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Abstract

Amyotrophic lateral sclerosis and Parkinson’s disease are neurodegenerative diseases of the motor system which are now
recognized also to affect non-motor pathways. Non-motor symptoms have been acknowledged as important determinants
of quality of life in Parkinson’s disease, and there is increasing interest in understanding the extent and role of non-
motor symptoms in amyotrophic lateral sclerosis. We therefore reviewed what is known about non-motor symptoms in

amyotrophic lateral sclerosis, using lessons from Parkinson’s disease.

Keywords: Amyotrophic lateral sclerosis, ALS, Parkinson’s disease, PD, non-motor symptoms, qualiry of life,
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Introduction

Amyotrophic lateral sclerosis (ALS) is character-
ized by the progressive degeneration of motor neu-
rons in the brain and spinal cord, leading to death
in 3 to 5 years (1). Genetic and environmental fac-
tors contribute to pathogenesis (2), with a herit-
ability of up to 60% (3). There is considerable
variation in motor symptoms, which may include
limb weakness, slurred speech, swallowing difficul-
ties, and muscle twitching (4). Although cognitive
involvement in the form of frontotemporal impair-
ment is well recognized in ALS (5,6), other non-
motor symptoms also cause significant distress and
worsen prognosis and quality of life (7). ALS can
therefore be considered a multisystem disorder,
although a clear characterization of its non-motor
aspects and the mechanisms behind them are yet
to be elucidated (7).

Parkinson’s disease (PD) is an adult-onset neu-
rodegenerative disorder with a largely unknown
etiology. Its diagnosis is made by the presence of
cardinal motor manifestations: bradykinesia, rigid-
ity, and rest tremor (8). The significant contribu-
tion of non-motor symptoms to the clinical picture
is now well established, and research on the non-
motor aspects of the disease has greatly increased
during the last 20 years. Non-motor symptoms in
PD can be present at any disease stage (9) and
have a major impact on health-related quality of
life (10). Moreover, some non-motor symptoms
such as sleep disturbance, constipation and change
in sense of smell have been identified as symptoms
of the prodromal phase of PD (11), a crucial find-
ing in a condition where intervention in the disease
mechanism is needed for a meaningful prognostic
effect (12).
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Figure 1. Percentage of studies on non-motor symptoms in ALS, compared to studies focused on other aspects of ALS, based on
publication counts. (a) The pie chart shows different areas of research in ALS. The search generated 2,210 papers dedicated to the
study of non-motor symptoms in ALS, out of a total of 388,000 publications in ALS. (b) Research on different non-motor symptoms
in ALS. The search generated 33551 papers for ALS, 3260 papers dedicated to cognition, psychiatric symptoms, and pain in ALS, out
of a total of 5331 publications on non-motor symptoms of ALS. Search keywords: ‘ALS’, ‘non-motor symptoms’, ‘pain’, ‘cognition’,
‘sleep problems’, ‘psychiatric symptoms’, ‘gastrointestinal symptoms’, and ‘autonomic symptoms’. Search performed on 19/04/2023

(2010-2023, PubMed). ALS: amyotrophic lateral sclerosis.
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Figure 2. Percentage of studies on non-motor symptoms in PD,
compared to studies focused on other aspects of PD, based on
publication counts. Search keywords: ‘PD’, ‘non-motor
symptoms’. Search performed on 16/05/2022 (2010-2022,
Google scholar). PD: Parkinson’s disease.

In contrast to PD, only 1% of ALS publica-
tions have focused on non-motor symptoms, the
majority studying cognitive and behavioral changes
(Figures 1 and 2).

Clinical trials in PD have been underpinned
by non-motor symptoms-based research and have
expanded the horizon of treatment, improving
the lives of patients and careers. Furthermore,
investigating non-motor symptoms in PD has
helped in better understanding underlying disease
mechanisms. These observations illustrate the
importance of studying non-motor symptoms
in ALS.

