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Abstract

Objective—To examine whether severe head injury, subtypes of head injury, or repeated head
injuries are associated with ALS risk based on Swedish population and health registers.

Methods—We conducted a case-control study, nested within a cohort of 5,764,522 individuals
who were born in Sweden during 1901-1970 and followed between 1991 and 2007. The study
included 4,004 ALS patients identified from the Swedish Patient Register during follow-up and
20,020 randomly selected controls matched by sex and birth year. We evaluated hospitalization for
severe head injury that was recorded in the Inpatient Register before ALS diagnosis. Conditional
logistic regression was used to estimate odds ratios (ORs) and 95% confidence intervals (CIs).

Results—There was an association of ALS risk with severe head injury <1 year before diagnosis
(OR: 3.9, 95% CI: 2.6-6.1). No association was observed for severe head injury >3 years before
ALS diagnosis, nor was ALS associated with subtypes of head injury or repeated injuries
occurring >3 years before diagnosis.

Conclusions—Our findings from the Swedish registers provide no strong support for an
etiological relationship between severe head injury in adulthood and ALS risk.
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Introduction

The etiology of ALS likely involves both genetic and environmental factors (1, 2). The latter
may include metals, smoking, and electrical shock (3-5). Head injury has also been
suggested to be a risk factor for ALS. Most studies of this issue have been case-control
studies, many of which have collected information on head injury through self-report via

Corresponding Author: Tracy L. Peters (tracy.peters@ki.se) or Weimin Ye (weimin.ye@ki.se), Department of Medical Epidemiology
and Biostatistics, Karolinska Institutet, P.O. Box 281, 17177 Stockholm, Sweden.

Declaration of interest:
The views and opinions expressed in this article are those of the authors and should not be construed to represent the views of any of
the sponsoring organizations, agencies, or the U.S. Government. All authors report no disclosures.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Peters et al.

Page 2

mailed questionnaires or interviews (6—11). Other case-control studies have collected
information on head injury through review of pre-existing medical records (12-15). Chen et
al. (10) reported a significant association for head injury overall in a meta-analysis of eight
studies; however, some of the studies in the meta-analysis may have been influenced by
recall bias. Armon and Nelson (16) conducted an evidence based review restricted to four
studies that evaluated head injury using medical records, and concluded that a single
instance of head trauma was unlikely to be a risk factor for ALS. Two studies to date have
examined head injury and ALS prospectively. The Oxford Record Linkage Study found that
head or other physical injury requiring hospitalization was not a risk factor for ALS overall,
while head injury that happened in close proximity to the diagnosis of ALS was associated
with a higher risk of ALS (17). The authors of this paper concluded that this apparent higher
risk was related to early symptoms prior to formal diagnosis, rather than a primary causative
factor. Williams et al. (18) reviewed medical records of head injury prospectively from 1935
to 1974 to evaluate associations with various neurological disorders (including ALS); and
there was no evidence of head injury being a risk factor for ALS.

Repeated head injuries may be of special importance for ALS. Chen et al. (10) found
repeated head injuries to be associated with an 11-fold risk of ALS. Increased risk of ALS
among Italian soccer players was initially proposed to be a result of repeated head injury
sustained while “heading” the ball (3). However, an updated study suggested that the excess
risk among Italian soccer players might result from a complex interaction between drugs,
herbicides and a genetic predisposition for physical endurance (19). More recently, a large
population-based case-control study found that ALS was associated with repeated traumatic
events, defined as any accidental event causing an injury that required medical care; repeated
head injuries in particular were associated with ALS (15). McKee et al. (1) found that some
individuals, who were involved in collision sports and experienced repeated head injuries,
had CTE where the TDP-43 proteinopathy extended to involve the spinal cord and also had
motor neuron degeneration. The authors proposed that CTE might be associated with the
development of motor neuron disease but did not consider that they could be seeing two
diseases that are unrelated to each other (20-22).

The main goal of this study was to investigate whether severe head injury is a risk factor for
ALS in a study based on the Swedish population and health registers, in which information
on head injury and ALS was independently and prospectively collected. We specifically
aimed to examine the influence of different subtypes of head injury as well as repeated head
injuries on ALS risk.

Material and Methods

Swedish registry data

The National Patient Register (NPR) was started in 1964/1965 by the National Board of
Health and Welfare to collect information on all hospitalizations and has achieved
nationwide coverage from 1987 onward [Inpatient Register (IPR)]. In 2001 the NPR also
began to collect information on specialist visits [Outpatient Register (OPR)]. Information
recorded in the NPR includes the dates of admission, discharge, specialist visits, and up to
eight discharge diagnoses. The National Board of Health and Welfare has also been
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responsible for the Causes of Death Register since 1952 (23). Information from this register
includes date of death, age of death, underlying cause of death, and contributory causes of
death.

