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Abstract
Objective—To assess the relative risk of amyotrophic lateral sclerosis (ALS) in families of ALS
patients.

Methods—We conducted a cohort study based on the Swedish Multi-Generation Register
(MGR) in 1961-2005. Among 6,671 probands (first ALS case in the family), 1,909 full siblings,
13,947 children, and 5,405 spouses were identified (exposed group). Other persons in MGR, who
were siblings, children, or spouses to persons without ALS, served as the reference group.
Relative risks of ALS among the exposed group, compared to the reference group, were calculated
from Poisson regression models. Concurrence of ALS within twins was assessed in 86,441 twin
pairs registered in the Swedish Twin Register.

Results—Nine cases of ALS were noted among the siblings and 37 cases among the children of
the probands, giving a 17-fold risk among the siblings (95% confidence interval [CI], 8.1-30.4)
and a 9-fold risk among the children (95% CI, 6.2-12.0), compared to the reference group.
Siblings and children had a higher excess risk if the proband was diagnosed at younger age, and
the excess risks decreased with increasing age at diagnosis of the proband (p < 0.001). Spouses
had no significantly increased risk (p = 0.27). Two cases were identified among the co-twins of
ALS probands, giving a relative risk of 32 (95% CI, 5.2-102.6).

Interpretation—The siblings and children of ALS patients have an around 10-fold risk of ALS
compared to the reference group. The excess risks vary with both age and kinship, indicating a
major genetic role in familial ALS.

Introduction
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease affecting motor neuron
function. Although most ALS cases occur sporadically, up to ten percent of patients have a
familial form.1 Mutations in several genes have been identified in familial ALS, including
SOD1, which is responsible for about 20% of the familial cases in an autosomal dominant
form. Five other dominant loci - ALS3, ALS4, ALS6, ALS7, and ALS8, as well as two
recessive loci - ALS2 and ALS5 have also been suggested to play a role in familial ALS.2
More recently, the focus of research has moved from attempting to identify the “simple”
genetics of a clearly Mendelian disorder to the “complex” genetics of the sporadic disease,
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which may involve multiple genes.3 Other unidentified or unconfirmed genes together with
other non-genetic factors may also have impact on ALS etiology.

The magnitude of relative risk for ALS in families of ALS patients, compared to other
families, has seldom been assessed.4-6 The most accurate way of establishing this relative
risk is to follow the families of ALS patients prospectively. The availability of several
nationwide registers in Sweden, including the Swedish Inpatient Register, the Causes of
Death Register, and the Multi-Generation Register, provided us a unique opportunity to
assess the relative risks of ALS among the siblings, children, and the spouses of ALS
patients, compared to a reference population who had relatives without ALS. The additional
impact of age and kinship on the relative risks were also assessed.

Methods
ALS cases

First, we identified all discharge records from the Swedish Inpatient Register between 1964
and 2005 with ALS as either the main or a secondary diagnosis. The Inpatient Register was
established in 1964/1965 by the Swedish National Board of Health and Welfare, and has
achieved nationwide coverage since 1987.7 Second, we identified all death records with
ALS as the underlying cause of death from the Causes of Death Register between 1961 and
2004. ALS was coded according to the International Classification of Diseases 7th Version
(ICD-7) “356,10” before 1969, ICD-8 “348,00” from 1969 through 1986, ICD-9 “335C”
from 1987 through 1996, and ICD-10 “G12.2” from 1997 and onward. By pooling cases
from these two registers, we identified a total of 9,457 individuals with ALS. Duplicated
cases identified in both registers were excluded. Register data were linked via the national
registration number, a unique personal identifier of all Swedish residents.

