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RESEARCH ARTICLE

History of vigorous leisure-time physical activity and early onset
amyotrophic lateral sclerosis (ALS), data from the national ALS
registry: 2010–2018

JAIME RAYMOND1, PAUL MEHTA1, TED LARSON1, PAM FACTOR-LITVAK2,
BRYN DAVIS1 & KEVIN HORTON1

1Agency for Toxic Substances and Disease Registry/Centers for Disease Control and Prevention, Atlanta, GA,
USA, and 2Mailman School of Public Health, Columbia University, New York City, NY, USA

Abstract
Background: Previous research has suggested that vigorous physical activity (VPA) during adolescence and early adult-
hood is associated with ALS. The National ALS Registry (Registry) collects physical activity data from persons with
ALS. Objective: To examine the association between vigorous VPA and early onset ALS, defined as a diagnosis before
age 60, among patients enrolled in the Registry. VPA was defined as engaging in dynamic exercise for at least 10minutes
in a session that caused heavy sweating or large increases in breathing or heart rate. Methods: A cross-sectional study was
conducted of 5463 ALS patients with VPA history and 956 ALS patients who never engaged in VPA. Patient character-
istics were collected via online surveys in the following areas: demographic, lifetime VPA history, and initial onset of
symptoms. General linear modeling was used to estimate mean age of diagnosis and to compute 95% confidence inter-
vals. Results: Patients who reported engaging in VPA at least moderately (three times a week) during early adulthood
were more likely to have an ALS diagnosis earlier compared to patients who did not (p< 0.0001). After controlling for
year of birth, statistically significant associations between those reporting VPA at age 15–24 and 25–34 and diagnosis of
ALS earlier (p¼ 0.0009, p¼0.0144 respectively). Conclusion: Patients with ALS who had a history of VPA before age
35, were significantly more likely to be diagnosed with ALS before age 60 compared to patients with ALS who never
engaged vigorously. More research is needed in the relationship between VPA and early onset ALS.

Keywords: Amyotrophic lateral sclerosis, motor neuron disease, physical activity, exercise

Introduction

Amyotrophic lateral sclerosis (ALS) is a complex
multifactorial neurodegenerative disease defined by
the loss of upper and lower motor neurons, typic-
ally resulting in death within 2–5 years from diag-
nosis (1,2). Despite ALS being defined in 1869
(3), the actual risk factors and causes for the dis-
ease remain largely unknown. Conservative esti-
mates suggest that in the United States (US) over
16,000, or 5.2/100,000 people, lived with ALS in
2016 (2) and approximately 5000, or 1.5/100,000,
are diagnosed annually (4).

Over the years, investigations have examined
numerous risk factors for ALS, including vigorous
physical activity (VPA). VPA can induce oxidative
stress (5), which has been proposed as a possible
mechanism to explain associations between phys-
ical activity and ALS (5–7). Studies of physical
activity in varsity and professional athletes, as well
as military personnel, have also shown increased
physical activity as a one of the possible risk fac-
tors for ALS (8–15). In addition, participation in
sports that require strenuous physical activity, such
as professional soccer and American football, is
thought to be a risk factor for ALS (16). Other
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studies have shown no association or inconclusive
results regarding leisure time physical activ-
ity (17,18).

Here, we evaluate associations between VPA
and the age at ALS onset in a large group of US
patients enrolled in the National ALS Registry.
The National ALS Registry is the largest popula-
tion-based registry for ALS in the US (4).
Advantages of using participants from this registry
include the wide phenotypic differences in a
national population (19,20). Having a better
understanding of ALS risk factors pertaining to
history of VPA and age of diagnosis may assist
clinicians in making more rapid diagnoses, which
could lead to earlier therapeutic interventions.

