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Abstract
Background and Objectives
Amyotrophic lateral sclerosis (ALS) is a rare neurodegenerative disorder. Familial (fALS) cases
are usually reported to constitute 5%–10% of all ALS cases; however, no recent literature review
or meta-analysis of this proportion (referred to throughout as “proportion fALS”) has been
conducted. Our objective was to estimate the proportion fALS by geographic region and to
assess the effect of study characteristics on the estimates.

Methods
A comprehensive literature review was performed to identify all original studies reporting the
number of fALS cases in an ALS cohort. The results were stratified by geographic region, study
design (case series or population-based), and decade of study publication. Subgroup analyses
were conducted according to family history criteria used to define fALS. We report pooled
estimates of the proportion fALS from random-effects meta-analyses when >2 studies are
available and I2 is < 90%; weighted averages and ranges are otherwise presented.

Results
The overall pooled proportion fALS based on a total 165 studies was 8% (0%, 71%). The
proportion fALS was 9% (0%, 71%) among 107 case series and 5% (4%, 6%) among 58
population-based studies. Among population-based studies, proportion fALS by geographic
region was 6% (5%, 7%; N = 37) for Europe, 5% (3%, 7%; N = 5) for Latin America, and 5%
(4%, 7%; N = 12) for North America. Criteria used to define fALS were reported by 21
population-based studies (36%), and proportion fALS was 5% (4%, 5%; N = 9) for first-degree
relative, 7% (4%, 11%; N = 4) for first or second-degree relative, and 11% (N = 1) for more
distant ALS family history. Population-based studies published in the 2000s or earlier generated
a lower pooled proportion fALS than studies published in the 2010s or later.

Discussion
The results suggest that variability in the reported proportion fALS in the literature may be, in
part, due to the differences in geography, study design, fALS definition, and decade of case
ascertainment. Few studies outside of European ancestral populations were available. The
proportion fALS was marginally higher among case series compared with population-based
studies, likely because of referral bias. Criteria used to define fALS were largely unreported.
Consensus criteria for fALS and additional population-based studies in non-European ancestral
populations are needed.
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Introduction
Amyotrophic lateral sclerosis (ALS) is a neurodegenerative
disorder characterized by the progressive deterioration of
motor neurons, which affects voluntary movement. Based on
summary meta-analyses across the literature, ALS is estimated
to be newly diagnosed in 2.02 (95% confidence interval [CI]
1.76–2.31) cases per 100,000 person-years.1 The incidence
rate (per 100,000 person-years) varies substantially according
to region: 2.35 (95% CI 1.75–3.15) for North America, 2.31
(95% CI 2.08–2.55) for Europe, 1.25 (95% CI 0.54–2.89) for
Latin America, and 0.93 (95% CI 0.57–1.51) for Asia.1

Most ALS cases (90%–95%) are believed to occur sporadically
(sporadic ALS [sALS]) while 5%–10% report known family
history of the disease (familial ALS [fALS]).2 Extensive het-
erogeneity in study designs across the literature has lessened
the ability to confidently reach conclusions about the pro-
portion fALS among patients with ALS. A 2011 meta-analysis
of 34 studies found the pooled proportion fALS to be 4.6%
(95% CI 3.9–5.5).3 Despite important variation in ALS in-
cidence according to geographic region, pooled estimates of
fALS proportion were not presented according to geographic
region. In the decade since the publication of this meta-analysis,
studies have reported higher proportions of fALS (7%–17%),
emphasizing the need for further research.4-11 Understanding
the true proportion of ALS cases with reported family histories,
and the reasons for variation in such estimates reported in the
literature, may contribute to an improved understanding of the
genetic etiology of ALS and the usefulness of the fALS vs
sALS classification system. Distinguishing fALS vs sALS is
not possible based on clinical presentation alone and instead
relies on detailed family history. Even with this information,
false reporting can occur for several reasons, including
misdiagnosis and early death of relatives who would have
developed ALS.12-14 Moreover, the binary classification of
fALS vs sALS ignores the complexities of ALS genetics.15 For
example, low gene penetrance and recessive transmission that
may occur in some ALS-associated mutations can result in the
apparent lack of family history.12,13,15,16 Furthermore, the
probability of a mutation-carrying family having only one or
none of its members affected, given less than complete pene-
trance, is dependent on family size.17 These situations may
result in erroneous labeling of patients as sporadic, when family
inheritance occurred. Alternatively, classification of cases as
familial in the absence of genetic inheritance can occur if
multiple family members are affected because of random
chance or shared environmental risk factors (e.g., heavy met-
als), although this evidence remains inconclusive.18-20 For this
reason, it has been proposed that “definite fALS” should be