Exposed group
The Swedish Multi-Generation Register contains information on all residents in Sweden
who were born in 1932 or later and alive in 1961 (“index persons”) together with their
parents.8 Familial linkage, i.e., parental information, is available for >95% of individuals
who died before 1968, about 60% for those died between 1968 and 1990, and >90% for
those alive in 1991. Individuals deceased before 1991 were deleted from the register by
parish civil registration offices, which were responsible for local population registration at
that time. Among these deleted individuals, almost 100% of deaths before 1968 and about
60% of deaths between 1968 and 1990 could be re-identified from other sources, i.e.,
personal records and Statistics Sweden's register of births, and are included in the Register.
Since 1991, the tax offices have been responsible for the local population registration and
have supplied complete data to the Register.8

The first ALS case in each family was defined as the proband. The “exposed group” was
restricted to the full siblings that were born as singletons (termed “singleton full siblings”),
and children of the probands. Because siblings were identified through their parents, we
could identify siblings for only 20% of the ALS cases who were born since 1932 and had
identifiable parents. We also assessed the relative risk of ALS among the spouses as the
non-blood-related relatives of ALS probands. In this Register, spouses could be identified
only through a common biological child, so we defined spouses as those sharing at least one
identifiable biological child with the probands, whether married or not.

For 6,671 (70%) of the 9,457 ALS cases, we identified 2,051 siblings, 14,615 children, and
6,851 spouses in total. Through cross-linkages to the Inpatient Register, Causes of Death
Register, and Migration Register, the relatives were followed from the diagnosis date of the
probands or their own birth dates, whichever came later, to their own ALS diagnosis, death,

Fang et al. Page 2

Ann Neurol. Author manuscript; available in PMC 2013 March 27.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



emigration out of Sweden, or the end of follow-up (December 31st, 2005), whichever
occurred first. We excluded 2,256 relatives that had emigrated or died before ALS diagnosis
of the probands, leaving 1,909 siblings, 13,947 children, and 5,405 spouses in the final
analysis. Person-years and ALS outcomes were first calculated among the siblings, children,
and spouses separately. Later, analyses combining siblings and children were conducted to
increase statistical power to investigate the relative risk of ALS among the first degree
relatives.

Reference group
All individuals who were singleton full siblings, children, or spouses of another individual in
the Multi-Generation Register, excluding those enrolled in the exposed group, served as the
reference group. The Multi-Generation Register contains in total 13,605,121 individuals
including 10,899,507 (80%) as a sibling, child, or spouse of someone else. We excluded
21,261 individuals that were included in the exposed group and 75,274 with erroneous
information discovered in register linkage, leaving 10,802,972 in the final reference group.
Individuals in the reference group were followed from January 1st, 1961 (when ALS
diagnosis was first available in the Causes of Death Register) or their own birth dates,
whichever came later, to the date of ALS diagnosis, death, emigration out of Sweden, or end
of follow-up, whichever occurred first.

Twin analysis
The Swedish Twin Register was first established in the late 1950s.9 It contains 172,890
twins including 86,441 twin pairs and eight twins without a corresponding co-twin. Zygosity
information, as determined by questions on childhood resemblance, was also identified from
this register. Self-reported zygosity has been validated with DNA markers in a subsample of
199 twin pairs and was proved correct in 99% of the twin pairs.9 We linked the Twin
Register to the Inpatient Register and Causes of Death Register to identify the first ALS
cases in all twin pairs (probands). The co-twins of probands were considered the exposed
group. All other twins composed the reference group. The exposed and reference groups
were followed as described above for the Multi-Generation Register. Analyses were first
performed among all twins and later stratified by zygosity to illustrate the relative risk
difference between monozygotic and dizygotic twins.

Statistical analysis
We used log-linear Poisson regression models to calculate the overall relative risks (RRs)
and 95 percent confidence intervals (CIs) for ALS, as the ratio of ALS incidence rates of the
exposed group to that of the reference group. We adjusted for attained age at follow-up
(≤44, 45-54, 55-64, and ≥65 years), sex, and calendar period (1961-1975, 1976-1990, and
1991-2005) in all statistical models. The log-transformed person-years were used as the
offset variable in the models. Pearson's χ2 test was used to check the goodness of fit of the
models. The exposed group was then broken down by age at diagnosis of ALS probands
(≤44, 45-54, 55-64, 65-74, and ≥75 years) and kinship (siblings or children). We further
conducted analyses stratified by sex among all relatives, and by attained age at follow-up
(≤44, 45-54, 55-64, and ≥65 years), either among all relatives or among siblings and
children separately. All p values were two-sided and the results were considered as
statistically significant at p < 0.05. All the analyses were performed using SAS, version 9.1
(SAS Institute, Cary, NC, USA). The study was approved by the Regional Ethics Committee
at Karolinska Institutet.
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Results
The characteristics of the probands together with their siblings, children, and spouses are
shown in Table 1. The mean age at diagnosis for the probands was 66.1 years. The mean age
at the end of follow-up among the siblings was 57.6 years, among the children 51.0 years,
and among the spouses 75.4 years. We identified nine cases of ALS among the siblings, 37
cases among the children, and eight cases among the spouses during follow-up, with a mean
age at ALS diagnosis of 57.3, 53.8 and 71.2 years, respectively.