Non-motor symptoms in ALS: what we know
so far

Estimates of the frequency of non-motor symp-
toms in ALS range from 5% to 80% (7), largely
dependent on the definitions used. Despite their
importance, such symptoms have been poorly
investigated and only a few population-based clin-
ical studies on neuropsychiatric symptoms, weight
loss and pain exist (13). Some authors classify
non-motor symptoms in ALS into five domains:
neuropsychiatric, autonomic, gastrointestinal, vas-
cular, and other system symptoms (7).

Neuropsychiatric symptoms are probably the
best characterized and include depression, anxiety,
suicidal ideation, cognitive-behavioral impairment,
fatigue, pseudobulbar affect, and sleep disturban-
ces (7). Cognitive and behavioral involvement may
be in the form of frontotemporal dementia (FTD)
or lesser frontotemporal involvement, which affects
up to 80% of people with ALS, the frequency
increasing with the disease stage (14). Various fac-
tors contribute to the risk of cognitive impairment.
For example, expansion in the C9orf72 gene is rec-
ognized as the most frequent genetic cause of ALS
(10% of cases) and this variant also causes FTD.
Variation in other ALS-related genes, such as VCP
and ERBB4 among others, also increases the risk
of ALS and cognitive impairment (15). People
with ALS-FTD may also experience psychosis and
hallucinations, and there is a significant genetic
overlap of ALS risk with schizophrenia (16).
Hypoventilation due to chronic type 2 respiratory
failure can also contribute to cognitive impairment,
and noninvasive ventilation may have a protective
role in delaying its onset and progression (17).
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Autonomic symptoms include pain, urinary
incontinence, and dyspnea (7). Pain may be a
result of immobility, postural changes and muscle
responses and therefore related to the motor syn-
drome directly rather than representing an under-
lying neurodegenerative process distinct from the
motor degeneration (18,19). Similarly, dyspnea is
usually a result of neuromuscular diaphragmatic
involvement, rather than having a central neuro-
logical component separate from the motor syn-
drome (20). Urinary incontinence can represent
urgency, which is either a result of spasticity affect-
ing the bladder or motor weakness of the limbs
slowing the ability to access toilet facilities (21,22).
Only the first of these should be considered a non-
motor symptom, as the bladder is not supplied by
the corticospinal pathway but through the sacral
autonomic outflow (23). Other autonomic abnor-
malities, such as altered sympathetic skin response
or vagus nerve atrophy, have been described in
ALS (24), and can contribute to heart rate vari-
ability, orthostatic hypotension and sudden falls,
and have an impact on both survival and quality of
life (25,26). Sexual dysfunction can have an auto-
nomic cause too, together with decreased libido
and reduced mobility (27,28).

In gastrointestinal symptoms, sialorrhea is one
of the most frequent (prevalence 50%) (29).
Although it should legitimately be considered a
motor symptom due to bulbar muscle weakness,
there is also evidence of saliva flow rate changes
(30,31) which should therefore be considered non-
motor. Similarly, dysphagia is caused by motor
dysfunction, but alongside muscle wasting, hyper-
metabolic state, and reduced appetite, contributes
to weight loss (32), while constipation is caused by
several mechanisms, some motor (e.g., decreased
nutrition or inactivity), together with non-motor
ones (e.g., autonomic dysregulation) (33).

Also pressure sores, which incidence seems to
be higher in ALS patients compared to non-ALS-
controls even in the younger ages, can be included
in the list of non-motor symptoms in ALS, even if
their primary cause is motor in nature (34). Other
non-motor symptoms exist, such as itching, for
which the pathogenesis and progression are
unknown (7).

These examples illustrate the difficulty in defin-
ing what is meant by non-motor symptoms and
the need for clarity (Figure 3).

Non-motor symptoms in PD: what we know
so far

All patients with PD complain of one or more
non-motor symptoms, independently of their
disease stage (35), and even in the early stages,
such symptoms present a significant burden (36).
However, non-motor symptoms progress

independently from motor symptoms (37), and the
load of non-motor symptoms increases with dis-
ease progression (35).