Methods

The National ALS Registry

In October 2010, the US federal Agency for Toxic
Substances and Disease Registry (ATSDR), part
of the Centers for Disease Control and Prevention
(CDC), launched the congressionally mandated,
population-based National ALS Registry (Registry)
to help clarify the epidemiology of ALS in the US
(21). While details about the Registry’s objectives
are presented elsewhere (2), briefly, the Registry’s
purpose is to quantify the incidence and preva-
lence of ALS in the US, describe the patient
demographics, and examine potential risk factors
(22). Similarly, the Registry’s methods also have
been previously described (23). Briefly, cases from
both the national administrative databases and the
web portal are merged and de-duplicated to ensure
that individuals are not counted twice. To verify
ALS status within the web portal, ATSDR
adopted the six validation questions from the US
Department of Veterans Affairs ALS registry that

have been proven to be reliable indicators for
accurate ALS diagnoses (24). Informed consent
was obtained under a protocol approved by the
Institutional Review Board of the Centers for
Disease Control and Prevention.

The Registry’s web portal also allows partici-
pants to complete brief online surveys about ALS
risk factors and experience various including phys-
ical activity. Currently, there are 17 survey mod-
ules available, shown in Supplementary Table 1
(25). These surveys were designed and validated
by the ALS Consortium of Epidemiologic Studies
(ACES) at Stanford University (26,27) and are
structured such that participants can answer the
questions without having to involve a healthcare
provider. The Registry’s web portal is voluntary
with no recruitment or requirement to participate.
Patients may register in the web portal but never
complete any surveys while others may complete
all 17 surveys. These data are likely slanted toward
a younger and better educated patient sample
group (28). To-date, over 90,000 surveys have
been completed representing the largest, most geo-
graphically diverse collection of ALS risk factor
data available.

A directed acyclic graph (DAG) has been con-
structed to identify covariates for the association of
VPA status and age at the ALS diagnosis (29).
The proposed DAG for VPA (at any age) included
race, sex, physically active jobs (defined as a job
where little to no sedentary activity is involved),
body mass index (BMI) at age 40, military status,
family history of ALS, and site of disease onset
(Figure 1). Military service is a collider that we
attempt to control with use of inverse probability
weighting and the rest of the variables are con-
founders (race, occupation, BMI, family history of
ALS and site of onset) that we attempted to con-
trol for via multivariate modeling. Military service,

Figure 1. Directed acyclic graph (DAG) showing the associations between physical activity status and age at ALS diagnosis in the Na.

ALS Registry, 2010–2018.
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while a potential collider, did not change the out-
come of the modeling, therefore was not included
in the analyses.

Physical activity survey module

The Registry physical activity survey was pulled
from the Global Physical Activity Questionnaire
(GPAQ) by the World Health Organization
released in 2002 (30). Lifetime physical activity
questionnaires including the GPAQ have been
evaluated and validated (31,32). The Registry’s
physical activity survey module was launched on
19 October 2010. The purpose of the module is
to examine the patients’ vigorous physical activity
throughout their lifetime up to and after diagno-
sis. The survey contains 7 questions and covers
time periods of physical activity and duration of
physical activity as shown in Supplementary
Table 2 (33). VPA was defined to the patients as
vigorous leisure-time exercise for at least
10minutes per session evidenced by heavy sweat-
ing, and the number of times engaged in vigorous
exercise during different ages by week, month, or
year. For each age category (15–24 years, 25–34
years, 35–44 years, 45–54 years, 55–64 years, and
65þ years) VPA was reported, the number of ses-
sions was categorized: sedentary (<1 session/
week), minimal (1–2 sessions/week), moderate
(3–4 sessions/week), and heavy (5þ sessions/
week). As the module was initiated from the start
of the Registry, all enrollees were able to volun-
tary participate. Therefore, this analysis covers
from 19 October 2010 to 31 December 2018, the
most recent year data were available.

Data analysis

Selected demographic characteristics including sex,
race, age at diagnosis, and military history were
abstracted for those who completed the physical
activity survey module. All surveys are completed
by participants after their ALS diagnosis. Race was
defined by standard US definitions: a primary race
was noted and if more than one race was chosen,
participants were categorized as nonwhite. BMI
was calculated using standard formula:
BMI¼weight (lb)/[height (in)]2 � 703 (34). The
main predictor variable for this analysis was age(s)
at which VPA was reported and the outcome was
age of ALS diagnosis. Age at diagnosis is treated
as a continuous variable as well as dichotomous
using the break point at age 60; while ALS can
affect people at any age, sporadic cases typically
start around 60 years (25). Participants are
removed from the analysis once they are diagnosed
with ALS. Student’s t-test was used to examine
differences in report of VPA by age category and
mean age of ALS diagnosis. Generalized linear
models were used to compare how the covariates

