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Abstract

Background Self-perceived quality of life (QoL) is important in amyotrophic lateral sclerosis (ALS). Although caregiver
burden and strain have been related to cognitive and behavioural impairment, there has been no comprehensive research
looking at these impairments and how they may influence self-perceived QoL subdomains.

Aims To explore how cognitive and behavioural impairment are related to different areas of self-perceived QoL using
disease-specific measures.

Methods This was a quantitative, cross-sectional, observational cohort study, utilising existing specialist ALS clinic data.
Clinical and demographic variables were available as well as multidimensional measures, ALS-specific QoL Short Form
(ALSsQoL-SF) results and the data from the Edinburgh Cognitive and Behavioural ALS Screen (ECAS). Group comparison
and regression analyses were performed.

Results Data from 121 participants with ALS were analysed. 61.2% (N ="74) had either cognitive and/or behavioural impair-
ment, with 28.9% (N =35) with cognitive impairment (ALSci), 14.1% (N=17) with behavioural impairment (ALSbi) and
18.2% (N=22) with both (ALScbi). 38.8% (N=47) were classified as having no impairments (ALSni). Those with ALSbi had
significantly lower QoL in the domains of negative emotions and the interaction with people and the environment compared
to those with ALSci and ALSni (ps <0.05). Further, those with ALScbi had significantly lower QoL in the intimacy domains
than those with ALSci and ALSni (ps <0.05). Regression analysis showed specific cognitive and behavioural (inclusive of
psychosis) predictors associated with specific QoL subdomains.

Conclusions Behavioural impairments effect QoL in specific subdomains, namely relating to internalising (negative emo-
tions) and externalising (interaction with people and the environment subdomains, intimacy).
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Introduction

Motor neuron disease (MND) is a terminal, neurodegener-
ative condition impacting physical function that progresses
through different clinical stages, typified by upper and
lower limb weakness, bulbar dysfunction (i.e. problems
with speaking, swallowing or salivation), and progressive
respiratory failure [1, 2]. As well as physical and func-
tional deterioration, cognitive and behavioural impair-
ments are well documented as occurring in amyotrophic
lateral sclerosis (ALS), the most common form of MND
[3-6]. These can be categorised using the ALS—fronto-
temporal spectrum disorder (ALS—FTSD) diagnostic cri-
teria [7], which classifies these as of cognitive impairment
(ALSci), behavioural impairment (ALSbi), both impair-
ments (ALScbi), FTD (ALS-FTD) and no such impair-
ments (ALSni). These impairments have been found to be
variable across different clinical disease stages, with an
emphasis on executive dysfunction across stages [8]. More
recent research has found that, disease-specific and com-
mon impairments, such as apathy, disinhibition, executive
dysfunction, and language problems have been observed
across different clinical disease stages [9]. Furthermore,
cognitive and behavioural impairments in ALS have been
associated with difficulties with activities of daily living
and increased caregiver burden or strain [10, 11].

There has been an increased focus on disease-specific
QoL based on domains that are perceived as important by
people with ALS (pwALS) relative to their everyday life
in the context of the condition [12]. These are assessed by
measures such as the ALS-specific QoL (ALSsQoL) [13,
14] instrument or the ALS Assessment Questionnaire-40
[15]. Previous research has documented that QoL in ALS
can be associated with physical decline, pain, and fatigue
[16-19]. Additionally, loss of bulbar function can make
QoL worse, through difficulty in speaking and problems
with salivation [20]. Mental health problems (anxiety and
low mood or depression) have been associated with lower
QoL [21, 22]. Further research has found that other factors
such as spirituality and wider religious belief have been
observed as a source of support in terms of QoL, extending
beyond health-related QoL [23, 24]. Moreover, interaction
with the environment and other people has also been noted
as an important QoL domain, as a surrogate to feeling sup-
ported and having satisfying relationships to those close
to the pwALS [25, 26]. Parallel to this, intimacy (physical
and emotional) has also been observed as an important
determinant or subdomain of QoL, particularly impacting
emotional well-being for pwALS [27, 28]. This showcases
the intricacy and multifaceted nature of QoL for pwALS.
While previous research has explored QoL in relation
to cognitive and behavioural impairment, findings have

been variable in quality and mixed in their findings [29,
30], with a suggestion of behavioural impairment impact-
ing QoL in MND [31]. The relationships between ALS-
specific QoL subdomains and cognitive and behavioural
impairments have not been explored.

As such, the primary research question sought to deter-
mine what the relationship between cognitive and/or behav-
iour impairment and self-perceived QoL for pwALS, using
disease specific measures. The secondary research question,
looked to explore if specific cognitive or behavioural impair-
ments were associated with specific domains of self-per-
ceived QoL. Guided by previous literature relative to mental
health, QoL, caregiver strain and cognitive or behavioural
problems in ALS, the prediction is that cognitive and behav-
ioural impairment will negatively impact overall QoL, as
well as mental health QoL subdomains (anxiety, depression)
and those that associate with relational or systemic aspects
of QoL, such as interacting with others and the environment.

Methodology
Design

This was a quantitative, cross-sectional, observational cohort
study. The data available was secondary retrospective data,
collected from 2014 to 2019 through medical record review
from an ALS specialist clinic in the United States of Amer-
ica (USA).

Participants

The dataset was composed of 135 pwALS from urban and
rural areas of Pennsylvania, USA. Inclusion criteria were
pwALS who were at least 18 years of age, were English
speakers, had a diagnosis of familial or sporadic ALS using
the revised El Escorial criteria [32], and had a cognitive
assessment completed as a part of their standard care. Exclu-
sion criteria were co-existing neurological or psychiatric
illness (e.g. epilepsy, acquired brain injury, schizophrenia)
or severe fatigue that would interfere with the individual’s
ability to complete a cognitive assessment.

Measures
Descriptive and clinical variables

Demographic information of age (years), sex (male/female),
handedness (right/left/ambidextrous), and education (years)
were available for pwALS. In terms of clinical information,
comorbid FTD diagnosis (yes/no), site of onset (limb/bul-
bar), self-reported symptom onset date, and diagnosis date
derived from medical records were also available.
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The ALS Functional Rating Scale-Revised (ALSFRS-
R) [33] is a self-rated, 12-items scale exploring severity
of functional disability in ALS. Each item is scored on a
5-point Likert scale from O (poor functioning) to 4 (normal
functioning) across four domains: bulbar function (items
1-3) fine motor (items 4-6), gross motor (items 7-9), and
respiratory function (items 10-12). Total scores range from
0 (worst functioning) to 48 (normal functioning). The four
domain scores were also calculated, ranging from O (worst
functioning) to 12 (normal functioning) for each domain.
The total score ranged from O (worst functioning) to 48 (nor-
mal functioning). The ALSFRS-R has been found to have
an acceptable internal consistency reliability (Cronbach’s
standardised alpha=0.71), and has been validated against
relevant physical and health status measures (i.e. predicted
forced vital capacity, sickness impact profile).

The King’s clinical stages were also determined for by
counting up the number of neurological regions involved
by the disease (bulbar, upper limb, lower limb, respiratory/
nutritional problems, Stage 1=one region, Stage 2 =two
regions, Stage 3 =three regions, and Stage 4 =respiratory/
nutritional involvement) [2, 34]. These were estimated using
the ALSFRS-R item level scores using an available algo-
rithm for conversion to King’s clinical stages, a calculation
that has demonstrated a strong correlation with actual King’s
clinical stage (correlation coefficient=0.95) [1].

Cognitive and behavioural functioning assessment

The Edinburgh Cognitive and Behavioural ALS Screen
(ECAS) [35] is a 15-20 min, multidomain neuropsycho-
logical assessment quantifying cognitive and behavioural
functioning developed specifically for ALS. It is composed
of a cognitive assessment and behavioural interview. The
cognitive assessment examines three ALS-specific domains
(verbal fluency, executive functioning including social cog-
nition, language) and two ALS-nonspecific domains (mem-
ory and visuospatial), providing a total score that can range
from 0 (most impaired) to 136 (most intact). Published cut-
offs are available, with a total score of less than or equal to
105 and/or an ALS-specific score of less than or equal to
77 indicating cognitive impairment [36]. The ECAS was
found to have an acceptable internal consistency reliability
(Cronbach’s standardised alpha=0.77) and has been vali-
dated against a full neuropsychological assessment battery,
showing 85% sensitivity and 85% specificity for detecting
cognitive impairment using the ECAS total and ALS-spe-
cific scores [37].