considered with at least 2 affected family members or clear
evidence of genetic inheritance, reserving “probable fALS” for
those with one affected first or second-degree relative.12

“Possible fALS” allows for ALS family history in more distant
relatives.12 Notwithstanding, there is currently no consensus
regarding a preferred definition of fALS for use in epidemio-
logic studies.21 As a result, studies may define fALS based on
family history of ALS only or may allow for family history of
alternative neurodegenerative disorders or incorporate genetic
testing, introducing difficulties for synthesizing the literature.
Moreover, it has been reported that less than 10% of studies
reporting the proportion fALS provide a definition of the cri-
teria used to differentiate fALS and sALS.3 It is vital to consider
whether studies provide clear definitions of fALS and what
those definitions are, to better understand the true population
fALS proportion.

In addition to discrepancies in how fALS is defined, the
estimated fALS proportions in the literature may also vary
because of study design features. The proportion fALS
from meta-analytic estimates has been reported to be
higher among studies with recruitment based on a se-
quential series of cases (5.1%, 95% CI 3.4–7.1) compared
with population-based studies (4.5%, 95% CI 3.8–5.3).3 It
has been suggested that cohorts of patients with ALS drawn
from hospital databases may be subject to referral bias
because patients in these settings are more likely to have
affected family members than the general population.22

Consideration of patient recruitment methods is essential
for understanding heterogeneity in estimates of proportion
fALS.

There may also be a temporal trend in the estimated fALS
proportions in the literature, for example, due to improve-
ments in ALS case ascertainment, diagnostic criteria, and
fALS classification over time.14,23-25 In addition, distributions
of population age and environmental risk factors and average
family size may have changed over time, which are expected to
affect observed fALS proportion.17,23-25 These considerations
suggest the importance of considering the period that a
study’s fALS proportion represents.

The objective of this comprehensive literature review and
meta-analysis was to estimate the proportion of ALS cases that
are familial (henceforth referred to as “proportion fALS”) by
geographic region. We explore variation in the proportion
fALS because of study design (population-based registry or
case series), fALS definition (family history of ALS in a first-
degree, second-degree, or more distant relative), and publi-
cation decade.

Glossary
ALS = amyotrophic lateral sclerosis; fALS = familial amyotrophic lateral sclerosis.
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Methods
Literature Review
We initiated our sample by including all studies identified
in the 2011 meta-analysis.3 These studies were identified
through aMEDLINE search from 1966 to October 2009 with
the following MeSH terms: ‘ALS,’ ‘amyotrophic lateral scle-
rosis,’ ‘fALS,’ ‘familial amyotrophic lateral sclerosis,’ ‘familial
motor neuron(e) disease,’ ‘motor neuron(e) disease,’ ‘MND,’
‘incidence,’ ‘prevalence,’ and ‘mortality.’ To update this study
list, PubMed and EMBASE were searched from January 1990
to August 2021 by a medical librarian using identical search
terms. Additional sources within the same scope were sought
from references of the identified articles.

Studies eligible for inclusionwere those presenting original data
on a defined ALS cohort that adequately described enrollment
methods and included enough information, published in the
main text or supplemental, to calculate the proportion fALS at
the individual level (i.e., studies presenting only counts of fALS
pedigrees in a population were excluded). Estimation of the
proportion fALS did not necessarily need to be the objective
of the study. Study-level ALS diagnostic criteria may have
included other motor neuron diseases (e.g., spinal muscular
atrophy, progressive muscular atrophy, and primary lateral
sclerosis); sensitivity analyses in which these studies were ex-
cluded are described in more detail below. Abstracts and un-
published studies were not included. Articles published in
languages other than English were translated. Contact with
corresponding authors was attempted for articles with ambi-
guity in the proportion fALS that were otherwise eligible for
inclusion.