It is only relatively recently that non-motor
symptoms in PD have gained the deserved level of
attention, considering the significant impact they
have on patients’ quality of life, the increased risk
of hospitalization and institutionalization, and
socio-economic costs (9). When looking at the
impact of non-motor symptoms on patients’
health-related quality of life, they have, as a whole,
a greater effect than motor symptoms (10) and
this finding has been demonstrated to be consist-
ent even in the earliest stages before dopaminergic
treatment is initiated (38). Depression, apathy,
fatigue, and sleep disturbances are the symptoms
with the strongest negative association with health-
related quality of life (10,38).

Several tools and scales, including part I of the
Unified Parkinson’s Disease Rating Scale
(UPDRS) (39), are useful for the evaluation of PD
non-motor symptoms in clinical practice. NMSQ
(the non-motor symptoms questionnaire) is a
patient-based screening tool that enables clinicians
to complete a comprehensive assessment of a
diverse range of non-motor symptoms (40).
Another widely known and used scale is the Non-
Motor Symptoms Scale (NMSS) (41), which has
been recently updated in the Movement Disorder
Society-sponsored Nonmotor Rating Scale (MDS-
NMS) (42). MDS-NMS groups PD non-motor
symptoms into 13 domains: depression, anxiety,
apathy, psychosis, impulse control and related dis-
orders, cognition, orthostatic hypotension, urinary,
sexual, gastrointestinal, sleep and wakefulness,
pain and others. Additionally, a subscale for non-
motor fluctuations has been included in the
MDS-NMS.

The development of similar tools, scales, and
questionnaires for assessing non-motor symptoms
in ALS is an important and currently unmet need.
Each person with PD is affected by a combination
of different non-motor symptoms, and each has an
independent course (37). Typically, some symp-
toms, such as fatigue or pain, characterize the early
stages, while others, like dementia, apathy and dys-
autonomia, complicate and often dominate the
clinical picture in advanced stages (12,43).
Moreover, olfactory loss, rapid eye movement
(REM) sleep behavior disorder (RBD) and consti-
pation, are now established clinical markers of the
premotor prodromal phase, due to their strong
ability to predict conversion to PD, with the high-
est evidence for polysomnography-confirmed REM
sleep behavior disorder (11).

The spread of Lewy body pathology through
the peripheral and central nervous systems is
considered the possible cause of most non-
motor symptoms in PD (9,12). Six different
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Figure 3. Defining non-motor symptoms in ALS. Non-motor symptoms in ALS can be caused by motor impairment (red line) or
neurodegeneration outside the corticobulbar and corticospinal pathways and their lower motor neuron outflows (blue lines). Symptoms
secondary to motor degeneration might have a trivial explanation, and our main interest should be focused on the non-motor symptoms
arising from an underlying neurodegenerative process affecting areas different from the motor pathway. We therefore define non-motor
symptoms as the ones that originate from these non-trivial processes. Among these, frontotemporal degeneration is the best studied, but

it is now time to extend our knowledge to other non-motor symptoms.

neuropathological stages of Lewy body pathology
have been recognized, which are characterized by
the initial involvement of the lower brainstem and
olfactory bulb and a successive rostral diffusion to
the cortex (44). As a consequence of this spread-
ing, several neurotransmitter systems are heteroge-
neously involved, with resulting deficits in multiple
pathways, including dopaminergic, cholinergic,
noradrenergic, and serotonergic, which contribute
to the genesis of non-motor symptoms (12,45,46).
Moreover, there is evidence that the degeneration
of non-dopaminergic pathways happens before the
onset of dopaminergic motor symptoms, and this
explains the presence of non-motor symptoms in
the earliest stage of PD (43,47).

A similar spread of inclusion bodies is used for
pathological staging in ALS and might also be
found to correspond to non-motor symptoms in
the future (48). Observations derived from clinical
practice, suggest different subtypes of PD, and this
is supported by cluster analyses based on the co-
occurrence of motor and non-motor symptoms
(49,50). For instance, motor subtyping has identi-
fied non-tremor dominant subtype as associated
with a higher load of autonomic involvement in
the early stages and cognitive impairment in the
later ones (51). This specific motor subtype might
reflect more diffuse and complex neurodegenera-
tion, with a higher burden of cortical Lewy bodies
and amyloid pathology (52). However, non-motor
subtyping has also been studied and reviewed
extensively (51,53,54). Using clustering analysis
methods, several non-motor symptom-dominant
phenotypes have been recognized, which reflect
specific pathways of neurodegeneration, each
related to a specific neurotransmitter dysfunction.

