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ABSTRACT

There is a growing understanding of the presymptomatic
stages of amyotrophic lateral sclerosis (ALS) and
frontotemporal dementia (FTD) and nascent efforts
aiming to prevent these devastating neurodegenerative
diseases have emerged. This progress is attributable,

in no small part, to the altruism of people living with
pathogenic variants at elevated genetic risk for ALS/

FTD via their willingness to participate in natural history
studies and disease prevention trials. Increasingly, this
community has also highlighted the urgent need to
develop paradigms for providing appropriate clinical
care for those at elevated risk for ALS and FTD. This
manuscript summarises recommendations emanating
from a multi-stakeholder Workshop (Malvern,
Pennsylvania, 2023) that aimed to develop guidance

for at-risk carriers and their treating physicians. Clinical
care recommendations span genetic testing (including
counselling and sociolegal implications); monitoring

for the emergence of early motor, cognitive and
behavioural signs of disease; and the use of Food and
Drug Administration-approved small molecule drugs and
gene-targeting therapies. Lifestyle recommendations
focus on exercise, smoking, statin use, supplement use,
caffeine intake and head trauma, as well as occupational
and environmental exposures. While the evidence base to
inform clinical and lifestyle recommendations is limited,
this guidance document aims to appraise carriers and
clinicians of the issues and best available evidence, and
also to define the research agenda that could yield more
evidence-informed guidelines.

INTRODUCTION

The study of unaffected people living with patho-
genic variants that elevate the risk for amyo-
trophic lateral sclerosis (ALS) and frontotemporal
dementia (FTD) has informed our understanding
of the presymptomatic stage of these related
neurodegenerative diseases.'™ In turn, this has
empowered pioneering trials that aim to delay
the onset or even prevent some genetic forms of
ALS,® with the hope and expectation that similar
interventional studies will soon be possible for
other forms of genetic ALS and FTD. The success

of these endeavours has been built on the foun-
dation of interest and commitment from the
community of people living with a pathogenic
variant. Increasingly, this community has high-
lighted the urgent need to develop the best care
frameworks for providing appropriate clinical
care given current levels of evidence (Box).”®
This care includes treatments, but also guidance
on clinical monitoring, on legal concerns and
on which putative environmental factors to seek
out or avoid. These considerations served as the
impetus for the hosting of an international work-
shop (Malvern, Pennsylvania, 21-23 September
2023) that aimed to develop guidance for the
clinical management of people at significantly
elevated genetic risk for ALS and FTD. We use the
term ‘guidance’ to capture the intent of providing
information and advice, rather than clinical
practice ‘guideline’, which would imply the use
of a particular methodology.” This Workshop
brought together people living with a pathogenic
variant at risk for ALS/FTD, representatives from
patient advocacy groups, an international group
of neurologists, neuropsychologists and psychia-
trists deeply involved in the care of patients with

ALS and FTD and devoted to studying people

at elevated risk for these disorders, along with

genetic counsellors, ethicists, statisticians, epide-
miologists, nurses and representatives from the
pharmaceutical industry.

Questions considered by Workshop attendees
included:

1. How to incorporate the care needs and prefer-
ences of those at elevated genetic risk for ALS
and FTD into clinical practice.

2. How to approach predictive genetic counsel-
ling and testing, alongside the sociolegal impli-
cations of people learning their genetic status
especially if this is documented in the medical
record.

3. Whether people at elevated genetic risk for ALS
and FTD should be treated with therapeutic
agents approved by regulatory authorities such
as the US Food and Drug Administration (FDA)
for patients with clinically manifest ALS/FTD.
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Neurodegeneration

4. Whether recommendations can be made to people at elevat-
ed risk for ALS and FTD regarding lifestyle, occupational
and environmental exposures, physical exercise, smoking,
nutrition and management of hyperlipidaemia.

5. How best to evaluate people living with a pathogenic variant
for signs of disease, and how frequently these evaluations
should be performed.

SURVEY OF CURRENT CLINICAL PRACTICE

To better understand the prevailing opinions and current
approach to the care of individuals at elevated genetic risk
for ALS/FTD, a short survey soliciting information on eval-
uation, follow-up and treatment was administered to 150
Northeast ALS Consortium sites prior to the Workshop
between May and July of 2023. Responses were received
from 71 (47.3%) sites. Of the respondents ~80% were
physicians (MDs), ~9% nurse practitioners (NPs) and ~8%
nurse coordinators. Respondents reported routinely offering
genetic testing to patients affected by ALS (~88%) while
~9% offered testing only to those with a family history.
Without genetic testing the identification of at-risk individ-
uals is limited and indeed, most MDs, NPs and coordina-
tors (~64%) reported limited experience with persons at
genetic risk for ALS, encountering, on average, <10 geneti-
cally at-risk individuals in their practice. About 29% of MDs
and NPs recommended that these unaffected individuals be
re-evaluated only when symptoms become evident. 62% of
MDs and NPs recommended regular follow-up, with ~78%
of these favouring 6 or 12-month intervals. About 68% of
MDs and NPs would perform electromyograms (EMGs) only
if symptomatic, and ~55% recommended cognitive testing
every 6—12 months. Baseline neurofilament light chain (NfL)
levels were recommended by ~57% of MDs and NPs and
~36% would continue monitoring NfL at regular inter-
vals, generally every 6-12 months. Finally, ~72% of MDs
and NPs would not offer pharmacological treatment to at
risk individuals, while ~15% would offer riluzole, ~5%
sodium phenylbutyrate/TUDCA and ~5% edaravone (this
survey was conducted prior to the results of the ADORE
and PHOENIX trials of oral edaravone and sodium phen-
ylbutyrate/TUDCA, respectively). About 35% of MDs and
NPs would offer tofersen only to symptomatic SOD1 patho-
genic variant carriers, while some would treat asymptomatic
carriers with an abnormal EMG (10%) or elevated NfL (5%)
and only 1% would treat carriers without symptoms and a
normal examination, EMG and NfL. While genetic testing is
routinely offered to patients with ALS, clinician experience
managing at-risk individuals is quite limited, and there is
clearly wide variation in practice for monitoring and treating
this population. These observations underscore the need for
developing guidance to aid clinical practice.

GENETIC COUNSELLING AND TESTING

Unaffected relatives of people with ALS and FTD often
inquire about their risk of developing one of these diseases.
While the risk to first-degree relatives of people with sporadic
ALS is estimated to be fivefold to eightfold compared with
the general population'® "' (in which the cumulative life-
time risk is 1 in 300'), the risk is much higher for rela-
tives of patients with familial disease (ie, when there have
been multiple affected family members). Considerations for
predictive genetic testing ideally begin with construction
of a family pedigree and a comprehensive evaluation of an

Community perspective(intentionally written in the first

person)

As individuals within families that are affected by genetic ALS
or FTD, we have witnessed generations of loved ones die of ALS,
FTD or both. As science has advanced and is able to identify

the genetic causes of disease in our families, we have chosen

to undergo genetic testing and to receive confirmation that we
harbour the variants associated with the disease in our families,
although we recognise that not everyone wishes to live with this
knowledge. Having learnt of our genetic risk, we now face the
challenge of considering how to proactively manage our health.
We have witnessed the anticipatory fear of a diagnosis steeped
in existential dread by our parents, who further had to endure
prolonged diagnostic delays even after the emergence of initial
symptoms.

Guidance about how to mitigate risk and what steps might
be taken to extend functional capacity and maximise disease-
free years, would have been valuable for our affected family
members and remains, for us, a compelling need. Such advice
would facilitate the rational assessment of lifestyle strategies,
evaluating their effectiveness in delaying (or even preventing)
disease onset or slowing its progression. Moreover, monitoring
would enable the medical team to gauge the appropriate timing
for referrals to clinical trials or the initiation of therapeutic
interventions. While there may be no trials or treatments
currently available for all pathogenic variants associated with
these diseases, the rapid advancements in the field, driven by
the unwavering commitment of scientists and researchers, bring
hope for both in the future.

Notwithstanding the foregoing, it is paramount to underscore
the need for safeguarding an individual’s privacy and protecting
personal relationships from unwarranted intrusion. Moreover,
maintaining a sense of self-identity is critical. This requires
careful consideration of the frequency of diagnostic evaluations
to ensure they do not disrupt one's sense of self. The cadence
and type of health observations should be tailored to align
with the most probable age and phenotype of disease onset
associated with the specific genetic variants, whenever this is
known. It is vital to recognise that while guidance and care
recommendations are indispensable, individuals at elevated risk
must be allowed to make informed choices about adopting these
recommendations. This decision should be made in the context
of genetic counselling services and in partnership with a trusted
clinician.

Finally, in the entire endeavour of categorising and solving
these genetic diseases, we must protect the humanity and
dignity of our communities. Speaking of the masses of
individuals with these variants as monoliths with stigmatising
language is hurtful, often inaccurate (informed by the lives of
achievement of so many of our family members) and counter-
productive to the goal of welcoming our genetic community into
research and care.

affected individual to determine the genetic basis for ALS/
FTD in the family." ** Prior to ordering genetic testing in an
affected individual, family concerns and plans for commu-
nication of results should be explored, noting the poten-
tial implications of positive (and negative) results both for
the patient and their relatives. The importance of sharing
information with at-risk relatives if a genetic aetiology is
found should be emphasised.'**> A three-generation family
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history can assist in identifying at-risk relatives—both
close and distant—who could be informed of the genetic
finding."* A detailed pedigree also informs penetrance, a
critical element in determining the risk of developing clini-
cally manifest disease if a pathogenic variant is identified.!®
Clinicians should support further family discussion after the
results are provided to the affected individual. This might
be accomplished, for example, by inviting family members
to join future discussions or providing written materials to
distribute to the family.'* '3

If a genetic cause or genetic risk factor is identified in
an affected person, biological relatives may then consider
predictive testing. If a genetic cause is not (yet) identifi-
able, but a strong family history suggests a genetic aetiology,
broad predictive testing may be contemplated provided
that the unaffected individual understands the limitations
of such testing in the absence of an identified variant in an
affected family member, most notably the risk of an unin-
formative negative or uncertain finding. The decision to
undergo predictive genetic testing is highly personal and
nuanced, with variable reasons for or against, which have
been summarised elsewhere.'” '® There are major potential
psychosocial, ethical and legal (eg, insurance) implications
that must be explored prior to predictive testing, which
should only be performed in the context of genetic counsel-
ling, ideally by a genetic counsellor.'*'? 20

Currently, no guidelines exist for long-term follow-up for
people with positive predictive genetic results conferring

elevated risk of ALS/FTD spectrum disorders.?! People who
undergo such testing, however, should be offered follow-up
that is tailored to their individual needs (eg, mental health
therapy, additional genetic counselling, connection to advo-
cacy and other peer support resources). This is true regard-
less of whether testing reveals a pathogenic variant or not.
Those who learn they have not inherited the risk for ALS/
FTD may have strong emotional reactions, including for
example, survivor’s guilt or difficulty adjusting after having
lived under the assumption that they were at risk.'® Addi-
tional specialised referral may be necessary for people
in whom a pathogenic variant is identified, depending on
how the person wishes to act on the risk information. For
example, if a person is interested in a clinical evaluation or
research participation, then an appropriate referral should
be made. If they have an interest in alternative reproduc-
tive methods such as in vitro fertilisation with preimplan-
tation genetic testing, it is critical that they are referred to
a genetic counsellor and fertility clinic with expertise in the
reproductive space. Genetic counselling recommendations
are summarised in table 1.