The behaviour interview is composed of ten items (symp-
toms or behaviours), which are converted to five behav-
ioural domains, with a supplementary three-item psychosis
screen. It is administered as a semi-structured interview to
the caregiver or family member about their observations of
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the pwALS and any associated behavioural impairment,
changes, and/or symptoms. The five behavioural domains
are: behavioural disinhibition (three items), apathy/inertia
(one item), loss of sympathy/empathy (two items), perse-
verative/stereotyped/compulsive/ritualistic behaviour (two
items), and hyperorality/altered eating behaviour (two
items). The behavioural domain score can range from 0
(no behaviour impairment) to 5 (most behavioural impair-
ment). Additionally, the behavioural score for symptoms or
behaviours can range from 0 (no behaviour symptoms) to
10 (most behaviour symptoms). The three-item psychosis
screen examines presence of hallucinations, bizarre beliefs/
behaviours, and suspiciousness/persecutory feelings, rang-
ing from O (no psychotic symptoms) to 3 (most psychotic
symptoms). The interview is based on the guidelines and
diagnostic criteria for behavioural variant FTD and other
FTD conditions [38]. The ECAS is a recommended assess-
ment for identifying behavioural and cognitive impairment
categories (ALSbi, ALSci, ALScbi, ALSni), in line with the
diagnostic criteria for ALS-FTSD [7].

QoL assessment

The ALSsQoL-Short Form (ALSsQoL-SF) [39] is a self-
rated 20-item instrument that takes two to four minutes to
complete, and assess ALS-specific subdomains of QoL. It
was derived from the 50-item ALSsQoL Revised instru-
ment using item response analysis [13]. There are a total of
six subdomains examined: negative emotion (three items),
physical symptoms (five items), bulbar function (two items),
interaction with people and the environment (four items),
religiosity (two items), and intimacy (four items). Each of
the subdomain items are scored on an 11-point Likert scale
ranging from O (strongly disagree) to 10 (strongly agree).
Average item scores are used for the overall QoL score and
for subdomain scores, with lower scores indicating worse
QoL. All ALSsQoL-SF subdomains had an acceptable
internal consistency reliability (Cronbach’s standardised
alpha>0.70), as well as being validated against relevant
psychosocial and physical functioning measures (e.g. McGill
QoL Single-Item Scale, World Health Organization QoL
assessment, Satisfaction with Life Scale, Center for Epide-
miological Studies Depressed Mood Scale, 18-item Brief
Symptom Inventory, Idler Index of Religiosity).

Procedure

Data was routinely collected as a part of individuals’ stand-
ard of care visits to the Penn State Milton S. Hershey Medi-
cal Center’s Multidisciplinary ALS clinic, Hershey, Penn-
sylvania, USA. Clinical and demographic data (i.e. age,
gender, date diagnosis, date symptom onset) were collected
at the initial visit. Additionally, ALSFRS-R and QoL data
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are collected at regular intervals throughout the individual’s
care. PWALS were seen every 3—6 months as a part of their
standard care. The ECAS was administered by a trained
clinical psychologist or speech and language pathologist,
after the initial visit at a stage in their care deemed clini-
cally relevant by the multidisciplinary care team. Data were
entered into patient’s medical records and retrospectively
collated, with all ALSFRS-R, QoL and ECAS assessment
being completed within 3 months of the ECAS data.

This study has gained Pennsylvania State University Insti-
tutional Review Board ethical approval. Due to this being
a retrospective analysis of secondary clinical data that was
collected as a part of routine clinical care, additional consent
from individuals was not required and consent waiver was
in place.

Statistical analysis

All data analysis was conducted using R statistical software
[40]. The analysis looked to explore cognitive and behav-
ioural impairment group differences on QoL and its subdo-
mains. Following this, a more in-depth exploration of the
association between specific impairments and different QoL
domains was performed. The analysis plan is outlined below,
with the threshold for statistical significance set at p < 0.05.

Data preparation

The dataset was examined for missingness and missing data
were excluded from analysis. Individuals were categorised
into cognitive and behavioural impairment group classifi-
cations (ALSbi, ALSci, ALScbi or ALSni) based on pub-
lished cutoffs for the ECAS [35] in line with the ALS-FTSD
diagnostic criteria [7]. ALSci was defined using the ECAS
global score cutoff (< 105) and/or the ECAS ALS-specific
score cutoff (<77). ALSbi was defined as the presence of
apathy or at least two non-overlapping behavioural impair-
ment features. ALScbi was defined as being present when
both ALSci and ALSbi criteria were met. The distribution
and linearity of the data were assessed using Shapiro—Wilk
tests of normality, in addition to visual inspection of histo-
grams, which in turn determined whether use of parametric
or non-parametric statistics was most appropriate.

Cross-sectional group comparison

Group comparison of descriptive and clinical data (i.e. age,
gender, education, disease duration, ALSFRS-R score) were
performed using univariate ANOVAs (with follow-up Tuk-
ey's honestly significant difference (HSD) tests for multiple
comparisons). Kruskal-Wallis H test was used for group
comparison (with follow-up post hoc Dunn tests) and Chi

(%) squared tests for nominal or categorical variable group
comparisons.

If the data were parametric and assumptions were met,
group comparison was performed initially using a univari-
ate analysis of variance (ANOVA) to explore differences
between cognitive and behavioural impairment groups
(ALSci, ALSbi, ALScbi, and ALSni) on the overall score
for the ALSsQoL-SF instrument with follow-up post hoc
Tukey's honestly significant difference (HSD) tests for multi-
ple comparisons. If data were non-parametric, Kruskal-Wal-
lis H test was used for group comparison with follow-up
post hoc Dunn tests with a false discovery rate correction
for multiple comparisons [41]. Furthermore, univariate
ANOVAs with follow-up Tukey's HSD tests for multiple
comparisons were used to further explore differences in
cognitive and behavioural impairment groups across six
domains (negative emotion, interaction with people and the
environment, intimacy, physical functioning, bulbar func-
tion, religiosity) of the ALSsQoL-SF instrument. If data
were non-parametric, Kruskal-Wallis H test was used for
group comparison for each QoL subdomain with follow-up
post hoc Dunn tests with a false discovery rate correction for
multiple comparisons [41].

For parametric analysis (i.e. ANOVAsS), 112 (eta squared)
was used to quantify effect size [42] with values of up to
0.01 representing a small effect, 0.06 representing a medium
effect and above 0.14 representing a large effect. Cohen’s d
was used to quantify effect size for parametric post hoc tests
[43] with values of up to 0.2 representing a small effect,
around 0.5 representing a medium effect and above 0.8 rep-
resenting a large effect. For non-parametric analysis (i.e.
Kruskal-Wallis H test), &2 (epsilon squared, a eta® H based
statistic) was used to compute effect size [44] with values
of up to 0.01 representing a small effect, 0.06 represent-
ing a medium effect, and above 0.14 representing a large
effect. Vargha and Delaney’s A was used to quantify effect
size for non-parametric post hoc tests [45] with values of up
to 0.56 representing a small effect, between 0.56 and 0.64
representing a medium effect, and above 0.71 representing
a large effect.

Predictive analysis

Multiple hierarchical regression analysis (enter method) was
performed to explore the predictive power of specific cog-
nitive and behavioural predictors on overall scores for the
ALSsQoL-SF and its subdomains as outcomes. The Step
1 model of the multiple hierarchical regression analysis
involved entering baseline predictor variables of that were
deemed to be influential towards QoL, such as age, gender,
and any other variable emergent from the previous group
analysis. The subsequent Step 2 model involved baseline
predictor variables and addition of predictors of ECAS
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specific, nonspecific and behavioural (inclusive of psycho-
sis) scores (referred to as overall cognitive and behavioural
scores), with attention towards significant predictors, beta
values, and percentage (%) variance explained by the model
(R?). Further, ANOVA was used to compare if there was
significant R? change (AR?) between Step 1 model and Step
2 model.

Guided by significant overall cognitive and behavioural
score predictor results from the Step 1 and Step 2 model
comparison, a further Step 3 model was devised with spe-
cific ECAS Cognitive (verbal fluency, executive functioning,
language, memory, visuospatial) and behavioural (behav-
ioural disinhibition, apathy/inertia, loss of sympathy/empa-
thy, perseverative/stereotyped/compulsive/ritualistic behav-
iour, and hyperorality/altered eating behaviour, inclusive of
three psychosis subdomains) domains (referred to as specific
cognitive and behavioural domain scores) as predictors of
overall scores for the ALSsQoL-SF and its subdomains.
Once again, particular attention was given towards signifi-
cant predictors, beta values, and percentage (%) variance
explained by the model (R?). ANOVA was used to compare
if there was significant R* change (AR?) between Step 1
model and Step 3 model on adjusted R? change.

Results

Out of 135 pwALS in the dataset, one had a diagnosis of
comorbid FTD and was excluded from subsequent analysis.
Of the remaining134, 9.7% (N =13) had missing data relat-
ing to the main variables of interest (ALSFRS-R, ECAS,
ALSsQoL-SF), which is less than 10% and acceptable for
statistical inference. 3.7% (N=5) of pwALS were excluded
due to incomplete or missing ECAS data and 5.2% (N=7)
were excluded due to incomplete or missing ALSsQoL-SF
data. Finally, one pwALS was excluded due to incomplete or
missing both ALSsQoL-SF and ECAS data. This resulted in
121 pwALS being included in the analysis. Of the caregiver
(spouses/partners) or family members who completed the
ECAS behaviour interview, 62.8% (N=76) were female.

