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Background and purpose: Published reports on the association between amyotrophic lateral sclerosis (ALS) and trauma are controversial suggesting the need for a
new case-control study done in a large population.
Methods: A case–control study was undertaken in Italy to assess this association.
Cases were patients with newly diagnosed ALS from four population-based registries. For each case, two hospital controls were selected, matched for age, sex, and
province of residence, one with a neurological (non-degenerative) disease and one
with a non-neurological disease (other than orthopedic or surgical). Traumatic
events (deﬁned as accidental events causing injuries requiring medical care) were
recorded with details on type, site, timing, severity, and complications. The risks
were assessed as odds ratios (ORs) with 95% conﬁdence intervals (CI), crude and
adjusted for age, sex, education, interviewee (patient or surrogate), physical activity,
smoking, alcohol, and coﬀee.
Results: The study population comprised 377 patients in each of the three groups.
One or more traumatic events were reported by 225 cases (59.7%), 191 neurological
controls (50.7%), and 179 non-neurological controls (47.5%) (P < 0.01) (OR 1.63;
95% CI 1.25–2.14) (P < 0.01). The ORs were 3.07 (95% CI 1.86–5.05) for patients
reporting 3+ traumatic events and 2.44 (95% CI 1.36–4.40) for severe traumatic
events. The ORs remained signiﬁcant when the analysis was limited to events
occurred 5+ and 10+ years before ALS onset, to incident ALS, and direct informant.
Conclusion: Antecedent trauma, repeated trauma, and severe trauma may be risk
factors for ALS.

Introduction
The role of trauma in amyotrophic lateral sclerosis
(ALS) has been repeatedly investigated with conﬂicting results. Kurland et al. [1] reviewed the early literature and found that retrospective case–control studies
gave contradictory results because of selection bias,
poor deﬁnition of nature and extent of trauma and its
chronological relationship to the onset of ALS, and a
non-uniform approach to the period preceding the
clinical onset of the disease. More rigorously designed
studies showed no association of ALS with antecedent
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trauma. These observations were conﬁrmed by evidence-based reviews of subsequent reports [2,3].
In recent years, the discussion on traumatic events
and ALS has been fueled by reports of several cases
amongst Italian professional soccer players [4]. This
was conﬁrmed by comparing ALS incidence amongst
soccer players and the general population [5]. These
ﬁndings might be explained by the increased production of reactive oxygen species when combining heavy
physical activity, repeated traumatic events, and exposure to toxic contact agents or noxious drugs [6].
However, the association between ALS and physical
activity, sport and trauma is still ill-deﬁned [7–10].
We therefore conducted a large case–control study
in Italy to assess the association between ALS and
trauma. The research hypothesis was whether patients
with ALS have a greater chance to have a history of
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trauma, repeated trauma, or severe trauma than the
general population.

Material and methods
The study population included patients with newly
diagnosed ALS enrolled in population-based registries
of four Italian administrative regions (Lombardia,
Piemonte & Valle D’Aosta, Puglia, Liguria; total population 19 997 078; 2009 census) from September
2007 through April 2010. The provision of free or
heavily subsidized public medicine in Italy ensures
that virtually all patients experiencing ALS symptoms
are likely to be visited by a neurologist at some stage
during the illness and be hospitalized to ascertain the
diagnosis. Newly diagnosed patients with ALS residing in the study regions are then included in the registries, which are part of the European ALS (EURALS)
Consortium [11]. The sources of patients with ALS in
these registries are multiple and include records from
all regional neurology hospital departments, neurophysiology archives, and administrative ﬁles. The
completeness of case ascertainment has been conﬁrmed for three of four registries (SLALOM for
Lombardy, PARALS for Piemonte & Valle D’Aosta,
and SLAP for Puglia) representing 92% of the entire
study population [12–14].
For the purposes of this study, patients were
included if they were aged 18 or older and had deﬁnite, probable or possible ALS according to the El
Escorial (EE) diagnostic classiﬁcation [15]. For each
patient, two hospital controls were selected, matched
for age (±5 years), gender and province of residence.
A province is an administrative district (population
mean 645 061) within each region, characterized by
fairly homogeneous environmental and socio-cultural
features. We also tried to match patients and controls
by source of interview (patient or surrogate).
Informed surrogates were chosen for patients unable
to answer and for their matched controls. The ﬁrst
control was from a neurology department and the second from a non-neurological department. We
excluded individuals with neurodegenerative disorders
(Alzheimer’s and Parkinson’s disease, Huntington’s
chorea) and patients in whom hospital admission was
related to trauma or orthopedic/surgical illnesses. For
patients with ALS, details were collected on the EE
diagnostic category, site of onset of symptoms (bulbar, limbs), and duration of symptoms at diagnosis.
After informed consent, each case and control (i.e.,
the direct informants) or their surrogates underwent a
structured interview by a trained investigator. Each
interviewer was asked to interrogate the case and his/
her matched control. The following data were