LEGAL CONSIDERATIONS

Legally, the care of people at elevated risk for ALS/FTD
spectrum disorders raises questions about privacy, confi-
dentiality and discrimination. Each has different degrees of
protection under the law. Privacy protections restrict access

» Individuals with a family history of ALS/FTD spectrum disorders who are interested in predictive genetic counselling and testing should first determine
whether their affected relative(s) underwent genetic testing; ideally, patients with a genetic aetiology identified for their ALS/FTD should communicate

» Predictive genetic testing should only occur in the context of genetic counselling (ideally by a genetic counsellor, but if not available, then by another

» People receiving predictive genetic test results should be referred for follow-up that is tailored to their individual needs (eg, mental health counselling,

» Referral to a genetic counsellor with expertise in the reproductive space is essential if a person would like to consider IVF/PGT or other alternative

» Protections (and limits of these protections) offered by laws such as GINA and the Affordable Care Act should be discussed early (before information is

P Patient access to their medical record (21st Century Cures Act Final Rule) should be factored into decisions about what to document in the medical

» Clinical evaluation of individuals at genetic risk for ALS/FTD should include a history of symptoms (if any), an assessment of what information the
individual would like returned from the clinical evaluation and consent regarding disclosure of potential findings; as well as a motor evaluation
(including EMG to increase sensitivity) and an assessment for cognitive, language and behavioural impairment and neuropsychiatric symptoms.

» Unaffected carriers should be informed that input from a loved one is helpful in assessing possible symptoms of FTD, but that the impact on
relationships of a loved one serving in this capacity is unknown. As such, informant report should only be sought with the explicit consent of people at

» The frequency of evaluations should be tailored to an individual’s age, genotype, prodromal manifestations of disease, personal preferences and clinical

Table 1  Clinical care recommendations
Testing Genetic counselling
their results to relatives (close and distant) who may be impacted.
qualified health professional) given emotional and practical considerations that are essential to consider prior to testing.
subsequent genetic counselling, clinical evaluation).
reproductive methods.
» Carriers of a pathogenic variant at risk for ALS/FTD should be provided with information about available research opportunities.
Sociolegal
documented in the medical record).
record and plans made for review of any genetic test results.
Monitoring Clinical care paradigms
elevated genetic risk.
needs.
Intervention FDA-approved therapies

P As there have been no studies of the efficacy of riluzole or, edaravone in unaffected individuals at genetic risk for ALS/FTD, and only limited evidence
that the biological mechanisms targeted by these agents are active during the presymptomatic stage of disease (whether clinically silent or prodromal),
we recommend against routine use of these agents in unaffected carriers.

» As there is good a priori biological rationale for believing that therapeutic interventions are more likely to be effective when initiated early, we
recommend the initiation of these approved therapies as early as possible following phenoconversion to clinically manifest ALS.

Gene-targeting therapies

» Outside of ongoing clinical trials or new evidence of efficacy, we do not recommend the use of ASOs in unaffected carriers of pathogenic variants,
especially when the toxicity of (long-term) administration of these agents is unknown.

ALS, amyotrophic lateral sclerosis; ASO, antisense oligonucleotide; EMG, electromyogram; FDA, Food and Drug Administration; FTD, frontotemporal dementia; GINA, Genetic Non-

Discrimination Act; IVF, in vitro fertilisation; PGT, preimplantation genetic testing.
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to an individual’s information. Here, we provide details
for the USA, but similar provisions and gaps in the law are
likely to apply in other countries. In the USA the Genetic
Non-Discrimination Act (GINA) precludes employers from
asking for genetic information or using genetic information
in employment related decisions. Confidentiality protects
against unlawful disclosures of information. The Health
Insurance Portability and Accountability Act, for example,
limits the disclosure of health information without a patient’s
consent. Evolving legal standards have, however, expanded
access to health information. The 21st Century Cures Act,
for example, makes health information, including laboratory
and genetic test results, available to patients through patient
portals, even ahead of receipt of appropriate genetic coun-
selling.”® Privacy and confidentiality protections may vary
depending on state law and may change with legal and policy
amendments.

Anti-discrimination protections limit or prohibit the deci-
sions that can be made by a third-party using health infor-
mation. However, federal and state laws apply in discrete
situations and may only provide protections to individuals
who qualify under the law. GINA, for example, prohibits
employer and health insurance discrimination based on
genetic information, with genetic information broadly
defined to include information from genetic tests, family
history and results of a family member’s genetic tests.”’
There are, however, important gaps in protections under
GINA, with protections only applying to organisations with
more than 15 employees and excluding the military. In the
context of insurance, GINA only prevents discrimination by
health insurers and does not apply to actions taken by long-
term care, life or disability insurers.”* And while employers
cannot request access to an individual’s genetic informa-
tion, this does not prevent employers from accessing the
same information through inadvertent disclosures (eg, an
employee disclosure of their genetic status to a manager or
colleague). While State laws may, in some circumstances,
provide additional protections that cover gaps under GINA
(eg, Florida law®’), variations among state laws may impede
any general guidelines that can be adopted across the USA.*
Moreover, protections under GINA no longer apply once
a disease manifests. The Americans with Disabilities Act
provides some protection to those with manifest disease,
but only for those who meet the definition of ‘disability’ as
defined in the Act. The definition of disease manifestation
is ill-defined—an individual could meet the definition of
‘disease manifestation’ if disease pathology (eg, based on a
biomarker) appears regardless of symptomatic status,”” but
they might not yet meet the definition of ‘disabled’. Thus,
while legal mechanisms may extend some protections, crit-
ical gaps persist that are relevant to people at genetic risk
for ALS and FTD, as well as those with early manifestations
of disease.?® Recommendations relevant to these sociolegal
considerations are summarised in table 1.

APPROVED THERAPIES FOR PATIENTS WITH ALS/FTD

Three drugs have been approved for ALS disease modifica-
tion—riluzole,” edaravone®® and sodium phenylbutyrate/
TUDCA*'—although there is regional geographic variation in
approval. However, emerging evidence from recently completed
trials calls into questions the efficacy of some of these agents,
with sodium phenylbutyrate/TUDCA recently withdrawn from
the market.* ** Each of these approved drugs is associated with

adverse events, but these are generally mild. There are no data
to suggest that any of these agents have any beneficial effect
during the presymptomatic stage of disease. Currently, there are
no approved disease modifying drugs for the treatment of FTD.

In the absence of evidence of efficacy, a biological argument
might be made for the use of riluzole presymptomatically given
its impact on cortical hyperexcitability, an early feature of
ALS,** %% including in a very small number of presymptomatic
SOD1 carriers close to phenoconversion.*® Hyperexcitability
testing, however, is not widely available, and the effects of rilu-
zole on cortical excitability are short-lived,** raising questions
about the rationale for using riluzole during the presymptom-
atic stage of disease. Currently, there is no biomarker evidence
that the pathophysiological processes targeted by edaravone
are active during the presymptomatic stage of disease, limiting
biological rationale for its use in the genetically at-risk popu-
lation. New imaging techniques have revealed abnormalities in
carriers of some pathogenic variants,’” but whether these reflect
early manifestations of disease or a neurodevelopmental defect,
is unclear. As such, MRI findings alone cannot currently be used
to justify initiation of therapy.

There have been no studies of these agents in a geneti-
cally at-risk population. This, together with incomplete
penetrance,'® no biomarker evidence supporting the activity
of relevant disease mechanisms during the presymptomatic
stage of disease, and no way to measure the impact of these
approved therapies during this stage of disease, we do not
recommend their use in the unaffected population at signifi-
cantly elevated risk. The potential for adverse effects and
questions about whether the costs of off-label use of these
drugs would be covered by insurance, should also be consid-
ered. However, there is good a priori biological rationale for
believing that therapeutic interventions are more likely to be
effective when initiated early.*® ** Based on this, combined
with the limited available empiric data, we do recommend
the early initiation of these approved therapies once patients
phenoconvert to clinically manifest ALS, with phenoconver-
sion based on published definitions.’ ** !

The FDA has granted accelerated approval to tofersen, an
antisense oligonucleotide (ASO) targeting SOD1, for patients
with SOD1-associated ALS. Tofersen is currently being eval-
uated, through the ATLAS study, in unaffected carriers of
highly penetrant pathogenic SOD1 variants that are also asso-
ciated with rapidly progressive disease. In this trial, tofersen
is initiated once serum NfL levels rise above a predefined
threshold.® These eligibility criteria are based on robust data
from Pre-fALS, a natural history and biomarker study in
which serum NfL was found to rise in the 6-12 months prior
to phenoconversion to clinically manifest ALS.> Tofersen
is generally well tolerated, but it may be associated with
serious neurological side effects including myelitis and papil-
loedema.*? By inference and based on an N of 1 experience
in treating a FUS pathogenic variant carrier in the prodromal
stage of disease (personal communication), the ongoing
FUSION study of an ASO targeting FUS enrols both patients
with FUS-associated ALS and carriers of a pathogenic variant
if a rise in serum NfL is found to be associated with ongoing
denervation changes on EMG. The treatment of asymptom-
atic FUS people living with a pathogenic variant in this way
is somewhat more speculative since the temporal course of
NfL in this form of ALS is less well-established. Outside of
clinical trials, and pending new evidence of efficacy, we do
not recommend the use of ASOs in carriers of other patho-
genic variants, especially when the risk of phenoconversion
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cannot be predicted and the (long-term) toxicity of these
agents is unknown. Recommendations regarding the use of
FDA-approved therapies and gene-targeting therapies are
summarised in table 1.