Studies were excluded for the following reasons: (1) They
lacked sufficient description of participant enrollment to allow
for determination of whether enrollment was population-based
or plausibly based on a series of clinic or hospital-based cases,
(2) they based enrollment on selection of a special group of
patients with ALS (e.g., patients with fALS, juvenile ALS, and
genetic mutations), (3) they followed separate procedures to
recruit fALS and sALS cases and would not be expected to
represent an accurate ratio of fALS to sALS in an underlying
source population, and (4) they obtained data on ALS cases
from a biobank because it is expected that the fALS distribution
may not be representative of the population-level distribution.

Analytic Approach
Details regarding case ascertainment, diagnostic criteria, region,
and fALS definition were extracted by a single researcher and
independently reviewed by a second researcher; discrepancies
were resolved by consensus. In each study, the proportion fALS
is reported as the number of fALS cases among all ALS cases.
Studies were grouped according to region to produce pooled
estimates of the proportion fALS. We report a summary for
each region detailing the included studies with their countries
of origin, total number of ALS cases, and total number of fALS
cases in eTable 1 (links.lww.com/NXG/A646).

If a region included 3 or more eligible studies reporting the
proportion fALS, a meta-analytic fALS summary proportion
and the corresponding 95% confidence interval were calcu-
lated. Meta-analyses were conducted according to random-
effects models, which were fit using the R package “metafor”
with restricted maximum-likelihood estimators. Random-effect
meta-analytic estimates are presented for regions for which
the I2 heterogeneity statistic value was found to be <90%;
otherwise, weighted averages and ranges are presented as a
descriptive summary because of substantial heterogeneity.26 If a
region included 2 eligible studies reporting the proportion
fALS in a defined cohort, a weighted average of the estimates
was calculated for the pooled estimate and the range is pre-
sented as the interval. Otherwise, if a given region only had a
single eligible study, the single study’s estimate is presented
without an interval.

Because we suspected that important study characteristics
might affect the estimated proportion fALS, we stratified our
results based on study design (population-based or case se-
ries), family history criteria used to define fALS, and publi-
cation decade. A study was considered population-based if the
procedures were expected to capture all ALS cases over a
specified period in a defined population. Studies that other-
wise recruited a collection of cases, such as a clinic or hospital-
based series of cases, were classified as case series. Studies that
did not explicitly report the criteria used to define fALS, in-
cluding those that stated a requirement for “family history”
without any further detail regarding the degree of relatives
considered, were considered not clear and were excluded from
the family history–defined subgroup analysis. The remaining
studies were grouped according to whether the fALS defi-
nition was based on family history of ALS only, allowed for
family history of alternative neurodegenerative disorders
(e.g., frontotemporal dementia), or incorporated confirmed
genetic diagnoses. Studies that operationalized fALS based
on family history of ALS alone were further divided based on
the degree of ALS-affected relatives: (1) first-degree, (2) first
or second-degree, or (3) first or second-degree or more
distant. First-degree relatives include parents, full siblings,
and children. Second-degree relatives include grandparents,
grandchildren, uncles, aunts, nephews, nieces, and half sib-
lings. Subgroup pooled estimates are only presented for the
definitions based on degree of family history of ALS, partially
because of substantial variability in estimates among the
other subgroups. Publication decade was used as a proxy for
the time of case diagnosis. Studies published before 1990
were included in a single group because of the small number
of studies from each prior decade.

Meta-regression
To further explore the potential sources of heterogeneity
described above, we conducted meta-regression analyses.
Meta-regression applies regression techniques to study-level
data to discern whether a linear relationship exists between
the reported outcome measure and the covariate(s) of in-
terest. Meta-regressions were conducted using generalized
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linear mixed-effects models, using logit transformation to model
proportion fALS with a random intercept for each study. The
models were fit using the R package “lme4.” Analyses were
conducted among all studies and then repeated among
population-based studies. Univariate models separately in-
cluded study type, region, family history criteria used to
define fALS, and publication decade as fixed effects. We
additionally explored average family size as a fixed predictor,
which was estimated based on average fertility rate (number
of children per woman) in the country of publication 20
years before the end of study data collection.27 Multivariate
models included multiple fixed effects. We quantitatively
described the variance explained by the fixed predictor(s) by
calculating the percent change in tau2 estimate of between-
study variance when adding the predictor(s) to the model
with no covariates.

