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ABSTRACT
Background It has been hypothesised that physical
activity is a risk factor for developing amyotrophic lateral
sclerosis (ALS), fuelled by observations that professional
soccer players and Gulf War veterans are at increased
risk. In a population based study, we determined the
relation between physical activity and risk of sporadic
ALS, using an objective approach for assessing physical
activity.
Methods 636 sporadic ALS patients and 2166
controls, both population based, completed a
semistructured questionnaire on lifetime history of
occupations, sports and hobbies. To objectively compare
the energy cost of a lifetime history of occupational and
leisure time physical activities and to reduce recall bias,
metabolic equivalent scores were assigned to each
activity based on the Compendium of Physical Activities.
Results ALS patients had signiﬁcantly higher levels of
leisure time physical activity compared with controls (OR
1.08, 95% CI 1.02 to 1.14, p=0.008). No signiﬁcant
difference was found between patients and controls in
the level of vigorous physical activities, including
marathons and triathlons, or in occupational activity.
Cumulative measures of physical activity in quartiles did
not show a dose–response relationship.
Conclusions An increased risk of ALS with higher
levels of leisure time physical activity was found in the
present study. The lack of association with occupational
physical activity and the absence of a dose–response
relationship strengthen the hypothesis that not increased
physical activity per se but rather a genetic proﬁle or
lifestyle promoting physical ﬁtness increases ALS
susceptibility.
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Sporadic amyotrophic lateral sclerosis (ALS) is
believed to be a complex disease, with multiple
genetic and environmental factors causing motor
neuron degeneration.1 Ever since Lou Gehrig,
the legendary 1930s baseball player known as
‘The Iron Horse’, died from ALS, it has been
hypothesised that physical activity is a risk factor
for developing this disease. Although assuming an
association based on an individual well known
patient is fraught with risk, the hypothesis has been
fuelled by recent observations that professional
soccer and football players, and Gulf War veterans,
are at increased risk of sporadic ALS.2–6 Several
theories have been proposed that may explain the

possible association of physical activity with ALS
susceptibility.7–9
Although some studies have suggested a relation
between physical activity and the risk of ALS, the
results may have been biased due to methodological
shortcomings inherent in studying a relatively low
incidence disease.3 10–13 A population based case
control study can alleviate some of these limitations
and, therefore, provide a high level of evidence in
ALS exogenous risk factor studies.
We performed a large population based case
control study in The Netherlands to determine the
relation between physical activity and the risk of
sporadic ALS, adjusted for known risk factors,
using an objective quantitative approach for assessing physical activity, and taking into account the
lifetime history of occupational and leisure time
activities of each patient and control. To minimise
recall bias, we measured the energy cost of the lifetime history of occupational and leisure time physical activities in an objective manner by assigning
metabolic equivalent (MET) scores to each activity
based on the Compendium of Physical Activities.14

METHODS
Study population
The Prospective ALS study The Netherlands (PAN)
is a population based case control study performed
in The Netherlands during the period 1 January
2006 to 31 December 2010. Complete case ascertainment was ensured by continuous recruitment
through multiple sources: neurologists, rehabilitation physicians, the Dutch Neuromuscular Patient
Association and our ALS website.
All patients diagnosed with possible, probable
(laboratory supported) or deﬁnite ALS according to
the revised El Escorial criteria were included.15
Medical records were scrutinised for eligibility of
patients, excluding patients with an ALS mimic
syndrome or with a ﬁrst, second or third degree
family member with ALS. As exogenous factors—
probably—had only a minor role in the development of ALS in patients with the highly penetrant
C9ORF72 repeat expansion, these patients, 43 in
total, were excluded from our analysis.16–18
To ascertain population based controls, the
general practitioner of the participating patient was
asked to select individuals from his register in
alphabetical order starting at the surname of the
patient. The Dutch health care system ensures that
every inhabitant is registered with a general
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practitioner, which makes this roster representative of the population. Controls were matched to patients for gender and age
(±5 years). This study, however, did not use individual matching, meaning that some general practitioners delivered several
controls while others delivered none. As can be seen in table 1,
our case and control groups were well matched for age and
gender. Blood relatives or spouses of patients were not eligible
to be controls, to prevent over matching.
Ethics approval was provided by the institutional review
board of the University Medical Centre Utrecht. All participants
gave written informed consent.

