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Abstract Head injury is considered as a potential risk

factor for amyotrophic lateral sclerosis (ALS). However,

several recent studies have suggested that head injury is not

a cause, but a consequence of latent ALS. We aimed to

evaluate such a possibility of reverse causation with meta-

analyses considering time lags between the incidence of

head injuries and the occurrence of ALS. We searched

Medline and Web of Science for case–control, cross-sec-

tional, or cohort studies that quantitatively investigated the

head-injury-related risk of ALS and were published until 1

December 2016. After selecting appropriate publications

based on PRISMA statement, we performed random-ef-

fects meta-analyses to calculate odds ratios (ORs) and 95%

confidence intervals (CI). Sixteen of 825 studies fulfilled

the eligibility criteria. The association between head inju-

ries and ALS was statistically significant when the meta-

analysis included all the 16 studies (OR 1.45, 95% CI

1.21–1.74). However, in the meta-analyses considering the

time lags between the experience of head injuries and

diagnosis of ALS, the association was weaker (OR 1.21,

95% CI 1.01–1.46, time lag C 1 year) or not significant

(e.g. OR 1.16, 95% CI 0.84–1.59, time lag C 3 years).

Although it did not deny associations between head injuries

and ALS, the current study suggests a possibility that such

a head-injury-oriented risk of ALS has been somewhat

overestimated. For more accurate evaluation, it would be

necessary to conduct more epidemiological studies that

consider the time lags between the occurrence of head

injuries and the diagnosis of ALS.

Keywords Amyotrophic lateral sclerosis � Motor neuron

disease � Head trauma � Reverse causation

Introduction

Amyotrophic lateral sclerosis (ALS) is a rare neurode-

generative motor neuron disease that shows spreading

weakness of the muscles and results in life-threatening

situations, such as respiratory failure and dysphagia, within

approximately 2–5 years following their diagnoses [1–3].

Previous epidemiological studies have linked the occur-

rence of ALS with a variety of environmental and occu-

pational factors ranging from the history of military service

[4–6] and physical activity [7–12] to the exposures to

electric shock [13], several chemical substances [14], and

particular metals [11, 15–20].

In particular, the link between the history of head trau-

mas and the occurrence of ALS has repeatedly been argued

for more than a century [21–23]. Although the first meta-

analysis about this relationship found its statistical signif-

icance in 2007 [24], a consensus has not been fully reached

mainly because of a concern of reverse causation [25, 26]:

this association may be attributable to the data collected

from ALS patients who experienced head injuries as an

early symptom of undiagnosed ALS. In fact, some recent
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studies have reported that the head-injury-ALS association

was not statistically significant when they excluded cases

in which head traumas occurred less than 1 year before the

ALS diagnosis [21, 27, 28].

To address this concern, we aimed to re-examine the

association between the history of head trauma and the

occurrence of ALS by conducting (1) an up-to-date meta-

analysis including recent studies and (2) another meta-

analysis that considered the time lags between the onset of

head injuries and the diagnoses of the motor neuron

disease.

Methods

This study was performed in accordance with the Preferred

Reporting Items for Systematic Reviews and Meta-Anal-

yses (PRISMA) statement [29]. To evaluate the pooled

odds ratio (OR) between the history of head injuries and

the occurrence of ALS, we conducted meta-analyses using

case–control, cross-sectional, or cohort studies that quan-

titatively investigated this association and were published

on or before the 1st of December in 2016.

Data sources

A comprehensive literature search was conducted using

PubMed and Web of Science. In PubMed, we used MeSH

terms and searched for studies with either ‘‘Motor Neuron

Disease’’ or ‘‘Amyotrophic Lateral Sclerosis’’ and either

‘‘Craniocerebral Trauma’’, ‘‘Head Injuries, Closed’’, ‘‘Head

Injuries, Penetrating’’, ‘‘Coma, Post-Head Injury’’, or

‘‘Brain Injuries’’. In Web of Science, we searched for

studies that were classified as an ‘‘article’’ or a ‘‘review’’ in

the domains of ‘‘science technology’’ or ‘‘social sciences’’,

and that include either ‘‘motor neuron disease’’ or ‘‘amy-

otrophic lateral sclerosis’’ and either ‘‘head injury’’, ‘‘head

trauma’’, ‘‘craniocerebral trauma’’, or ‘‘brain injury’’. The

lists of references cited in these retrieved articles and

reviews were also examined, and relevant studies missed

by the searches were added to the results reviewed in the

following meta-analyses. Both searches were limited to

English-written studies.