Sensitivity Analysis
In the main analyses, ALS diagnostic criteria may include other
motor neuron diseases (e.g., spinal muscular atrophy, pro-
gressive muscular atrophy, primary lateral sclerosis, and pro-
gressive supranuclear palsy), cases were required to be reported
as either fALS or sALS, and fALS classification criteria may
include confirmed ALS-associated genetic variants. We con-
ducted a sensitivity analysis in which more stringent criteria to
define ALS were applied, such that analyses were restricted to
studies only including “pure ALS” cases (i.e., no diagnoses for
alternative motor neuron diseases). A second sensitivity analysis
was conducted in which study-level estimates were altered such
that all cases of ALS without reported fALS or sALS status were
included as sALS cases. A third sensitivity analysis was con-
ducted in which we excluded studies allowing patients with
confirmed geneticmutations to be categorized as fALS given the
shared genetic architecture of fALS and sALS.28,29

Data Availability
Data not provided in the article because of space limitations
may be shared at the request of any qualified investigator for
purposes of replicating procedures and results.

Results
Literature Review
Byrne et al. described 34 studies eligible for inclusion and
published between 1966 and October 2009.3 We included 31
of these studies in our analytic sample. The 3 remaining studies
were excluded because of lack of information regarding family
history or overlap with data from a more recent study.30-32

Our comprehensive literature search identified 6,816 articles.
An additional 150 sources were identified from review of
identified articles for a total of 6,966 studies. Those deemed
ineligible based on a review of titles and abstracts were ex-
cluded (N = 6,450). Exclusions at this stage included review
articles, studies not involving human subjects and/or ALS
populations, studies restricted to either fALS or sALS cases,

studies not reporting data for fALS, and case studies. The
remaining 366 articles underwent in-depth full-text review. The
final analytic sample included 165 study estimates (from 160
articles), 58 (35%) of which identified cases based on
population-basedmethods and 107 (65%) based on case series.
Details of the included studies are included in eTable 1.

Of the 56 studies that reported a clear definition of their
criteria for fALS, 13 (23%) restricted family history of ALS
to first-degree relatives only, 14 (25%) restricted to first or
second-degree relatives, and 8 (14%) allowed for more
distant generations. In addition, 8 studies (14%) allowed pa-
tients with confirmed genetic mutations to be categorized
as fALS and 1 study (2%) required family history of ALS in
multiple relatives. Finally, 12 studies (21%) also considered
family history of other neurologic diseases in the categorization
of fALS.

Meta-analysis
The details regarding number of studies by region and the
pooled estimate with its corresponding interval (lower limit and
upper limit from random-effects meta-analysis when >2 studies
are available and I2 < 90%; otherwise minimum and maximum)
are provided in Table 1. All meta-analytic estimates and I2 values
are reported in eTable 2 (links.lww.com/NXG/A646), and
forest plots are available in eFigure 1 (case series) and eFigure 2
(population-based). The overall summary proportion fALS
across all 165 studies was 0.08 (interval 0.00, 0.71). The pro-
portion fALS varied according to region. Europe had the highest
proportion of fALS (0.09, interval 0.00, 0.71), followed by the
Middle East and North Africa (0.09, interval 0.01, 0.40) and
Australasia (0.08, interval 0.04, 0.16). The lowest proportion
fALS was observed in Asia (0.04, interval 0.03, 0.06) and Sub-
Saharan Africa (0.05, interval 0.03, 0.07). Substantial variability
in estimates of proportion fALS remained at the regional level,
with most I2 values being >90%.