METABOLIC CONSIDERATIONS: WEIGHT, DIABETES, DIET,
LIPIDS AND STATIN USE

There is evidence that individuals with higher body mass
index (BMI) have a lower risk of developing ALS based on
several longitudinal observational studies. However, there is
some uncertainty about the dose—response**™ and the possi-
bility of reverse causation has not been excluded. Further, the
biological mechanisms underlying this association remain to
be elucidated. Moreover, although presymptomatic BMI was
lower among C90rf72 repeat expansion carriers than among
those without repeat expansion, this did not seem to reflect
a causal relationship between BMI and the risk of ALS.*®
The association of prior diabetes (and so insulin resistance
as an aetiological factor) with ALS risk, has been inconsistent
across studies in ALS (reviewed in*’) and FTD.*® * Mende-
lian randomisation (MR) studies have suggested that genetic
liability to higher adiposity®® is not causally associated with
ALS, and that genetic liability to type 2 diabetes has a neuro-
protective association with ALS,*! although type 2 diabetes
may represent a risk factor in East Asian populations.’*

While there are limited data on the relationship between
diet and the risk of ALS, one of the most promising areas
relates to the intake and plasma levels of polyunsaturated
fatty acids (PUFAs), and particularly the n-3 alpha-linolenic
acid (ALA). In a large prospective study documenting nearly
1000 ALS cases during follow-up, higher dietary intake
of n-3 PUFAs, most notably the 18-carbon, plant-derived
ALA,>® was associated with a markedly lower risk of ALS.
This finding was consistent with the results of two previously
conducted case—control studies.***° In a follow-up study in
the same prospective cohorts, higher prediagnostic plasma
levels of ALA were associated with a lower risk of ALS,*® and
among participants in the phase 3 trial of dexpramipexole in
ALS, higher plasma levels of ALA at recruitment were asso-
ciated with longer survival and slower functional decline.’”
While there is no evidence in the population at genetic risk
for ALS (or FTD), the available evidence provides strong
rationale for a trial of ALA supplementation in the treatment
of ALS.

Evidence for a potential role of other nutritional factors
is less consistent. A lower ALS risk has been reported among
individuals with higher vitamin E intake,’®*? an important
antioxidant, but this finding remains to be confirmed.
In contrast, suggestions of potential protective effects of
caffeine consumption are not supported by the results of
large rigorous longitudinal studies.®” ¢!

Studies of lipid profiles have been the subject of more
dedicated presymptomatic study, mainly in ALS. The Swedish
AMORIS cohort considered prospective data in >600 000
individuals over two decades prior to the development of
ALS in a subset of 623.%% Divergence was noted in levels of
low-density lipoprotein (LDL) cholesterol and apolipopro-
tein B (both generally higher in the ALS group) and high-
density lipoprotein (HDL) cholesterol and apolipoprotein
A1 (generally lower, maximally 10 years prior to symptom
onset, but reversing to higher levels in the few years before
diagnosis). Similarly, in the UK Biobank cohort of >500000
individuals, in which 343 developed ALS,* higher HDL

cholesterol and apolipoprotein Al levels were associated
with a lower risk of later ALS, with similar prediagnosis
trajectories noted for both LDL and HDL cholesterol in data
from primary care blood tests.®* However, a matched case—
control study nested in several large US population cohorts
observed a higher prediagnostic HDL level as a risk factor
for ALS.® MR studies in relation to lipids have consistently
reported a causal role for higher LDL cholesterol in increased
ALS risk.®®*® No significant divergence of presymptomatic
triglyceride levels has been identified.

Meta-analysis of statin use prior to ALS found no evidence
of any significant risk association (higher or lower).*” 7 MR
analysis has reported a causal effect between statin use and
increased risk of ALS,”" apparently independent of lipid-
lowering effects.”” Intuitively, presymptomatic changes in
diabetes or lipid profiles might be expected to influence
cardiovascular disease comorbidity. Variably controlled
studies have reported reduced premorbid cardiovascular
events in those developing ALS.”””° In a comparison of
apparently sporadic versus familial FTD patients, although
postdiagnosis, no significant differences were seen in
smoking, hypertension, diabetes or cholesterol.”® However,
significantly higher rates of premorbid heart disease were
noted in the apparently sporadic group (20% vs 10%).
Overall, however, major confounds are yet to be unpicked
to reach a deeper understanding of lipid divergence in the
pathway to ALS (and FTD). Results may depend critically on
the timing of sampling in relation to symptom onset, with
genotype-related factors which will require dedicated cohort
studies. Recommendations related to omega 3/ALA intake,
statin use, and other interventions for metabolic disease are
summarised in table 2.

SMOKING

Smoking has been found to be associated with an increased
risk of ALS in most studies that have examined this question,
with some suggesting no association, and none suggesting
a protective effect.*® 77! There are no studies examining
the association between smoking and FTD. In a single study
of 143 people who developed C90rf72-ALS, no causal rela-
tionship between smoking and ALS was identified.*® There
is evidence that smoking has no protective effect on the risk
of developing ALS or FTD among those without identifiable
genetic risk factors or among unaffected C90rf72 repeat
expansion carriers. Given this evidence and the numerous
health benefits of not smoking, we recommend that people
at genetic risk for ALS/FTD refrain from or stop smoking
(table 2).

EXERCISE

Exercise has many positive health benefits as emphasised by
guidelines from the Centers for Disease Control and Preven-
tion, National Health Service (UK) and WHO among others.
Exercise reduces the risk of common diseases including heart
disease, stroke and diabetes.®” This has two important impli-
cations, first it is conceivable that, even without any direct
link, ALS may be over-represented in those who regularly
exercise because exercise is associated with longevity and
ALS is more common in the elderly (ie, survival bias). More-
over, even if ALS risk were to be linked directly to physical
exercise, any intervention to reduce exercise would have a
significant health cost which needs to be weighed against a
measurable protective effect.
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Table 2 Lifestyle and environmental exposure recommendations™

Recommendation

Notes

Omega-3/ALA intake Ensure adequate intake of omega-3 fatty
acids/a-linoleic acid

>

>

Caffeine intake No modification recommended

Selenium intake Consume no more than daily recommended >

intake
Statin use Use as clinically appropriate >
Other interventions for Use as clinically appropriate >
metabolic disease
>
Smoking Do not smoke >
| 2
Exercise Follow WHO guidelines on sufficient exercise »
>
Head trauma Minimise head injury >
>
Occupational and Consider minimising occupational and >
environmental exposures environmental exposures to fertilisers/pesticides
and lead >

ALA, alpha-linolenic acid; ALS, amyotrophic lateral sclerosis; FTD, frontotemporal dementia.

For FTD there is emerging observational evidence that
physical activity is associated with slowed functional, cogni-
tive and neurodegenerative decline in adults with genetic
forms of FTD® which is supported by longitudinal associ-
ations in blood-based biomarkers.®* These findings under-
score the importance of encouraging people at genetic risk of
FTD to follow standard guidance on exercise.

For ALS, there is a wide body of research testing for an
association between different types of physical activity and
risk of sporadic ALS. Three professional sports (soccer,
American football, rugby) have been linked to higher
risk,®’ 8¢ leading to the idea that there may be an important
exposure which is specific to professional soccer, football
and rugby. However, this association has not been consis-
tently found in other types of professional sports or in non-
professional soccer,’” American football and rugby.®® Of two
prospective studies on exercise, one concluded that exercise
may be protective for ALS* and the other found no overall
association between cross-country skiing and ALS.”°

It is not known what may be driving the association for
professional soccer, football and rugby. Hypotheses include
repeated head injury, which has been independently linked
to risk of ALS,”" extreme exercise,”” exposure to environ-
mental toxins’® or some combination of the above. Given
this uncertainty, the extreme exercise involved in profes-
sional sports, the lack of evidence of an association between
general exercise and risk of ALS, the absence of any
adequately powered studies in people at genetic risk of ALS,
and the risk of extrapolating from a subset of professional
athletes to those at genetic risk of ALS, we recommend that

» There is some preclinical and clinical evidence that consumption of foods high in a-linoleic

acid is associated with lower risk of ALS.

o-linoleic acid is likely safe when used in amounts found in foods, but there is insufficient
information to inform the safety of higher doses.

Foods high in a-linoleic acid include flaxseeds, soybeans, tofu, pumpkin seeds, walnuts,
uncooked canola, soybean, walnut and pumpkin seed oil; many of these have high caloric
content.

There is no evidence that caffeine intake has any causal impact on risk for ALS/FTD.

In studies of the general population, overexposure to inorganic selenium (in water and
through diet and dietary supplements) may be associated with higher rates of ALS/FTD.

There is no direct evidence that statin use has any causal impact on the risk of ALS/FTD.

There is some evidence for metabolic differences, in particular some lipid ‘divergence’ from
the general population in those who go on to develop ALS.

There is no evidence that dietary or (non-statin) pharmacological interventions for metabolic
disease impact the risk of ALS/FTD.

In most studies, including a single study in presymptomatic C9orf72 mutation carriers,
smoking is associated with ALS, but evidence for a causal relationship between ALS and
smoking is currently lacking.

There are many proven harms associated with smoking.

There is no conclusive evidence that (non-professional) exercise impacts the risk of ALS and

FTD.

Exercise has been shown to have physical and mental health benefits.

The evidence linking head injury to ALS is inconclusive.

This broad recommendation is based on the association between head trauma and chronic
traumatic encephalopathy (CTE).