Eligibility criteria

Inclusion criteria were defined as: (1) quantitative epi-

demiological studies (i.e. cross-sectional, case–control, or

cohort studies) that investigated the association between

the history of head injuries and the occurrence of ALS, (2)

studies that were published in scientific journals, (3) studies

in which at least one group of participants was diagnosed

with ALS, and (4) studies in which head injuries were

defined based on medical records, military records, ques-

tionnaires, or self-reports. Exclusion criteria were defined

as (1) studies that were not based on human data and (2)

qualitative reviews.

Study identification

We screened titles, abstracts, and full texts of the studies

found in the searches. After removing duplicated literature,

irrelevant studies were excluded based on the eligibility

criteria as follows. This process was confirmed by the

authors separately.

First, we excluded studies whose titles included terms

directly relevant to genetics, cell biology, or biochemistry

(see Supplementary Methods). In every case of these

exclusions, we reviewed the study’s entire title and re-

confirmed that the study with such term(s) in its title was

irrelevant to the current investigation. In addition to this

procedure, four other studies with clearly irrelevant titles

were excluded. Second, we examined the relevance of the

remaining studies based on their abstracts, and excluded

literature that was clearly irrelevant to this analysis (see

Supplementary Methods). Finally, the full texts of all the

remaining studies were reviewed, and irrelevant studies

were excluded (see Supplementary Methods).

Data extraction and statistical analysis

We reviewed the remaining studies that met all the eligi-

bility criteria, and extracted necessary data, which con-

sisted of the number of ALS and control participants, the

definition/diagnosis procedure of ALS, the definition of the

history of head injury or presumably equivalent injuries,

and statistics such as the OR, hazard ratio, and standardised

morbidity ratio (Table 1). If a study in Table 1 used stan-

dardised morbidity ratio as an outcome, the ratio was

treated as an OR in the current study. If the selected studies

provided only hazard ratios, we transformed them to OR in

accordance with Cochrane Handbook. If 90% CI was

adopted in a selected study, it was transformed into 95%

CI. When the selected studies did not contain such statis-

tical information, we directly calculated crude ORs using

the number of cases and controls reported there with a

standard procedure.

Using these extracted and transformed data, we calcu-

lated combined ORs and its 95% CI in a random-effects

model. Statistical heterogeneity was evaluated by visual

inspection of Funnel plots, by conducting Chi squared tests,

and by estimating the I2 statistic that describes the per-

centage of observed heterogeneity that would not be

expected by chance. These calculations were performed

using RevMan Ver.5.0 (Nordic Cochrane Centre, Cochrane

Collaboration 2009, Copenhagen, Denmark).
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Meta-analysis using all the studies

We first performed a meta-analysis of the ORs using the

data collected from all the selected studies. If one study had

different ORs for different time lags, these ORs were

merged within each study using a random-effects model.

Sensitivity analyses

Second, we examined the robustness of the result of meta-

analysis using all the selected studies by conducting the

following sensitivity analyses.

(I) To control heterogeneity, we searched for studies

that were the most responsible for the high

heterogeneity in the original meta-analysis using

all the studies. Technically, we repeatedly calcu-

lated the heterogeneity by omitting each study, and

identified the studies the exclusion of which

reduced the heterogeneity. Afterwards, we

excluded the studies and conducted another meta-

analysis.