In the analysis pooling siblings and children together, compared with the reference group,
we found a 10-fold risk of ALS (RR, 9.7; 95% CI, 7.2-12.8) among the first degree relatives
of ALS probands (Table 2). The relative risk was highest when the proband was diagnosed
at the youngest age (≤44 years) and decreased with increasing age at diagnosis of the
probands (p value for trend < 0.001). Siblings had a substantially higher increased risk than
children (RR 16.8 versus 8.8). Children with a maternal proband had also a higher relative
risk than children with a paternal proband (RR 11.7 versus 6.5). Analysis stratified by sex of
the first degree relatives did not show a great difference between men and women (Table 3).
The absolute incidence rates of ALS increased along with increasing attained age at follow-
up among both the exposed and reference groups (Figure). But a pattern of decreasing
relative risks along with increasing attained age at follow-up was noted (p value for trend <
0.0001) (Table 3 and Figure). The relative risks appeared higher among the siblings than
among the children in most age groups, except at the group of 55-64 (data not shown).

Eight cases of ALS were identified among the spouses (4 husbands and 4 wives) rendering
no statistically significant elevated risk of ALS compared to the reference group (RR, 1.5;
95% CI, 0.7-2.8). The relative risks did not differ significantly between husbands and wives
or by age at diagnosis of the probands (data not shown).

To address potential concerns of the validity of ALS diagnosis, two sensitivity analyses
were performed. First, we restricted the analysis to cases identified from the Inpatient
Register only; 32 cases were observed among the siblings and children (related to 5,291
probands), giving a RR of 9.2 (95% CI, 6.4-12.8), and seven cases among the spouses,
giving a RR of 1.7 (95% CI, 0.7-3.4). Second, we identified another 296 probands with ALS
as a contributory cause of death and their 41 siblings, 596 children, and 217 spouses. One
additional child case was observed giving a RR of 8.6 among the children of the probands
(95% CI, 6.1-11.6).

In the twin analysis, we identified 82 cases of ALS from 5,907,828 person-years
accumulated during follow-up in the reference group (crude incidence rate: 1.39/100,000
person-years). In the exposed group, two cases of ALS were observed out of 1,069 person-
years (crude incidence rate: 187.1/100,000 person-year). The RR of ALS for the exposed
group was 32.1 (95% CI, 5.2-102.6). In the analysis stratified by zygosity, we found that
both concurrent cases were monozygotic; the corresponding RR for monozygotic co-twins
was 153 (95% CI: 23.8-557.0).

Discussion
We observed an about 10-fold risk of ALS among the singleton full siblings and children of
ALS patients, with a higher relative risk among the siblings. A few studies have assessed the
association between a family history of ALS and the risk of ALS 4-6, with one study
showing an around three-fold 5 and another more than 10-fold 4 risk among families of ALS
patients. The various findings are likely due to different study designs and small sample
sizes in these studies. Similar to our study, the only twin study available to date found 2 out
of 26 monozygotic, but none out of 51 dizygotic, twin pairs with concordant ALS.10
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Contrary to the siblings and children, no statistically significant excess risk of ALS was
noted among the spouses of ALS patients in our study. Spouses identified via a common
child might not in fact live together with the proband, thus could possibly lead to an
underestimated relative risk if the shared adulthood environment does matter. Alternatively,
genetic factors could clearly contribute to the different relative risks found between the
blood relatives and the spouses. Other non-genetic factors specifically shared by the blood
relatives, but not spouses, and the probands may have also contributed to the elevated risk.
Retroviral infection, for instance, may be a potential candidate. A recent study showed that
ALS cases and their blood relatives had similar loads of serum reverse transcriptase activity
(an enzyme characterizing retroviral infections), while the loads were lower in spouses, who
had levels similar to that of the unrelated controls.11