In studies in the general population, there is some evidence that exposure to high amounts
of fertiliser/pesticides, and lead may be associated with higher risk of ALS.

However, there is no direct evidence that these environmental exposures impact risk or age
of onset of ALS in people at genetic risk.

*Since there is currently limited research on people at elevated genetic risk for ALS/FTD, these recommendations are based almost entirely on studies in the general population.

individuals at genetic risk for ALS follow standard exercise
guidance (table 2).

OCCUPATIONAL AND ENVIRONMENTAL EXPOSURES
Occupational and environmental exposures are widely
researched as potential ALS risk factors in global studies.”*
For many of these potential risk factors, however, epidemi-
ological studies have yielded inconsistent results, possibly
due to the effect of biases. As a result, the evidence is insuf-
ficient to make recommendations about occupational or
environmental exposures, irrespective of whether ALS has
an identifiable genetic cause or not.

Of possible occupational exposures, those with very
high electromagnetic fields and agricultural pesticide expo-
show a consistent association with ALS risk, but
conflicting results have also been reported. Moreover, the
biological plausibility of the association is not entirely clear,
risk ratio estimates are generally imprecise due to small
sample size, and confounding might have been responsible
for these observations. Very limited evidence is available for
genetic ALS, where a single study restricted to monozygotic
ALS-discordant twins highlighted regular vehicle mainte-
nance and occupational paint usage as potential risks.”®

For environmental exposures to chemicals, there is epide-
miological evidence suggesting a role for excess exposure
to the metalloid selenium and to the heavy metal lead, and
to some groups of pesticides, despite some risk variability
across studies.””™'*> While dietary intake is the most abun-
dant source of selenium, most selenium species in foods are
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organic, and generally less toxic than the inorganic forms that
may be found in drinking water and occupational environ-
ments. Very few studies assessed the potential interaction of
these chemicals with ALS-related genetic variants, but those
available suggest a role of selenium in disease aetiology'®*
and less clearly of copper, iron and manganese.'® 1% There-
fore, potential interactions between environmental risk
factors and an increased susceptibility for those with greater
genetic susceptibility are still to be adequately characterised.
Recommendations are summarised in table 2.

Military service is associated with an elevated ALS risk
across many, but not all studies,” 17 1% and while potential
causal factors are uncertain, chemical exposure is among
proposed hypotheses.” 1% Nonetheless, no study demon-
strates that avoidance of military service prevents ALS
onset,’® and no studies, to our knowledge, on the inter-
action between military service and ALS genetic risk are
published.

In contrast to ALS, the literature on FTD occupational
and environmental risk factors is extremely limited,''* and
almost absent in carriers of pathogenic variants. A single
study reported possible associations with occupational expo-
sure to aluminium, pesticides and other chemicals (dyes,
paints or thinners), some professional sports and long-term
use of selenium-containing dietary supplements,'* but this
is an area in need of further research.

CLINICAL CARE PARADIGMS

Understandably, most clinical care guidelines have focused
on the needs of patients with clinically manifest ALS or
FTD." ' However, those at genetic risk for ALS or FTD
have their own clinical needs. For the unaffected popula-
tion, care should begin with informed consent that includes
communication of the risks of medical record documenta-
tion and discussion of the issues outlined earlier (see the
Genetic counselling and testing and the Legal consider-
ations sections). The availability of support systems should
be evaluated, alongside the need for a psychiatric evalua-
tion or counselling/psychotherapy, with a delay in testing if
appropriate.

Clinical assessment (summarised in table 1) should
include a motor evaluation with an EMG to increase sensi-
tivity in detecting mild motor impairment (MMI). Cogni-
tive, language, behavioural and neuropsychiatric symptoms
should be formally assessed in all individuals at risk for FTD.
Input from a loved one is helpful in assessing possible symp-
toms of FTD, especially since a loss of insight may be an
early symptom of behavioural variant FTD,"™* 5 but such
information may not be available or feasible. Unaffected
carriers may also have reservations about requesting input
from a loved one especially given potential implications for
their personal relationship. Carriers should be informed of
the value of third-party input and have the option to choose
whether to authorise the physician to contact a loved one.

The transition from presymptomatic to early symptomatic
illness in familial ALS and FTD can be difficult to recog-
nise.! ''* Clinical evaluation of (presumptive) presymptom-
atic individuals should include an appraisal of patient (and
family) goals, an interval history including an assessment of
what information the individual would like returned from
the clinical evaluation, and consent regarding disclosure of
potential findings. The clinician may also consider testing

relevant biomarkers including neurofilament chain light
(NfL), and Alzheimer’s disease (AD) biomarkers if AD is on
the differential diagnosis.

Beyond an initial assessment, the frequency of evalua-
tions for people at genetic risk will depend on many factors
including the individual’s age relative to estimated age of
onset (even though such estimates are currently very impre-
cise), genotype, clinical needs (eg, concern over possible
symptoms) and presence of any potential early symptoms
of ALS or FTD including those suggesting the presence of
MMI, mild cognitive impairment (MCI) or mild behavioural
impairment (MBI).!** ¢ 17 Prior to the clinical assessment,
the physician should determine whether the carrier wishes to
learn about the presence of a potential prodromal syndrome
(MMI, MCI, MBI) if this is detected. If information about a
prodromal state is to be shared, the uncertainty surrounding
the implications of these states, and the extent to which they
predict short-term phenoconversion to ALS or FTD, should
be communicated. A clinical visit frequency of at least annu-
ally allows individuals at risk for ALS or FTD to learn about
developments in the field and opportunities to participate
in research. Early involvement of a care team and referral
to other healthcare providers is often indicated including
ALS and FTD specialists, genetic counsellors, mental health
professionals, and social workers.

CONCLUSIONS

Considerations around the provision of care to people living
with a pathogenic variant at elevated risk for ALS and FTD,
are complex. Moreover, there are numerous logistical chal-
lenges to developing and implementing an infrastructure to
support such care. The optimal path through which unaf-
fected carriers might enter the health system is uncertain
and informed consent discussions will need to occur before
any information about genetic risk for disease is docu-
mented in the medical record (table 1); the Huntington’s
Disease Society of America, for example, recommends a tele-
phone screening call prior to a visit for genetic testing.''®
The cost of care for unaffected carriers might be borne by
health insurance companies, or national healthcare payers
systems, but if not then by individuals, with implications of
these health economic considerations for access to care. We
hope that the foregoing serves as the impetus for developing
much-needed new paradigms of clinical care that are fit for
the genomic era of medicine and relevant not only to ALS/
FTD, but also to other adult-onset genetic disorders.

In addition, the evidence base from which any lifestyle
recommendations might be drawn (table 2), is currently
extremely limited and is focused on assessing ALS risk in
the general population rather than specifically on those at
elevated genetic risk. A dedicated and globally cooperative
research agenda is needed to develop the knowledge base
necessary to assist unaffected carriers in accessing care and
guide lifestyle decisions that are most likely to delay or
prevent the emergence of clinically manifest ALS or FTD.

Author affiliations

1Neurology, University of Miami Miller School of Medicine, Miami, Florida, USA
“Department of Neurology, Lewis Katz School of Medicine at Temple University,
Philadelphia, Pennsylvania, USA

*Department of Neurology, The University of Sheffield SITraN, Sheffield, UK
“Genetic ALS & FTD: End the Legacy, Philadelphia, Pennsylvania, USA
*Department of Neurology, UCSF Memory and Aging Center, San Francisco,
California, USA

Benatar M, et al. J Neurol Neurosurg Psychiatry 2024;0:1-10. doi:10.1136/jnnp-2024-334339 7

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

el|iw3 01663y 8 euspo Ip 1pNIS 116ap
BISIBAIUN T G20Z ‘62 Arenuer uo jwod fwg duuly:diy woly papeojumoq 202 J9qWBAON TZ U0 BEEYEE-720Z-duul/oeTT 0T Se paysiignd 1s41} :A1eiydAsd Hinsounap |oinaN


http://jnnp.bmj.com/

Neurodegeneration

SDepartment of Neurology, University of Michigan, Ann Arbor, Michigan, USA
7Depar'[ment of Biomedical, Metabolic and Neural Sciences, University of Modena
and Reggio Emilia, Modena, Italy

®Department of Epidemiology, Boston University School of Public Health, Boston,
Massachusetts, USA

°Department of Neurology, University of Pennsylvania Perelman School of Medicine,
Philadelphia, Pennsylvania, USA

"°Department of Health Policy & Behavioral Sciences, Georgia State University School
of Public Health, Atlanta, Georgia, USA

"Nuffield Department of Clinical Neurosciences, Oxford University, Oxford, UK
"2Department of Neurology, Barrow Neurological Institute, Phoenix, Arizona, USA
"Department of Neurology, UMC Utrecht Brain Center Rudolf Magnus, Utrecht, The
Netherlands

"“Department of Neurology, University Medical Centre Utrecht Brain Centre, Utrecht,
The Netherlands

"*Department of Basic and Clinical Neuroscience, King's College London, London, UK

X Ammar Al-Chalabi @ AmmarAlChalabi

Acknowledgements MB is supported by the National Institutes of Health (R0
NS105479, U01 NS107027 and U54 NS092091). JC-K is supported by the Wellcome
Trust (216596/2/19/Z). MB and JW are supported by RO1-NS105479 from the

NIH. AA-C is an NIHR Senior Investigator (NIHR202421) and has been supported
through EU Joint Programme - Neurodegenerative Disease Research (JPND) projects
www.jpnd.eu (UK, Medical Research Council (MR/L501529/1; MR/R024804/1) and
Economic and Social Research Council (ES/L008238/1)) and through the Motor
Neurone Disease Association, My Name'5 Doddie Foundation, Alan Davidson
Foundation and the National Institute for Health Research (NIHR) Biomedical
Research Centre at South London and Maudsley NHS Foundation Trust and King's
College London.