(II) To control differences in definition of ALS or head

injuries, we conducted another sensitivity analysis

after excluding studies whose ALS diagnoses were

not based on ICD criteria, El Escorial criteria [30],

or their equivalents, and studies whose definition of

head injuries were not specific to the head or did

not explicitly include the head.

(III) To control differences in control individuals, we

performed another meta-analysis excluding studies

whose control groups consisted of non-healthy

individuals.

(IV) We also conducted another meta-analysis after

excluding studies that did not provide adjusted

ORs.

(V) We conducted another meta-analysis after all the

studies that were removed in the other four

sensitivity analyses.

Meta-analyses considering the time lags

between head injury and ALS

Second, we re-examined the association between the his-

tory of head injuries and the occurrence of ALS with

considering the possibility of the reverse causation: tech-

nically, we used only studies in which ALS was diagnosed

more than 1/3/5/10 years after the last incident of head

injuries. These lengths of the time lag (i.e. 1–10 years)

were determined because in the typical progression pattern

of ALS, ALS symptoms sometimes do not clearly manifest

in the first 1 or 2 years, whereas only 10% of ALS patients

live more than 10 years after diagnosis [3].

Meta-analyses considering the age at head injuries

and the repetition of head injuries

Additionally, according to previous studies

[21, 24, 27, 31–33], we examined whether the association

between the history of head injuries and the occurrence of

ALS was affected by the following two factors: the age at

head injuries and the repetition of head injuries.

The head injury-related risk of ALS considering the age

at head injuries was evaluated by conducting meta-analyses

using five studies that reported age-specific ORs

[24, 27, 32–34]. To use as many studies as possible for the

meta-analyses, we set the age threshold at 40 and did not

distinguish the age of the last head trauma from that of the

first one.

The ALS risk considering the number of head injuries

was estimated by performing meta-analyses using six

studies that reported different ORs for cases with different

numbers of head injuries [21, 24, 27, 31–33].

Results

Literature search

The current electronic literature search identified 118

potentially relevant studies in PubMed and 755 records in

Web of Science (Fig. 1). After removing 48 duplicated

studies, 570 records were excluded based on their titles,

and 234 other studies were excluded based on their

abstracts. After adding six articles that were used in a

previous systematic meta-analysis [24] but were not

detected in the electronic search, we examined full texts of

the remaining 27 studies, and excluded 11 of them. Con-

sequently, the remaining 16 studies, which consisted of 13

case–control studies and 3 retrospective cohort studies,

were used in the following meta-analyses (Table 1)

[21, 24, 27, 28, 31–42].

Meta-analysis using all the 16 studies

Although the heterogeneity across the analysed data was

moderately large (I2 38%), the meta-analysis using all the

16 articles found a statistically significant association

between the occurrence of ALS and the experience of head

injuries (OR 1.45, 95% CI 1.21–1.74, Fig. 2; Funnel plot,

Fig. 3).

Sensitivity analysis I: controlling heterogeneity

As a first sensitivity analysis, we examined whether the

primary result was preserved after controlling for

heterogeneity.
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Technically, we identified two studies the exclusion of

which reduced the heterogeneity by repeatedly calculating

the heterogeneity after excluding each study [36, 40]. The

exclusion of a case–control study by Kondo and Tsubaki

reduced the heterogeneity (I2) from 38 to 0% [36], and that

of another case–control study by Chiò et al. mitigated it

from 38 to 12% [40]. In contrast, the exclusion of any of

the other studies deteriorated the heterogeneity.

In addition to this operational reason, the insufficient

quality of the control groups in these two studies could be

another reason to exclude them [36, 40]. In the first study

[36], its controls consisted of the spouses of the ALS

patients, and thus, sex difference would not be sufficiently

controlled. Moreover, considering that spouses are likely to

share a large part of behavioural and environmental factors,

such a choice of controls is likely to increase the homo-

geneity artificially, which could result in a biased

Fig. 1 PRISMA process of literature search. Sixteen relevant studies were systematically selected from 852 researches based on the PRISMA

guideline

Fig. 2 Forest plot of the main meta-analysis. The analysis using all the selected studies found a significant association between the history of

head injuries and the occurrence of ALS. * indicates that the OR was calculated using the pooled ORs shown in each study
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observation. In the second study [40], its controls were not

healthy individuals like most of the other studies, but

mostly patients with non-ALS neurological diseases. Given

that some other neurological diseases may be associated

with the history of head injuries [43–45], such a control

group would underestimate the head-injury-related risk for

ALS.