The Swedish Population and Housing Census is conducted by Statistics Sweden every five
years. The Census is based on a household questionnaire including questions about marital
status, household size, housing, employment, occupation, income, and education (23). The
Migration Register is part of the National Population Register and records information on
immigration and emigration status of registered residents in Sweden; it is updated every few
months.

Study cohort and follow-up

The study cohort was composed of 5,764,522 individuals who were born in Sweden during
1901-1970 and who were included in the 1990 Swedish Population and Housing Census
(24). The follow-up started on January 15t, 1991, given the nationwide coverage of the IPR
in 1987 and the completion of the 1990 Census. We linked the study population to the NPR,
the Migration Register, and the Causes of Death Register using the National Registration
Number, a unique identifier for all residents in Sweden. Through these linkages we excluded
individuals that had died, emigrated out of Sweden or had been diagnosed with ALS before
entry to the cohort. The study population was followed from January 15t, 1991 until first
ALS diagnosis, migration out of Sweden, death, or end of follow-up (December 315t, 2007)
whichever came first.

Nested case-control study

Cases

Controls

Exposure

We conducted a case-control study nested within the above-mentioned cohort which was
followed, on average, for 14 years, yielding a study base of 83,988,360 person-years.

During follow-up, a total of 4,004 individuals were identified with a hospital contact for
ALS recorded in the NPR. ALS diagnosis (either as the main diagnosis or a secondary
diagnosis at discharge or specialist visit) was identified in the IPR from 1991 to 2007 and in
the OPR from 2001 to 2007. ALS diagnoses were recorded according to the /nternational
Classification of Diseases, Ninth Revision (/CD-9; 1987-1996, 335C) and T7enth Revision
(ICD-10; since 1997, G12.2). Date of the first-ever hospital contact for ALS was defined as
the index date for cases.

We randomly selected 20,020 controls (five per ALS case) from the study base, using

incidence density sampling, i.e. the control had to be alive and in Sweden at the cases’ index
date. Controls were individually matched with the ALS cases on the basis of age (same birth
year) and sex. The index date for controls was defined as the index date of the matched case.

Our exposure of interest was hospitalization for head injury recorded in the IPR (/CD-9.
800, 801 and 803 [fracture]; 850 [concussion]; 852 and 853 [hemorrhage]; 851 and 854
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[contusion], and /CD-10. S020, S021, S027, S028, and S029 [fracture]; S060 [concussion];
S061, S062, S063; S064, S065 and S066 [hemorrhage]; S061, S062, S063, S067, S068,
S069, S070, and S071 [contusion]). We included both first and secondary diagnoses of head
injury occurring before the index date.

Statistical analyses

Results

Conditional logistic regression modeling was used to estimate odds ratios (ORs) and 95%
confidence intervals (Cls). We first evaluated any severe head injury, followed by subtypes
of head injury and repeated head injuries. Repeated head injuries were identified as multiple
hospitalizations for distinct head injuries; consecutive transfers among different clinics were
counted as one hospitalization. We tested the potential temporal relationship between head
injury and ALS by examining the associations between head injuries experienced in
different time windows before the index date. Assuming a potential lag between the real
onset of ALS and the first hospital contact for ALS, we conducted further analyses
examining only head injury experienced >3 years before the index date. In all regression
models, we adjusted for socioeconomic status and residence regions within Sweden. All
statistical analyses were performed using SAS version 9.3 (SAS Institute, North Carolina,
USA).

Among cases, there were more men (56%) than women (44%). The largest proportion of
cases was in the age groups of 60—-69 (28%) and 70-79 (35%) years (Table 1). There was a
statistically significant association between first severe head injury experienced <1 year
before the index date and a higher risk of ALS (OR: 3.9, 95% CI: 2.6-6.1) (Table 2). There
was no association between first severe head injury and ALS at longer lag times before the
index date (Table 2). For a first severe head injury experienced >3 year before the index date,
an OR of 1.2 (95% CI: 0.9-1.5) was observed.

No association with ALS was seen for any subtype of head injury occurring more than three
years before diagnosis, although the estimates were based on small numbers (Table 3).
Concussion, which was the most common head injury among both the cases (n=51) and
controls (n=219), had an OR of 1.2 (95% CI: 0.9-1.6) (Table 3).

No association with ALS was found for repeated head injuries occurring more than three
years before diagnosis (Table 4). The OR for more than one severe head injury was 0.6 (95%
Cl: 0.2-2.0); again the estimate was based on small numbers.

Discussion

In this prospective study we did not find evidence for an association of ALS with severe
head injury overall, with repeated head injuries, or with different subtypes of head injury. A
strong association of ALS with head injury experienced <1 year before ALS diagnosis was
noted, but is unlikely to be a causal event. Potential reasons for this positive association
include first, that incipient disease might make falls and therefore injuries more likely;
second, that greater medical surveillance of symptomatic individuals immediately before
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ALS diagnosis might make it more likely that head injury would be recorded; or third, that
treatment for a head injury might lead to medical evaluations that would facilitate earlier
diagnosis of ALS.

