based on data from 2009 through
2011, compared with 1960 through 2021 in the NFL cohort; changes in ALS incidence over time may
confound this comparison. Given the low number of ALS cases, the study was underpowered to
detect smaller differences; null findings, particularly regarding location at birth and position, should
be interpreted in this context. Furthermore, duration of play and position at the NFL level do not
represent total football exposure; athletes start playing football at a range of ages,38,39 and this
cumulative exposure likely plays a role in the risk of neurodegenerative disease.32,40,41 Finally, the
total person-years that the cohort in this study was deemed at risk of ALS was based on date of NFL
debut and date of death; the latter was determined from NFL statistics aggregators and may not have
captured all deaths. However, this would bias toward a larger denominator, and thus an artificially
lower calculated rate of ALS for the cohort.
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Conclusions

Amyotrophic lateral sclerosis is a fatal disease with a significant socioeconomic and public health
burden. Identifying potential exposure-related risk factors that can be modified or reduced is
important so that these risks can be minimized and eliminated. These findings from NFL football
players may also provide insight into other groups that share specific exposures, such as individuals
playing other contact sports and military veterans with RHI exposure,14,42,43 elite athletes with high
physical activity,20-22,35,44 and gardeners with pesticide and fertilizer exposure.19 Further study is
therefore warranted to clarify the causal mechanisms underlying the association between duration
of professional football play and incidence of ALS.

ARTICLE INFORMATION
Accepted for Publication: October 18, 2021.

Published: December 15, 2021. doi:10.1001/jamanetworkopen.2021.38801

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2021 Daneshvar
DH et al. JAMA Network Open.

Corresponding Author: Daniel H. Daneshvar, MD, PhD, Department of Physical Medicine and Rehabilitation,
Harvard Medical School, 300 First Ave, Boston, MA 02129 (ddaneshvar@mgh.harvard.edu).

Author Affiliations: Department of Physical Medicine and Rehabilitation, Harvard Medical School, Boston,
Massachusetts (Daneshvar, Paganoni, Zafonte, Stein); Department of Physical Medicine and Rehabilitation,
Massachusetts General Hospital, Boston (Daneshvar, Paganoni, Zafonte); Department of Physical Medicine and
Rehabilitation, Spaulding Rehabilitation Hospital, Boston, Massachusetts (Daneshvar, Paganoni, Zafonte); Boston
University Alzheimer’s Disease and CTE Centers, Boston University School of Medicine, Boston, Massachusetts
(Daneshvar, Mez, Alosco, Baucom, Mahar, Cantu, Stern, Tripodis, Nowinski, McKee); Department of Neurology,
Boston University School of Medicine, Boston, Massachusetts (Mez, Alosco, Mahar, Cantu, Stern, McKee);
Framingham Heart Study, Boston University School of Medicine, Boston, Massachusetts (Mez, McKee);
Department of Biostatistics, Boston University School of Public Health, Boston, Massachusetts (Baucom, Tripodis);
Center for Bioethics and Humanities, University of Colorado Denver Anschutz Medical Campus, Aurora (Baugh);
Division of General Internal Medicine, University of Colorado School of Medicine, Aurora (Baugh); Public Health
Institute, California Department of Public Health, Richmond (Valle); Department of Epidemiology, Boston
University School of Public Health, Boston, Massachusetts (Weuve); Sean M Healey & AMG Center for ALS,
Department of Neurology, Massachusetts General Hospital, Boston (Paganoni); Department of Neurosurgery,
Boston University School of Medicine, Boston, Massachusetts (Cantu, Stern); Department of Neurosurgery,
Emerson Hospital, Concord, Massachusetts (Cantu, Nowinski); Concussion Legacy Foundation, Boston,
Massachusetts (Cantu); Department of Physical Medicine and Rehabilitation, Brigham and Women’s Hospital,
Boston, Massachusetts (Zafonte); Department of Anatomy & Neurobiology, Boston University School of Medicine,
Boston, Massachusetts (Stern); Veterans Affairs Boston Healthcare System, Department of Veterans Affairs,
Boston, Massachusetts (Stein, McKee); Department of Veterans Affairs Medical Center, Bedford, Massachusetts
(Stein, McKee); Department of Pathology and Laboratory Medicine, Boston University School of Medicine, Boston,
Massachusetts (Stein, McKee).

Author Contributions: Dr Daneshvar and Mr Baucom had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: Daneshvar, Baucom, Mahar, Baugh, Zafonte, McKee.