Collaborators Attendees of the Workshop on Guidance for Clinical Care of People
Living with a Pathogenic Variant At-Risk for ALS and FTD: Ammar Al-Chalabi, Senda
Ajroud-Driss, Guillermo Alexander, Jalayne Arias, Alberto Ascherio, Daniel Barvin,
Frank Bearoff, Michael Benatar, Daniel Brickman, Kaitlin Casaletto, Danielle Colato,
Jonathan Cooper-Knock, Kuldip Dave, Laynie Dratch, Teresa Fecteau, Tommaso
Filippini, Stephanie Fradette, Mark Garret, Stephen Goutman, Cassandra Haddad,
Terry Heiman-Patterson, Edward Huey, David Irwin, Karen Kornbluh, Linde Lee, Adria
Martig, Stella McCaughey, Indu Navar, Chiadi Onyike, Lyle Ostrow, Jeremy Shefner,
Neil Shneider, Jean Swidler, David Taylor, Neil Thakur, Martin Turner, Leonard van den
Berg, Marco Vinceti, David Walk, Henk-Jan Westeneng, Joanne Wuu.

Contributors MB and TDH-P conceived and designed the Workshop and
accompanying manuscript. All authors contributed data and draft text for the
manuscript. MB prepared the first draft. All authors critically reviewed, edited and
approved the final manuscript for submission. MB is the guarantor.

Funding The authors thank the ALS Hope Foundation and End the Legacy: Genetic
ALS and FTD for support of the conference along with the sponsors including the
ALS Association, Biogen, The Association for Frontotemporal Degeneration, the

ALS Association Golden West Chapter, Alector, ALS Therapy Development Institute
and ALS Society of Canada. We appreciate the administrative and organisational
assistance of Jamey Piggott and Paris Delorenzo of the ALS Hope Foundation.

Competing interests MB reports consulting fees from Alector, Alexion,
Annexon, Arrowhead, Biogen, Cartesian, Denali, Eli Lilly, Horizon, Immunovant,
Novartis, Roche, Sanofi, Takeda, UCB and uniQure. The University of Miami has
licensed intellectual property to Biogen to support design of the ATLAS study.
TDH-P reports participation in medical advisory boards with Amylyx, MT Pharma
America and Novartis. JC-K reports no competing interests. DB reports consulting
fees from Enliven, Xencor, Elevation Oncology and Atavistik. KBC reports no
competing interests. SAG reports scientific advisory from Edivera. MV reports no
competing interests. LD reports consulting fees from Passage Bio, Sano Genetics,
and Biogen. JJA reports no competing interests. JS reports no competing interests.
MRT reports salary support from the Motor Neurone Disease Association;
royalties or licenses from Oxford University Press, Oneworld and Karger; speakers’
honoraria from University of Miami; and participation in advisory board for
Biogen and Novartis. AA-C reports consultancies or advisory boards for Amylyx,
Apellis, Biogen, Brainstorm, Clene Therapeutics, Cytokinetics, GenieUs, GSK, Lilly,
Mitsubishi Tanabe Pharma, Novartis, OrionPharma, Quralis, Sano, Sanofi and Wave
Pharmaceuticals.

Patient consent for publication Not applicable.
Ethics approval Not applicable.
Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is

properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs

Michael Benatar http://orcid.org/0000-0003-4241-5135

Terry D Heiman-Patterson http://orcid.org/0000-0002-9910-1041
Johnathan Cooper-Knock http://orcid.org/0000-0002-0873-8689
Daniel Brickman http://orcid.org/0009-0004-9993-0116

Kaitlin B Casaletto http://orcid.org/0000-0001-5000-7604
Stephen A Goutman http://orcid.org/0000-0001-8780-6637
Marco Vinceti http://orcid.org/0000-0002-0551-2473

Laynie Dratch http://orcid.org/0000-0002-2179-3199

Jalayne J Arias http://orcid.org/0000-0002-6081-5231

Jean Swidler http://orcid.org/0000-0002-3605-6183

Martin R Turner http://orcid.org/0000-0003-0267-3180

Ammar Al-Chalabi http://orcid.org/0000-0002-4924-7712

REFERENCES

1 Benatar M, Turner MR, Wuu J. Presymptomatic amyotrophic lateral sclerosis: from
characterization to prevention. Curr Opin Neurol 2023;36:360—4.

2 Benatar M, Wuu J. Presymptomatic studies in ALS: rationale, challenges, and
approach. Neurology 2012;79:1732-9.

3 Benatar M, Wuu J, Andersen PM, et al. Neurofilament light: A candidate biomarker
of presymptomatic amyotrophic lateral sclerosis and phenoconversion. Ann Neurol
2018;84:130-9.

4 Benatar M, Wuu J, Lombardi V, et al. Neurofilaments in pre-symptomatic ALS
and the impact of genotype. Amyotroph Lateral Scler frontotemporal Degener
2019;20:538-48.

5 Benatar M, Wuu J, McHutchison C, et a/. Preventing amyotrophic lateral sclerosis:
insights from pre-symptomatic neurodegenerative diseases. Brain 2022;145:27-44.

6 Benatar M, Wuu J, Andersen PM, et al. Design of a Randomized, Placebo-Controlled,
Phase 3 Trial of Tofersen Initiated in Clinically Presymptomatic SOD1 Variant Carriers:
the ATLAS Study. Neurotherapeutics 2022;19:1248-58.

7 Swidler J, Olson T, Edelstein AL, et al. A new diagnostic entity must enable earlier
treatment in gene carriers. Brain 2023;146:e77-9.

8 Benatar M, Al-Chalabi A, Crawley A, et al. Reply: A new diagnostic entity must
enable earlier treatment in gene carriers. Brain 2023;146:680-2.

9 Cosgrove L, Shaughnessy AF, Shaneyfelt T. When is a guideline not a guideline? The
devil is in the details. BMJ EBM 2018;23:33-6.

10 Hanby MF, Scott KM, Scotton W, et al. The risk to relatives of patients with sporadic
amyotrophic lateral sclerosis. Brain 2011;134:3454-7.

11 Ryan M, Heverin M, McLaughlin RL, et a/. Lifetime Risk and Heritability of
Amyotrophic Lateral Sclerosis. JAMA Neurol 2019;76:1367-74.

12 Johnston CA, Stanton BR, Turner MR, et al. Amyotrophic lateral sclerosis in an urban
setting: a population based study of inner city London. J Neurol 2006;253:1642-3.

13 Salmon K, Kiernan MC, Kim SH, et al. The importance of offering early genetic
testing in everyone with amyotrophic lateral sclerosis. Brain 2022;145:1207-10.

14 Chambers C, Lichten L, Crook A, et al. Incorporating Genetic Testing Into the Care of
Patients With Amyotrophic Lateral Sclerosis/Frontotemporal Degeneration Spectrum
Disorders. Neurol Clin Pract 2023;13:€200201.

15 Crook A, Jacobs C, Newton-John T, et a/. Toward genetic counseling practice
standards for diagnostic testing in amyotrophic lateral sclerosis and
frontotemporal dementia. Amyotroph Lateral Scler Frontotemporal Degener
2022;23:562-74.

16 Van Wijk IF, Van Eijk RPA, Van Boxmeer L, et al. Assessment of risk of ALS conferred
by the GGGGCC hexanucleotide repeat expansion in C9orf72 among first-degree
relatives of patients with ALS carrying the repeat expansion. Amyotroph Lateral Scler
Frontotemporal Degener 2024;25:188-96.

17 Crook A, Williams K, Adams L, et al. Predictive genetic testing for amyotrophic
lateral sclerosis and frontotemporal dementia: genetic counselling considerations.
Amyotroph Lateral Scler frontotemporal Degener 2017;18:475-85.

18 Crook A, Jacobs C, Newton-John T, et a/. Patient and Relative Experiences and
Decision-making About Genetic Testing and Counseling for Familial ALS and FTD: A
Systematic Scoping Review. Alzheimer Dis Assoc Disord 2021;35:374-85.

19 Benatar M, Stanislaw C, Reyes E, et al. Presymptomatic ALS genetic counseling and
testing: Experience and recommendations. Neurology 2016;86:2295-302.

20 Uhlmann WR, Roberts JS. Ethical issues in neurogenetics. Handb Clin Neurol
2018;147:23-36.

21 Dratch L, Owczarzak J, Mu W, et al. The lived experience of reconstructing identity
in response to genetic risk of frontotemporal degeneration and amyotrophic lateral
sclerosis. J Genet Couns 2024:33:515-27.

22 Largent EA, Bradbury AR. Bringing Alzheimer Disease Testing and Results Disclosure
Into the 21st Century Cures Act. JAMA Neurol 2022;79:219-20.

23 The genetic information nondiscrimination act of 2008 (GINA), H.R. 493. 2008.

24 Arias JJ, Karlawish J. Confidentiality in preclinical Alzheimer disease studies: when
research and medical records meet. Neurology 2014;82:725-9.