Data collection
A structured questionnaire was used to collect demographic and
clinical characteristics of participants and to obtain data regarding lifetime physical activities. Participants were asked to recollect all of their jobs and to describe the various activities they
had to perform during these jobs. They were also asked to list
all of their leisure time activities, consisting of sports and
hobbies. For each activity, the participant was asked to state the
number of years and how many hours per week the activity was
performed. Speciﬁc questions were asked about vigorous physical activities (eg, marathon, triathlon, etc). This questionnaire
was part of a larger questionnaire containing questions on
several other exogenous factors. Participants were, therefore,
blinded to the hypothesis being tested. In the patient group,

only data referring to the period before disease onset were
analysed. Survival status of the patients was recorded up to 8
August 2011 and obtained through the municipal personal
records database or from the general practitioner. If the questionnaire was not completed in full or if data were found to be
inconsistent, participants were approached by telephone to complete or correct the data. To ensure blinding, all questionnaires
were coded prior to processing and analysis.

Classiﬁcation of physical activities
To objectively quantify the cumulative lifetime physical activity
level of participants, all reported activities were scored and
coded based on the Compendium of Physical Activities.14 The
Compendium provides a coding scheme that links speciﬁc activities performed in various settings with their respective MET.
The deﬁnition of an MET is the ratio of work metabolic rate to
a standard resting metabolic rate. A MET score of 1.0 (ie, the
standard or resting metabolic rate while sitting quietly) is
deﬁned as 1 kcal×kg−1 body weight×h−1. MET levels for speciﬁc activities, as reported in the Compendium, were established
by reviewing published and unpublished studies that measured
the energy cost of human physical activities. The compendium
describes 605 speciﬁc activities. Assignment of MET scores to
the activities enabled us to calculate cumulative scores of all
reported physical activities:
n
X

Characteristic
Male (n (%))
Age (years) (median
(range))*
Site of onset (n (%))
Bulbar
Spinal
El Escorial classification (n
(%))
Definite
Probable
Probable lab supported
Possible
Education (n (%))
No education
Primary school
Junior vocational
education
Lower general
secondary education
Intermediate vocational
education
Higher general
secondary education
College/university
BMI (kg/m2) (median
(range))
Current smoking (n (%))
Current alcohol
consumption (n (%))

ALS patients
(n=636)

Controls
(n=2166)

395 (62.1)
63 (23 to 87)

1259 (58.1)
62 (20 to 91)

p Value
0.17
0.91

204 (32.3)
427 (67.7)

112
280
111
119

ðMET scorek  duration in yeark  hours per weekk Þ

k¼1

Table 1 Baseline demographic and clinical characteristics of
participants

(17.8)
(44.6)
(17.7)
(18.9)

where k represents an activity from the lifetime job or leisure
time history. Because of the magnitude of the cumulative score,
it was divided by 1000. Activities that had a MET score of ≤1.5
(eg, listening to music, reading, playing chess, needlework) were
not included in the analysis. Subsequently, military service (not
occupation) or periods spent as a homemaker were excluded
because of difﬁculties quantifying these activities. Military
service was mandatory for male study participants during a
15–24 month period around the age of 18 years and will therefore have minimal inﬂuence on total cumulative physical activity.
In our study, 34% of patients compared with 35% of controls
joined the military service (χ2 test: p=0.73), and 12% of both
patients and controls reported periods spent as a homemaker
(χ2 test: p=0.77).

Statistical methods
2 (0.3)
54 (8.5)
127 (20.0)

3 (0.1)
131 (6.1)
356 (16.5)

149 (23.4)

474 (21.9)

106 (16.7)

410 (18.9)

45 (7.1)

186 (8.6)

0.02

153 (24.1)
24.1 (12 to 48)

604 (27.9)
25.6 (16 to 53)

<0.001

133 (20.9)
475 (74.7)

288 (13.3)
1846 (85.3)

<0.001
<0.001

*Age at onset in patients and age at which the questionnaire was completed in
controls.
ALS, amyotrophic lateral sclerosis; BMI, body mass index.