Considering these quantitative and qualitative observa-

tions, we conducted a new meta-analysis after excluding

the two case–control studies [36, 40], and confirmed the

robustness of the primary results (OR 1.45, 95% CI

1.27–1.66, heterogeneity I2 0%).

Sensitivity analysis II: controlling differences

in ALS/head injury definition

Second, we conducted another sensitivity analysis after

excluding a study whose ALS diagnosis was not explicitly

based on El Escorial criteria or ICDs [34] and other three

research whose definition of injuries are not specified to the

head or obscure [35, 37, 40]. Even after this exclusion of

the four studies, we could still observe a significant asso-

ciation between head injuries and ALS (OR 1.54, 95% CI

1.29–1.85, heterogeneity I2 26%).

Sensitivity analysis III: controlling the heterogeneity

of the control groups

The third sensitivity analysis excluded six studies whose

control groups did not consist of healthy individuals

[31, 38–41], and still found a statistically significant head-

injury-related risk for ALS (OR 1.45, 95% CI 1.13–1.86,

heterogeneity I2 57%).

Sensitivity analysis IV: excluding crude ORs

To control for the potential confounding factors such as sex

and age, the fourth sensitivity analysis was performed after

excluding four studies that did not explicitly report

adjusted ORs [35, 36, 38, 39]. Even in this analysis, the

significant association between head injury history and

ALS occurrence was preserved (OR 1.36, 95% CI

1.18–1.57; heterogeneity I2 10%).

Sensitivity analysis V: excluding the nine studies

used in the above sensitivity analyses

Finally, we conducted another sensitivity analysis after

excluding all the nine studies [31, 34–41] that had been

removed in the above-described four sensitivity analyses,

and confirmed the association (OR 1.42, 95% CI

1.21–1.66, heterogeneity I2 0%).

Meta-analyses considering time lags between head

injuries and ALS

We then conducted a secondary meta-analysis that con-

sidered the time lags between the last incident of head

injuries and the diagnosis of ALS (Fig. 4). This analysis

was performed using six of the 16 selected studies

[21, 27, 28, 33, 38, 42], only which calculated different

adjusted ORs for different time lags. If one study showed

different ORs for different time lags, these ORs were

merged into one pooled OR within the study using a ran-

dom-effects model.

When the analysis was conducted in individuals who

experienced their head injury at least 1 year before being

diagnosed with ALS using the six studies

[21, 27, 28, 33, 38, 42], the pooled OR was marginally

significant (OR 1.21, 95% CI 1.01–1.46; heterogeneity I2

20%; Fig. 2a). This pooled OR did not survive statistically

after we excluded one study [38] that was removed in the

sensitivity analysis V (OR 1.91, 95% CI 0.98–1.44).

This association was not significant for the longer time

lag. When the time lag was set at C 3 years, the pooled OR

based on eight ORs listed in four studies

[21, 22, 28, 33, 42] was 1.16 (95% CI 0.84–1.59; Fig. 4b).

For C 5-year time lag, the pooled OR based on seven ORs

in the same four studies [21, 22, 28, 33, 42] was 1.18 (95%

CI 0.85–1.64; Fig. 4c). For C 10-year time lag, the OR

based on three ORs in two studies [21, 28] was 1.05 (95%

CI 0.74–1.50; Fig. 4c). Note that these analyses did not

include any study that was excluded in the above-stated

sensitivity analysis V; therefore, the results were not

affected even when we controlled possible confounding

factors. In addition, these observations were qualitatively

preserved when we did not merge different ORs within

each study (Supplementary Table 1).