recorded in semi-structured questionnaires: date of enrolment, gender, date of birth, years of education,
occupation, and physical exercise. Occupation-related
physical activity was classiﬁed on the basis of the predominant activity and classiﬁed as mild, moderate, or
strong, based on the interviewee’s judgment; the
patient or matched control also had to report any
sport-related physical activity making him/her breathe
hard at least once a month. Smoking, coﬀee, and
alcohol intake were recorded, as ever or never having
used tobacco, coﬀee, or alcoholic beverages on a regular basis for at least 6 months. An accurate history of
traumatic events was obtained by direct enquiry.
Trauma was deﬁned as any accidental event causing
an injury requiring medical care (i.e., any examination
by a physician). To identify individuals having
incurred in traumatic events, interviewers (one or
more for each registry) were instructed to ask the following question: ‘Have you ever had any injury
requiring medical care…?’ Each injury was dated and
classiﬁed according to cause, severity (based on the
patient’s report and interviewer’s judgment), type, site,
and complications.
The study had to be completed after the enrolment
of at least 343 cases and 686 controls under the
assumption that 1% of controls and 3.9% of patients
with ALS would report at least one traumatic event
requiring hospitalization [odds ratio (OR) 4], with a
5% level of signiﬁcance and 80% power. The percent
of individuals in the general population with injuries
requiring hospital admission is a conservative estimate
derived from a prospective European study (including
Italy) on the risk of accidents in epilepsy [16].
The recorded information was transferred from the
questionnaires onto a World Wide Web database and
centralized for analysis. Missing data were handled
using the listwise deletion method. According to this
method, an entire record is excluded from analysis if
any single value is missing. Descriptive statistics are
presented as count and percent, or mean and standard
deviation (SD), respectively, for discrete and continuous variables. The chi-Square test was used to compare cases and controls without controlling for
confounders (univariate analysis). Multivariate analysis was also carried out using logistic regression models. In each model, data were adjusted for sex, age,
education, interviewee (patient/control or surrogate),
physical activity (occupational, sport/leisure), smoking, alcohol, and coﬀee (ever/never). All statistical
tests were two-tailed. The results are presented as OR
with 95% conﬁdence intervals (CI).
Eight diﬀerent logistic regression models were used
to evaluate the association between ALS and the following: (A) any traumatic event; (B) number of events
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reported; (C) worst traumatic event reported; (D)
number of events requiring hospitalization; (E) number of events leading to disability; (F) site of injury;
(G) type of injury; (H) number of injuries by type.
Multivariate analysis was used for all traumatic
events and, separately, for events occurred 5+ years
before the onset of ALS symptoms (old traumatic
events) to lower the possibility to include injuries that
might have occurred after the biological onset of the
disease. For each control, injuries occurring in the same
interval as the companion case were also excluded. Separate analyses were also carried out for men, women,
incident ALS (i.e., diagnosis made within the antecedent 12 months), bulbar-onset and limb-onset ALS,
traumatic events occurred 10+ years before symptom
onset (very old traumatic events), direct informant
(after excluding surrogates), site and type of trauma.
As there were no signiﬁcant diﬀerences in the distribution of traumatic events (in general and by number,
site, and severity) in the two control groups, neurological and non-neurological controls were combined for
multivariate analysis. Owing to the exploratory nature
of this study, adjustment of P-levels for multiple testing was considered unnecessary [17].
Data were analyzed using the SAS package for PC
(SAS Institute, Inc., Cary, NC, USA; 9.1 version).
The study was approved by each center’s ethics committee and institutional review board.