Clinical and demographic summary

Table 1 shows the overall clinic—demographic summary for
the pwALS group, which has also been subdivided by the
four King’s clinical disease stages. There was an overall sig-
nificant difference between King’s stages on disease duration
since onset of symptoms, ALSFRS-R and domain scores.
Those in Stage 3 had significantly longer disease duration
than those in Stage 2, with no other differences observed.
Post hoc Dunn tests showed that those pwALS in Stage 4 had
a significantly lower ALSFRS-R score than those in Stages
1 (p<0.001) and Stage 2 (p <0.001), with no significant
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difference compared to those in Stage 3 (p =0.23). Those
in Stage 3 had a significantly lower ALSFRS-R score than
those in Stage 1 (p <0.001) and Stage 2 (p =0.003). Finally,
those in Stage 2 had a significantly lower ALSFRS-R score
than those in Stage 1 (p =0.012). See Online Resource 1 for
full reporting of ALSFRS-R subscale scores across King’s
clinical disease stages.

There were no other significant differences observed on
clinical or demographic variables. When exploring cognitive
and behaviour impairment, there were no significant differ-
ences observed across the King’s clinical disease stages.

Cognitive and behavioural impairment summary

Table 2 shows the comparisons of clinical, demographic,
cognitive and behavioural scores across the ALS—-FTSD
diagnostic criteria classifications [7] based on ECAS scores.

When applying these diagnostic criteria classifications,
61.2% (N=74) had either cognitive and/or behavioural
impairment. 28.9% (N=35) were classified as ALSci, 14.1%
(N=17) as ALSbi, and finally 18.2% (N=22) as ALScbi.
38.8% (N=47) were classified as ALSni.

The frequencies of specific behavioural impairments
were 22.3% (N=27) for behavioural disinhibition, 25.6%
(N=31) for apathy/inertia, 25.6% (N=31) for loss of sympa-
thy/empathy, 26.4% (N=32) for perseverative/stereotyped/
compulsive/ritualistic behaviour, and 20.7% (N=25) for
hyperorality/altered eating behaviour. 7.4% (N=9) showed
at least one element of psychosis, with 5.8% (N=7) expe-
riencing suspiciousness/persecutory feelings, 5.0% (N=6)
experiencing bizarre beliefs/behaviours, and only 0.8%
(N=1) experiencing hallucinations.

There was a significant difference in years of education
across ALS-FTSD diagnostic criteria classifications. Post
hoc Dunn tests showed that individuals with ALSci had sig-
nificantly fewer years of education than those with ALSbi
(»p=0.016) and ALSni (p <0.001). Additionally, those with
ALSchbi also had significantly less years of education than
those with ALSbi (p=0.030) and ALSni (p=0.002). There
were no other differences on years of education.

A further significant difference was observed on the
ALSFRS-R and the gross motor domain across ALS-FTSD
classifications. Post hoc test showed that for the overall
ALSFRS-R, only ALSbi had a significantly lower score than
ALSni (p=0.022), which was specifically observed on the
gross motor domain (p=0.036). No other differences were
observed on the ALSFRS-R.

A comparison of ECAS scores across ALS-FTSD diag-
nostic criteria classifications showed a pattern reflective of
each cognitive and behavioural subdomain. Post hoc test
showed that those with ALSci had significantly worse cog-
nitive impairment (or lower ECAS scores) compared to
those with ALSbi (ECAS Cognitive Nonspecific p=0.008;
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Table 1 Clinico-demographic variables of pwALS in the dataset (N=121), subdivided and compared by King's Clinical Disease Staging
All (N=121) Kings Stage 1 Kings Stage 2 Kings Stage 3 Kings Stage 4 Statistic  p value
(N=22) (N=35) (N=34) (N=30)

Age (mean, SD) 61.5(9.9) 57.7 (11.1) 64.4 (9.5) 52.5(9.8) 60.0 (8.6) H=6.53 0.09

Sex (M/F) 83/38 14/8 11/24 9125 10/20 7=0.69 0.88

Handedness 12/106/3 3/18/1 2/32/1 5/29/0 2/27/1 =846 0.49
(L/R/A)

Education (mean, 154 2.7)* 15.4 (2.3)° 15.1 (2.9)° 15.6 3.1)¢ 15.5(2.4)° H=0.15 0.99
SD)

Site onset (bulbar/  40/81 8/14 8/27 10/24 14/16 =447 0.22
limb)

Disease duration 21 (20) 18.5 (12.5) 18 (10) 27 (41.5) 27 (20.25) H=10.36 0.015
(since onset),
months (median,
IQR)

Disease duration 6 (9) 5(6.75) 54 7 (15.75) 9 (12) H=17.03 0.07
(since diagnosis),
months (median,
IQR)

ALSFRS-R (mean, 34.0 (7.1) 40.7 (3.7) 34.7 (4.1) 31.7 (5.9) 28.6 (1.7) H=4941 <0.001
SD) /48

ECAS cogni- 46.3 (56) 409 (9) 48.6 (17) 52.9(18) 40.0 (12) =141 0.70
tive total % (N)
impaired

ECAS cognitive (mean, SD)
Language/28 25.5(3.3) 24.3(5.9) 259(2.2) 25.4(2.9) 259(2.2) H=0.92 0.82
Verbal fluency/24  14.9 (5.6) 15.6 (5.6) 15.0 (4.8) 14.0 (6.9) 15.4 (4.9) H=0.68 0.89
Executive/48 37.2(6.5) 36.5(9.9) 37.0 (6.3) 36.7 (5.9) 38.4(5.3) H=126 0.74
Specific/100 77.6(12.4)  79.3(19.4) 77.9 (9.9) 76.1 (11.9) 79.7 (8.7) H=1.48 0.69
Memory/24 16.6 (4.2) 15.7 (5.0) 16.0 (4.5) 16.6 (3.9) 17.8 (3.1) H=3.76 0.29
Visuospatial/12 11.5(0.9) 11.1 (1.5) 11.7 (0.6) 11.5 (0.7) 11.7 (0.8) H=3.76 0.29
Nonspecific/36 28.1 (4.5) 26.8 (5.9) 27.7 (4.6) 28.1 (4.0) 29.5(3.3) H=3.19 0.36
Total/136 105.7 (15.4) 103.1 (24.5) 105.6 (12.6) 104.2 (14.3) 109.2 (10.4) H=2.04 0.57

ECAS behaviour (median, IQR)
Domains /5 0() 0(2) 0(0.5) 0.5() 0@3) H=494 0.18
Psychosis /3 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) H=192 0.59

Significant p values are in bold

ALS amyotrophic lateral sclerosis, N number, M male, F female, L left, R right, A ambidextrous, SE standard deviation, /QR interquartile range,
ALSni ALS not impaired, ALSci ALS cognitive impairment, ALSbi ALS behavioural impairment, ALScbhi ALS cognitive and behavioural
impairment, ALSFRS ALS Functional Rating Scale Revised, ECAS Edinburgh Cognitive and Behavioural ALS Screen

AN=80, °PN=14, °N=23, IN=22, °N=21

Cognitive Specific p <0.001; Total p <0.001) and ALSni
(ECAS Cognitive Nonspecific p=0.008; Cognitive Specific
p <0.001; Total p<0.001) categories, with no significant
difference compared to those with ALScbi. No difference
was observed between ALSbi and ALSni on cognitive
scores (ECAS Cognitive Nonspecific, Cognitive Specific
or Total scores). In terms of behaviour, ALSbi has sig-
nificantly higher ECAS behavioural interview domain and
symptom scores compared to ALSni (p <0.001) and ALSci
(p <0.001), but no significant difference compared to those

with ALScbi. Individuals with ALScbi had significantly
worse cognitive impairment or lower ECAS scores (ECAS
cognitive nonspecific p <0.001; cognitive specific p <0.001;
Total p <0.001) and higher behavioural impairment scores
(domain and symptom scores ps <0.001) than those with
ALSni. While there was an overall between-group difference
in experiences with psychosis, this appeared to be driven by
presence in those with ALSbi (23.5%, N=4) and ALScbi
(22.7%, N=5), compared to ALSci and ALSni in whom no
psychosis was observed.
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Table 2 Clinico-demographic variables for pwALS in the dataset, subdivided and compared by Strong et al. [7] ALS-FTSD classifications
(ALSci, ALSbi, ALScbi, ALSni)