affect age at diagnosis as a continuous variable.
The models included sex, race, BMI at the time
the patient entered the registry and at age 40, fam-
ily history of ALS, physically active job(s), (i.e., a
job that is not sedentary or requires sitting for a
long period of time), military history and initial
site of onset. Due to the fact that leisure physical
activity became popular in the early 1970s (35),
year of birth (born before 1950 vs after 1950) was
added as a covariate to control for the exposure
some of the younger participants may have
received. While VPA can accompany military his-
tory, which can lead to a potential selection bias
for military history in the VPA group, inverse
probability weighting was used initially. Inverse
probability weighting is a statistical technique for
calculating statistics standardized to a different
population. After weights were applied to the anal-
yses for military history, no significant difference
was found, therefore the weighting was removed.
All data analysis was performed using SAS
9.4 (36).

Results

Participants were 18 years or older, had been diag-
nosed with ALS by a neurologist and registered via
the online portal at the National ALS Registry.
Some 8739 participants registered between 19
October 2010 and 31 December 2018 and com-
pleted at least one of the 17 surveys. Of these,
6419 (73.5%) completed the physical activity sur-
vey module as well as basic demographic informa-
tion. Demographic characteristics of these 6419
participants are displayed in Table 1.
Approximately 85% of the participants answered
that they had engaged in VPA, at some point in
their lifetime. Among those reporting ever partici-
pating in VPA, 60% were diagnosed between 50
and 69 years and male, and over 95% were white.
The ever-VPA group was more likely to have a
higher BMI at age 40, be born at or after 1950,
familial ALS, and a military history when com-
pared to the never VPA group (Table 1). Of the
registrants who completed the demographic survey
but did not complete the physical activity survey
(n¼ 1356), were slightly more likely to be over-
weight/have obesity at age 40 as well as at registra-
tion (data not shown).

The mean number of VPA sessions per week
among the 5463 participants who recorded having
ever engaged in VPA stratified by gender is pre-
sented in Table 2. All participants reported a
decline in the number of VPA sessions over time
regardless of gender (5.2 to 3.5 VPA sessions/
week). Male participants who reported VPA at age
15–24 years averaged 5.6 VPA sessions/week com-
pared to same-aged females who averaged 4.3
VPA sessions/week (p< 0.0001). Males and
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Table 2. Mean Vigorous Physical Activity sessions per week among US adults with ALS who responded to the National ALS
Registry’s Physical Activity Survey (19 October 2010–31 December 2018).

Mean (95% CI)

Total VPA sessions/week Male VPA sessions/week Female VPA sessions/week

Ages n n n p Value

15–24 years 5463 4.3 (4.1, 4.3) 3441 5.0 (4.9, 5.2) 2022 3.2 (3.1, 3.4) <0.0001
25–34 years 5298 3.8 (3.7, 3.9) 3329 4.2 (4.0, 4.5) 1969 3.0 (2.9, 3.2) <0.0001
35–44 years 5168 3.5 (3.4, 3.6)) 3138 3.9 (3.8, 4.1) 2030 2.9 (2.7, 3.0) <0.0001
45–54 years 4560 3.2 (3.1, 3.3) 2755 3.6 (3.5, 3.8) 1805 2.7 (2.6, 2.9) <0.0001
55–64 years 3092 2.8 (2.7, 2.9) 1782 3.1 (2.9, 3.2) 1310 2.4 (2.3, 2.6) <0.0001
65þ years 673 2.3 (2.2, 2.4) 388 2.5 (2.3, 2.6) 285 2.0 (1.8, 2.2) 0.008

Table 1. Demographic characteristics among US adults with ALS who responded to the National ALS Registry’s Physical Activity
Survey (19 October 2010–31 December 2018).