Results
A total of 458 patients with ALS and 820 controls
(neurological 413; non-neurological 407) were
recruited. Eighty-one cases and 66 controls were later
excluded for the following reasons: empty questionnaires (52 cases; 28 controls); duplicate input (14
cases; 28 controls); suspected ALS as an EE diagnostic category (eight cases; eight controls); residence outside the study area (three cases; two controls); no
matched controls available (four cases). There were
377 eligible patients in each of the three groups.
Stroke was the commonest clinical condition for neurological controls (46.4%), followed by epilepsy
(17.8%), peripheral nerve disorders (9.4%), headache
(8.6%), and brain cancer (8.6%). Gastrointestinal and
liver diseases (23.7%) predominated amongst nonneurological controls, followed by cardiovascular disorders (17.0%), lung diseases (17.0%), tumors (9.4%),
and diabetes mellitus (7.0%).
Deﬁnite ALS was recorded in 185 cases (49.1%),
probable ALS in 151 (40.1%), and possible ALS in 41
(10.9%). The site of onset of symptoms was spinal in
274 patients (72.7%) and bulbar in 103 (27.3%).
Symptom duration at diagnosis was <12 months in
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222 cases (58.9%), between 12 and 24 months in 98
(26.0%), and more than 24 months in 48 (12.7%).
Symptom duration was not known for nine cases.
Table 1 illustrates the general characteristics of the
sample. The mean age (SD) was 65.2 (11.3), 65.4
(11.6), and 65.4 (11.4) years for the three groups.
An informed surrogate (generally spouse or sibling)
was interviewed on behalf of a quarter of patients
with ALS, slightly fewer neurological controls and
fewer non-neurological controls (P < 0.05). A strong
occupational physical activity was reported by slightly
more cases than controls. Physically active individuals
during sport were fewer amongst patients with ALS
(P < 0.01). Smoking, alcohol and coﬀee intakes were
signiﬁcantly less common amongst the cases (Table 1).
Table 2 summarizes the main details of traumatic
events. The diﬀerence between cases and controls was
not conﬁrmed when only old traumatic events were
considered. However, cases reported more injuries
than both control groups. This was conﬁrmed after
excluding events that had occurred within 5 years
from symptom onset. Cases also reported more severe
Table 1 Main general characteristics of the sample
ALS
n = 377
n (%)
Sex
Women
146 (38.7)
Age group (years)
<65
158 (41.9)
65–74
149 (39.5)
>74
70 (18.6)
Education (years)
0–4
20 (5.3)
5–7
127 (33.7)
8–12
124 (32.9)
13–17
81 (21.5)
>18
25 (6.6)
Interviewee
Patient
282 (74.8)
Relative
95 (25.2)
Physical activity (occupational)
Mild
101 (26.8)
Moderate
123 (32.6)
Strong
153 (40.6)
Physical activity (leisure/sport)
Yes
233 (61.8)
Smoking
Yes
174 (46.2)
Alcohol
Yes
166 (44.0)
Coﬀee
Yes
242 (74.7)
Missing
53

NC
n = 377
n (%)

NNC
n = 377
n (%)

146 (38.7)

146 (38.7)

174 (46.1)
125 (33.2)
78 (20.7)

167 (44.3)
137 (36.3)
73 (19.4)

31
124
118
77
27

22
134
103
87
31

(8.2)
(32.9)
(31.3)
(20.4)
(7.2)

(5.8)
(35.5)
(27.3)
(23.1)
(8.2)

308 (81.7)*
69 (18.3)

311 (82.5)**
66 (17.5)

126 (33.4)
120 (31.8)
131 (34.7)

131 (34.7)
106 (28.1)
140 (37.1)

241 (63.9)

271 (71.9)**

186 (49.3)

201 (53.3)**

172 (45.6)