8 Benatar M, et al. J Neurol Neurosurg Psychiatry 2024;0:1-10. doi:10.1136/jnnp-2024-334339

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

el|iw3 01663y 8 euspo Ip 1pNIS 116ap
BISIBAIUN T G20Z ‘62 Arenuer uo jwod fwg duuly:diy woly papeojumoq 202 J9qWBAON TZ U0 BEEYEE-720Z-duul/oeTT 0T Se paysiignd 1s41} :A1eiydAsd Hinsounap |oinaN


https://x.com/AmmarAlChalabi
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-4241-5135
http://orcid.org/0000-0002-9910-1041
http://orcid.org/0000-0002-0873-8689
http://orcid.org/0009-0004-9993-0116
http://orcid.org/0000-0001-5000-7604
http://orcid.org/0000-0001-8780-6637
http://orcid.org/0000-0002-0551-2473
http://orcid.org/0000-0002-2179-3199
http://orcid.org/0000-0002-6081-5231
http://orcid.org/0000-0002-3605-6183
http://orcid.org/0000-0003-0267-3180
http://orcid.org/0000-0002-4924-7712
http://dx.doi.org/10.1097/WCO.0000000000001168
http://dx.doi.org/10.1212/WNL.0b013e31826e9b1d
http://dx.doi.org/10.1002/ana.25276
http://dx.doi.org/10.1080/21678421.2019.1646769
http://dx.doi.org/10.1093/brain/awab404
http://dx.doi.org/10.1007/s13311-022-01237-4
http://dx.doi.org/10.1093/brain/awad164
http://dx.doi.org/10.1093/brain/awad165
http://dx.doi.org/10.1136/ebmed-2017-110845
http://dx.doi.org/10.1093/brain/awr248
http://dx.doi.org/10.1001/jamaneurol.2019.2044
http://dx.doi.org/10.1007/s00415-006-0195-y
http://dx.doi.org/10.1093/brain/awab472
http://dx.doi.org/10.1212/CPJ.0000000000200201
http://dx.doi.org/10.1080/21678421.2022.2051553
http://dx.doi.org/10.1080/21678421.2023.2272187
http://dx.doi.org/10.1080/21678421.2023.2272187
http://dx.doi.org/10.1080/21678421.2017.1332079
http://dx.doi.org/10.1097/WAD.0000000000000458
http://dx.doi.org/10.1212/WNL.0000000000002773
http://dx.doi.org/10.1016/B978-0-444-63233-3.00003-8
http://dx.doi.org/10.1002/jgc4.1749
http://dx.doi.org/10.1001/jamaneurol.2021.4851
http://dx.doi.org/10.1212/WNL.0000000000000153
http://jnnp.bmj.com/

Neurodegeneration

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

The 2023 Florida statutes. 627.4301 Genetic information for insurance purposes.
2023. Available: http://www.leg.state.fl.us/Statutes/index.cfm? App_mode=Display_
Statute&Search_String=&URL=0600-0699/0627/Sections/0627.4301.html

Wolf LE, Fuse Brown E, Kerr R, et al. The Web of Legal Protections for Participants in
Genomic Research. Health Matrix Clevel 2019;29:3.

Prince AER, Berkman BE. When does an illness begin: genetic discrimination and
disease manifestation. J Law Med Ethics 2012;40:655-64.

Erickson CM, Largent EA. Diagnosing Preclinical and Prodromal Neurodegenerative
Diseases-The Clinical Is Political. JAMA Neurol 2024;81:439-40.

Bensimon G, Lacomblez L, Delumeau JC, et a/. A study of riluzole in the treatment
of advanced stage or elderly patients with amyotrophic lateral sclerosis. J Neuro/
2002;249:609-15.

Writing G, Edaravone A. Safety and efficacy of edaravone in well defined patients
with amyotrophic lateral sclerosis: a randomised, double-blind, placebo-controlled
trial. Lancet Neurol 2017;16:505~12.

Paganoni S, Macklin EA, Hendrix S, et al. Trial of Sodium Phenylbutyrate-Taurursodiol
for Amyotrophic Lateral Sclerosis. N Engl J Med 2020;383:919-30.

Amylyx. Amylyx pharmaceuticals announces topline results from global phase 3
PHOENIX trial of AMX0035 in ALS. 2024. Available: https://www.amylyx.com/news/
amylyx-pharmaceuticals-announces-topline-results-from-global-phase-3-phoenix-
trial-of-amx0035-in-als#: ~:text=PHOENIX%20did%20not%20meet%20its,
significance%20seen%20in%20secondary%20endpoints

Ferrer. Ferrer reports top-line results from phase Il ADORE study in ALS. 2024.
Available: https://www.ferrer.com/en/results-study-ADORE-ALS

Geevasinga N, Menon P, Ng K, et al. Riluzole exerts transient modulating effects

on cortical and axonal hyperexcitability in ALS. Amyotroph Later Scler Frontotemp
Degener 2016;17:580-8.

Vucic S, Lin CS-Y, Cheah BC, et al. Riluzole exerts central and peripheral modulating
effects in amyotrophic lateral sclerosis. Brain 2013;136:1361-70.

Vucic S, Nicholson GA, Kiernan MC. Cortical hyperexcitability may precede the onset
of familial amyotrophic lateral sclerosis. Brain 2008;131:1540-50.

van Veenhuijzen K, Westeneng H-J, Tan HHG, et al. Longitudinal Effects

of Asymptomatic C9orf72 Carriership on Brain Morphology. Ann Neurol
2023;93:668-80.

Zoccolella S, Beghi E, Palagano G, et al. Riluzole and amyotrophic lateral sclerosis
survival: a population-based study in southern Italy. Eur J Neurol 2007;14:262-8.
Andrews JA, Jackson CE, Heiman-Patterson TD, et al. Real-world evidence of riluzole
effectiveness in treating amyotrophic lateral sclerosis. Amyotroph Lateral Scler
Frontotemporal Degener 2020;21:509-18.

Benatar M, Turner MR, Wuu J. Defining pre-symptomatic amyotrophic lateral
sclerosis. Amyotroph Lateral Scler Frontotemporal Degener 2019;20:303-9.
Benatar M, Wuu J, Huey ED, et al. The Miami Framework for ALS and related
neurodegenerative disorders: an integrated view of phenotype and biology. Nat Rev
Neurol 2024;20:364-76.

Miller TM, Cudkowicz ME, Genge A, et al. Trial of Antisense Oligonucleotide Tofersen
for SOD1 ALS. N Engl J Med 2022;387:1099-110.

0'Reilly EJ, Wang H, Weisskopf MG, et a/. Premorbid body mass index and risk

of amyotrophic lateral sclerosis. Amyotroph Later Scler Frontotemp Degener
2013;14:205-11.

0'Reilly EJ, Wang M, Adami H-0, et al. Prediagnostic body size and risk of
amyotrophic lateral sclerosis death in 10 studies. Amyotroph Later Scler frontotemp
Degener 2018;19:396—-406.

Nakken O, Meyer HE, Stigum H, et al. High BMI is associated with low ALS risk: A
population-based study. Neurology 2019;93:e424-32.

Westeneng H-J, van Veenhuijzen K, van der Spek RA, et al. Associations between
lifestyle and amyotrophic lateral sclerosis stratified by C90rf72 genotype: a
longitudinal, population-based, case-control study. Lancet Neurol 2021;20:373-84.
Vasta R, D'Ovidio F, Logroscino G, et al. The links between diabetes mellitus and
amyotrophic lateral sclerosis. Neurol Sci 2021;42:1377-87.

Kalkonde YV, Jawaid A, Qureshi SU, et al. Medical and environmental risk factors
associated with frontotemporal dementia: A case-control study in a veteran
population. Alz Dem 2012;8:204-10.

Golimstok A, Campora N, Rojas JI, et al. Cardiovascular risk factors and
frontotemporal dementia: a case-control study. Trans/ Neurodegener 2014;3:13.
Julian TH, Boddy S, Islam M, et al. A review of Mendelian randomization in
amyotrophic lateral sclerosis. Brain 2022;145:832-42.

Zhang L, Tang L, Huang T, et a/. Association between type 2 diabetes and
amyotrophic lateral sclerosis. Sci Rep 2022;12:2544.

Zeng P, Wang T, Zheng J, et al. Causal association of type 2 diabetes with
amyotrophic lateral sclerosis: new evidence from Mendelian randomization using
GWAS summary statistics. BMC Med 2019;17:225.

Fitzgerald KC, O'Reilly £J, Falcone GJ, et al. Dietary @-3 polyunsaturated fatty acid
intake and risk for amyotrophic lateral sclerosis. JAMA Neurol 2014;71:1102-10.
Veldink JH, Kalmijn S, Groeneveld G-, et al. Intake of polyunsaturated fatty acids
and vitamin E reduces the risk of developing amyotrophic lateral sclerosis. / Neuro/
Neurosurg Psychiatry 2007;78:367-71.

Okamoto K, Kihira T, Kondo T, et al. Nutritional status and risk of amyotrophic lateral
sclerosis in Japan. Amyotroph Lateral Scler 2007;8:300—4.

w1

6

57

58

59

60

61

62

63

64

65

66

67

68

69

70

n

73

74

75

76

77

79

80

81

82

84

85

0'Reilly £J, Bjornevik K, Furtado JD, et al. Prediagnostic plasma polyunsaturated fatty
acids and the risk of amyotrophic lateral sclerosis. Neurology 2020;94:811-9.
Bjornevik K, Cortese M, Furtado JD, et al. Association of Polyunsaturated Fatty Acids
and Clinical Progression in Patients With ALS: Post Hoc Analysis of the EMPOWER
Trial. Neurology 2023;101:€690-8.

Ascherio A, Weisskopf MG, O'reilly EJ, et al. Vitamin E intake and risk of amyotrophic
lateral sclerosis. Ann Neurol 2005;57:104-10.

Wang H, O'Reilly EJ, Weisskopf MG, et al. Vitamin E intake and risk of amyotrophic
lateral sclerosis: a pooled analysis of data from 5 prospective cohort studies. Am J
Epidemiol 2011;173:595-602.

Fondell E, O'Reilly El}, Fitzgerald KC, et al. Intakes of caffeine, coffee and tea and risk
of amyotrophic lateral sclerosis: Results from five cohort studies. Amyotroph Lateral
Scler Frontotemporal Degener 2015;16:366—71.

Petimar J, O'Reilly £, Adami H-O, et a/. Coffee, tea, and caffeine intake and
amyotrophic lateral sclerosis mortality in a pooled analysis of eight prospective
cohort studies. Eur J Neurol 2019;26:468-75.

Mariosa D, Hammar N, Malmstrom H, et al. Blood biomarkers of carbohydrate,
lipid, and apolipoprotein metabolisms and risk of amyotrophic lateral sclerosis:

A more than 20-year follow-up of the Swedish AMORIS cohort. Ann Neurol
2017,81:718-28.

Thompson AG, Talbot K, Turner MR. Higher blood high density lipoprotein and
apolipoprotein A1 levels are associated with reduced risk of developing amyotrophic
lateral sclerosis. J Neurol Neurosurg Psychiatry 2022;93:75-81.

Thompson AG, Marsden R, Talbot K, et al. Primary care blood tests show lipid
profile changes in pre-symptomatic amyotrophic lateral sclerosis. Brain Commun
2023;5:fcad211.

Bjornevik K, O'Reilly EJ, Cortese M, et a/. Pre-diagnostic plasma lipid levels and

the risk of amyotrophic lateral sclerosis. Amyotroph Lateral Scler Frontotemporal
Degener 2021;22:133-43.