When stratified by study design, the proportion fALS was
higher among case series (0.09, interval 0.00, 0.71) compared
with population-based studies (0.05, interval 0.04, 0.06). This
observation was consistent at the regional level (Table 1). For
most regions, a meaningful difference in the I2 value from case
series vs population-based studies was not observed. However,
substantially greater variability was observed in case series vs
population-based studies from North America (88% vs 74%)
and from Latin America (88% vs 18%).

Owing to the observed variability in the proportion fALS
according to study design, subgroup estimates according to
family history criteria used to define fALS were only computed
among population-based studies (Table 2). As expected,
population-based studies defining fALS according to first or
second-degree or more distant family history of ALS generated
a higher pooled proportion fALS (0.11, based on a single
study) compared with studies restricting to family history
within the first or second degree (0.07, interval 0.04, 0.11) or
only the first degree (0.05, interval 0.04, 0.05). We present
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regional-level fALS proportions according to family history
criteria used to define fALS for Europe andNorth America only
because these were the only regions with population-based
studies in the 3 categories of degree of family history. Grouping
studies by family history criteria used to define fALS resulted in
substantially reduced heterogeneity, as evidenced by all I2 val-
ues being <50%.

Subgroup estimates according to publication decade were only
computed among population-based studies because of ob-
served variability in proportion fALS according to study design
(Table 3). Population-based studies published in the 2000s or
earlier generated a lower pooled proportion fALS than studies
published in the 2010s or later (1990s: 0.03, interval 0.01, 0.07;
2020s: 0.09, interval 0.06, 0.12).We present regional-level fALS

proportions according to publication decade for Europe and
North America only because these were the only regions with
population-based studies in all decades. Heterogeneity was
substantially reduced when studies were grouped by publication
decade, as evidenced by most I2 values being <65%. Hetero-
geneity remained considerable among studies published in the
2010s, which was the decade during which most population-
based studies (50%) were published.

Meta-regression
Detailed results of the meta-regression analyses are presented
in eTable 3 (links.lww.com/NXG/A646) (all studies) and
eTable 4 (population-based). Study type, region, family his-
tory definition, publication decade, and average family size
each explained <10% of between-study heterogeneity among

Table 1 Pooled Proportion of ALS Cases That Are Familial (fALS), According to Geographic Region and Study Type

Region Studies fALS cases Total ALS cases Estimate (lower limit, upper limit)

Asia 24 332 7,748 0.04 (0.03, 0.06)a

Case series 23 331 7,664 0.05 (0.03, 0.06)a

Population-based 1 1 84 0.01 (NA, NA)

Australasia 4 30 432 0.08 (0.04, 0.16)a

Case series 3 20 188 0.12 (0.08, 0.17)a

Population-based 1 10 244 0.04 (NA, NA)

Europe 77 2,783 30,553 0.09 (0.00, 0.71)

Case series 40 1,848 16,730 0.11 (0.00, 0.71)

Population-based 37 935 13,823 0.06 (0.05, 0.07)a

Latin America 17 275 2,518 0.06 (0.04, 0.09)a

Case series 12 237 1,708 0.07 (0.05, 0.12)a

Population-based 5 38 810 0.05 (0.03, 0.07)a

Middle East and North Africa 10 159 1,832 0.09 (0.01, 0.40)

Case series 9 154 1,750 0.09 (0.01, 0.40)

Population-based 1 5 82 0.06 (NA, NA)

North America 28 975 16,989 0.06 (0.05, 0.08)a

Case series 16 479 6,705 0.08 (0.06, 0.10)a

Population-based 12 496 10,284 0.05 (0.04, 0.06)a

Sub-Saharan Africa 5 23 514 0.05 (0.03, 0.07)a

Case series 4 15 329 0.05 (0.03, 0.09)a

Population-based 1 8 185 0.04 (NA, NA)

Overall 165 4,577 60,586 0.08 (0.00, 0.71)

Case series 107 3,084 35,074 0.09 (0.00, 0.71)

Population-based 58 1,493 25,512 0.05 (0.04, 0.06)a

Abbreviation: ALS = amyotrophic lateral sclerosis; NA = not applicable.
a Random-effects meta-analytic estimates and corresponding 95% confidence intervals are presented (>2 and I2 < 90%). Otherwise, weighted averages and
ranges are presented.
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all studies. Among population-based studies, family history
definition and publication decade together explained sub-
stantial between-study heterogeneity, in that the tau2 was re-
duced by 24%.