Acquisition, analysis, or interpretation of data: Daneshvar, Mez, Alosco, Baucom, Mahar, Baugh, Valle, Weuve,
Paganoni, Cantu, Stern, Stein, Tripodis, Nowinski, McKee.

Drafting of the manuscript: Daneshvar, Zafonte.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Daneshvar, Baucom, Valle, Tripodis.

Obtained funding: Mez, Stein.

Administrative, technical, or material support: Daneshvar, Alosco, Mahar, Zafonte, Stein, Nowinski, McKee.

Supervision: Daneshvar, Alosco, Zafonte, Stein, McKee.

Conflict of Interest Disclosures: Dr Mez reported receiving grants from the National Institutes of Health (NIH)/
National Institute on Aging (NIA)/National Institute of Neurological Disorders and Stroke (NINDS) during the

JAMA Network Open | Neurology Incidence of and Mortality From Amyotrophic Lateral Sclerosis in NFL Athletes

JAMA Network Open. 2021;4(12):e2138801. doi:10.1001/jamanetworkopen.2021.38801 (Reprinted) December 15, 2021 8/11

Downloaded From: https://jamanetwork.com/ on 10/03/2023

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2021.38801&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.38801
https://jamanetwork.com/pages/cc-by-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.38801
mailto:ddaneshvar@mgh.harvard.edu


conduct of the study. Dr Alosco reported receiving royalties from Oxford University Press outside the submitted
work; and grants from the NIH. Dr Baugh reported receiving grants from Datalys Center for Sports Injury Research
and Prevention and personal fees from the University of Connecticut (funded by a grant from the National Football
Leauge [NFL] Foundation) for serving as a consultant on a concussion legislation project with the University of
Connecticut, outside the submitted work. Dr Paganoni reported receiving grants from Amylyx, Revalesio, Clene,
Prilenia, UCB, Seelos, and Biohaven; and personal fees from Orion and Cytokinetics outside the submitted work. Dr
Cantu reported serving as senior advisor to the NFL Head, Neck and Spine Committee; serving as vice president
of National Operating Committee on Standards for Athletic Equipment and chair of the scientific advisory
committee for National Operating Committee on Standards for Athletic Equipment; being co-founder and medical
director of the Concussion Legacy Foundation; receiving royalties from Houghton Mifflin Harcourt; and providing
legal expert opinion (eg, the National Collegiate Athletic Association [NCAA] and the National Hockey League). Dr
Zafonte reported receiving royalties from Springer/Demos Publishing for serving as co-editor of the text Brain
Injury Medicine; serving on the scientific advisory board of Myomo, and onecare.ai; and evaluating patients in the
Massachusetts General Hospital Brain and Body-Trust Program, which is funded by the NFL Players Association. Dr
Stern reported receiving grants from the NIH during the conduct of the study; personal fees from Biogen and Eli
Lilly; and stock options as a member of the board of directors from King-Devick Technologies outside the
submitted work; and is a member of Medical Science Committee of the NCAA Student-Athlete Concussion Injury
Litigation and a member of the Mackey-White Health and Safety Committee, NFL Players Association; in addition,
Dr Stern had a patent with royalties paid from Psychological Assessment Resources Inc for published
neuropsychological tests. Dr Nowinski reported receiving travel support from the NFL Players Association; being a
member of the NFL Players Association Mackey-White Health and Safety Committee; and holding options in Oxeia
Biopharmaceuticals and PreCon Health outside the submitted work. No other disclosures were reported.

Funding/Support: This work was supported by grants K23NS102399, U01NS086659, U01NS093334,
U54NS115266, R01NS078337, R56NS078337, and K23NS102399 from the NINDS; grants P30AG13846,
supplement 0572063345, R01AG057902, R01AG061028, K23AG046377, R01AG1649, R01AG062348,
R21HD089088, and F32NS096803 from the NIA; grant 1UL1TR001430 from the National Center for Advancing
Translational Sciences; grants I01 CX001135, CSP 501, B6796-C, and I01-CX001038 from the Department of
Veterans Affairs; grants W81XWH-13-2-0095, W81XWH-13-2- 0064, W81XWH1810580, and PRARP-13267017
from the Department of Defense; Canadian Institutes of Health Research (CIHR); Fonds de Recherche du Québec–
Santé (FRQS); grants NIRG-15-362697 and NIRG-305779 from the Alzheimer’s Association; the Nick and Lynn
Buoniconti Foundation; the Concussion Legacy Foundation; the Andlinger Foundation; World Wrestling
Entertainment, Inc; research grants from Amylyx Therapeutics, Revalesio Corporation, UCB/Ra Pharmaceuticals,
Biohaven Pharmaceuticals, Clene Nanomedicine, Prilenia Therapeutics, Seelos Therapeutics, The ALS Association,
the American Academy of Neurology, ALS Finding a Cure, the Salah Foundation, the Spastic Paraplegia Foundation,
and the Muscular Dystrophy Association; and personal consulting fees for advisory panels from Orion Corporation
(Dr Paganoni).

Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

REFERENCES
1. Kiernan MC, Vucic S, Cheah BC, et al. Amyotrophic lateral sclerosis. Lancet. 2011;377(9769):942-955. doi:10.
1016/S0140-6736(10)61156-7

2. Valle J, Roberts E, Paulukonis S, Collins N, English P, Kaye W. Epidemiology and surveillance of amyotrophic
lateral sclerosis in two large metropolitan areas in California. Amyotroph Lateral Scler Frontotemporal Degener.
2015;16(3-4):209-215. doi:10.3109/21678421.2015.1019516

3. Rechtman L, Jordan H, Wagner L, Horton DK, Kaye W. Racial and ethnic differences among amyotrophic lateral
sclerosis cases in the United States. Amyotroph Lateral Scler Frontotemporal Degener. 2015;16(1-2):65-71. doi:10.
3109/21678421.2014.971813

4. Harper CJ, Sorenson EJ, Mandrekar J. Epidemiology of amyotrophic lateral sclerosis in Minnesota: a year-long
population based study. Amyotroph Lateral Scler Frontotemporal Degener. 2015;16(7-8):520-523. doi:10.3109/
21678421.2015.1051991

5. Jordan H, Rechtman L, Wagner L, Kaye WE. Amyotrophic lateral sclerosis surveillance in Baltimore and
Philadelphia. Muscle Nerve. 2015;51(6):815-821. doi:10.1002/mus.24488

6. Freer C, Hylton T, Jordan HM, Kaye WE, Singh S, Huang Y. Results of Florida’s Amyotrophic Lateral Sclerosis
Surveillance Project, 2009-2011. BMJ Open. 2015;5(4):e007359. doi:10.1136/bmjopen-2014-007359

JAMA Network Open | Neurology Incidence of and Mortality From Amyotrophic Lateral Sclerosis in NFL Athletes

JAMA Network Open. 2021;4(12):e2138801. doi:10.1001/jamanetworkopen.2021.38801 (Reprinted) December 15, 2021 9/11

Downloaded From: https://jamanetwork.com/ on 10/03/2023

https://dx.doi.org/10.1016/S0140-6736(10)61156-7
https://dx.doi.org/10.1016/S0140-6736(10)61156-7
https://dx.doi.org/10.3109/21678421.2015.1019516
https://dx.doi.org/10.3109/21678421.2014.971813
https://dx.doi.org/10.3109/21678421.2014.971813
https://dx.doi.org/10.3109/21678421.2015.1051991
https://dx.doi.org/10.3109/21678421.2015.1051991
https://dx.doi.org/10.1002/mus.24488
https://dx.doi.org/10.1136/bmjopen-2014-007359


7. Punjani R, Wagner L, Horton K, Kaye W. Atlanta metropolitan area amyotrophic lateral sclerosis (ALS)
surveillance: incidence and prevalence 2009-2011 and survival characteristics through 2015. Amyotroph Lateral
Scler Frontotemporal Degener. 2020;21(1-2):123-130. doi:10.1080/21678421.2019.1682614

8. Wagner L, Rechtman L, Jordan H, et al. State and metropolitan area-based amyotrophic lateral sclerosis (ALS)
surveillance. Amyotroph Lateral Scler Frontotemporal Degener. 2015;17(1-2):128-134. doi:10.3109/21678421.2015.
1074699

9. Larson TC, Kaye W, Mehta P, Horton DK. Amyotrophic lateral sclerosis mortality in the United States, 2011-2014.
Neuroepidemiology. 2018;51(1-2):96-103. doi:10.1159/000488891

10. Nguyen VT, Zafonte RD, Chen JT, et al. Mortality among professional American-style football players and
professional American baseball players. JAMA Netw Open. 2019;2(5):e194223. doi:10.1001/jamanetworkopen.
2019.4223