Several reasons potentially explain the inconsistency among studies of severe head injury
and the risk of ALS. One factor may be differences in study designs. Some studies showing
a significant association between head injury and ALS relied on the recall of head injury (6,
7). Two studies that did not use self-report did not find any association between head injury
and ALS (17, 18). Our study did not rely on questionnaires or interviews to identify head
injury; rather we used independently collected data on previous hospitalizations for head
injury. Results of our study are similar to those reported by Turner et al. (17) who examined
head injury and ALS using hospital admission records, including day cases (outpatients) and
those with a longer stay within the UK National Health Service hospitals. They found an
association of ALS with head injury that was restricted to events occurring during the year
before ALS diagnosis and concluded that the association was more likely due to incipient
ALS precipitating injury rather than to head injury causing ALS (17).

Another potential reason for the difference among studies is that other factors may modify
the association between head injury and risk of ALS. Schmidt et al. (25) concluded that head
injuries may be a risk factor for ALS but suggested that the strength of association may
depend on APOE genotype. Furthermore, Binazzi et al. (11) reported that head injury 11 to
30 years previously was associated with ALS among cases with a bulbar onset. Such
findings contribute to inconsistencies in literature but may also provide important insight
into the role of head injury in ALS. For example, bulbar onset is also common among soccer
players with ALS (19).

Our results showed that in the Swedish population ALS was not associated with repeated
severe head injuries recorded in the IPR. These results are inconsistent with those reported
by Chen et al. (10) which found that the risk for ALS was 11 times higher among persons
who had multiple head injuries occurring within the 10 years before diagnosis of ALS but
this finding was based on small numbers and included events occurring shortly before
diagnosis. More recently, Pupillo et al (29) reported in a large population-based study that
repeated traumatic events occurring at least five years before diagnosis were associated with
ALS (OR 2.6 for three or more events). The overall OR for multiple head injuries was 4.8,
but results were not given for an analysis of head injury experienced restricted to events five
or more years before diagnosis. Both of these studies relied on self-reported information to
assess head injury, so recall bias may have been a problem. However, the fact that both
studies used structured interviews to collect a complete history of head injury lessens this
concern.

Little information is available regarding the role of different subtypes of head injury in ALS.
Williams et al. (18) found no association between concussion or skull fracture and ALS
(OR: 1.05, 95% CI: 0.027, 5.85). Similarly, in the present study we found no association
between ALS and any subtype of head injury including concussion, which was the most
prevalent head injury among both cases and controls.
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A major strength of our study is the relatively large number of ALS cases and controls,
ensuring sufficient statistical power for the main analysis although not for the analyses on
subtypes of head injury and repeated head injuries. Furthermore, our study is prospective
and thus free of recall bias. However, our study has some limitations. First, because ALS
cases were identified from the NPR, our study is limited by a lack of detailed clinical
information. For example, our analysis is based on date of first hospital contact for ALS, and
the actual date of diagnosis was not available so some injuries could have post-dated ALS
diagnosis. Therefore, we used a lag time of three years for some of our analyses to minimize
potential reverse causality. Changing this lag time would likely not affect results, because
ALS was not related with severe head injury occurring >1 year before the index date (data
not shown). Second, the quality of ALS diagnosis in NPR has not yet been validated.
However, hospital discharge records for ALS diagnosis are of high quality, and the IPR is
generally complete and accurate (26, 27). Furthermore, validation studies have shown that
ICD codes for ALS are a valid diagnostic tool (27-30). In our nested case-control study, we
found that among the 4,004 cases of ALS, 2,866 (71.6%) had at least two hospital
admissions with ALS as a diagnosis (main or secondary) in the NPR. Among 692 cases of
ALS that were diagnosed between July 2005 and December 2007 when the Drug
Prescription Register was available, 459 (66.3%) had at least one prescription of Riluzole
during July 2005-June 2011. The Swedish Prescribed Drug Register was launched on July
15t 2005 and contains prospectively recorded individual data on all dispensed prescribed
drugs in Sweden. Third, using hospitalization data from the IPR to identify head injuries
limits our study to consideration of head injuries occurring in adulthood and requiring
hospitalization. Many head injuries do not require hospitalization, especially ones occurring
in children and young adults. Early life exposure to head injuries might potentially be of
special importance regarding later development of neurodegeneration. Finally, ALS cases
were identified solely from the IPR before 2001, and therefore we may have missed some
cases who had sought specialist care but never hospitalized before 2001.

In summary, we found that there was no association between ALS risk and severe head
injury, subtypes of head injury, or repeated head injuries, recorded in the IPR, occurring in
adulthood in the Swedish population. The relationship of head injury to ALS has been
examined in relatively few high quality studies and merits further study, with particular
attention to repeated injuries.
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