Characteristic

Vigorous physical activity Never vigorous physical activity

N5 5463 % N5 956 % p Value

Year registered 0.2347
2010 637 11.7 102 10.7
2011 543 9.9 101 10.6
2012 535 9.8 87 9.1
2013 747 13.7 130 13.6
2014 736 13.5 159 16.6
2015 671 12.3 119 12.5
2016 630 11.5 96 10
2017 471 8.6 71 7.4
2018 493 9 91 9.5

Age at diagnosis <0.0001
18–39 366 6.7 42 4.4
40–49 888 16.3 108 11.3
50–59 1678 30.7 242 25.3
60–69 1780 32.6 345 36.1
70–79 662 12.1 186 19.5
80þ 86 1.6 33 3.5
Missing 3 0.1 0 –

Year of birth <0.0001
Before 1950 1854 34 451 47.3
1950 or later 3597 66 503 52.7

Gender <0.0001
Male 3443 63.1 408 42.8
Female 2017 36.9 546 57.2

Race 0.8214
Nonwhite 249 4.6 42 4.4
White 5214 95.4 914 95.6

BMI at registration 0.0188
Below/ideal weight 2281 42.1 437 46.2
Overweight/obese 3137 57.9 509 53.8

BMI at age 40 0.0044
Below/ideal weight 2189 42.1 435 47.2
Overweight/obese 3005 57.9 487 52.8

Change in weight from age 40 to registration 0.0101
<25 lbs. 2205 42.4 433 47
�25 lbs. 2994 57.6 489 53

Family history of ALS 0.0216
Sporadic 5196 94.9 926 96.7
Familial 277 5.1 32 3.3

Physically active job 0.2164
No 4256 80 755 81.7
Yes 1067 20 169 18.3

Military history <0.0001
No 4246 77.8 814 85.1
Yes 1214 22.2 142 14.8
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females who reported VPA by age 65 both aver-
aged 3.5 VPA sessions/week and was not statistic-
ally significant (p¼ 0.6016).

A description of VPA through early/mid-adult-
hood (15–24 years and 25–34 years) among partic-
ipants is displayed in Table 3. The participants
were measured on the amount of moderate or
heavy VPA they engaged in during at age 15–24
years and 25–34 years. The categories are 1) VPA
less than 3 times per session before age 35, for
each age group 2) VPA at least 3 sessions per
week between the ages 15–24 years but not 25–34
years, 3) VPA at least 3 sessions per week between
the ages 25–34 years but not 15–24 years, and 4)
VPA at least 3 sessions per week both between the
ages 15–24 and 25–34 years. Males were more
likely to engage in VPA moderately or heavy than
females (p<0.0001). Over 55% of ALS partici-
pants with military history had engaged in moder-
ate or heavy VPA at age 15–24 years and 25–34
years compared to those without military history
(p<0.0001). Over 56% of ALS participants that
were diagnosed before age 60 engaged in VPA
moderately or heavy in both adolescence as well as

early/mid adulthood (p< 0.0001). Also, ALS
participants born in 1950 or later were more likely
to have engaged in VPA moderately or heavy
compared to participants born before
1950 (p< 0.0001).

The mean age at diagnosis for ALS within the
study by amount of VPA by age group is displayed
in Table 4. Participants who engaged in VPA at
least 3 sessions per week, from ages 15 to 24 years,
had a mean diagnosis age of 56.8 years while those
with fewer than 3 VPA sessions per week had a
mean diagnosis age of 60.5 years (p<0.0001).
This trend continues and is especially notable for
those less than 35 years and until the age group is
55–64 years. Among those who report engaging in
VPA at 55–64 years compared to those who did
not report VPA at the same age, there was no stat-
istically significant difference in age of ALS
diagnosis(p¼0.7257).

The crude and adjusted mean age of diagnosis
by ages of physical activity are shown in Table 5.
In the unadjusted model, participants who engaged
in VPA at least 3 sessions per week from 15 to 54
years were statistically different from those who

Table 4. Mean Age at Diagnosis by frequency of vigorous physical activity, among US adults with ALS who
responded to the National ALS Registry’s Physical Activity Survey (19 October 2010–31 December 2018).