11. Chen H, Richard M, Sandler DP, Umbach DM, Kamel F. Head injury and amyotrophic lateral sclerosis. Am J
Epidemiol. 2007;166(7):810-816. doi:10.1093/aje/kwm153

12. Schmidt S, Kwee LC, Allen KD, Oddone EZ. Association of ALS with head injury, cigarette smoking and APOE
genotypes. J Neurol Sci. 2010;291(1-2):22-29. doi:10.1016/j.jns.2010.01.011

13. McKee AC, Gavett BE, Stern RA, et al. TDP-43 proteinopathy and motor neuron disease in chronic traumatic
encephalopathy. J Neuropathol Exp Neurol. 2010;69(9):918-929. doi:10.1097/NEN.0b013e3181ee7d85

14. Walt GS, Burris HM, Brady CB, et al. Chronic traumatic encephalopathy within an amyotrophic lateral sclerosis
Brain Bank cohort. J Neuropathol Exp Neurol. 2018;77(12):1091-1100. doi:10.1093/jnen/nly092

15. Lehman EJ, Hein MJ, Baron SL, Gersic CM. Neurodegenerative causes of death among retired National Football
League players. Neurology. 2012;79(19):1970-1974. doi:10.1212/WNL.0b013e31826daf50

16. Mackay DF, Russell ER, Stewart K, MacLean JA, Pell JP, Stewart W. Neurodegenerative disease mortality
among former professional soccer players. N Engl J Med. 2019;381(19):1801-1808. doi:10.1056/NEJMoa1908483

17. Keim J. With average NFL career 3.3 years, players motivated to complete MBA program. ESPN. July 29, 2016.
Accessed April 6, 2021. https://www.espn.com/blog/nflnation/post/_/id/207780/current-and-former-nfl-players-
in-the-drivers-seat-after-completing-mba-program

18. Nakken O, Meyer HE, Stigum H, Holmøy T. High BMI is associated with low ALS risk: a population-based study.
Neurology. 2019;93(5):e424-e432. doi:10.1212/WNL.0000000000007861

19. Yu Y, Su FC, Callaghan BC, Goutman SA, Batterman SA, Feldman EL. Environmental risk factors and
amyotrophic lateral sclerosis (ALS): a case-control study of ALS in Michigan. PLoS One. 2014;9(6):e101186. doi:10.
1371/journal.pone.0101186

20. Visser AE, Rooney JPK, D’Ovidio F, et al; Euro-MOTOR consortium. Multicentre, cross-cultural, population-
based, case-control study of physical activity as risk factor for amyotrophic lateral sclerosis. J Neurol Neurosurg
Psychiatry. 2018;89(8):797-803. doi:10.1136/jnnp-2017-317724

21. Wu P-F, Lu H, Zhou X, et al. Assessment of causal effects of physical activity on neurodegenerative diseases:
a mendelian randomization study. J Sport Health Sci. 2021;10(4):454-461. doi:10.1016/j.jshs.2021.01.008

22. Canosa A, D’Ovidio F, Calvo A, et al. Lifetime sport practice and brain metabolism in amyotrophic lateral
sclerosis. Neuroimage Clin. 2020;27:102312. doi:10.1016/j.nicl.2020.102312

23. Palmer P, Pullis K, Lahman S, Silverman M, Maher T. The ESPN Pro Football Encyclopedia. Sterling Publishing
Co; 2007.

24. Kmush BL, Mackowski M, Ehrlich J, Walia B, Owora A, Sanders S. Association of professional football
cumulative head impact index scores with all-cause mortality among National Football League players. JAMA Netw
Open. 2020;3(5):e204442. doi:10.1001/jamanetworkopen.2020.4442

25. Mez J, Daneshvar DH, Kiernan PT, et al. Clinicopathological evaluation of chronic traumatic encephalopathy in
players of American football. JAMA. 2017;318(4):360-370. doi:10.1001/jama.2017.8334

26. State of California, Department of Finance. State and county population projections 2010-2060. Accessed
April 27, 2021. https://www.dof.ca.gov/Forecasting/Demographics/Projections/

27. Centers for Disease Control and Prevention. Life Table Analysis System—rate file information. Accessed April
6, 2021. https://www.cdc.gov/niosh/ltas/rates.html

28. BrownGreer PLC. NFL concussion settlement program summary report. Accessed April 5, 2021. https://www.
nflconcussionsettlement.com/Docs/3_29_21_report.pdf