Fig. 3 Funnel plot for the main meta-analysis. Each circle represents

each study shown in Table 1 and Fig. 2
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ALS risk considering the age at head injuries

and the repetition of head injuries

We also examined the head injury-related risk of ALS by

considering two potential confounding factors: the age at

head injuries and the repetition of head injuries.

First, the ORs considering the age at head injuries were

evaluated using five studies that explicitly described such

ages and calculated different ORs for different age group

[24, 27, 32–34] (Table 1). When the age at head injuries

was B 40 years, the pooled OR was 1.20 (95% CI

0.88–1.63; Supplementary Fig. 1a), which was qualita-

tively preserved after we excluded one study [34] that was

removed in the above sensitivity analysis V (OR 1.21, 95%

CI 0.86–1.70). When the age was[ 40 years, the pooled

OR showed a slightly lower figure (OR 1.08, 95% CI

0.62–1.89; Supplementary Fig. 1b), which was not affected

by the sensitivity analysis V because none of the studies

used in this meta-analysis was removed in the sensitivity

analysis.

In this analysis, we did not distinguish the age of the last

injury from that of the first one due to the small number of

each type of study: four of the five studies used here

reported the age at the last injury [24, 27, 32, 34], whereas

one study stated that at the first trauma [33]. However, in

this first-trauma-based study [33], more than 85% of

Fig. 4 Plots for time-lag analyses. The four forest plots show the results of meta-analysis considering time lags between the timing of head

injuries and the diagnosis of ALS (a time-lag C 1 year, b C 3 years, c 5 years, d 10 years)
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individuals with any history of head injuries experienced

only a single head trauma (Supplementary Table 2);

therefore, the age at the first head injury in this study was

expected to be close to that at the last head injury. Given

this, we may be able to interpret that the result of this meta-

analysis indicates the effects of the age at the last head

injury on the head trauma-related risk of ALS.

Second, the ORs considering the number of head inju-

ries were estimated using six studies that calculated dif-

ferent ORs for different numbers of head injuries

[21, 24, 27, 31–33] (Table 1). When focusing on cases with

only one head injury, we found a significant association

between the head injury and ALS occurrence (OR 1.23,

95% CI 1.08–1.42; Supplementary Fig. 2a). In contrast,

such a significant association was not seen when we

focused on cases with multiple head injuries (OR 1.17,

95% CI 0.73–1.89; Supplementary Fig. 2b). Both obser-

vations were qualitatively preserved even after we exclu-

ded one study [31] that was removed in the above

sensitivity analysis V (One head injury, OR 1.18, 95% CI

1.01–1.38; Multiple head injuries, OR 1.00, 95% CI

0.70–1.42).

Discussion

Consistent with a previous meta-analysis conducted in

2007 (OR 1.7, 95% CI 1.3–2.2) [24], our analysis has

confirmed a significant association between the history of

head injuries and the occurrence of ALS even after

including the most recent results (OR 1.45, 95% CI

1.21–1.74). In addition, the association was robust against

the multiple sensitivity analyses controlling several con-

founding factors. However, this head-injury-ALS link was

merely marginal or not significant when the meta-analyses

considered the possibility of the reverse causation. These

results suggest that although we cannot deny it, the asso-

ciation between head injuries and ALS may have been

overestimated.

The influence of such reverse causation between the

history of head injuries and the occurrence of ALS has

been repeatedly argued [22, 46–49]. A recent case–control

study has also suggested that the head-injury-related risk of

ALS became statistically insignificant when they excluded

the cases whose time lags between the experience of head

injuries and the ALS diagnosis were less than 1 year [21].

The results of the current time-lag meta-analysis add fur-

ther evidence for this concern, which indicates the neces-

sity of more epidemiological studies that consider such

time lags between head injuries and ALS for more accurate

evaluation of the head-injury-oriented risk of the motor

neuron disease.