Chen X, Yazdani S, Piehl F, et al. Polygenic link between blood lipids and amyotrophic
lateral sclerosis. Neurobiol Aging 2018;67:202.

Zeng P, Zhou X. Causal effects of blood lipids on amyotrophic lateral sclerosis: a
Mendelian randomization study. Hum Mol Genet 2019;28:688-97.

Xia K, Klose V, Hogel J, et al. Lipids and amyotrophic lateral sclerosis: A two-sample
Mendelian randomization study. Euro J of Neurology 2023;30:1899-906.

Zheng Z, Sheng L, Shang H. Statins and amyotrophic lateral sclerosis: a

systematic review and meta-analysis. Amyotroph Later Scler Frontotemp Degener
2013;14:241-5.

Nabizadeh F, Balabandian M, Sharafi AM, et al. Statins and risk of amyotrophic
lateral sclerosis: a systematic review and meta-analysis. Acta Neurol Belg
2022;122:979-86.

Li Z, Tian M, Jia H, et al. Genetic variation in targets of lipid-lowering drugs and
amyotrophic lateral sclerosis risk: a Mendelian randomization study. Amyotroph
Later Scler Frontotemporal Degener 2024,25:197-206.

Wang W, Zhang L, Xia K, et al. Mendelian Randomization Analysis Reveals Statins
Potentially Increase Amyotrophic Lateral Sclerosis Risk Independent of Peripheral
Cholesterol-Lowering Effects. Biomedicines 2023;11:1359.

Turner MR, Wotton C, Talbot K, et al. Cardiovascular fitness as a risk factor for
amyotrophic lateral sclerosis: indirect evidence from record linkage study. J Neurol
Neurosurg Psychiatry 2012;83:395-8.

Pereira M, Gromicho M, Henriques A, et a/. Cardiovascular comorbidities in
amyotrophic lateral sclerosis. J Neurol Sci 2021;421:117292.

Sutedja NA, van der Schouw YT, Fischer K, et a/. Beneficial vascular risk profile

is associated with amyotrophic lateral sclerosis. J Neurol Neurosurg Psychiatry
2011,82:638-42.

Soppela H, Katisko K, Gadola Y, et al. Modifiable potential risk factors in familial and
sporadic frontotemporal dementia. Ann Clin Trans/ Neurol 2022;9:1195-205.
Correction. Ann Neurol 2020;87:991-2.

Zhan'Y, Fang F. Smoking and amyotrophic lateral sclerosis: A mendelian
randomization study. Ann Neurol 2019;85:482-4.

Opie-Martin S, Wootton RE, Budu-Aggrey A, et al. Relationship between smoking
and ALS: Mendelian randomisation interrogation of causality. / Neurol Neurosurg
Psychiatry 2020;91:1312-5.

van Rheenen W, van der Spek RAA, Bakker MK, et a/. Common and rare

variant association analyses in amyotrophic lateral sclerosis identify 15 risk

loci with distinct genetic architectures and neuron-specific biology. Nat Genet
2021;53:1636-48.

Bandres-Ciga S, Noyce AJ, Hemani G, et al. Shared polygenic risk and causal
inferences in amyotrophic lateral sclerosis. Ann Neurol 2019;85:470-81.

Myers J. Cardiology patient pages. Exerc Cardiovasc Health Circul 2003;107:e2-5.
Casaletto KB, Staffaroni AM, Wolf A, et al. Active lifestyles moderate clinical
outcomes in autosomal dominant frontotemporal degeneration. Alz Dement
2020;16:91-105.

Casaletto KB, Kornack J, Paolillo EW, et al. Association of Physical Activity With
Neurofilament Light Chain Trajectories in Autosomal Dominant Frontotemporal Lobar
Degeneration Variant Carriers. JAMA Neurol 2023;80:82-90.

Chio A, Benzi G, Dossena M, et al. Severely increased risk of amyotrophic lateral
sclerosis among Italian professional football players. Brain 2005;128:472—6.

Benatar M, et al. J Neurol Neurosurg Psychiatry 2024;0:1-10. doi:10.1136/jnnp-2024-334339

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

el|iw3 01663y 8 euspo Ip 1pNIS 116ap
BISIBAIUN T G20Z ‘62 Arenuer uo jwod fwg duuly:diy woly papeojumoq 202 J9qWBAON TZ U0 BEEYEE-720Z-duul/oeTT 0T Se paysiignd 1s41} :A1eiydAsd Hinsounap |oinaN


http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_String=&URL=0600-0699/0627/Sections/0627.4301.html
http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&Search_String=&URL=0600-0699/0627/Sections/0627.4301.html
https://pubmed.ncbi.nlm.nih.gov/31592204
http://dx.doi.org/10.1111/j.1748-720X.2012.00696.x
http://dx.doi.org/10.1001/jamaneurol.2023.5684
http://dx.doi.org/10.1007/s004150200071
http://dx.doi.org/10.1056/NEJMoa1916945
https://www.amylyx.com/news/amylyx-pharmaceuticals-announces-topline-results-from-global-phase-3-phoenix-trial-of-amx0035-in-als#:~:text=PHOENIX%20did%20not%20meet%20its,significance%20seen%20in%20secondary%20endpoints
https://www.amylyx.com/news/amylyx-pharmaceuticals-announces-topline-results-from-global-phase-3-phoenix-trial-of-amx0035-in-als#:~:text=PHOENIX%20did%20not%20meet%20its,significance%20seen%20in%20secondary%20endpoints
https://www.amylyx.com/news/amylyx-pharmaceuticals-announces-topline-results-from-global-phase-3-phoenix-trial-of-amx0035-in-als#:~:text=PHOENIX%20did%20not%20meet%20its,significance%20seen%20in%20secondary%20endpoints
https://www.amylyx.com/news/amylyx-pharmaceuticals-announces-topline-results-from-global-phase-3-phoenix-trial-of-amx0035-in-als#:~:text=PHOENIX%20did%20not%20meet%20its,significance%20seen%20in%20secondary%20endpoints
https://www.ferrer.com/en/results-study-ADORE-ALS
http://dx.doi.org/10.1080/21678421.2016.1188961
http://dx.doi.org/10.1080/21678421.2016.1188961
http://dx.doi.org/10.1093/brain/awt085
http://dx.doi.org/10.1093/brain/awn071
http://dx.doi.org/10.1002/ana.26572
http://dx.doi.org/10.1111/j.1468-1331.2006.01575.x
http://dx.doi.org/10.1080/21678421.2020.1771734
http://dx.doi.org/10.1080/21678421.2020.1771734
http://dx.doi.org/10.1080/21678421.2019.1587634
http://dx.doi.org/10.1038/s41582-024-00961-z
http://dx.doi.org/10.1038/s41582-024-00961-z
http://dx.doi.org/10.3109/21678421.2012.735240
http://dx.doi.org/10.1080/21678421.2018.1452944
http://dx.doi.org/10.1080/21678421.2018.1452944
http://dx.doi.org/10.1212/WNL.0000000000007861
http://dx.doi.org/10.1016/S1474-4422(21)00042-9
http://dx.doi.org/10.1007/s10072-021-05099-0
http://dx.doi.org/10.1016/j.jalz.2011.03.011
http://dx.doi.org/10.1186/2047-9158-3-13
http://dx.doi.org/10.1093/brain/awab420
http://dx.doi.org/10.1038/s41598-022-06463-6
http://dx.doi.org/10.1186/s12916-019-1448-9
http://dx.doi.org/10.1001/jamaneurol.2014.1214
http://dx.doi.org/10.1136/jnnp.2005.083378
http://dx.doi.org/10.1136/jnnp.2005.083378
http://dx.doi.org/10.1080/17482960701472249
http://dx.doi.org/10.1212/WNL.0000000000008676
http://dx.doi.org/10.1212/WNL.0000000000207485
http://dx.doi.org/10.1002/ana.20316
http://dx.doi.org/10.1093/aje/kwq416
http://dx.doi.org/10.1093/aje/kwq416
http://dx.doi.org/10.3109/21678421.2015.1020813
http://dx.doi.org/10.3109/21678421.2015.1020813
http://dx.doi.org/10.1111/ene.13840
http://dx.doi.org/10.1002/ana.24936
http://dx.doi.org/10.1136/jnnp-2021-327133
http://dx.doi.org/10.1093/braincomms/fcad211
http://dx.doi.org/10.1080/21678421.2020.1822411
http://dx.doi.org/10.1080/21678421.2020.1822411
http://dx.doi.org/10.1016/j.neurobiolaging.2018.03.022
http://dx.doi.org/10.1093/hmg/ddy384
http://dx.doi.org/10.1111/ene.15810
http://dx.doi.org/10.3109/21678421.2012.732078
http://dx.doi.org/10.1007/s13760-021-01753-8
http://dx.doi.org/10.1080/21678421.2023.2255622
http://dx.doi.org/10.1080/21678421.2023.2255622
http://dx.doi.org/10.3390/biomedicines11051359
http://dx.doi.org/10.1136/jnnp-2011-301161
http://dx.doi.org/10.1136/jnnp-2011-301161
http://dx.doi.org/10.1016/j.jns.2020.117292
http://dx.doi.org/10.1136/jnnp.2010.236752
http://dx.doi.org/10.1002/acn3.51619
http://dx.doi.org/10.1002/ana.25727
http://dx.doi.org/10.1002/ana.25443
http://dx.doi.org/10.1136/jnnp-2020-323316
http://dx.doi.org/10.1136/jnnp-2020-323316
http://dx.doi.org/10.1038/s41588-021-00973-1
http://dx.doi.org/10.1002/ana.25431
http://dx.doi.org/10.1161/01.CIR.0000048890.59383.8D
http://dx.doi.org/10.1002/alz.12001
http://dx.doi.org/10.1001/jamaneurol.2022.4178
http://dx.doi.org/10.1093/brain/awh373
http://jnnp.bmj.com/

Neurodegeneration

86

87

88

89

90

91

Russell ER, Mackay DF, Lyall D, et al. Neurodegenerative disease risk among former
international rugby union players. J Neurol Neurosurg Psychiatry 2022;93:1262-8.
Ueda P, Pasternak B, Lim C-E, et al. Neurodegenerative disease among male

elite football (soccer) players in Sweden: a cohort study. Lancet Public Health
2023;8:6256—65.