204 (54.1)**

291 (80.4)
15

315 (85.6)**
9

ALS, amyotrophic lateral sclerosis patients; NC, neurological controls; NNC, non-neurological controls.
*P < 0.05; **P < 0.01 (comparisons refer to the ALS group).
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Table 2 Characteristics of traumatic events
All traumatic events
ALS
n = 377
n (%)
At least one traumatic event
Yes
225 (59.7)
Number of events reported
1
129 (34.2)
2
55 (14.6)
3+
41 (10.9)
Worst traumatic event reported
Mild
77 (20.9)
Moderate
116 (31.4)
Severe
24 (6.5)
Missing
8
Number of events requiring hospitalization
1
84 (22.3)
2+
26 (6.9)
Number of events leading to disability
1
114 (30.2)
2+
45 (11.9)
n
Site of traumaa
Head
58
Arm
108
Chest
25
Abdomen
5
Leg
112
Spine
24
Type of injury
Concussion
34
Contusion
63
Fracture
133
Sprain
33
Strain
8
Wound
20
Other
17

Old traumatic events
NC
n = 377
n (%)

NNC
n = 377
n (%)

ALS
n = 377
n (%)

NC
n = 377
n (%)

NNC
n = 377
n (%)

191 (50.7)*

179 (47.5)**

173 (45.9)

159 (42.2)

151 (40.1)

120 (31.8)*
47 (12.5)
24 (6.4)

115 (30.5)**
50 (13.3)
14 (3.7)

104 (27.6)
46 (12.2)
23 (6.1)

116 (30.8)*
32 (8.5)
11 (2.9)

109 (28.9)*
31 (8.2)
11 (2.9)

79 (21.1)
92 (24.5)
18 (4.8)
2

84 (22.6)**
77 (20.7)
13 (3.5)
5

59 (15.8)
91 (24.3)
20 (5.4)
3

69 (18.4)
73 (19.5)
15 (4.0)
2

75 (20.1)**
63 (16.9)
9 (2.4)
4

61 (16.2)
21 (5.6)

56 (14.9)*
21 (5.6)

61 (16.2)
20 (5.3)

59 (15.6)
8 (2.1)

51 (13.5)*
7 (1.9)

84 (22.3)*
36 (9.5)
n

83 (22.0)*
40 (10.6)
n

93 (24.7)
31 (8.2)
n

81 (21.5)**
12 (3.2)
n

77 (20.4)**
11 (2.9)
n

50
73**
20
8
106
26

38*
77**
19
14*
98
13

40
84
15
4
85
17

28
61*
16
7
87
16

32
63
15
8
77
8

22
51
99**
32
5
22
17

20*
32**
108
28
4
23
14

25
48
100
23
7
16
12

13*
37
75*
30
3
19
11

17
25**
86
22
3
18
12

All traumatic events, all events reported; Old traumatic events, events occurring at least 5 years before the onset of symptoms; ALS, amyotrophic lateral sclerosis patients; NC, neurological controls; NNC, non-neurological controls.
a
A traumatic event can involve more than one site and type of injury.
*P < 0.05; **P < 0.01 (comparisons refer to the ALS group).

traumatic events than controls, and more events requiring hospital admission or followed by disability. The
commonest site of trauma was the leg, followed by arm
and head. Signiﬁcant diﬀerences were found between
cases and controls, in decreasing order, for arm, head,
abdomen, and spine. Only events involving arms
retained signiﬁcance when the analysis was limited to
old traumatic events. Fractures were the commonest
injury, followed by contusions and concussions. Each
of these injuries predominated in patients with ALS.
The association between trauma and ALS was strengthened after multivariate analysis (Table 3).
All ORs were signiﬁcant. Amongst patients with
old traumatic events, the risk was largely limited to
men and patients with limb-onset ALS (Table 4).