For example, cholinergic loss, particularly in the
nucleus basalis of Meynert and the pedunculopon-
tine nucleus, characterizes a specific PD subtype,
with prevalent gait disturbance and falls, levodopa-
induced dyskinesias, cognitive impairment, REM
sleep behavior disorder, psychosis, and olfactory
loss (55). Alternatively, when the serotonergic
pathways are affected, fatigue, depression, anxiety,
sleep dysfunction, and levodopa-induced dyskin-
esia predominate (45,56,57).

The distinction in different subtypes not only
has clinical significance for PD treatment (57), but
also prognostic value. For example, RBD and
urinary dysfunction have been associated with a
more malignant disease course, with faster progres-
sion to a more severe motor and non-motor
phenotype (51). Thus, Parkinson’s disease resem-
bles a syndrome more than a single disease (45).

Similarities and differences in non-motor
symptoms in ALS and PD

As in PD, non-motor symptoms in ALS have a
great impact on patient’s quality of life, and their
burden increases with disease progression
(7,10,31,35). However, non-motor symptoms in
ALS have only recently gained the attention of the
scientific community. As a result, their impact on
ALS in terms of prognosis, disease progression and
disease mechanisms, has yet to be well understood.
Compared to PD, non-motor symptoms in ALS
are poorly defined and the mechanisms are still
unknown. Moreover, the distinction between
motor and non-motor etiology is not always clear
(7) (Figure 3). Immobility is clearly a contributor
to the pathogenesis of some non-motor symptoms
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in ALS, such as pressure sores and constipation,
and some authors refer to symptoms like dribbling,
dysphagia, and insomnia, primarily as motor symp-
toms (31). Similarly, even though it is well estab-
lished that non-motor symptoms in PD are caused
by the dysfunction of specific neurotransmitter
pathways, a motor contribution to the etiology of
some of them is also likely. Reduced mobility plays
a role to a certain extent in the pathogenesis of
symptoms such as constipation, nocturia or dys-
phagia (58-60). Furthermore, as in ALS, the
pathogenesis of some non-motor symptoms in PD,
such as fatigue and apathy, is yet to be
explained (61).

Some non-motor symptoms, such as depression
and constipation, are common in both ALS and
PD, while other symptoms, e.g. RBD for PD or
itching and pressure sores for ALS, are found
more in one of the two conditions (7,12). When
considering a specific symptom present in both
ALS and PD, the characteristics and the mecha-
nisms behind it can differ in the two diseases. For
example, cognitive impairment, despite being a
common feature of both conditions, is character-
ized by two different profiles in ALS and PD. In
PD, the cognitive decline initially affects executive
functions and attention and is primarily subcortical
in nature due to the depletion of dopamine in the
fronto-striatal circuit (62-64). In ALS is mainly
characterized by impaired executive functions,
emotion processing and social cognition, behavior
and language, and is a consequence of the involve-
ment of multiple cortical areas, in particular the
frontal and temporal lobes (65). Moreover, as pre-
viously mentioned, in ALS a contribution of
reduced respiratory function and consequent hyp-
oxia on impaired cognition has been demonstrated
(17), while in PD a similar relationship might be
postulated only in the presence of obstructive sleep
apnea (66). The profile of non-motor symptoms in
the two diseases is shown in Figure 4.

In PD, non-motor symptoms fluctuate in rela-
tion to levodopa intake. In fact, chronic levodopa
therapy is associated with the development of
motor and non-motor complications, which
include non-motor fluctuations. Non-motor fluctu-
ations can occur together with motor fluctuations
or can manifest in isolation, and have been classi-
fied as sensory/pain, cognitive/psychiatric, and
autonomic, with psychiatric symptoms being the
most likely to fluctuate in terms of frequency and
severity (67-69). The causes of such fluctuations
are numerous and complex, and involve, among
others, peripheral pharmacokinetic factors and
altered neuronal plasticity in response to the dis-
continuous intake of exogenous dopamine (67).