29. Lapchick R. The 2019 racial and gender report card: National Football League. The Institute for Diversity and
Ethics in Sport. October 30, 2019. Accessed April 19, 2021. https://43530132-36e9-4f52-811a-182c7a91933b.filesusr.
com/ugd/3844fb_1478b405e58e42608f1ed2223437d398.pdf

JAMA Network Open | Neurology Incidence of and Mortality From Amyotrophic Lateral Sclerosis in NFL Athletes

JAMA Network Open. 2021;4(12):e2138801. doi:10.1001/jamanetworkopen.2021.38801 (Reprinted) December 15, 2021 10/11

Downloaded From: https://jamanetwork.com/ on 10/03/2023

https://dx.doi.org/10.1080/21678421.2019.1682614
https://dx.doi.org/10.3109/21678421.2015.1074699
https://dx.doi.org/10.3109/21678421.2015.1074699
https://dx.doi.org/10.1159/000488891
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.4223&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.38801
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.4223&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.38801
https://dx.doi.org/10.1093/aje/kwm153
https://dx.doi.org/10.1016/j.jns.2010.01.011
https://dx.doi.org/10.1097/NEN.0b013e3181ee7d85
https://dx.doi.org/10.1093/jnen/nly092
https://dx.doi.org/10.1212/WNL.0b013e31826daf50
https://dx.doi.org/10.1056/NEJMoa1908483
https://www.espn.com/blog/nflnation/post/_/id/207780/current-and-former-nfl-players-in-the-drivers-seat-after-completing-mba-program
https://www.espn.com/blog/nflnation/post/_/id/207780/current-and-former-nfl-players-in-the-drivers-seat-after-completing-mba-program
https://dx.doi.org/10.1212/WNL.0000000000007861
https://dx.doi.org/10.1371/journal.pone.0101186
https://dx.doi.org/10.1371/journal.pone.0101186
https://dx.doi.org/10.1136/jnnp-2017-317724
https://dx.doi.org/10.1016/j.jshs.2021.01.008
https://dx.doi.org/10.1016/j.nicl.2020.102312
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.4442&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.38801
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.8334&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2021.38801
https://www.dof.ca.gov/Forecasting/Demographics/Projections/
https://www.cdc.gov/niosh/ltas/rates.html
https://www.nflconcussionsettlement.com/Docs/3_29_21_report.pdf
https://www.nflconcussionsettlement.com/Docs/3_29_21_report.pdf
https://43530132-36e9-4f52-811a-182c7a91933b.filesusr.com/ugd/3844fb_1478b405e58e42608f1ed2223437d398.pdf
https://43530132-36e9-4f52-811a-182c7a91933b.filesusr.com/ugd/3844fb_1478b405e58e42608f1ed2223437d398.pdf


30. Zeegers M. History of the NFL helmet. Sportscasting. Accessed April 19, 2021. https://www.sportscasting.
com/history-of-the-nfl-helmet/

31. Daneshvar DH, Baugh CM, Nowinski CJ, McKee AC, Stern RA, Cantu RC. Helmets and mouth guards: the role
of personal equipment in preventing sport-related concussions. Clin Sports Med. 2011;30(1):145-163, x. doi:10.
1016/j.csm.2010.09.006

32. Mez J, Daneshvar DH, Abdolmohammadi B, et al. Duration of American football play and chronic traumatic
encephalopathy. Ann Neurol. 2020;87(1):116-131. doi:10.1002/ana.25611

33. McKee AC, Stern RA, Nowinski CJ, et al. The spectrum of disease in chronic traumatic encephalopathy. Brain.
2013;136(pt 1):43-64. doi:10.1093/brain/aws307

34. Daneshvar DH, Riley DO, Nowinski CJ, McKee AC, Stern RA, Cantu RC. Long-term consequences: effects on
normal development profile after concussion. Phys Med Rehabil Clin N Am. 2011;22(4):683-700, ix. doi:10.1016/j.
pmr.2011.08.009

35. Harwood CA, McDermott CJ, Shaw PJ. Physical activity as an exogenous risk factor in motor neuron disease
(MND): a review of the evidence. Amyotroph Lateral Scler. 2009;10(4):191-204. doi:10.1080/
17482960802549739

36. Peters S, Visser AE, D’Ovidio F, et al; Euro-MOTOR consortium. Effect modification of the association between
total cigarette smoking and ALS risk by intensity, duration and time-since-quitting: Euro-MOTOR. J Neurol
Neurosurg Psychiatry. 2020;91(1):33-39. doi:10.1136/jnnp-2019-320986