Sensitivity Analysis
In the main analysis, ALS cases with missing/unknown family
history information were excluded from 10 studies. Results
from a sensitivity analysis in which these cases were reincluded
as sALS were consistent with the main analysis. Similarly, a
sensitivity analysis that excluded studies in which ALS di-
agnostic criteria allowed for diagnosis of alternative motor
neuron diseases also produced results consistent with the main
analysis. Finally, a sensitivity analysis in which 8 studies
allowing patients with confirmed genetic mutations to be
classified as fALS were excluded produced slightly lower overall
proportion fALS estimates among all studies (0.07 vs 0.08) and
case series (0.08 vs 0.09), driven by the change in European
studies (0.08 vs 0.09 for all studies; 0.10 vs 0.11 for case series);
heterogeneity remained >90%. Population-based and other
regional results remained unchanged.

Discussion
The proportion of ALS cases that are of familial, rather than
sporadic, origin is commonly cited as 5%–10%. Our analysis
suggests that observed variability in the reported proportion
fALS in the literature may be, in part, due to differences in
region, study design, definition of fALS, and decade of case
ascertainment. The pooled proportion fALS among ALS cases

was observed to be 9% according to studies in which partic-
ipant recruitment was based on a clinic or hospital-based se-
ries of cases, but was only 5% according to population-based
studies. Notably, these overall pooled results are driven by the
large number of publications (47%) with data derived from
Europe. Notwithstanding, when examining pooled estimates
at the regional level, a higher proportion fALS among case
series vs population-based studies was consistently observed.
Meaningful difference in meta-analytic estimates of the pro-
portion fALS according to study design has previously been
described, although the reported difference (5.1% for case
series vs 4.5% for population-based) was not as pronounced as
we found.3 Population-based studies (which make up the mi-
nority of this literature) are expected to more accurately capture
the true proportion of ALS cases that are familial, given that a
series of cases from clinics or hospitals may be inadvertently
enriched by fALS cases.22 Evidence from population-based
registers, however, should not be used without careful consid-
eration of potential biases (e.g., shifts in demography, increased
awareness, “startup bias” in newly established registers, and
“information creep” in registers of longer duration).33,34

Our study also explores global geographic variability in the
proportion of fALS. Substantial variability across regions was
observed, providing support for potential differences in un-
derlying genetic structure, distribution of environmental fac-
tors, clinical practices related to fALS assessment, and average
family size in these populations.17,35,36 Among population-
based studies, the proportion fALS was highest for Europe
(6%) and theMiddle East and North Africa (6%), followed by
North America (5%) and Latin America (5%). It is important

Table 2 Pooled Proportion of ALS Cases That Are Familial (fALS), According to Geographic Region and Family History
Criteria Used to Define fALS, Among Population-Based Studies

Degree of ALS-affected relative used to define fALS Population-based studies fALS cases Total ALS Estimate (lower limit, upper limit)

Europe

First-degree 4 18 424 0.05 (0.03, 0.07)a

First or second-degree 3 16 194 0.09 (0.05, 0.15)a

First or second-degree or more distant 1 50 444 0.11 (NA, NA)

North America

First-degree 4 324 6,985 0.05 (0.04, 0.05)a

First or second-degree 1 49 946 0.05 (NA, NA)

First or second-degree or more distant 0 NA NA NA

Overall

First-degree 9 344 7,512 0.05 (0.04, 0.05)a

First or second-degree 4 65 1,140 0.07 (0.04, 0.11)a

First or second-degree or more distant 1 50 444 0.11 (NA, NA)