Signiﬁcance was retained for history of at least one
traumatic event, 3+ events, moderate or severe events,
and 2+ events requiring hospitalization or leading to
disability when multivariate analysis was limited to
incident ALS, direct informant (excluding surrogate),
and very old traumatic events (see online only Table
S1). The analyses were also limited to probable and
deﬁnite ALS and only to deﬁnite ALS; the results
obtained were no diﬀerent from those observed in the
whole ALS population (data not shown).
In the multivariate model, signiﬁcant sites of injury
were head (OR 1.59; 95% CI 1.02–2.47) and arms
(OR 1.44; 95% CI 1.03–2.01), and signiﬁcant types of
injury were concussion (OR 1.85; 95% CI 1.06–3.24),
contusion (OR 1.84; 95% CI 1.21–2.79), and fractures
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Table 3 Multivariate logistic models

Model

Dependent variable

A

At least one traumatic event
No (ref.)
Yes versus No
Number of events reported
0 (ref.)
1
2
3+
Worst traumatic event reported
No trauma (ref.)
Mild
Moderate
Severe
Number of events requiring hospitalization
0 (ref.)
1
2+
Number of events leading to disability
0 (ref.)
1
2+

B

C

D

E

All traumatic events
ALS = 324a
TC = 724b
OR (95% CI)

Old traumatic events
ALS = 324a
TC = 724b
OR (95% CI)

1
1.63 (1.25–2.14)**

1
1.33 (1.02–1.74)*

1
1.47 (1.08–2.00)****
1.45 (0.97–2.18)
3.07 (1.86–5.05)

1
1.09 (0.81–1.48)**
1.76 (1.14–2.72)
2.62 (1.39–4.91)

1
1.16 (0.81–1.66)****
1.96 (1.43–2.69)
2.44 (1.36–4.40)

1
0.89 (0.62–1.30)**
1.65 (1.19–2.29)
2.30 (1.23–4.32)

1
1.77 (1.27–2.48)**
1.40 (0.81–2.41)

1
1.29 (0.90–1.84)**
2.96 (1.45–6.04)

1
1.68 (1.24–2.28)**
1.45 (0.95–2.21)

1
1.35 (0.98–1.84)***
3.39 (1.90–6.05)

All models were adjusted for sex, age, education, interviewee, physical activity (occupational or leisure/sport), smoking, alcohol, and coﬀee.
All traumatic events, all events reported; Old traumatic events, events occurring at least 5 years before the onset of symptoms; ALS, amyotrophic lateral sclerosis patients; TC, total controls (neurological controls + non-neurological controls);
ref.= reference category; OR, Odds ratio; 95% CI, 95% conﬁdence interval.
*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.
a
53 missing data because of missing covariates.
b
30 missing data because of missing covariates.

(OR 1.39; 95% CI 1.02–1.89). Furthermore, the OR
was 4.77 (95% CI 1.41–16.13) for a history of 2+ head
injuries and 2.67 (95% CI 1.17–6.08) for a history of
2+ arm injuries.

Discussion
Our ﬁndings support an association between ALS and
history of traumatic events. Compared to individuals
with unrelated clinical conditions, patients with ALS
give more frequently a history of trauma, repeated
trauma, and/or severe trauma. Causality was supported by time relationship, strength of association,
and biological gradient. These ﬁndings are in line with
other reports [18–25]. However, as the quality of these
studies is suboptimal, the possibility that both ALS
and trauma could be associated with a common factor
cannot be excluded.
The lack of association found by others can be also
interpreted in light of methodological inadequacies,
including referral bias, diﬀerent methods of enrolment
of cases and controls, recall and interview bias [26–
29]. Our data are at variance with a European pilot

population-based case–control study performed to
investigate the association between ALS, physical
exercise, trauma and sports [30]. In that study, the
proportion of individuals reporting traumatic events
was similar amongst cases and controls. However, a
higher proportion of patients with ALS (34.4 vs.
24.1%) reported repeated traumatic events. Given the
small sample size, the study may be underpowered to
detect signiﬁcant diﬀerences.
Interestingly, head was the injury site for which the
association between (repeated) trauma and ALS was
most signiﬁcant. An association between a history of
head trauma and ALS was found by several others
[20,23–25]. For participants with multiple head injuries, the risk was more than tenfold [20]. A meta-analysis also indicated a moderately elevated risk of ALS
amongst persons with previous head injuries (OR 1.7)
[20]. In addition, in the only cohort study of ALS
after head injury, comprising 821 individuals who had
had a traumatic brain injury and were older than
40 years, there was one patient with ALS (none
would have been expected in this small US sample)
[25].
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Table 4 Multivariate logistic models by sex and site of onset (old traumatic events)
Old traumatic events
Gender
Males
ALS = 198
TC = 437
OR (95% CI)