VPA age group N Mean Age of Diagnosis 95% CI Pooled Pr > jtj
15–24 years old
<3 times/week 1573 60.5 (59.9,61.0)
�3 times/week 4162 56.8 (56.4,57.1) <0.0001

25–34 years old
<3 times/week 1992 60.0 (59.5,60.5)
�3 times/week 3580 56.8 (56.4,57.1) <0.0001

35–44 years old
<3 times/week 2111 59.7 (59.2,60.2)
�3 times/week 3260 58.4 (58.1,58.8) <0.0001

45–54 years old
<3 times/week 1958 61.7 (61.3,62.1)
�3 times/week 2605 60.9 (60.6,61.2) 0.001

55–64 years old
<3 times/week 1453 65.4 (65.1,65.8)
�3 times/week 1639 65.5 (65.2,65.8) 0.7257

Table 5. Generalized Linear Modeling Analyses for the Mean age of ALS Diagnosis by frequency of Vigorous Physical Activity and
age, among US adults with ALS who responded to the National ALS Registry’s Physical Activity Survey (19 October 2010–31
December 2018).

Unadjusted model Adjusted modela

Variable
Parameter
estimate

Mean age of
ALS diagnosis t Value Pr > jtj

Parameter
estimate

Mean age of
diagnosis t Value Pr > jtj

Reported age of VPAb

Ages 15–24 years �3.7231 57.8 �11.12 <0.0001 �1.2133 58.5 �3.31 0.0009
Ages 25–34 years �3.2222 57.9 �10.5 <0.0001 �0.0722 59.6 �2.45 0.0144
Ages 35–44 years �1.2556 58.9 �4.43 <0.0001 �0.0123 59.9 �0.04 0.965
Ages 45–54 years �0.8486 61.2 �3.3 0.001 0.1742 61.5 0.69 0.4902
Ages 55–64 years 0.0842 65.5 0.35 0.7257 0.2453 65.5 1.03 0.3053

aAdjusted model, controlling for year of birth, gender, weight change, BMI, race, military status, physically active job, and site
of onset.

bVPA is moderate or heavy – at least 3 sessions per week, compared to less than 3 sessions per week.

6 J. Raymond et al.



did in VPA less than 3 sessions per week. After
adjusting for year of birth, gender, weight change,
BMI, race, military status, physically active job,
and site of onset, the only physical activity groups
that showed a significant association between age
at ALS diagnosis were those who reported VPA at
age 15–24 years and 25–34 years (p¼ 0.0009,
p¼0.0144). There was no statistically significant
association between age at ALS diagnosis and
report of engaging in VPA after age 34.

Discussion

ALS is generally considered a complex multifactor-
ial disease with unknown etiologies which likely
incorporate both genetic and environmental factors
(37) (Figure 1). The role of physical activity in the
etiology of ALS is likely complex, with it being
one of many patient factors that may play a causa-
tive role. Physical activity has demonstrated health
benefits for the general population such as lower
blood pressure, reduced risk for heart disease and
strokes, and reduced obesity (38–40). The authors
of this study are not suggesting that physical activ-
ity should be avoided. The benefits of regular
physical activity outweigh the lack of PA over the
course of a lifetime. Rather, the role of VPA as a
risk factor for ALS is still inconclusive and needs
to be explored further (16). Some previously pub-
lished studies have shown no link or an inverse
association between ALS and routine physical
activity (41,42). In contrast, these data from the
National ALS Registry show patients who had
VPA more than 3 times per week when they were
young were significantly more likely to be diag-
nosed before age 60 compared to ALS patients
who never engaged in physical activity vigorously.
One reason this may have occurred is due to the
age breakdowns we used throughout the analysis.
We did not consider only varsity athletes or com-
bine exercise throughout the patients’ lifetime to
calculate VPA. In its place, we broke down the
ages throughout the patients’ lifetime to enhance
when VPA or oxidative stress may play a role in
ALS diagnosis.

Patients in this National ALS Registry study
that engaged in VPA were more likely to be over-
weight (57%) at registration. This may be
explained by the initial site of onset (limb onset is
the most common) which may reduce physical
activity if patients have lower limb weakness (43)
as well as the implementation of a caloric/protein
rich diet after diagnosis (as decreased survival cor-
relates with a reduced body mass) (44).