ALSni (N=47) ALSci (N=35) ALSbi (N=17) ALScbi (N=22) Statistic  p value

Age (mean, SD) 59.9 (9.6) 64.8 (8.4) 59.5(11.4) 62.1(9.9) H=5.46 0.14
Sex (M/F) 15/32 14/21 5/12 4/18 =3.02 0.39
Handedness (L/R/A) 4/41/2 3/32/0 3/13/1 2/20/0 =595 0.75
Education (mean, SD) 16.7 (2.3)¢ 13.5 (2.7)¢ 16.2 (2.5)° 13.8 (2.2)f H=2180 <0.001
Site onset (bulbar/limb) 19/28 12/23 4/13 4/18 =294 0.40
Disease duration (since onset), months (median, 20 (14) 20 (12) 27 (22) 31 (23.75) H=17.06 0.07
IQR)
Disease duration (since diagnosis), months 6(4) 5(7.5) 10 (9) 7.5(24.5) H=5.49 0.14
(median, IQR)
ALSFRS-R (mean, SD)/48 35.7(5.7) 33.8 (8.1) 29.8 (7.0) 34.2(7.2) H=8.50 0.036
Bulbar (mean, SD) 8.8 (3.1) 89 (3.1) 9.2 (2.8) 9.5(2.3) H=0.73 0.73
Fine motor (mean, SD) 8.4 (3.1) 7.6 (3.5) 5.8 (4.0) 7.0 (3.6) H=5.56 0.14
Gross motor (mean, SD) 7.9 (3.3) 7.2 (3.3) 5.6 (2.6) 7.8 (2.8) H=17.99 0.046
Respiratory (mean, SD) 10.7 (1.8) 10.0 (3.0) 9.2 (2.5) 9.5(2.8) H=17.35 0.06
ECAS cognitive total % (N) impaired 0(0) 97.1 (34)* 0(0) 100 (22) ¥=117.10 <0.001
ECAS cognitive (mean, SD)
Language/28 27.0 (1.3) 24.4 (2.7) 26.8 (1.6) 22.6 (5.4) H=4587 <0.001
Verbal fluency/24 18.1 (2.9) 12.5(5.1) 19.3(2.4) 8.4 (4.8) H=5795 <0.001
Executive/48 41.4 (3.2) 33.1(5.6) 39.6 (4.2) 32.3(8.0) H=5570 <0.001
Specific/100 86.6 (4.4) 70.0 (7.6) 85.5 (4.8) 63.3 (14.0) H=84.64 <0.001
Memory/24 18.6 (2.3) 14.8 (4.1) 18.7 (2.4) 13.2 (5.0) H=40.26 <0.001
Visuospatial/12 11.6 (0.9) 11.7 (0.7) 11.6 (0.7) 11.0 (1.3) H=17.12 0.07
Nonspecific/36 30.2 (2.6) 26.5 (4.2) 30.4 (2.5) 24.2 (5.7) H=3771 <0.001
Total/136 116.8 (5.0) 96.5 (7.9) 116.0 (5.3) 87.5 (18.7) H=90.23 <0.001
ECAS behaviour (median, IQR)
Domains/5 0(0) 0(0) 3(2) 5(2) H=100.11 <0.001
Symptoms/10 0(0) 0(0) 3(2) 55(5) H=99.73 <0.001
Psychosis/3 0(0) 0(0) 0(0) 0(0) H=20.25 <0.001
ECAS behaviour domains % (N)
Only apathy or inertia present 0(0) 0(0) 17.6 (3) 0(0) ;(2=2.09 0.15°
2 non-overlapping behavioural domains present 0 (0) 0(0) 82.4 (14) 100 (22)

ALS amyotrophic lateral sclerosis, N number, M male, F female, L left, R right, A ambidextrous, SE standard Deviation, /QR interquartile range,
ALSni ALS not impaired, ALSci ALS cognitive impairment, ALSbi ALS behavioural impairment, ALScbi ALS cognitive and behavioural
impairment, ALSFRS ALS Functional Rating Scale Revised, ECAS Edinburgh Cognitive and Behavioural ALS Screen

#N=1 was not impaired on the ECAS Cognitive total, but showed impairment on the ECAS ALS-specific score
bStatistical comparison only between ALSbi and ALScbi. Significant p values are in bold
‘N=35,N=16,"N=12,'N=17

Cognitive/behavioural impairment-QoL group Figure 1 shows comparison of significant ALSsQoL-SF
comparison subdomains based on ALS-FTSD diagnostic criteria clas-

sifications, demonstrating a significant difference between
There was a significant difference across ALS-FTSD diag-  cognitive and behaviour impairment groups on three of

nostic criteria classifications (ALSni, ALSci, ALSbi, ALS- the five different subdomains of QoL: negative emotions
cbi) on the overall ALSsQoL-SF score (F(3, 117)=4.14, (H(3)=13.15, p=0.004, £2=0.09), interaction with people
p=0.008, 112 =0.10). Tukey's HSD post hoc tests showed and the environment (H(3)=16.92, p <0.001, £=0. 12), and
that those in the ALSbi group (M=6.0, SD=1.2) had over-  intimacy (H(3)=11.57, p=0.009, 2=0.07).

all lower QoL than those with ALSci (M =7.3, SD=1.3) For negative emotions (see Fig. 1a), post hoc tests showed
group (p=0.005, d=0.99), with no other group differences  the ALSbi group (M=5.0, SD=2.3) had significantly worse
observed. QoL relating to this domain when compared with the ALSci
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Fig. 1 Comparison between ALSci, ALSbi, ALScbi, ALSni groups on ALSsQoL-SF subdomain scores: a) negative emotions b) interaction with
people and the environment c) intimacy. Lower scores indicate worse QoL

(M=1.8,SD=2.4) group (p=0.002, A=0.79) and ALSni
(M=6.9,SD=2.4) group (p=0.04, A=0.73), with no other
differences observed. For interaction with people and the
environment (see Fig. 1b), post hoc test showed that those
once again in the ALSbi group (M =7.5, SD=1.5) had sig-
nificantly worse QoL related with this domain compared
to those in the ALSci (M =8.9, SD=1.2) group (p=0.003,
A=0.79) and ALSni (M=8.8, SD=1.3) group (p=0.002,
A =0.80). Furthermore, those in the ALScbi group (M =7.8,

SD =1.8) had significantly lower QoL related to interaction
with people and the environment compared to the ALSci
(M=8.9,SD=1.2) group (p=0.044, A=0.67), with trend-
ing to significant differences when compared to the ALSni
(M=8.8,SD=1.3) group (p=0.053, A=0.65). No other dif-
ferences were observed on the QoL relating to interaction
with people and the environment subdomain. When explor-
ing intimacy (see Fig. 1c), post hoc tests showed that the
ALScbi group (M =3.4, SD=2.7) had lower QoL in this
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domain than those in the ALSni (M =6.2, SD=3.0) group
(p=0.005, A=0.74) and also the ALSci (M=5.6, SD=3.3)
group (p=0.033, A=0.70), with no other differences
observed. See Online Resource 2 for full table comparison
of QoL subdomains across ALS—FTSD classifications.

Cognitive/behavioural predictors of QoL

For the overall ALSsQoL-SF score (see Table 3), the Step 1
model explained 4.4% of the variance, with only ALSFRS-R
shown as a significant positive predictor (f=0.20, p=0.03)
and no such relationship between age or gender. In the Step
2 model, following entry of overall cognitive and behav-
ioural (inclusive of psychosis) scores, only psychosis was
a significant negative predictor of the overall ALSsQoL-
SF score (f =— 0.21, p=0.04). There was no significant
R? change between the Step 1 and Step 2 models (F(4,
113)=2.00, p=0.100). Furthermore, none of the specific
psychosis domain scores significantly predicted the overall
ALSsQoL-SF score, with no significant difference between
the % variance accounted for between the Step 1 and Step 3
models (F(3, 114)=2.04, p=0.112).

For ALSsQoL-SF subdomain scores, there was signifi-
cance relating to cognitive and behavioural domain predic-
tors. For the interaction with people and the environment
subdomain (see Table 4), while the Step 1 model explained
2.4% of the variance with no significant age, gender, and

ALSFRS-R predictors, the Step 2 model showed the overall
psychosis score as a significant negative predictor of this
QoL subdomain (f =— 0.32, p=0.001), with the behaviour
score trending towards significance (f =— 0.18, p=0.06).
Supplementarily, the Step 2 model accounted for signifi-
cantly more variance (AR*=0.159) compared to the Step
1 model (F(4, 113)=2.04, p <0.001). Further, in exploring
specific behavioural and psychosis domain scores through
the Step 3 model, the loss of sympathy/empathy domain
(p =-0.28, p=0.03), suspiciousness/persecutory feelings
(# =— 0.30, p=0.007), and hallucinations (f =— 0.21,
p=0.03) scores were significant negative predictors for QoL
associated with interaction with people and the environment.
However, it is important to note that only one individual
exhibited hallucinations. The Step 3 model also accounted
for significantly more variance (AR%*=0.246) compared to
the Step 1 model (F(8, 109)=4.59, p<0.001).