37. Cronin S, Hardiman O, Traynor BJ. Ethnic variation in the incidence of ALS: a systematic review. Neurology.
2007;68(13):1002-1007. doi:10.1212/01.wnl.0000258551.96893.6f

38. Alosco ML, Kasimis AB, Stamm JM, et al. Age of first exposure to American football and long-term
neuropsychiatric and cognitive outcomes. Transl Psychiatry. 2017;7(9):e1236. doi:10.1038/tp.2017.197

39. Alosco ML, Mez J, Tripodis Y, et al. Age of first exposure to tackle football and chronic traumatic
encephalopathy. Ann Neurol. 2018;83(5):886-901. doi:10.1002/ana.25245

40. Daneshvar DH, Goldstein LE, Kiernan PT, Stein TD, McKee AC. Post-traumatic neurodegeneration and chronic
traumatic encephalopathy. Mol Cell Neurosci. 2015;66(Pt B):81-90. doi:10.1016/j.mcn.2015.03.007

41. McKee AC, Daneshvar DH, Alvarez VE, Stein TD. The neuropathology of sport. Acta Neuropathol. 2014;127
(1):29-51. doi:10.1007/s00401-013-1230-6

42. Blecher R, Elliott MA, Yilmaz E, et al. Contact sports as a risk factor for amyotrophic lateral sclerosis:
a systematic review. Global Spine J. 2019;9(1):104-118. doi:10.1177/2192568218813916

43. Seals RM, Kioumourtzoglou MA, Hansen J, Gredal O, Weisskopf MG. Amyotrophic lateral sclerosis and the
military: a population-based study in the Danish registries. Epidemiology. 2016;27(2):188-193. doi:10.1097/EDE.
0000000000000417

44. Bandres-Ciga S, Noyce AJ, Hemani G, et al; ITALSGEN Consortium; International ALS Genomics Consortium.
Shared polygenic risk and causal inferences in amyotrophic lateral sclerosis. Ann Neurol. 2019;85(4):470-481. doi:
10.1002/ana.25431

SUPPLEMENT.
eMethods
eReferences
eTable 1. Crude Amyotrophic Lateral Sclerosis Incidence Rates per 100,000 Males
eTable 2. Crude Amyotrophic Lateral Sclerosis Mortality Rates per 100,000 Males
eTable 3. Differences in Location of Birth Between NFL Athletes With ALS and Matched NFL Athletes Without ALS
eTable 4. Association Between Proxies of Football Fame and Duration of NFL Play
eTable 5. Logistic Regression Examining Effect of Duration of Play on ALS Status
eFigure. Number of NFL Athletes by Number of NFL Years Played

JAMA Network Open | Neurology Incidence of and Mortality From Amyotrophic Lateral Sclerosis in NFL Athletes

JAMA Network Open. 2021;4(12):e2138801. doi:10.1001/jamanetworkopen.2021.38801 (Reprinted) December 15, 2021 11/11

Downloaded From: https://jamanetwork.com/ on 10/03/2023

https://www.sportscasting.com/history-of-the-nfl-helmet/
https://www.sportscasting.com/history-of-the-nfl-helmet/
https://dx.doi.org/10.1016/j.csm.2010.09.006
https://dx.doi.org/10.1016/j.csm.2010.09.006
https://dx.doi.org/10.1002/ana.25611
https://dx.doi.org/10.1093/brain/aws307
https://dx.doi.org/10.1016/j.pmr.2011.08.009
https://dx.doi.org/10.1016/j.pmr.2011.08.009
https://dx.doi.org/10.1080/17482960802549739
https://dx.doi.org/10.1080/17482960802549739
https://dx.doi.org/10.1136/jnnp-2019-320986
https://dx.doi.org/10.1212/01.wnl.0000258551.96893.6f
https://dx.doi.org/10.1038/tp.2017.197
https://dx.doi.org/10.1002/ana.25245
https://dx.doi.org/10.1016/j.mcn.2015.03.007
https://dx.doi.org/10.1007/s00401-013-1230-6
https://dx.doi.org/10.1177/2192568218813916
https://dx.doi.org/10.1097/EDE.0000000000000417
https://dx.doi.org/10.1097/EDE.0000000000000417
https://dx.doi.org/10.1002/ana.25431