Abbreviation: ALS = amyotrophic lateral sclerosis; NA = not applicable.
a Random-effects meta-analytic estimates and corresponding 95% confidence intervals are presented (>2 and I2 < 90%). Otherwise, weighted averages and
ranges are presented.
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to note that our population-based estimate for Europe is based
on more available literature (37 studies) than Latin American
(5 studies) and the Middle East and North Africa (1 studies).
Furthermore, the Latin American estimates may be affected by
founder effects, which have been described in the literature in
this region for various neurodegenerative disorders.37-39 The
lowest pooled, population-based proportion fALS was from
Asia (1%), although only one study was available. Lower in-
cidence and prevalence rates of ALS in Asia compared with
Europe and North America have previously been reported,
which may affect ALS incidence within families.1,40-42 Fur-
thermore, because the proportion fALS is dependent on family
size, it is worth noting that this population-based estimate is
derived from China and expected to be affected by China’s
historic one-child policy.17

Our analysis also demonstrates that variation in the reported
proportion fALS is partly attributable to study-level differ-
ences in the operational definition of fALS. There is currently
no consensus regarding a preferred definition of fALS among
clinicians, although it has been suggested that the optimal
classification system should reserve naming a “definite” fALS
case based on the presence of at least 2 affected family

members or clear evidence of genetic inheritance.12,21 “Pos-
sible fALS” may also incorporate cases with a first-degree
relative with frontotemporal dementia because of the overlap
in phenotype and genotype of these disorders.12,43-45 Addi-
tional neuropsychiatric disorders (e.g., all-type dementia and
schizophrenia) are also genetically linked to ALS, suggesting
that incorporation of these disorders in an extended fALS
definition may be important for capturing familial aggregation
related to ALS.14,46 Moreover, it has been suggested that the
binary classification of ALS cases as fALS vs sALS is an “over-
simplification” because of the complexities of genetic pleiotropy,
as well as oligogenic and polygenic inheritance patterns that have
been documented in ALS, including in apparently sporadic
cases.47 Even in cases with familial inheritance, incomplete gene
penetrance and recessive transmissionmay result in the apparent
lack of family history.12,13,16 We observed that the minority
(34%) of studies provided a clear fALS. Approximately 60% of
these studies based their definition on family history of ALS
within an explicitly stated number of generations while the
remaining allowed for family history of other neurologic diseases
or confirmed genetic mutations. To our knowledge, this is the
first study to comprehensively examine the proportion fALS
according to a gradient of family history criteria used to define

Table 3 Pooled Proportion of ALS Cases That Are Familial (fALS), According to Geographic Region and Publication
Decade, Among Population-Based Studies

Publication decade Population-based studies fALS cases Total ALS cases Estimate (lower limit, upper limit)

Europe

Pre-1990s 4 22 415 0.06 (0.04, 0.09)a

1990s 0 NA NA NA

2000s 5 98 2,134 0.04 (0.02, 0.06)a

2010s 21 732 10,502 0.07 (0.00, 0.23)

2020s 6 82 714 0.10 (0.07, 0.15)a

North America

Pre-1990s 1 6 139 0.04 (NA, NA)

1990s 3 58 936 0.04 (0.01, 0.10)a

2000s 1 1 21 0.05 (NA, NA)

2010s 6 409 8,950 0.05 (0.04, 0.05)a

2020s 1 22 238 0.09 (NA, NA)

Overall

Pre-1990s 5 28 554 0.05 (0.04, 0.08)a

1990s 5 60 1,078 0.03 (0.01, 0.07)a

2000s 10 145 3,074 0.05 (0.04, 0.06)a

2010s 29 1,143 19,587 0.06 (0.00, 0.23)

2020s 9 117 1,219 0.09 (0.06, 0.12)a

Abbreviation: ALS = amyotrophic lateral sclerosis; NA = not applicable.
a Random-effects meta-analytic estimates and corresponding 95% confidence intervals are presented (>2 and I2<90%). Otherwise, weighted averages and
ranges are presented.
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fALS in the literature. Although it may have been preferable to
examine the proportion fALS according to the “definite,”
“probable,” or “possible” categorizations described above, the
level of detail provided in the literature did not allow for this
analysis.We observed, as expected, that the pooled proportion of
fALS among population-based studies using the most stringent
family history criteria was substantially lower compared with
those using more lenient family history criteria. We observed,
importantly, that I2 heterogeneity statistic values were sub-
stantially reduced for subgroups based on the family history
criteria compared with all population-based studies, suggesting
this as a potentially important source of heterogeneity.