Univariate and multivariate logistic regression were used to
determine the association of physical activity and the risk of
ALS. Standard unconditional logistic regression was used as the
study did not include individual case control pairs but was frequency matched. The risk of ALS with cumulative scores of
physical activity was analysed separately for leisure time activity,
occupational activity and total activity (the combined leisure
time and occupational activity) as a continuous variable.
Furthermore, to determine a dose–response relationship, physical activity was categorised into quartiles based on the data of
controls. The ﬁrst quartile with the lowest intensity in physical
activities was deﬁned as the reference category. Multivariate
logistic regression was used to determine the association
between the four levels of physical activity and ALS. A separate
multivariate logistic regression analysis was performed to determine the effect of vigorous physical activity (ever/never) on the
risk of ALS. OR and p values were derived from these analyses.
In the multivariate model, the ORs were adjusted for gender,
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age (at onset for patients and at the date the questionnaire was
completed for controls), level of education (divided into seven
categories ranging from no education to university), premorbid
body mass index, current alcohol consumption and current
smoking. In patients, current alcohol consumption and current
smoking were determined at the time of disease onset, so before
diagnosis and before the questionnaire was completed.
To determine a difference in the maximum intensity of the
activities performed, the maximum MET scores were calculated
(excluding duration in years or hours per week) and analysed
using the Mann–Whitney U test.
A Cox regression analysis was performed to determine
whether survival of patients was associated with physical activity. Survival was deﬁned as the time from symptom onset to
death or to the censoring date of 8 August 2011. The HR
derived from these analyses were adjusted for gender, age at
onset, site of onset and current smoking. Physical activity was
entered into the model as a continuous variable. The same
method was used to determine the effect of physical activity on
the age at onset of ALS patients, adjusting for gender and site of
onset. To adjust appropriately for age, an interaction term of
diagnosis and physical activity was introduced into the Cox
regression analysis using age at the time of completing the questionnaire for controls.
In the above mentioned models, we performed a complete
case analysis, using only those cases without any missing values.
A Bonferroni correction for multiple testing was applied adjusting for three tests (leisure time, occupational and total activity);
a p value of 0.05/3=0.017 was considered signiﬁcant.

RESULTS
In this population based study, 636 (84%) of the 760 patients
who gave informed consent to participate in the study between
1 January 2006 and 31 December 2010 returned the questionnaire. Of the 2332 population based controls who gave
informed consent, 93% returned their questionnaires (2166
controls). Table 1 shows the characteristics of the 636 patients
and 2166 controls. The patient characteristics of the responders
and non-responders were similar. Of the 2802 participants,
2281 (81.4%) had completed the questionnaires on physical
activities without any missing values for duration in years or
hours per week. The distributions for gender, age at onset and
site of onset in ALS patients were similar to those previously
reported in population based studies.19
A greater amount of leisure time physical activity was associated with an increased risk of ALS in the present study
(adjusted OR 1.08, p=0.008) (table 2). This is also illustrated in
ﬁgure 1, showing the mean cumulative scores for leisure time
activity ( patient mean = 1.51, 95% CI 1.30 to 1.72; control

Figure 1 Mean leisure time activity for amyotrophic lateral sclerosis
(ALS) patients and controls. Patient mean=1.51, 95% CI 1.30 to 1.72;
control mean=1.25, 95% CI 1.18 to 1.32.

mean = 1.25, 95% CI 1.18 to 1.32; p=0.004). Occupational
and total physical activity were not associated with the risk of
ALS (table 2); no dose–response relationship was seen with
physical activity (ﬁgure 2) and none of the vigorous physical
activities showed a signiﬁcant association with ALS (table 3).
Maximum MET scores did not differ signiﬁcantly between
ALS patients and controls, implying that there was no difference
in the maximum intensity of activities (all p values >0.35, not
shown).
Survival analyses showed that none of the cumulative measures of physical activity was associated with survival (all p
values >0.10). Of 636 patients, 63% died before the censoring
date of 8 August 2011. The cumulative measures of leisure
time, occupational and total activity did, however, show a signiﬁcant relation with age at onset (all HR 0.94–0.95, p≤0.009).
In order to show whether this effect was speciﬁc for patients or
valid for age at the time of the questionnaire for controls, two
additional analyses were performed: (1) an interaction term of

Table 2 ORs for the relationship between amyotrophic lateral
sclerosis and the cumulative scores of physical activity
Variable
Leisure time
activity
Occupational
activity
Total activity

Crude OR
(95% CI)

Adjusted OR†
p Value* (95% CI)

p Value*

1.08 (1.02 to 1.13) 0.005

1.08 (1.02 to 1.14) 0.008

1.02 (0.99 to 1.06) 0.19

1.00 (0.96 to 1.04) 0.90

1.03 (0.99 to 1.06) 0.12

1.02 (0.98 to 1.06) 0.30

*Bonferroni adjusted p values of <0.017 (0.05/3) were considered significant.
†Adjusted for gender, age, body mass index, current smoking, current alcohol
consumption and level of education.