Model

Dependent variable

A

At least one traumatic event
No (ref.)
1
Yes versus No
1.51 (1.07–2.13)*
Number of events reported
0 (ref.)
1
1
1.28 (0.87–1.88)*
2
1.92 (1.12–3.29)
3+
2.40 (1.16–4.97)
Worst traumatic event reported
No trauma (ref.)
1
Mild
1.05 (0.67–1.65)**
Moderate
1.88 (1.24–2.86)
Severe
2.45 (1.13–5.30)
Number of events requiring hospitalization
0 (ref.)
1
1
1.24 (0.80–1.92)
2+
2.19 (0.93–5.16)
Number of events leading to disability
0 (ref.)
1
1
1.60 (1.10–2.39)
2+
3.45 (1.75–6.78)

B

C

D

E

Site
Females
ALS = 126
TC = 287
(95% CI)

Bulbar
ALS = 87
TC = 199
OR (95% CI)

Spinal
ALS = 237
TC = 525
OR (95% CI)

1
1.00 (0.63–1.60)

1
1.08 (0.64–1.83)

1
1.44 (1.05–1.98)*

1
0.79 (0.46–1.36)
1.34 (0.60–3.00)
4.11 (1.01–16.81)

1
0.71 (0.39–1.31)**
3.56 (1.56–8.11)
1.26 (0.30–5.31)

1
1.28 (0.90–1.83)*
1.38 (0.81–2.35)
3.21 (1.57–6.57)

1
0.52 (0.24–1.09)
1.45 (0.82–2.59)
1.63 (0.50–5.34)

1
0.64 (0.30–1.39)
1.30 (0.67–1.51)
2.15 (0.74–6.27)

1
0.95 (0.62–1.46)**
1.74 (1.19–2.54)
2.07 (0.94–4.59)

1
1.33 (0.69–2.54)*
6.47 (1.53–27.32)

1
1.05 (0.51–2.14)
5.20 (1.12–24.16)

1
1.38 (0.90–2.09)*
2.55 (1.12–5.82)

1
***0.86 (0.48–1.52)
3.15 (0.94–10.54)

1
1.14 (0.60–2.17)
4.19 (1.31–13.42)

1
1.34 (0.93–1.93)**
3.21 (1.63–6.32)

All models were adjusted for sex°, age, education, interviewee, physical activity (occupational or leisure/sport), smoking, alcohol, and coﬀee.
ALS, amyotrophic lateral sclerosis patients; TC, total controls (neurological controls + non-neurological controls); ref., reference category;
n.s., Not signiﬁcant; °(only for bulbar and spinal strata).
*P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001.

The largest diﬀerences between our cases and controls also regarded injuries in the arms, followed by
abdomen and spine. An association between injuries
to the head, neck, shoulder and/or arm was also
found by Gallagher and Sanders [22] in 76% of
patients with ALS and motor axonal injury has been
implicated as a possible mechanism based on a number of cases reported during a 14-year period amongst
men aged 28 through 43 years at the time of diagnosis
[31]. This perhaps explains why trauma has been
reported as a risk factor mostly for limb-onset ALS.
There are several biological mechanisms by which
injuries may trigger the molecular pathways leading to
neurodegeneration. They range from inﬂammatory
and glutamate excitotoxicity pathways [32,33], which
increase the metabolic demands of neurons and microglia, to oxidative stress pathways that may impact
mitochondrial function [34]. In addition, as reported
by others [24], the possibility that a speciﬁc genotype
may modify the eﬀects of injuries on motor neurons
cannot be excluded.
Repetitive head injury has also been associated with
chronic traumatic encephalopathy, a progressive tau-