Demographically, the Registry’s data are
skewed toward a higher socio-economic status
(SES) when compared to the general population.
This difference is evident in a higher proportion of
whites (males and females) enrolling in the

Registry as well as those with an occupation that
are more likely to require use of computers and
internet access. In addition, physical activity and
dietary behaviors are linked to racial and ethnic
disparities with minorities having less vigorous
physical activity and poorer dietary behaviors than
whites (45) which may also skew the results of
the analyses.

Enrollees in the Registry were more likely to
engage in vigorous leisure-time sessions between
the ages 15–44 (males and females) when com-
pared to adults in the U.S. in the same age group
(3 sessions per week) (46). Regular physical activ-
ity helps to offset the generation of free radicals in
the body; however, VPA where the body is taxed
can also induce oxidative stress and increased
inflammation (47,48). Since increased inflamma-
tion has been associated with an increased risk for
ALS (49,50), the role of VPA at young ages and
ALS needs to be further explored. However, the
patients who engaged in physical activity later in
life, were less likely to be diagnosed with ALS
before age 60. From our data, the percentage of
this ALS population who engaged in physical
activity when they were 45–54 years was consistent
to a similar population (51). This elevation of
VPA in ALS patients could be explained by a
higher SES patient cohort found in the Registry
and further analysis is needed. A higher SES in
general is associated with increased physical activ-
ity (52).

The benefits of physical activity outweigh the
risks of little or no physical activity. One question
that needs to be analyzed further is whether too
much VPA or the frequency of these vigorous ses-
sions at a younger age is a risk factor for ALS,
especially males as they age. It is more likely that
physical activity is one potential risk factor, is one
component of many unknown variables such as
environmental exposures in a multifactorial disease
etiology for ALS, but more research is necessary.

A major study limitation is that the physical
activity survey was not answered by a random
sample from the database, and it is likely that
some biases are introduced by the self-identifica-
tion process. We attempted to address this using
inverse probability weights, but that may not
account for all the unknown variables related to
participation. Participants with internet access are
presumably more likely to participate; this may
skew the population toward a younger, demo-
graphically white, and better educated patient sam-
ple. The participants in this study were mostly
(63%) between the ages of 50 and 69, which is a
somewhat larger proportion than what is seen in
the National ALS Registry as a whole (48.2%) (2),
and clearly contrasting with the overall U.S. popu-
lation (24.4%) (53). The portion of younger par-
ticipants is overrepresented in this sample and the
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oldest age group is underrepresented compared to
the data in the National ALS Registry (Table 1).
Racial diversity appears to be underrepresented in
the sample with only 4.5% being nonwhite as
compared to 12.1% in the Registry as a whole
(2,54). Potential reasons for these discrepancies
include lower access to computers that are
required for self-registration; reduced awareness of
the Registry perhaps due to lower use of ALS spe-
cialty clinics; and reduced participation by
Western residents, a region comprising a substan-
tial nonwhite population (55). Another possible
study limitation is recall bias. Participants were
asked to enter dates and ages from childhood
through their ALS diagnosis as well as ALS symp-
toms before diagnosis. It is possible participants
incorrectly estimated the date, ages, and symptoms
resulting in possibly driving the odds toward the
null if the errors were random. Further, answering
surveys is voluntary and not everyone who regis-
tered took this survey. A final limitation is duplica-
tion of participants. While every attempt is taken
to include only unique registrants in our analyses,
there remains the possibility that a few duplicates
would be included.

Conclusion

ALS has a multifactorial disease etiology; there-
fore, it is not surprising that many unknowns still
exist about this rare condition. The National ALS
Registry is a multi-faceted platform that advances
research by evaluating potential risk factors,
recruiting for national clinical trials and studies,
funding research, and collecting as well as dissemi-
nating biospecimens and data nationally and
internationally.

The Registry data presented here show VPA
over one’s lifetime may play a role in the develop-
ment of ALS; however, further investigation is
warranted. This study is consistent with results of
other reported research on smaller, less geograph-
ically diverse populations (16,47,48). Better char-
acterization of risk factors for ALS can assist
clinicians in making referrals to an ALS specialist
resulting in earlier diagnosis, which could lead to
earlier therapeutic interventions.
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