For the negative emotions subdomain (see Table 5), the
Step 1 model explained 2.9% of the variance, with no sig-
nificant age, gender or ALSFRS-R predictors. The Step 2
model showed there were two significant negative predic-
tors of negative emotions subdomain of the ALSsQoL-SF,
specifically the ALS-specific score (f =— 0.23, p=0.04)
and psychosis score (f =— 0.28, p=0.007). This was sup-
ported by a significant increase in variance accounted of
the Step 2 model (AR?=0.109) when compared to the Step
1 model (F(4, 113)=3.58, p=0.009). Specific cognitive

Tablg 3 Hierarchical stepwis.e b £195% CI] » R?
multiple regression results with
ALSsQoL-SF overall score as Step 1 0.044
an outcome Age 0.01 0.04 [0.02, 0.06] 0.66
Gender —0.06 —0.02 [- 0.52, 0.48] 0.82
ALSFRS-R 0.04 0.20 [0.17, 0.24] 0.03
Step 2 0.108
Age 0.001 0.01 [-0.02, 0.03] 0.94
Gender —0.04 —0.01 [-0.51, 0.49] 0.88
ALSFRS-R 0.03 0.15[0.11,0.18] 0.12
Specific cognitive —0.02 —0.20 [- 0.21, = 0.17] 0.10
Nonspecific cognitive 0.02 0.06 [- 0.002, 0.13] 0.58
Behaviour —0.06 —0.08 [-0.23, 0.06] 0.43
Psychosis —0.61 —0.21[-0.79, 0.37] 0.04
Step 3 0.093
Age 0.004 0.02 [0.004, 0.05] 0.76
Gender —0.04 —0.01 [-0.51, 0.49] 0.88
ALSFRS-R 0.03 0.16 [0.12, 0.19] 0.10
Bizarre beliefs/behaviours - 0.00 —0.001 [—- 1.37, 1.37] 1.00
Hallucinations -1.79 —0.12 [- 2.95, 2.70] 0.21
Suspiciousness/persecutory feelings —-0.83 —0.15[- 1.44, 1.14] 0.21

Significant p values are in bold

b unstandardised beta, § standardised beta, CI confidence interval, ALSFRS-R ALS Functional Rating

Scale Revised
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Tablg4 Hierarchical stepwis.e b B195% CI] » R?
multiple regression results with
ALSsQoL-SF interaction with Step 1 0.024
people and the environment Age 001  0.08[0.05,0.11] 0.40
subdomain score as an outcome
Gender —0.30 —0.10 [- 0.68, 0.49] 0.30
ALSFRS-R 0.02 0.09 [0.05, 0.12] 0.36
Step 2 0.183
Age 0.01 0.04 [0.01, 0.06] 0.67
Gender -0.22 —0.07 [- 0.61, 0.05] 0.43
ALSFRS-R —0.002 —0.01 [- 0.05, 0.02] 0.89
Specific —0.02 —0.13 [~ 0.15, = 0.10] 0.24
Non-specific 0.01 0.04 [- 0.03, 0.11] 0.68
Behaviour —-0.15 —0.18 [- 0.35, — 0.02] 0.06
Psychosis - 1.07 —0.32 [- 0.96, 0.31] 0.001
Step 3 0.270
Age 0.01 0.05 [0.03, 0.08] 0.54
Gender -0.15 —0.05 [- 0.59, 0.50] 0.59
ALSFRS-R —0.005 —0.02 [- 0.06, 0.01] 0.79
Behavioural disinhibition -0.21 —0.06 [— 1.06, 0.95] 0.68
Apathy/inertia —-0.78 —0.22 [- 1.14, 0.68] 0.09
Loss of sympathy/empathy —-0.97 —0.28 [- 1.17, 0.60] 0.03
Perseverative/stereotyped/compulsive/ 0.55 0.16 [—- 0.66, 0.99] 0.19
ritualistic behaviour
Hyperorality/altered eating behaviour 0.72 0.20 [- 0.71, 1.10] 0.12
Bizarre beliefs/behaviours 0.48 0.07 [— 1.46, 1.60] 0.53
Hallucinations —3.43 —0.21 [— 3.31, 2.90] 0.03
Suspiciousness/persecutory feelings -1.91 —0.30 [— 1.69, 1.09] 0.007

Significant p values are in bold. b unstandardised beta, f standardised beta, CI confidence interval, ALS-
FRS-R ALS Functional Rating Scale Revised

and psychosis domain score exploration through the Step
3 model showed that the verbal fluency score (f =— 0.20,
p=0.047) and suspiciousness/persecutory feelings score
(B =—0.28, p=0.01) were both significant negative pre-
dictor for QoL associated with negative emotions. There was
a further difference with the Step 3 model accounting for
significantly higher variance (AR?=0.121) than the Step 1
model (F(6, 111)=2.65, p=0.02).

In terms of intimacy (see Table 6), the Step 1 model
explained 3.0% of the variance with no significant pre-
dictors relating to age, gender, and ALSFRS-R. The Step
2 model showed that only the overall behavioural score
was a significant negative predictor of the intimacy QoL
subdomain score (f =— 0.22, p=0.03) and accounted for
significantly more variance (11.0%) change when com-
pared to the Step 1 model (F(4, 113)=2.53, p=0.044).
Further exploration of specific behavioural domains scores
found that perseverative/stereotyped/compulsive/ritualis-
tic behaviour domain was the only significant predictor

of intimacy-related QoL (# =— 0.30, p=0.03); however,
there was no significant change in variance accounted for
when compared to the Step 1 model (F(8, 109)=1.67,
p=0.11).

In terms of bulbar function, the ALS nonspecific score
was found to be a significant positive predictor (§ =0.22,
p =0.045) for this QoL subdomain, as well as the ALS-
FRS-R score (f =0.22, p=0.02), but there was no signifi-
cant difference in the adjusted R* change with the Step 1
model which included age, gender, and ALSFRS-R score
(F(4, 113)=1.46, p=0.22) and no specific cognitive
subdomain that was a significant predictor. Both overall
cognitive and behavioural scores as well as the specific
domain scores were found not to be significant predictors
of remaining ALSsQoL-SF subdomains of religiosity and
physical function. See Online Resource 3 for full reporting
of QoL related to bulbar function, physical function, and
religiosity analyses.
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TabIgS Hierarchical stepwise b £195% CI] » R?
multiple regression results
with ALSsQoL-SF negative Step 1 0.029
emotions subdomain score as an Age 0.01 0.05 [0.005. 0.10] 057
outcome
Gender 0.65 0.12[-0.88, 1.11] 0.20
ALSFRS-R 0.04 0.12[0.05, 0.18] 0.20
Step 2 0.138
Age —0.0001 —0.0001 [— 0.05, 0.05] 1.00
Gender 0.69 0.13 [- 0.84, 1.09] 0.16
ALSFRS-R 0.01 0.03 [- 0.03, 0.10] 0.73
Specific —0.05 —0.23[— 0.28, — 0.18] 0.04
Non-specific 0.0001 0.0001 [—-0.12, 0.12] 1.00
Behaviour —-0.18 —0.12[- 041, 0.16] 0.22
Psychosis —1.56 —0.28 [— 1.40, 0.85] 0.007
Step 3 0.150
Age 0.002 0.01 [—- 0.04, 0.06] 0.91
Gender 0.60 0.11 [-0.85, 1.07] 0.22
ALSFRS-R 0.02 0.05 [- 0.02,0.11] 0.63
Language —-0.03 —0.04 [-0.22,0.14] 0.75
Verbal fluency - 0.09 —0.20 [- 0.29, — 0.11] 0.047
Executive 0.00 0.004 [— 0.08, 0.09] 0.97
Bizarre beliefs/behaviours - 0.60 —0.05 [- 3.09, 2.99] 0.70
Hallucinations -0.48 —0.02 [- 5.70, 7.66] 0.87
Suspiciousness/persecutory feelings —3.07 —0.28 [— 2.77,2.21] 0.01
Significant p values are in bold
b unstandardised beta, § standardised beta, CI confidence interval, ALSFRS-R ALS Functional Rating
Scale Revised
Discussion behavioural impairments, there might be secondary impact

This study shows that cognitive and behavioural impair-
ments have a negative effect on self-perceived QoL for
pwWALS, specifically in relation to certain disease-specific
subdomains of QoL. These findings seem to be indicative
of behavioural impairments being predictive of worse QoL,
particularly relating to negative emotions or mental health
and interaction with other as well as the environment. These
findings may further suggest that behavioural impairment in
combination with cognitive impairment may have negative
bearing on intimacy and QoL associated with this.
Behavioural impairment has been frequently observed
and linked to increased caregiver burden or strain in ALS
[46] showcasing the external and environmental negative
effects of this type of impairment. However, this study sug-
gests that the external and environmental influence of this
type of impairment might also be recognised by the pwALS
and might be expressed through self-perceived QoL. This
is relevant to previous research suggesting that deficits in
insight and awareness (or anosognosia) towards behavioural
impairment might be present in ALS [47, 48], a finding
observed and documented in FTD, including ALS-FTD [3,
49, 50]. While some pwALS may not be aware of their own
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of these impairments on their QoL. This might then be inter-
nalised as negative effects on mental health, which is then
expressed as worse QoL in the negative emotions subdomain
by the pwALS. Further, this can also account for findings
that feeling of strain or distress experienced by caregivers
and family members relate to behavioural impairments; they
observed that pwALS need further support relating to behav-
ioural impairments that might not be related to physical or
functional deterioration. In terms of the findings of this
study, self-perceived QoL relating to interaction with peo-
ple and the environment was found to be worse for pwALS,
which may be a reciprocal expression of caregiver burden or
strain relating to behavioural impairment. Importantly, there
is a lack of disease specific, valid, and reliable self-perceived
(self-reported or self-rated) behavioural impairment meas-
ures for use in ALS [51, 52], which may highlight a juxtapo-
sition of comparing caregiver-rated behavioural impairment
and self-perceived QoL. Further research would benefit from
exploring self-perceived behavioural impairments, but also
deficits of insight and awareness (or anosognosia) for these
impairments, and their effect on or relationship with the QoL
not only of the pwALS, but also of the caregivers and family
members.
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Tablg6 Hierarchical stepwise b £195% CI] » R?
multiple regression results
with ALSsQoL-SF intimacy Step 1 0.030
subdomain score as an outcome Age — 005 ~0.15 [~ 0.21, — 0.09] 011