opathy causing behavioral and personality changes,
parkinsonism and dementia [35]. In addition, pathological evidence has been provided with an association
between repetitive head trauma in contact sports and
the development of motor neuron disease [36]. TDP43 proteinopathy, which is thought to mediate the
neuronal cytoskeleton’s response to axonal injuries,
extended from the frontal and temporal cortex to the
spinal cord.
The association between trauma and ALS was
apparent only in men. The association between
trauma, male gender, and spinal-onset ALS is a possible explanation for the higher incidence of the disease
in men with spinal-onset ALS across all ages, which
was found in several European countries [12,37]. Men
are more likely than women to report traumatic
events, repeated injuries, and disabling injuries in their
lifetime [38]. In our sample, 152 men (65.8%) and 73
women (50.0%) reported at least one traumatic event;
the ﬁgures were 126 (54.6%) and 47 (32.2%) only for
traumatic events dating back 5 years before the symptom onset. Disabling injuries were reported by 109
men (47.2%) and 50 women (34.2%); 92 men (39.8%)
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and 32 women (21.9%) after excluding events within
5 years from symptom onset. However, given the
small numbers, the lack of association between injuries, female sex and bulbar-onset ALS may still be to
the lack of power to detect signiﬁcant diﬀerences in
these subgroups.
Our study has some strength. The major strengths
are the representativeness of the ALS population and
the large sample size, which may favor the generalizability of the study results. Completeness of case
ascertainment is guaranteed by the inclusion of
patients with ALS from population-based registries
[11]. In addition, 2.0 and 5.3% of controls and cases,
respectively, reported 2+ traumatic events followed by
hospital admission (see Table 2), ﬁgures comparable
to those expected from the power calculations.
Another strength of the study is the characterization
of injuries, which were deﬁned according to type,
severity, timing, and complications, so we could assess
the time relationships, strength, and biological gradient of the purported association.
A number of limitations must be also stressed.
First, by deﬁnition hospital controls do not represent
the general population; however, there is no reason to
think that patients with ALS hospitalized for diagnostic purposes and hospital controls come from diﬀerent
source populations In addition, the inclusion of neurological and non-neurological controls, and the variety of acute and chronic disorders are against the
possibility that the results could be explained by a single clinical condition and its exposures. Second, this
was not a prospective cohort study, so recall bias was
unavoidable and no predeﬁned assessment of traumatic events and related injuries was possible. However, we made every eﬀort to collect the required
information as accurately as possible using standardized interviews and semi-structured forms. Third, our
deﬁnition of trauma can be questioned, as mild traumatic injuries might have been excluded. However,
this was the only way to identify former accidental
events amongst elderly individuals and to collect data
less likely to be aﬀected by recall bias. Fourth, classiﬁcation of the severity of injuries was based on interviewees’ subjective opinions. However, erroneous
deﬁnitions of severity are unlikely to be unevenly distributed in cases and controls. Fifth, data were collected by several investigators and inter-rater
reliability is not known. However, the interviewers
had been educated to perform a standardized interrogation of patients or surrogates and most cases, and
their companion controls were interviewed by the
same person. Sixth, more cases than controls were
interviewed through an informed surrogate, which
may aﬀect recall bias to a diﬀerent extent. However,

7

the association between traumatic events and ALS
was still signiﬁcant when adjusting for type of informant and when surrogate informants were excluded.
Last, the interviewers were not blinded to the diagnosis and the study hypothesis. However, we tried to
control for this by asking them to perform structured
interviews and record the characteristics of each injury
as reported by cases and controls. On the other hand,
patients with newly diagnosed ALS may be less likely
to be aware of the purported association between the
disease and trauma than patients with more advanced
disease.
In conclusion, our ﬁndings support the theory that
previous, repeated and/or severe traumas may be risk
factors for ALS. Given the robustness of our ﬁndings,
confounding and bias seem unlikely. However, a deﬁnite answer to this controversial issue could be provided only by a prospective evaluation of a large
representative cohort within which exposed subjects (i.
e., those reporting traumatic events) are compared to
unexposed individuals and followed for a prolonged
period of time to identify cases with incident ALS.
The organizational and procedural diﬃculties and the
high cost make such a study diﬃcult to perform.
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