In the meantime, we should note that this potential

reverse causation is not the only way to interpret the cur-

rent findings of the time-lag analyses. For example, recall

bias caused by cognitive impairments in ALS [50] may

underlie this observation. If ALS patients had more diffi-

culty in remembering their experiences of old traumas due

to their cognitive impairments than the controls, the asso-

ciation between the history of old head injuries and the

occurrence of ALS would be underestimated.

Statistically, the current observation using all the 16

studies was not necessarily preserved in the additional

meta-analyses considering the age at head injuries and the

number of the head injuries (Supplementary Figs. 1 and 2).

Qualitatively, however, these results classified by the age

and injury repetition were consistent with previous epi-

demiological and biological literature [27, 32, 33, 51]. The

higher ALS risk in individuals with head injuries at

younger ages (Supplementary Fig. 1) is consistent with the

previous case–control study [32, 33] and may be explained

by the higher levels of some hormones, such as testos-

terone, during young ages [51]. The higher ALS risk in

cases with not multiple but a single head injury is also

consistent with the previous epidemiological studies

[27, 32, 33]. In the meantime, we should note that these

observations are not conclusive because the numbers of the

studies considering the ages at injuries and the injury

repetition are limited and some potential confounding

factors may be not controlled sufficiently. For example, the

larger risk of ALS for single head injury might be affected

by recall bias and the severity of the injuries, because

individuals who experienced a severe head injury may be

more likely to recall the heavy trauma only.

Head-injury-related risks have been investigated in other

neurological diseases, such as multiple sclerosis (MS),

Parkinson’s disease (PD), and Alzheimer’s disease (AD),

and similarly to ALS, the associations between these three

diseases and the history of head traumas are still somewhat

controversial. For example, several meta-analyses reported

a significant head-injury-related risk for MS [45, 52, 53],

but a recent meta-analysis could not find such a significant

association when it focused on the results of cohort studies

[45]. For PD, some meta-analyses reported that the history

of head injuries is a risk factor for the disease [23, 54, 55];

however, a recent large-scale case–control study could not

reproduce the finding, and implied that such seemingly

significant associations between head injuries and PD could

be explained by reverse causality [56]. For AD, a meta-

analysis reported a significant link between AD and the

history of head injuries [44], but a recent large-scale cohort

study could not find a significant association [57], which

has cast doubt on the causal link between head injuries and

AD [58]. These situations are similar to that of studies on

the association between head injuries and ALS, and
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therefore, future studies about head-injury-related risks for

these neurological diseases may need comprehensive con-

sideration about a wide range of confounding factors,

including the repetition of head traumas, the age at head

injury, the severity of the injuries, and the effects of reverse

causality.

The current result of the primary meta-analysis (Fig. 2)

could contain four methodological limitations: regional and

ethnical diversity, recall bias, publication bias, and selec-

tion bias.

First, it was difficult to entirely control the influence of

the diversity across regions and ethnicities. The prevalence

rate of ALS is known to widely vary among geographically

different regions or different ethnic groups [2, 49, 59–61].

Such diversity in the prevalence rate could affect the sta-

tistical estimation of the association between head injuries

and ALS.

Second, the current information about the history of

head injuries may have been influenced by recall bias,

because most of the studies used here investigated indi-

vidual histories of head injuries using questionnaires

(Table 1). Thus, the definition of head injury could be

different between different individuals, and the information

about the head injury experience could be severely affected

by recall bias. In particular, after the potential association

between head injuries and ALS was publicly disseminated

[62], patients with ALS may become more likely to reflect

on their experience of physical accidents—including head

injuries—and to remember such events than control

groups. Moreover, 13 of the 16 studies used in the primary

meta-analysis are not cohort but case–control studies

(Table 1), and their results would be confounded by vari-

ous factors including recall bias and selection bias.

Although a meta-analysis using the remaining three cohort

studies [28, 34, 41] yielded qualitatively the same OR

(1.45, 95% CI 1.05–2.01), it should be noted that the cur-

rent result may overestimate the association between his-

tory of head injuries and occurrence of ALS.