Blecher R, Elliott MA, Yilmaz E, et al. Contact Sports as a Risk Factor for Amyotrophic
Lateral Sclerosis: A Systematic Review. Global Spine J 2019;9:104-18.

Gallo V, Vanacore N, Bueno-de-Mesquita HB, et al. Physical activity and risk of
Amyotrophic Lateral Sclerosis in a prospective cohort study. Eur J Epidemiol
2016;31:255-66.

Fang F, Hallmarker U, James S, et al. Amyotrophic lateral sclerosis among cross-
country skiers in Sweden. Eur J Epidemiol 2016;31:247-53.

Chen H, Richard M, Sandler DP, et a/. Head injury and amyotrophic lateral sclerosis.
Am J Epidemiol 2007;166:810—6.

103

104

105

106

107

Vinceti M, Filippini T, Malagoli C, et a/. Amyotrophic lateral sclerosis incidence
following exposure to inorganic selenium in drinking water: A long-term follow-up.
Environ Res 2019;179:108742.

Mandrioli J, Michalke B, Solovyev N, et al. Elevated Levels of Selenium Species

in Cerebrospinal Fluid of Amyotrophic Lateral Sclerosis Patients with Disease-
Associated Gene Mutations. Neurodegener Dis 2017;17:171-80.

Violi F, Solovyev N, Vinceti M, et al. The study of levels from redox-active elements
in cerebrospinal fluid of amyotrophic lateral sclerosis patients carrying disease-
related gene mutations shows potential copper dyshomeostasis. Metallomics
2020;12:668-81.

Solovyev N, Lucio M, Mandrioli J, et al. Interplay of Metallome and Metabolome in
Amyotrophic Lateral Sclerosis: A Study on Cerebrospinal Fluid of Patients Carrying
Disease-Related Gene Mutations. ACS Chem Neurosci 2023;14:3035-46.

Beard ID, Engel LS, Richardson DB, et al. Military service, deployments, and

92 Chapman L, Cooper-Knock J, Shaw PJ. Physical activity as an exogenous risk factor exposures in relation to amyotrophic lateral sclerosis survival. PLoS One
for amyotrophic lateral sclerosis: a review of the evidence. Brain 2023;146:1745-57. 2017;12:e0185751.

93 Stipa G, Ancidoni A, Vanacore N, et al. Raw Water and ALS: A Unifying Hypothesis for 108 McKay KA, Smith KA, Smertinaite L, et al. Military service and related risk factors for
the Environmental Agents Involved in ALS. Ann Neurosci 2023;30:124-32. amyotrophic lateral sclerosis. Acta Neurol Scand 2021;143:39-50.

94 Goutman SA, Savelieff MG, Jang DG, et al. The amyotrophic lateral sclerosis 109 Re DB, Yan B, Calderon-Garciduefas L, et al. A perspective on persistent toxicants in
exposome: recent advances and future directions. Nat Rev Neurol 2023;19:617-34. veterans and amyotrophic lateral sclerosis: identifying exposures determining higher

95 Wang M-D, Little J, Gomes J, et al. Identification of risk factors associated with onset ALS risk. J Neurol 2022;269:2359-77.
and progression of amyotrophic lateral sclerosis using systematic review and meta- 110 Bosi M, Malavolti M, Garuti C, et al. Environmental and lifestyle risk factors for early-
analysis. Neurotoxicology 2017;61:101-30. onset dementia: a systematic review. Acta Biomed 2022;93:62022336.

96 Gunnarsson LG, Bodin L. Occupational Exposures and Neurodegenerative Diseases-A 111 Adani G, Filippini T, Garuti C, et al. Environmental Risk Factors for Early-Onset
Systematic Literature Review and Meta-Analyses. Int J Environ Res Public Health Alzheimer’s Dementia and Frontotemporal Dementia: A Case-Control Study in
2019:16:337. Northern Italy. Int J Environ Res Public Health 2020;17:7941.

97 Jalilian H, Najafi K, Khosravi Y, et al. Amyotrophic lateral sclerosis, occupational 112 Benussi A, Borroni B. Advances in the treatment and management of frontotemporal
exposure to extremely low frequency magnetic fields and electric shocks: a dementia. Expert Rev Neurother 2023;23:621-39.
systematic review and meta-analysis. Rev Environ Health 2021;36:129-42. 113 Izenberg A. Amyotrophic Lateral Sclerosis and Other Motor Neuron Diseases. Cont

98 Graham AJ, Macdonald AM, Hawkes CH. British motor neuron disease twin study. / (Mt Lawley) 2023;29:1538-63.

Neurol Neurosurg Psychiatry 1997,62:562-9. 114 Barker MS, Gottesman RT, Manoochehri M, et al. Proposed research criteria for

99 Ingre C, Roos PM, Piehl F, et al. Risk factors for amyotrophic lateral sclerosis. Clin prodromal behavioural variant frontotemporal dementia. Brain 2022;145:1079-97.
Epidemiol 2015;7:181-93. 115 Rascovsky K, Hodges JR, Knopman D, et a/. Sensitivity of revised diagnostic criteria

100 Kamalian A, Foroughmand |, Koski L, et al. Metal concentrations in cerebrospinal for the behavioural variant of frontotemporal dementia. Brain 2011;134:2456-77.
fluid, blood, serum, plasma, hair, and nails in amyotrophic lateral sclerosis: A 116 Abrahams S. Neuropsychological impairment in amyotrophic lateral sclerosis-
systematic review and meta-analysis. J Trace Elem Med Biol 2023;78:127165. frontotemporal spectrum disorder. Nat Rev Neurol 2023;19:655-67.

101 Newell ME, Adhikari S, Halden RU. Systematic and state-of the science review of the 117 Benatar M, GranitV, Andersen PM, et al. Mild motor impairment as prodromal state
role of environmental factors in Amyotrophic Lateral Sclerosis (ALS) or Lou Gehrig's in amyotrophic lateral sclerosis: a new diagnostic entity. Brain 2022;145:3500-8.
Disease. Sci Total Environ 2022;817:152504. 118 Huntington's Disease Society of America. Genetic testing protocol for Huntington's

102 Vinceti M, Mandrioli J, Borella P, et al. Selenium neurotoxicity in humans: Bridging disease. Huntington'’s Disease Society of America; 2016. Available: https://hdsa.org/
laboratory and epidemiologic studies. Toxicol Lett 2014;230:295-303. wp-content/uploads/2015/02/HDSA-Gen-Testing-Protocol-for-HD.pdf

10 Benatar M, et al. J Neurol Neurosurg Psychiatry 2024;0:1-10. doi:10.1136/jnnp-2024-334339

'salfojouyoal Jejiwis pue ‘Buiurel) |y ‘Buluiw elep pue 1xa1 01 palelal sasn Joj Buipnjoul ‘1ybluAdoos Aq paloslold

el|iw3 01663y 8 euspo Ip 1pNIS 116ap
BISIBAIUN T G20Z ‘62 Arenuer uo jwod fwg duuly:diy woly papeojumoq 202 J9qWBAON TZ U0 BEEYEE-720Z-duul/oeTT 0T Se paysiignd 1s41} :A1eiydAsd Hinsounap |oinaN


http://dx.doi.org/10.1136/jnnp-2022-329675
http://dx.doi.org/10.1016/S2468-2667(23)00027-0
http://dx.doi.org/10.1177/2192568218813916
http://dx.doi.org/10.1007/s10654-016-0119-9
http://dx.doi.org/10.1007/s10654-015-0077-7
http://dx.doi.org/10.1093/aje/kwm153
http://dx.doi.org/10.1093/brain/awac470
http://dx.doi.org/10.1177/09727531221120358
http://dx.doi.org/10.1038/s41582-023-00867-2
http://dx.doi.org/10.1016/j.neuro.2016.06.015
http://dx.doi.org/10.3390/ijerph16030337
http://dx.doi.org/10.1515/reveh-2020-0041
http://dx.doi.org/10.1136/jnnp.62.6.562
http://dx.doi.org/10.1136/jnnp.62.6.562
http://dx.doi.org/10.2147/CLEP.S37505
http://dx.doi.org/10.2147/CLEP.S37505
http://dx.doi.org/10.1016/j.jtemb.2023.127165
http://dx.doi.org/10.1016/j.scitotenv.2021.152504
http://dx.doi.org/10.1016/j.toxlet.2013.11.016
http://dx.doi.org/10.1016/j.envres.2019.108742
http://dx.doi.org/10.1159/000460253
http://dx.doi.org/10.1039/d0mt00051e
http://dx.doi.org/10.1021/acschemneuro.3c00128
http://dx.doi.org/10.1371/journal.pone.0185751
http://dx.doi.org/10.1111/ane.13345
http://dx.doi.org/10.1007/s00415-021-10928-5
http://dx.doi.org/10.23750/abm.v93i6.13279
http://dx.doi.org/10.3390/ijerph17217941
http://dx.doi.org/10.1080/14737175.2023.2228491
http://dx.doi.org/10.1212/CON.0000000000001345
http://dx.doi.org/10.1212/CON.0000000000001345
http://dx.doi.org/10.1093/brain/awab365
http://dx.doi.org/10.1093/brain/awr179
http://dx.doi.org/10.1038/s41582-023-00878-z
http://dx.doi.org/10.1093/brain/awac185
https://hdsa.org/wp-content/uploads/2015/02/HDSA-Gen-Testing-Protocol-for-HD.pdf
https://hdsa.org/wp-content/uploads/2015/02/HDSA-Gen-Testing-Protocol-for-HD.pdf
http://jnnp.bmj.com/

	Guidance for clinical management of pathogenic variant carriers at elevated genetic risk for ALS/FTD
	Abstract
	Introduction
	Survey of current clinical practice
	Genetic counselling and testing
	Legal considerations
	Approved therapies for patients with ALS/FTD
	Metabolic considerations: weight, diabetes, diet, lipids and statin use
	Smoking
	Exercise
	Occupational and environmental exposures
	Clinical care paradigms
	Conclusions
	References