Gender —0.63 —0.10 [- 1.28, 1.09] 0.30

ALSFRS-R —0.003 —0.007 [- 0.09, 0.07] 0.94

Step 2 0.110

Age - 0.04 —0.14 [- 0.20, — 0.09] 0.12

Gender - 041 —0.06 [-1.23,1.10] 0.49

ALSFRS-R —-0.01 —0.01 [- 0.09, 0.07] 0.89

Specific 0.01 0.04 [- 0.02, 0.10] 0.72

Non-specific 0.09 0.14 [- 0.01, 0.29] 0.22

Behaviour —-0.37 —0.22 [- 0.56, 0.12] 0.03

Psychosis 0.43 0.06 [— 1.30, 1.42] 0.53

Step 3 0.136

Age —0.06 —0.19 [- 0.24, — 0.13] 0.047

Gender 0.46 0.07 [- 1.28, 1.14] 0.45

ALSFRS-R —0.03 —0.06 [- 0.14, 0.02] 0.51

Behavioural disinhibition -0.24 —0.03 [-2.27, 2.20] 0.83

Apathy/inertia - 0.69 —-0.10 [-2.11, 1.91] 0.50

Loss of sympathy/empathy - 0.51 —0.07 [-2.05, 1.90] 0.61

Perseverative/stereotyped/compulsive/ —2.06 —0.30 [— 2.14, 1.54] 0.03

ritualistic behaviour

Hyperorality/altered eating behaviour 1.42 0.19 [—- 1.83,2.21] 0.17

Bizarre beliefs/behaviours 0.14 0.01 [— 3.39, 3.41] 0.94

Hallucinations -2.89 —0.09 [- 6.99, 6.81] 0.41

Suspiciousness/persecutory feelings 1.06 0.08 [ 3.00, 3.16] 0.50

Significant p values are in bold

b unstandardised beta, § standardised beta, CI confidence interval, ALSFRS-R ALS Functional Rating

Scale Revised

Specific cognitive and behavioural impairments were
found to be predictive of certain QoL subdomains in ALS.
In terms of behavioural impairment, loss of sympathy and
empathy was found to be a negative predictor of QoL asso-
ciated with interaction with people and the environment.
Lower QoL in this subdomain has been characterised by
lack of enjoyment of their surroundings, less support, unre-
sponsiveness, and unsatisfying relationships for pwALS [14,
39]. Loss of sympathy and empathy often is characterised
by decreased responsiveness to the needs and feelings of
others, and by social disinterest, lack of interrelatedness,
and less personal warmth. This can result from difficulty
with social cognition, which has been identified as increas-
ingly relevant in making inferences about the mental states
of others, regulation of emotions or feelings, and emotional
or empathic expressivity [53]. Further, loss of sympathy
and empathy may also conceptually overlap with emotional
apathy (defined as an indifference and emotional/affective
neutrality, blunting, or flatness), which has been observed
in bvFTD and other dementias [54]. Emotional apathy
and social cognition difficulties seem to run parallel to the

mentioned characteristics of the interaction with people and
the environment QoL subdomain; however more in-depth
neuropsychiatric or neuropsychological assessment may be
necessary to elucidate specific QoL links. Again, while there
may be a lack of awareness or insight for the behavioural
impairments or symptoms themselves by the pwALS, it may
be that these behavioural impairments are self-perceived by
the pwALS through the aforementioned QoL subdomain.
This may further tie in with the dynamic of caregiver burden
or strain impacting the pwALS and also a shifting of ser-
vices supporting caregivers or family members when more
severe impairments or dementia is present.

Verbal fluency as a measure of cognitive initiation was
found to be a negative predictor of QoL subdomain asso-
ciated with negative emotions, characterised by feeling
depressed, hopeless, and sad. This was the only QoL finding
relating to a specific cognitive impairment, which may partly
be due to the verbal fluency deficit begin the most common
impairment in ALS [55, 56]. As such, this may potentially
have practical everyday impact for pwALS. Problems with
cognitive initiation may negatively impact the expression
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of thoughts or emotional states, which may result in further
internalisation of these types of problems. Expression of this
internalisation may manifest as dissatisfaction with emo-
tional well-being and also negative emotions, with a lower
psychological QoL in this domain. Previous research in other
conditions has found an association between depression and
verbal fluency deficits; however, more as a marker of gen-
eral cognitive impairment observed in healthy or normative
populations [57]. Relevant to this, the verbal fluency deficit
has been shown to associate with characteristic initiation
apathy subtypes in ALS [58], which may mediate or influ-
ence differential impacts on negative emotion-related QoL,;
however, further research would need to explore this. This
may underscore the importance of support and provision to
help externalise negative emotions for pwALS, as not doing
so may have a negative effect on QoL. Psychotherapeutic
approaches may therefore be helpful alongside considered
scaffolding, functional and neuropsychological rehabilitation
techniques that involve pwALS and their families.

Furthermore, there was a finding of lower QoL in the
intimacy subdomain relating to a combination of cognitive
and behavioural impairment for pwALS. One previous study
found that lower caregiver-perceived marital intimacy was
predicted by cognitive and behavioural impairment [59].
Previous research in bvFTD has shown that there is an over-
all decrease in the level and initiation of affection in addition
to lower reciprocal intimate behaviour, with only some peo-
ple with bvFTD displaying what can be classed as aberrant
or unusual sexual behaviours [60]. Conversely, one small
scale pilot study showed that there was a difference in terms
of obsessiveness and aggressiveness in the context of inti-
macy for pwALS, from the perspectives of the caregivers,
[61] with a further single case study showcasing inappropri-
ate sexually behaviour in a case of ALS—FTD [62]. Notably,
this current study is the first to showcase self-perceived QoL
for intimacy being lower relative to cognitive and behav-
ioural impairment, which might be specifically localised to
perseverative/stereotyped/compulsive/ritualistic behaviours.
These types of behaviours when observed in bvFTD are
often characterised through repetitive and inflexible routines,
rigidity in behaviour or thought, and obsessive as well as
compulsive behaviours, wherein deviation or changes from
these can cause significant distress for the individual. Specu-
latively, in terms of physical and emotional intimacy, these
types of impairments can be a barrier for both the pwALS
and also the partner or spouse (who is likely the caregiver),
where there might be a decrease in communication about
intimacy due to these impairments, leading to less initia-
tion and reciprocal action in terms of intimacy. However, as
noted in a recent large-scale systematic review [28] intimacy
is an important area of QoL but is under-researched in ALS,
particularly within the context of cognitive and behavioural
impairment or associated FTD.
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Psychosis was observed to be important in its associa-
tion with specific QoL subdomains, particularly for negative
emotions and interaction with people and the environment.
While this study is in line with previous research showing
psychosis occurs in approximately 10% of pwALS [9, 63,
64], it is also the first to suggests that it can negatively affect
QoL. Previous research in bvFTD and those with ALS-FTD
has found perceptual and psychosis-like disturbances to
occur more prevalently in carriers of the C9ORF72 gene
[65], with these individuals having cognitive and behav-
ioural impairment [66, 67]. While this has not been explored
specifically with pwALS, a multitude of negative impacts
have been observed relating to functional activities, wellbe-
ing and QoL for people experiencing both their first episode
of psychosis [68] and living with psychosis-related condi-
tions [69]. In particular, this current study showed that sus-
piciousness/persecutory feelings (akin to paranoia) were
found to be key negative predictors of these QoL internal
(negative emotions) and external (interaction with people
and the environment) subdomains for pwALS. This type of
paranoid ideation, in terms of feeling persecuted or judged
by others, has been shown to occur for pwALS, along with
other psychotic experiences [70]. It is understandable that
these paranoid types of thoughts and feelings can impact an
individuals’ psychosocial QoL. This might relate to internal
factors of depression as well as external factors in terms of
feeling unsupported, feeling threatened, having less pleasure
in (or towards) their surroundings, and having unsatisfying
relationships. Mechanistically feelings of paranoia related
to poorer QoL may become a vicious perpetuating cycle in
the form of internalising negative emotions and externally
perceiving that others and their environment are not helping
or are a threat, which may have an effect on caregivers or
family members as well as potentially on healthcare profes-
sionals. This may provide a further potential for application
of psychotherapeutic approaches, therapies or strategies
that work with pwALS and caregiver or family members
to foster understanding of the cognitive and behavioural
sequela of the condition. However, as psychosis is a complex
and multifaceted phenomenon [71, 72] it requires further
in-depth exploration, specifically in pwALS, to determine
the interplay of QoL, psychosis and other neuropsychiatric
Ssymptoms.