Third, the current meta-analyses could be affected by

publication bias. The funnel plot for the primary meta-

analysis using all the 16 studies (Fig. 3) implies the pos-

sibility that researchers are not likely to report small studies

when they have found positive associations between head

injuries and ALS (here, OR[ 1).

Forth, the current analyses used three studies that were

based on hospital-based datasets [24, 32, 40], which would

potentially induce selection bias. In particular, given the

low prevalence of ALS, such selection bias could be

enlarged [63]. Although the exclusion of the three hospital-

based studies did not affect the result qualitatively (a new

pooled OR without the three studies = 1.55, 95% CI

1.31–1.83), we need to care about this confounding effect

of the publication bias when interpreting the current

observations.

The observations in the time-lag analyses (Fig. 4) could

also be affected by the small number of studies and several

residual confounding factors.

First, the current time-lag meta-analysis was based on a

relatively small number of studies. This small number may

be partly because quantitative investigations considering

the time lags were not intensively conducted until recently.

Therefore, it would be necessary to re-evaluate the current

findings after more studies considering the time lags have

been published.

In addition, these time-lag analyses could be more

affected by multiple residual confounding factors com-

pared to the primary meta-analysis.

For example, differently from the primary meta-analy-

sis, the time-lag analyses mainly used epidemiological

studies that were based on nation-wide medical registries:

in fact, five of the six studies employed here analysed large

population-based datasets (Table 1) [21, 27, 28, 33, 42].

Such well-characterised and comprehensive medical

records allowed the estimation of ALS risk considering the

time lags between the head injuries and the occurrence of

ALS. However, these official registries often defined ‘‘head

injury’’ as ‘‘head traumas that required medical cares’’

(Table 1), and thus, the studies using such nation-wide

datasets may underestimate the number of head injuries

and the associations between ALS and minor head traumas.

Moreover, the time-lag analyses may be more affected

by population bias than the primary analysis. Four of the

six studies used in the time-lag analyses were based on

datasets mainly collected from Germanic people (i.e.

English [28], Swedish [21], Dutch [42], and Danes [33]).

Given a substantial heterogeneity of the incidence rate of

ALS across different ethnic groups [2, 49, 59–61, 64, 65],

the current results of the time-lag analyses should be tested

for different ethnicities.

The current up-to-date meta-analysis has confirmed a

significant association between the history of head inju-

ries and the occurrence of ALS. However, the associa-

tion was merely marginal or not significant when the

analyses considered the possibility of the reverse causa-

tion. These observations have implied that the head-in-

jury-oriented risk of ALS may have been overestimated

and shown the necessity of more epidemiological

investigations that minimize the effects of the reverse

causation.
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2. Chiò A, Logroscino G, Traynor BJ, Collins J, Simeone JC,

Goldstein LA, et al. Global epidemiology of amyotrophic lateral

sclerosis: a systematic review of the published literature. Neu-

roepidemiology. 2013;41:118–30.

3. Swinnen B, Robberecht W. The phenotypic variability of amy-

otrophic lateral sclerosis. Nat Rev Neurol. 2014;10:661–70.

4. Haley RW. Excess incidence of ALS in young Gulf War veterans.

Neurology. 2003;61:750–6.

5. Horner RD, Kamins KG, Feussner JR, Grambow SC, Hoff-

Lindquist J, Harati Y, et al. Occurrence of amyotrophic lateral

sclerosis among Gulf War veterans. Neurology. 2003;61:742–9.

6. Weisskopf MG, O’Reilly EJ, McCullough ML, Calle EE, Thun

MJ, Cudkowicz M, et al. Prospective study of military service

and mortality from ALS. Neurology. 2005;64:32–7.

7. Longstreth WT, McGuire V, Koepsell TD, Wang Y, van Belle G.

Risk of amyotrophic lateral sclerosis and history of physical

activity: a population-based case-control study. Arch Neurol.

1998;55:201–6.

8. Scarmeas N, Shih T, Stern Y, Ottman R, Rowland LP. Premorbid

weight, body mass, and varsity athletics in ALS. Neurology.

2002;59:773–5.
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