Although the absolute risks of ALS in siblings and children of ALS probands increased with
age (Figure), as were true in the general population, the relative risks of ALS decreased with
both increasing age of ALS diagnosis of the probands (Table 2) and increasing attained age
of the relatives (Figure). The result is consistent with findings from other neurodegenerative
disorders such as Alzheimer's disease, where the relative risk peaked among the younger
relatives of younger probands and dropped sharply both as the age at onset of the proband
and the attained age of the relative increased 12 and Parkinson's disease, where the relative
risk among relatives of early-onset probands was 4.7, while among relatives of late-onset
probands 2.7. 13

The siblings appeared to have a higher relative risk compared to the children of ALS
patients. The difference persisted after multiple adjustments for attained age at follow-up,
sex, and calendar period. One possible explanation is that siblings are on average older than
children and thus more likely to develop an age-dependent disease like ALS. In our study,
the mean age at the end of follow-up between siblings and children differed by seven years.
Separate analyses for siblings and children showing higher relative risks for the siblings in
most age groups allayed such a concern. Given that siblings and children share the same
number of genes with the probands, other explanations should be sought. One candidate
explanation is recessive gene action. Siblings have the same chance as the proband case to
inherit both recessive alleles from their common parents and develop the phenotype, while
children inherit only one allele from the proband parent and their phenotypes thus depend on
the other parent. Another potential explanation is the same early life exposures shared by the
proband and their siblings but not their children, such as childhood infections which may
modify the risk of ALS later in life.

We have no clear explanation for the relative risk difference on having a maternal versus a
paternal proband, noted in our study. It is possible that, in some cases, the father reported in
the registry was not the biological father of the child. Hypotheses concerning mitochondrial
inheritance, parent-of-origin, and epigenetic phenomenon could be of value for further
investigation. Preferential maternal inheritance through mitochondrial DNA has been
suggested playing a role in familial ALS with yet conclusive evidence.14,15 Parent-of-
origin effect operating through the maternal lineage, as proposed for multiple sclerosis,16
may also be possible.

Our study had potential limitations. First, we had around 40% missing data in the Multi-
Generation Register for individuals deceased between 1968 and 1990. If some deceased
ALS cases belong to this missing, their corresponding relatives would be classified as part of
the reference group, leading to an elevated baseline risk and an underestimated relative risk.
Second, we could only identify ALS cases from the registers and may have lost some cases
neither hospitalized nor deceased. Death certificate is shown able to identify 70-90% of ALS
cases 17 and in our data, for example, 77% of cases first hospitalized in 1991 were also
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found in the Causes of Death Register. We thus believe that these two registers should have
captured the vast majority of ALS cases in Sweden. Given the big sample size, we were not
able to verify the accuracy of ALS diagnosis. However, our sensitivity analyses by
excluding death-certificate only cases or including deaths with ALS as a contributory cause
showed largely unchanged results. The third limitation is that register-based data had no
information on other features of interest including site of disease onset, thus preventing
evaluation of relative risk variation associated with these features.

Genetic factors may play a role in the so-called sporadic cases. The discovery of mutations
in SOD1 in 2-7% of sporadic cases 18-21 supports this notion. Unfortunately, we had no
information on prior familial history of ALS for probands in our study. Under some
assumptions, we can, however, roughly estimate the genetic effects on sporadic ALS cases.
If we assume that number and age distribution of first degree relatives did not differ between
familial and sporadic probands, the accumulated person-time can be partitioned into two
parts, 10% for familial and 90% for sporadic probands, given that around 10% cases are
familial. By multiplying the age-specific incidence rates of the reference group to the
observed person-time, as well as an assumed “real” relative risk for familial ALS (contrary
to the observed relative risk in our study), the expected number of ALS cases in relatives of
familial probands could be calculated (termed “A”). Similarly, the expected number of cases
among relatives of sporadic probands, assuming no genetic effects, can also be estimated
(termed “B”). The role of genetic component in the 90% sporadic cases could thus be
assessed as a ratio (((observed ALS cases) - A)/B). We observed 46 cases among the
siblings and children, thus, by assuming a “real” relative risk for familial ALS as 75 (half
the value of monozygotic co-twins), the ratio was 3.9 for siblings and children of sporadic
probands.