Additionally, in PD, the pathogenesis of some
non-motor symptoms can be related to the use of
medications, specifically dopamine agonists that

can cause or precipitate symptoms such as impulse
control disorder (ICD) or psychosis (70,71). On
the other hand, none of the ALS non-motor symp-
toms fluctuates or has such a strong causal rela-
tionship with the use of specific medications, even
in the more advanced disease stages. This may
reflect the lack of an effective symptomatic
therapy.

Finally, one of the main distinctions between
the two diseases is the demonstration of defined
non-motor symptoms characterizing the prodromal
phase of PD. The acknowledgement that specific
non-motor symptoms, such as RBD, olfactory
impairment and constipation can precede the onset
of motor symptoms by several years, has allowed
the development of a specific score to estimate the
probability of prodromal PD for research purposes,
with potentially important therapeutic implications
(72). Even though the existence of a prodromal
stage in ALS is recognized, the symptoms charac-
terizing this phase have not yet been identified
(73), although the presence of pain and cramps in
the two years before the onset of motor symptoms
may be an ALS-specific prodromal feature (74), as
well as neuropsychiatric features, which seem to
precede the onset of the motor phase of ALS (75).
There is also a problem of definition, since ALS
following frontotemporal dementia could be
regarded as demonstrating FTD as a prodromal
feature of ALS.

What can research on non-motor symptoms
in PD teach us about ALS?

The extensive investigation of non-motor symp-
toms in PD has enabled a better understanding of
their underlying pathogenesis and has laid the
foundations for the discovery of possible treat-
ments, in order to improve quality of life
(12,46,57,76). PD provides a valuable example of
the way to approach the problem of neurodegener-
ative diseases. In fact, it has become increasingly
clear that PD should be evaluated in a holistic
manner, and consequently, a personalized medica-
tion regimen should be tailored for each patient
according to their specific non-motor symptom
profile and PD subtype (77). A similar personal-
ized approach would be particularly beneficial also
in the clinical evaluation of people with ALS, since
it is likely that each patient presents specific non-
motor symptoms.

The identification of non-motor symptoms in
ALS can be particularly challenging in everyday
clinical practice for three reasons: possible lack of
knowledge of the clinician, reduced patient aware-
ness, and the absence of validated instruments to
assess the presence of non-motor symptoms.
Clinicians, especially in the past, have underesti-
mated the burden of non-motor symptoms in PD
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Cognitive impairment: executive functions, emotion processing and
social cognition, behaviour and language are the domains mainly
affected (14, 65).

Sleep disturbances: SDB, which comprises sleep apnoea and sleep-
related hypoventilation, precedes respiratory failure. Additional

-
manifestations can be sleep-related leg muscle cramps and

fasciculations, nocturnal pain, RLS, and PLM (91).

Neuropsychiatric: contrasting results regarding their prevalence;

most frequent symptoms are apathy (92, 93), dysphoria/depression,
anxiety, imitability/lability (94), and stereotypical behaviour (93).

Olfactory dysfunction: hyposmia or anosmia, associated to decreased

odor threshold, are due to impaired y function (95, 96).

Dysphagia and sialorrhea: mainly amotor symptoms, but alterations
in the saliva flow rate have been shown too (30, 31).

Constipation: mainly due to reduced mobility and fluid intake (22,
32), but alocal pathological involvement can’t be excluded (97, 98).

Urinary dysfunction: characterized mainly by urge incontinence (22
and urinary retention (21).

Pain: primary causes are neuropathic pain, spasticity, and cramps.
With disease progression, secondary forms of pain, such as
nociceptive and musculoskeletal ones, develop (18).

Itching and pressure sores:likely to result from reduced mobility
rather than some systemic change (7).

Fatigue: mainly two forms described: whole-body tiredness and use-
dependent reversible muscle weakness related to exertion (99).

Cognitive impairment: involves mainly attention and executive
functions domains, but also visuo-spatial; memory is impaired in the
advanced stages (63, 64).

RBD: enactment of dreams during REM sleep. When PSG-confirmed
it has the strongest prodromal value for conversion to PD (11).