Our analysis also demonstrates variation in the proportion
fALS in the literature according to publication decade, which
has not previously been described. We observed a positive
temporal trend in proportion fALS, likely due to changes in
ALS case ascertainment and diagnostic criteria, enhanced dis-
ease understanding, fALS classification (including changes the
classification criteria themselves, as well as changes in incidence
and recognition of family histories of ALS-related phenotypes),
distribution of population age and environmental risk factors,
and average family size over time14,17,23-25,34 Collapsing across
several decades of published studies on fALS proportion to
create a single summary estimate may, therefore, not be ap-
propriate.14 It is important to note that publication decade was
used as a proxy for period of case ascertainment because many
studies did not provide these details. For studies that did pro-
vide information on case ascertainment years, case diagnosis
often spanned multiple decades, but fALS proportion in-
formation was not presented with the level of granularity that
would allow stratification by time.

This analysis has several limitations. We observed meaningful
variability within regions, even after accounting for study design
methods, as evidenced by many I2 values being greater than
90%. Random-effects meta-analyses and weighted averages
were calculated as central values, causing us to collapse across
potentially meaningful within-region variability. It is important
to note that, in the presence of substantial between-study
heterogeneity, weighted averages are presented as a descriptive
summary of our findings and do not necessarily represent
any population-based measure. Further variations in study
features, beyond study design and fALS definition features
examined here, may have contributed to observed variation
in the proportion fALS. Unfortunately, we were limited by
the shortcomings of the literature, which included a lack of
detailed reporting on additional features that may have af-
fected proportion fALS variability. For example, diagnostic
criteria varied widely across studies, such that some studies
defined ALS cases according to the El Escorial criteria, to
varying degrees (i.e., definite only; definite or probable; defi-
nite, probable, or suspect), while others used the Awaji criteria
or their own institution-defined criteria.48-50 In addition, we
observed inconsistency in whether investigators excluded all, or
some subset of, other neuromuscular disorders. To investigate
the effect of including patients with other neuromuscular

disorders in the cohort on the proportion fALS, we conducted a
sensitivity analysis in which we restricted our analysis to studies
that explicitly reported the exclusion of all other diagnoses from
the ALS case group. Although we did not observe a meaningful
difference in the results, we recognize that detailed information
on ALS diagnostic criteria was not always reported by authors,
and therefore, discrimination of studies based on this feature
was not always possible.

We also observed a lack of clarity regarding inclusion of
multiple cases from a given fALS pedigree. In some studies,
the authors referred to fALS cases as being “unrelated,” but it
was not necessarily clear whether this was an intentional
feature of recruitment or an incidental occurrence. Similarly,
some studies referred to cases as “index cases,” a term typically
used in genetics literature to refer to the first affected case in a
family, but it is unclear whether use of the term was consistent
with this meaning. We found that most studies (60%) did not
comment on whether fALS cases were related. We acknowl-
edge this as a potentially meaningful source of variability in
the literature and expect that those studies that restrict to one
individual with fALS per family would underestimate the true,
individual-level population proportion fALS.

In addition to these concerns, additional unrecognized
study flaws could have biased or affected representativeness
of study-level estimates of the proportion fALS, which may
have affected our summary estimates. For the purposes of
this study, we included all studies that did not explicitly
report any method that would affect representativeness rel-
ative to the total population of patients with ALS. It is
possible, however, that some studies may have failed to
disclose certain recruitment features that hinder represen-
tativeness. It is also important to note that current un-
derstanding of fALS is dependent on current practices of
reporting and genetic testing, which may change over time.

Despite these recognized limitations, this study contributes to
an improved understanding of factors that affect variability in
reports of the proportion of ALS cases that are of familial vs
sporadic origin in the epidemiologic literature, namely geo-
graphic region, study design, operational definition of fALS,
and publication decade. Future identification of ALS cases,
especially fALS cases, with an underlying genetic etiology may
benefit from increased genetic testing to address limitations in
estimating proportion fALS based on unstandardized family
history information alone.
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