Finally, we observed only two monozygotic twin pairs with concurrent ALS and could not
compare the relative risks between monozygotic and dizygotic co-twins of ALS patients.
But the fact that the relative risk among all co-twins of ALS probands was double that of the
singleton siblings together with the even more striking relative risk among the monozygotic
co-twins strongly suggests a significant role of genetics in ALS etiology. Studies able to
pool twin registers from different countries are preferably warranted.

Despite limitations discussed above, our study has several significant strengths. First is the
prospective cohort design, population-based approach, large sample size, and the close to
complete and long-term follow-up. Second is the unbiased identification of familial history
of ALS through computerized nationwide registers, which minimized the possibility of
exposure misclassification. And finally, we were able to compare the relative risks of ALS
between blood relative and spouses, between siblings and children, and between co-twins
and singleton full siblings, of ALS patients. These strengths ensured both the validity and
uniqueness of our study.

In conclusion, we observed an almost 10-fold increase in ALS risk among the siblings and
children, but not spouses, of ALS patients in Sweden. The excess risk appeared higher
among the siblings compared to the children, and probably also among those with a maternal
proband compared to those with a paternal proband. The excess risks were most notable
when the proband patients were diagnosed at a younger age, indicating a major genetic role
in familial ALS, particularly for early-onset ones. Future studies in different populations are
warranted to confirm our observations.
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Fig.
Incidence rates (IR, per 100,000 person-years; among the first degree relatives of ALS
probands and the reference group, respectively) and relative risks (RR; among the first
degree relatives of ALS probands, compared to the reference group) of ALS, by attained age
at follow-up. Gray dashed line with circles = IR Reference. Black dashed line with circles =
IR Exposed. Solid black line with squares = RR.
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Table 1

Characteristics of ALS proband cases, their full siblings, children, and spouses in Sweden, 1961-2005

Men Women Total

Proband cases

No. of proband cases 3,843 2,828 6,671

Mean age at diagnosis (years) 65.5 67.0 66.1

Siblings

No. of siblings 987 922 1,909

Mean follow-up duration (years) 7.4 6.8 7.1

Mean attained age at the end of follow-up (years) 57.5 57.8 57.6

No. of ALS cases among siblings during follow-up 4 5 9

Mean age of siblings at diagnosis of ALS (years) 58.0 56.8 57.3

Children

No. of children 7,176 6,771 13,947

Mean follow-up duration (years) 15.3 15.7 15.5

Mean attained age at the end of follow-up (years) 50.8 51.3 51.0

No. of ALS cases among children during follow-up 22 15 37

Mean age of children at diagnosis of ALS (years) 53.8 53.7 53.8

Spouses

No. of spouses 1,854 3,551 5,405

Mean follow-up duration (years) 10.1 13.4 12.3

Mean attained age at the end of follow-up (years) 76.6 74.7 75.4

No. of ALS cases among spouses during follow-up 4 4 8

Mean age of spouses at diagnosis of ALS (years) 71.2 71.2 71.2
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Table 2

Relative risk of ALS in full siblings and children of proband ALS cases, compared to risk of ALS in a
reference population, Sweden, 1961-2005

Cases Person-years RR* 95% CI†

Reference group 6,646 341,171,009 1.0

Exposed group 46 229,638 9.7 7.2-12.8

Age of proband at diagnosis of ALS

≤44 years 3 14,784 36.5 9.1-94.7

45-54 years 6 32,835 16.0 6.4-32.4

55-64 years 24 67,127 21.3 13.9-31.1

65-74 years 10 77,713 5.6 2.8-9.8

≥75 years 3 37,179 2.2 0.6-5.7

Kinship to the proband

Siblings 9 13,540 16.8 8.1-30.4

Children 37 216,098 8.8 6.2-12.0

Paternal proband 15 130,202 6.5 3.7-10.3

Maternal proband 22 85,896 11.7 7.4-17.3

*
Relative risk, derived from multivariable Poisson regression models, adjusted for age, sex, and calendar period.

†
Confidence interval.
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