978

Figure 2 ORs with 95% CIs for the relationship between quartiles of
leisure time, occupational and total activity, and the risk of
amyotrophic lateral sclerosis. ORs were adjusted for gender, age at
onset, body mass index, current smoking, current alcohol consumption
and level of education. The physical activity score was categorised into
quartiles (Q) based on the data of controls. Q1, 1st quartile; Q2, 2nd
quartile; Q3, 3rd quartile; Q4, 4th quartile.
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Table 3 Vigorous physical activities among amyotrophic lateral
sclerosis patients and controls
Variable

ALS patients Controls
(n=635)
(n=2167)

Vigorous
103 (16)
physical activity
(n (%))
Marathon
12 (1.9)
Triathlon
3 (0.5)
Ice skating tours
7 (1.1)
>200 km

Adjusted OR†
(95% CI)

p Value*

296 (14)

1.24 (0.96 to 1.61)

0.10

32 (1.5)
6 (0.3)
18 (0.8)

1.15 (0.58 to 2.29)
1.21 (0.29 to 4.98)
1.35 (0.54 to 3.37)

0.69
0.80
0.52

*Bonferroni adjusted p values of <0.017 (0.05/3) were considered significant.
†Adjusted for gender, age, body mass index, current smoking, current alcohol
consumption and level of education.
ALS, amyotrophic lateral sclerosis.

diagnosis and physical activity was introduced into the model
(all p values >0.45) and (2) a multivariate Cox regression was
performed in controls using questionnaire completion as the
event ( p≤0.002). Both indicated that the relationship between
physical activity and age at onset was an age related effect and
thus not disease related. Kaplan–Meier curves of total activity of
both survival and age at onset are shown in the online
supplementary ﬁgure S1.

DISCUSSION
Evidence for an increased risk of ALS with higher levels of
leisure time physical activity is provided by the present population based case control study. Occupational physical activity and
performing vigorous physical activities, however, do not appear
to modify ALS susceptibility in this study. The discrepancy
between leisure time and occupational physical activity strengthens the hypothesis that physical activity itself is not causative
per se but that being athletic is a phenotypic expression of a
genetic proﬁle, mediated by exogenous factors, that increases
the risk of ALS.20–23 Our observation that none of the physical
activity measures was related to age at onset or survival further
supports this hypothesis.
Two systematic reviews on the association between ALS and
physical activity concluded that there is a consistent pattern of
well designed studies showing no link between physical activity
and sporadic ALS.11 12 The best evidence available at that time
was provided by a single population based case control study
that showed no association.24 After publication of these reviews,
however, a small but well designed European population based
pilot case control study identiﬁed an increased risk of ALS with
higher levels of physical activity.13 In concordance with these
conﬂicting results, a third and the most recent systematic review
concluded that current evidence for physical activity as a risk
factor in motor neuron disease is not of sufﬁcient calibre to
allow undisputed conclusions.8
The conﬂicting results found in studies on the association
between physical activity and ALS may partly be due to differences in methodological design. These differences concern:
(1) the blinding of interviewers to disease status of respondents
or the hypotheses being tested; (2) referral bias, which was
common with cases often ascertained at specialist clinics;
(3) adjustment for confounders, which was not carried out in all
analyses; and (4) the method of assessing physical activity,
which in most studies was susceptible to recall bias.8 11 12 Recall
bias is due to differential recall of past exposures between
patients and controls. As ALS patients actively search for an