This study has limitations. Although the data used was
initially collected primarily to guide clinical care, it may
not be representative of pwALS in terms of cognitive or
behavioural impairment, as this may have only been assessed
when deemed clinically relevant. Further to this, as QoL
and ALSFRS-R data were collated within 3 months of the
ECAS was administered, the results may have been affected
by the temporal stability of the measures used and them
not being collected at the same time. While the data col-
lected was culturally based in the USA, UK cutoffs for the



Journal of Neurology (2024) 271:6822-6838

6835

ECAS Cognitive element were utilised because they have
been validated against a gold-standard neuropsychological
battery [37]. A recent study proposed USA-specific ECAS
Cognitive cutoffs [73]; however these were derived through
statistical methodology and have not been extensively vali-
dated. However, the prevalence of cognitive and behavioural
impairment in this dataset was 61.2%, which was within
the range of previous research [9]. While the pwALS were
well characterised clinically and demographically, certain
elements such as trained clinician derived King’s stages
(rather ALSFRS-R derived staging) and genetic status were
not available in terms of common variants (e.g. C9ORF72).
Further in-depth reliable clinical staging and understand-
ing of the genotype—phenotype link with cognitive and
behavioural impairment would be useful in future studies,
particularly with reference to QoL. Additionally, there were
limitations in the dataset due to missingness for years of
education and socioeconomic status and no available data
on ethnicity. Due to the convenience sampling nature of this
study, there may be sample size limitations that may have
impacted adequacy of statistical power, particularly as cer-
tain ALS-FTSD diagnostic criteria classifications groups
were less common than others. However, the prevalence,
frequency and characteristics of impairments are broadly in
line with previous research [9, 11, 63]. There was also lim-
ited information available on the background, demographics
and health of caregivers or family members of pwALS. This
was due to the clinical, medical record nature of the dataset
containing only relevant data to pwALS, which restricted
further exploration of caregiver variables relative to self-
perceived QoL of pwALS.

Future research should look to explore the relationship
between caregiver strain or burden and self-perceived QoL
for pwALS, with cognitive and behavioural impairment as
a mediator. This may help promote understanding of the
shared influence of these in the family dynamic or system, as
the disease progresses and across disease stages. Finally, fur-
ther investigation of longitudinal trajectories relating to QoL
and its subdomains for pwALS, associated with cognitive
and behavioural impairment, would be useful to understand
the corresponding evolution of these constructs throughout
the disease process. From a practical standpoint, the fast-
progressing nature of ALS supplemented by potential devel-
opment of cognitive or behavioural impairment may make it
difficult for deployment of supportive approaches for QoL
of pwALS in a timely manner. As such, the fast-progression
of ALS may make QoL-associated interventions rapidly
redundant, as priorities for the pwALS may be fast chang-
ing alongside disease progression. While there has been a
recent advance in psychological therapy interventions for
pwWALS, specifically acceptance and commitment therapy
[74], the moderating effect or interplay between cognitive or
behavioural impairment and QoL is not clear. As such there

may be a requirement for adaptations, as well as supportive
or systemic approaches, to facilitate psychological interven-
tions relative to these impairments. Future research would
benefit from determining the utility of regular monitoring of
QoL, and of cognitive or behavioural impairment to assess
whether this would be helpful for well-timed and appropri-
ate interventions.

In conclusion, behavioural impairments (inclusive of
psychosis) have a relationship with self-perceived QoL for
pWALS, specifically relating to externalisation towards envi-
ronment and people around the individual but also in terms
of internalisation associated with mental health difficulties.
Additionally, both cognitive and behavioural impairment are
significant factors for QoL relating to intimacy for pwALS.
Overall this emphasises the importance of disease-specific
monitoring and assessment of self-perceived QoL in the
context of cognitive and behavioural impairments, as they
may impact the pwALS implicitly. This has implications
for further research to elucidate this complex topic and fur-
thermore for clinical practice in terms of psychoeducation,
management, and support for QoL for pwALS and their
families who are experiencing the impacts of cognitive and/
or behavioural impairment.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00415-024-12639-z.

Author contributions All authors contributed to the study conception
and design. Material preparation and data collection were completed
by AA, CR, SW, and ZS. Analyses were performed by RR, with sup-
port from AC and SA. The first draft of the manuscript was written by
RR, with support from AC, SA, and ZS. All authors commented on
previous versions of the manuscript. All authors read and approved
the final manuscript.

Declarations

Conflicts of interest The authors declare that they have no conflict of
interest.

Ethics statement The study received relevant Pennsylvania State Uni-
versity Institutional Review Board ethical approval.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


https://doi.org/10.1007/s00415-024-12639-z
http://creativecommons.org/licenses/by/4.0/

6836

Journal of Neurology (2024) 271:6822-6838

References

10.

11.

12.

13.

14.

15.

16.

17.

Balendra R, Jones A, Jivraj N et al (2014) Estimating clinical stage
of amyotrophic lateral sclerosis from the ALS Functional Rat-
ing Scale. Amyotroph Lateral Scler Front Degener 15:279-284.
https://doi.org/10.3109/21678421.2014.897357

Roche JC, Rojas-Garcia R, Scott KM et al (2012) A proposed stag-
ing system for amyotrophic lateral sclerosis. Brain 135:847-852.
https://doi.org/10.1093/brain/awr351

Goldstein LH, Abrahams S (2013) Changes in cognition and
behaviour in amyotrophic lateral sclerosis: nature of impairment
and implications for assessment. Lancet Neurol 12:368-380.
https://doi.org/10.1016/S1474-4422(13)70026-7

Hardiman O, Al-Chalabi A, Chio A et al (2017) Amyotrophic
lateral sclerosis. Nat Rev Dis Primer 3:17071. https://doi.org/10.
1038/nrdp.2017.71

Leigh PN, Abrahams S, Al-Chalabi A et al (2003) The manage-
ment of motor neurone disease. J Neurol Neurosurg Psychiatry
74:iv32-iv47. https://doi.org/10.1136/jnnp.74.suppl_4.iv32

van Es MA, Hardiman O, Chio A et al (2017) Amyotrophic lateral
sclerosis. Lancet 390:2084-2098. https://doi.org/10.1016/S0140-
6736(17)31287-4

Strong MJ, Abrahams S, Goldstein LH et al (2017) Amyotrophic
lateral sclerosis—frontotemporal spectrum disorder (ALS—FTSD):
revised diagnostic criteria. Amyotroph Lateral Scler Front
Degener 18:153-174. https://doi.org/10.1080/21678421.2016.
1267768

Trojsi F, Santangelo G, Caiazzo G et al (2016) Neuropsychologi-
cal assessment in different King’s clinical stages of amyotrophic
lateral sclerosis. Amyotroph Lateral Scler Front Degener 17:228-
235. https://doi.org/10.3109/21678421.2016.1143513
Crockford C, Newton J, Lonergan K et al (2018) ALS-specific
cognitive and behavior changes associated with advancing dis-
ease stage in ALS. Neurology 91:¢1370-e1380. https://doi.org/
10.1212/WNL.0000000000006317

Hsieh S, Leyton CE, Caga J et al (2016) The evolution of caregiver
burden in frontotemporal dementia with and without amyotrophic
lateral sclerosis. J Alzheimers Dis 49:875-885. https://doi.org/10.
3233/JAD-150475

Huynh W, Ahmed R, Mahoney CJ et al (2020) The impact of cog-
nitive and behavioral impairment in amyotrophic lateral sclerosis.
Expert Rev Neurother 20:281-293. https://doi.org/10.1080/14737
175.2020.1727740

Simmons Z (2015) Patient-perceived outcomes and quality of life
in ALS. Neurotherapeutics 12:394—402. https://doi.org/10.1007/
s13311-014-0322-x

Felgoise SH, Walsh SM, Stephens HE, Simmons Z (2011) The
ALS specific quality of life-revised (ALSSQOL-R) user’s guide.
https://www.pennstatehealth.org/sites/default/files/Neurology/
ALSSQOL-%20Manual.pdf. Accessed 7 June 2021

Simmons Z, Felgoise SH, Bremer BA et al (2006) The ALSSQOL.:
balancing physical and nonphysical factors in assessing quality of
life in ALS. Neurology 67:1659-1664. https://doi.org/10.1212/01.
wnl.0000242887.79115.19

Jenkinson C, Brennan C, Fitzpatrick R et al (1999) Development
and validation of a short measure of health status for individuals
with amyotrophic lateral sclerosis/ motor neurone disease: the
ALSAQ-40. J Neurol 246:11116-11121. https://doi.org/10.1007/
BF03161085

Ganzini L, Johnston WS, Hoffman WF (1999) Correlates of suf-
fering in amyotrophic lateral sclerosis. Neurology 52:1434-1434.
https://doi.org/10.1212/WNL.52.7.1434

Lou J-S, Reeves A, Benice T, Sexton G (2003) Fatigue and depres-
sion are associated with poor quality of life in ALS. Neurology

Springer

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

60:122-123. https://doi.org/10.1212/01.WNL.0000042781.22278.
0A

Prell T, Gaur N, Stubendorff B et al (2019) Disease progression
impacts health-related quality of life in amyotrophic lateral scle-
rosis. J Neurol Sci 397:92-95. https://doi.org/10.1016/j.jns.2018.
12.035