Other sleep disturbances: characterized by insomnia, excessive
daytime sleepiness, RLS, PLM, and snoring/sleep apnoea (100).

771\

Neuropsychiatric: depression, anxiety, apathy, psychosis, and ICD
are the most frequently observed (101). Psychosis and ICD related to
the use of dopamine agonists and cognitive status (70, 71).

Olfactory dysfunction: hyposmia or anosmia. It occurs in early
stages and is not altered by levodopa or dopamine agonists (102).

Dysphagia and drooling: mainly motor, caused by central
(dopaminergic and non-dop gic dysfunction) and peripheral
mechanisms (involvement of pharyngeal muscles and nerves) (103).

C ipati due to ic failure, with consequent decreased

bowel movement and defecatory dysfunction (104).

Urinary dysfunction: nocturia is the most common complaint,
followed by urgency, and increased frequency (105).

Pain: it can be central or musculoskeletal, fluctuation-related and’or
nocturnal (106).

Fatigue: subjective fatigue can be categorized as physical fatigue or
mental fatigue (61).

* Most of the symptoms fluctuate in the later stages after the
initiation of dopaminergic treatment (67)

Figure 4. The spectrum of non-motor symptoms in ALS and PD. ALS: amyotrophic lateral sclerosis; PD: Parkinson’s disease. SDB:
sleep-disordered breathing. RLS: restless leg syndrome. PLM: periodic limb movements. REM: rapid eye movement. RBD: REM sleep
behavior disorder. PSG: polysomnography. ICD: impulse control disorder.

because of a lack of awareness or time constraints
in clinics, while patients with PD have tended to
underreport their non-motor symptoms, -either
because of embarrassment or the misinterpretation
of such symptoms being part of the PD clinical
picture (43,78,79). The same is likely to be true in
ALS, in both the clinical and research contexts.
This has been recently highlighted in a systematic
review, which confirmed how non-motor symp-
toms have not been regularly investigated in ALS
clinical trials and pointed out the use of inappro-
priate tools (80). The validation of specific scales
and questionnaires for non-motor symptoms in
PD represents a fundamental milestone, allowing a
comprehensive evaluation of the symptoms and a
better estimation of the effect of different treat-
ments on their severity (81).

With the availability of ALS clinical staging sys-
tems such as the King’s and Milano-Torino
(MiToS) staging systems (82—85), researchers are
now able to determine the timing of non-motor
symptoms in ALS. However, one of the biggest
challenges for the study of non-motor symptoms in
ALS, is related to its natural history. In contrast to
PD, which has a long disease progression with an
overall longer life expectancy (86,87), ALS is char-
acterized by an extremely severe clinical presenta-
tion and a short disease duration (74). In this
context, non-motor symptoms are likely to be
underestimated, because the attention is mainly
focused on the motor symptoms, particularly
respiratory, which are the main determinants of
survival (88), and their pathogenesis is more likely

to be due to a combination of overlapping mecha-
nisms, including a contribution of motor
dysfunction.

Following the example of PD, the study of
non-motor symptoms in ALS should first involve
the generation of specific questionnaires and
scales. A self-assessed questionnaire, which the
patient can complete in the waiting room, such as
the NMSQ in PD (40), can help in quickly identi-
fying the non-motor symptoms. During the con-
sultation, specific scales can help in better
characterising the symptoms and their burden,
such as the NMSS or the MDS-NMS for PD
(41,42). Finally, symptom-specific scales, can
investigate the symptom further, such as the
Parkinson’s Disease Sleep Scale (PDSS) (89) or
the King’s Pain Scale in PD (90).

Success in the study of non-motor symptoms
in PD indicates that similar studies in ALS are
likely to improve treatment outcomes, together
with improved understanding of the disease.

Conclusions

Non-motor symptoms have been understudied in
ALS and represent an unmet need in the care of
patients. Following the example of PD, better def-
inition, understanding frequency and characteriza-
tion of their natural history will enable clinicians
and researchers to provide a comprehensive over-
view of ALS, and potentially develop future thera-
pies to address these important symptoms.
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