explanation of their disease or may have an assumption about
the underlying cause, case control studies in ALS using questionnaires are prone to this bias. Our study was designed to minimise the risk of recall and referral bias. First, recall bias was
reduced by using the Compendium of Physical Activities14 to
quantify objectively physical activity based on type of occupation or type of leisure time activities, instead of directly asking
participants how physically active they have been in their life or
during the listed activities. As the questionnaire on leisure time
and occupational activities was part of a more comprehensive
questionnaire, participants were blinded to the study hypothesis,
which further reduced the risk of recall bias. Interviewers, who
called participants to complete returned questionnaires, were
also unaware of the hypothesis being tested.
Referral bias may occur when patients are ascertained from
tertiary care centres. It has been demonstrated that ALS patients
attending these referral centres do not represent a random
sample of all ALS patients.25 26 A difference in physical activity
levels of these patients compared with non-referred patients will
lead to biased results. The population based design using multiple sources to ensure complete case ascertainment minimised
the risk of referral bias in the present study, which was strengthened by the observation that the demographics of the patients
in our study resembled those of patients in other population
based studies.19 27 28
We acknowledge certain limitations of the present study:
18.6% of the participants had at least one missing value for the
duration of, or the hours per week spent on, one of the listed
activities, even after being called by an interviewer to complete
the returned questionnaire. This is probably the result of the
level of detail of the questionnaire concerning past events. The
fact that this information was so elaborate, however, enabled us
to precisely quantify lifetime energy expenditure during leisure
time and occupational activities. Also, it is noteworthy that ALS
patients had signiﬁcantly less higher education ( p<0.02), which
is congruent with a previous observation that there is a preponderance among ALS patients of blue collar jobs for which
a higher level academic education is often not required.
Nevertheless, our controls may have been better educated as
people with a higher education tend to participate in scientiﬁc
surveys more readily.29 The effects, however, of this observation
will have been minimal as we adjusted all analyses for education.
Further, we acknowledge that the quantiﬁcation of the lifetime
energy expenditure is still an estimate of real energy expenditure.
A study, however, in which these data are prospectively being collected will probably not be feasible in a low incidence disease
such as ALS. Finally, although our study was designed to maximise blinding of the participants to the hypothesis of the study,
we cannot exclude the fact that a proportion of the patients may
have been aware of the theory of physical activity as a possible
risk factor, which may have been a source of residual recall bias.
Our ﬁnding that an increased leisure time physical activity is
related to an increased risk of ALS but occupation activity is not,
raises doubts regarding the role of physical activity in causing ALS.
Because of existing cellular and genetic evidence supporting the
biological plausibility of the association, some have suggested that
physical activity is indeed causative.8 30 31 Several genes associated
with the response to exercise (ie, ciliary neurotrophic factor,
leukaemia inhibitory factor and vascular endothelial growth
factor 2) have been identiﬁed as possible modiﬁers of ALS
susceptibility.32–34 Also, oxidative stress and glutamate excitotoxicity are considered candidate mechanisms to link ALS and physical
activity.7 8 35 The biologically plausible link between physical activity and ALS has been carefully reviewed.8

Huisman MHB, et al. J Neurol Neurosurg Psychiatry 2013;84:976–981. doi:10.1136/jnnp-2012-304724

979

J Neurol Neurosurg Psychiatry: first published as 10.1136/jnnp-2012-304724 on 16 February 2013. Downloaded from http://jnnp.bmj.com/ on November 29, 2020 by guest. Protected by
copyright.

Neuromuscular

Biological plausibility alone, however, does not prove causation. Useful time tested criteria for determining whether an
association is causal were designed by Bradford Hill.36 37 The
Bradford Hill criteria include strength, consistency, speciﬁcity,
temporality, dose–response relation, plausibility, coherence,
experiment and analogy. The associations found in the present
study do not meet most of these criteria. First, strength. If an
association is weak, it is more plausible that underlying actual
causative factors that go hand in hand with the studied factor
are in fact responsible for the observed association. In our study,
if physical activity were causative, an increase in physical activity
of 10 000 MET, which can be provided by 50 years of 50 h
cycling per week for example, would be associated with an
increase in the odds of developing ALS of only 2.2. Further, if
we had applied a more stringent threshold that also corrects
for analyses on vigorous physical activities (threshold
p=0.05/7=0.007), the association ( p=0.008) would not even
have been signiﬁcant, further emphasising the weakness of the
association. Second, consistency. A real causative factor is more
likely to be repeatedly observed in different studies, using different methodologies and performed in different places, circumstances and times. Previous studies, as already emphasised, have
shown large inconsistencies, and even within the present study
there is an inconsistency between occupational and leisure time
physical activity.11–13 24 Finally, the absence of a dose–response
relation does not support the notion that causation is the most
likely interpretation of the association between leisure time
physical activity and ALS. Recent ﬁndings of a beneﬁcial vascular risk proﬁle in both patients and their relatives,6 a reduced
frequency of coronary heart disease premorbidly in ALS22 38
and an increased risk of ALS with physical ﬁtness but not
muscle strength21 further indicate that a common factor underlies both physical/cardiovascular ﬁtness and risk of ALS.39 A
genetic proﬁle, therefore, modiﬁed by exogenous factors, that
both promotes physical ﬁtness and increases ALS susceptibility,
might be a more credible explanation for the associations
between physical activity and ALS.20 22
In conclusion, the present population based case control
study strengthens this hypothesis. Identifying genetic, developmental and environmental factors that contribute to physical
ﬁtness may provide a worthwhile lead in unravelling the pathophysiological mechanisms in ALS.
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