Sandstedt P, Johansson S, Ytterberg C et al (2016) Predictors of
health-related quality of life in people with amyotrophic lateral
sclerosis. J Neurol Sci 370:269-273. https://doi.org/10.1016/j.jns.
2016.09.034

Felgoise SH, Zaccheo V, Duff J, Simmons Z (2016) Verbal com-
munication impacts quality of life in patients with amyotrophic
lateral sclerosis. Amyotroph Lateral Scler Front Degener 17:179—
183. https://doi.org/10.3109/21678421.2015.1125499

Edge R, Mills R, Tennant A et al (2020) Do pain, anxiety and
depression influence quality of life for people with amyotrophic
lateral sclerosis/motor neuron disease? A national study reconcil-
ing previous conflicting literature. J Neurol 267:607-615. https://
doi.org/10.1007/s00415-019-09615-3

Korner S, Kollewe K, Abdulla S et al (2015) Interaction of physi-
cal function, quality of life and depression in amyotrophic lateral
sclerosis: characterization of a large patient cohort. BMC Neurol
15:84. https://doi.org/10.1186/s12883-015-0340-2

Pagnini F, Lunetta C, Rossi G et al (2011) Existential well-being
and spirituality of individuals with amyotrophic lateral sclerosis
is related to psychological well-being of their caregivers. Amyo-
troph Lateral Scler 12:105-108. https://doi.org/10.3109/17482
968.2010.502941

Walsh SM, Bremer BA, Felgoise SH, Simmons Z (2003) Reli-
giousness is related to quality of life in patients with ALS. Neurol-
ogy 60:1527-1529. https://doi.org/10.1212/01.wnl.0000058767.
05265.3

Gibbons C, Thornton E, Ealing J et al (2013) The impact of fatigue
and psychosocial variables on quality of life for patients with
motor neuron disease. Amyotroph Lateral Scler Front Degener
14:537-545. https://doi.org/10.3109/21678421.2013.799700
McLeod JE, Clarke DM (2007) A review of psychosocial aspects
of motor neurone disease. J Neurol Sci 258:4-10. https://doi.org/
10.1016/j.jns.2007.03.001

Matuz T, Birbaumer N, Hautzinger M, Kubler A (2010) Coping
with amyotrophic lateral sclerosis: an integrative view. ] Neurol
Neurosurg Psychiatry 81:893-898. https://doi.org/10.1136/jnnp.
2009.201285

Poletti B, Carelli L, Solca F et al (2019) Sexuality and intimacy in
ALS: systematic literature review and future perspectives. J Neu-
rol Neurosurg Psychiatry 90:712-719. https://doi.org/10.1136/
jnnp-2018-319684

Prell T, Witte OW, Gunkel A, Grosskreutz J (2020) Cognitive defi-
cits have only limited influence on health-related quality of life in
amyotrophic lateral sclerosis. Aging Ment Health 24:1963-1967.
https://doi.org/10.1080/13607863.2019.1642296

Schrempf T, Finsel J, Uttner I et al (2022) Neuropsychological
deficits have only limited impact on psychological well-being in
amyotrophic lateral sclerosis. J Neurol 269:1369-1374. https://
doi.org/10.1007/s00415-021-10690-8

Radakovic R, Radakovic C, Abrahams S et al (2024) Quality of
life, cognitive and behavioural impairment in people with motor
neuron disease: a systematic review. Qual Life Res. https://doi.
org/10.1007/s11136-024-03611-5

Brooks BR, Miller RG, Swash M, Munsat TL (2000) El Escorial
revisited: revised criteria for the diagnosis of amyotrophic lateral
sclerosis. Amyotroph Lateral Scler Other Motor Neuron Disord
1:293-299. https://doi.org/10.1080/146608200300079536
Cedarbaum JM, Stambler N, Malta E et al (1999) The ALS-
FRS-R: a revised ALS functional rating scale that incorporates


https://doi.org/10.3109/21678421.2014.897357
https://doi.org/10.1093/brain/awr351
https://doi.org/10.1016/S1474-4422(13)70026-7
https://doi.org/10.1038/nrdp.2017.71
https://doi.org/10.1038/nrdp.2017.71
https://doi.org/10.1136/jnnp.74.suppl_4.iv32
https://doi.org/10.1016/S0140-6736(17)31287-4
https://doi.org/10.1016/S0140-6736(17)31287-4
https://doi.org/10.1080/21678421.2016.1267768
https://doi.org/10.1080/21678421.2016.1267768
https://doi.org/10.3109/21678421.2016.1143513
https://doi.org/10.1212/WNL.0000000000006317
https://doi.org/10.1212/WNL.0000000000006317
https://doi.org/10.3233/JAD-150475
https://doi.org/10.3233/JAD-150475
https://doi.org/10.1080/14737175.2020.1727740
https://doi.org/10.1080/14737175.2020.1727740
https://doi.org/10.1007/s13311-014-0322-x
https://doi.org/10.1007/s13311-014-0322-x
https://www.pennstatehealth.org/sites/default/files/Neurology/ALSSQOL-%20Manual.pdf
https://www.pennstatehealth.org/sites/default/files/Neurology/ALSSQOL-%20Manual.pdf
https://doi.org/10.1212/01.wnl.0000242887.79115.19
https://doi.org/10.1212/01.wnl.0000242887.79115.19
https://doi.org/10.1007/BF03161085
https://doi.org/10.1007/BF03161085
https://doi.org/10.1212/WNL.52.7.1434
https://doi.org/10.1212/01.WNL.0000042781.22278.0A
https://doi.org/10.1212/01.WNL.0000042781.22278.0A
https://doi.org/10.1016/j.jns.2018.12.035
https://doi.org/10.1016/j.jns.2018.12.035
https://doi.org/10.1016/j.jns.2016.09.034
https://doi.org/10.1016/j.jns.2016.09.034
https://doi.org/10.3109/21678421.2015.1125499
https://doi.org/10.1007/s00415-019-09615-3
https://doi.org/10.1007/s00415-019-09615-3
https://doi.org/10.1186/s12883-015-0340-2
https://doi.org/10.3109/17482968.2010.502941
https://doi.org/10.3109/17482968.2010.502941
https://doi.org/10.1212/01.wnl.0000058767.05265.f3
https://doi.org/10.1212/01.wnl.0000058767.05265.f3
https://doi.org/10.3109/21678421.2013.799700
https://doi.org/10.1016/j.jns.2007.03.001
https://doi.org/10.1016/j.jns.2007.03.001
https://doi.org/10.1136/jnnp.2009.201285
https://doi.org/10.1136/jnnp.2009.201285
https://doi.org/10.1136/jnnp-2018-319684
https://doi.org/10.1136/jnnp-2018-319684
https://doi.org/10.1080/13607863.2019.1642296
https://doi.org/10.1007/s00415-021-10690-8
https://doi.org/10.1007/s00415-021-10690-8
https://doi.org/10.1007/s11136-024-03611-5
https://doi.org/10.1007/s11136-024-03611-5
https://doi.org/10.1080/146608200300079536

Journal of Neurology (2024) 271:6822-6838

6837

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

assessments of respiratory function. J Neurol Sci 169:13-21.
https://doi.org/10.1016/S0022-510X(99)00210-5

Balendra R, Al Khleifat A, Fang T, Al-Chalabi A (2019) A stand-
ard operating procedure for King’s ALS clinical staging. Amyo-
troph Lateral Scler Front Degener 20:159-164. https://doi.org/10.
1080/21678421.2018.1556696

Abrahams S, Newton J, Niven E et al (2014) Screening for cog-
nition and behaviour changes in ALS. Amyotroph Lateral Scler
Front Degener 15:9—14. https://doi.org/10.3109/21678421.2013.
805784

Abrahams S (2023) Neuropsychological impairment in
amyotrophic lateral sclerosis—frontotemporal spectrum dis-
order. Nat Rev Neurol 19:655-667. https://doi.org/10.1038/
$41582-023-00878-z

Niven E, Newton J, Foley J et al (2015) Validation of the Edin-
burgh Cognitive and Behavioural Amyotrophic Lateral Sclerosis
Screen (ECAS): a cognitive tool for motor disorders. Amyo-
troph Lateral Scler Front Degener 16:172—179. https://doi.org/
10.3109/21678421.2015.1030430

Rascovsky K, Hodges JR, Knopman D et al (2011) Sensitiv-
ity of revised diagnostic criteria for the behavioural variant of
frontotemporal dementia. Brain 134:2456-2477. https://doi.org/
10.1093/brain/awr179

Felgoise SH, Feinberg R, Stephens HE et al (2018) Amyotrophic
lateral sclerosis-specific quality of life-short form (ALSSQOL-
SF): a brief, reliable, and valid version of the ALSSQOL-R:
ALSSQOL-SF. Muscle Nerve 58:646-654. https://doi.org/10.
1002/mus.26203

R Core Team (2018) R: a language and environment for statisti-
cal computing. R Foundation for Statistical Computing, Geneva
Benjamini Y, Hochberg Y (1995) Controlling the false discov-
ery rate: a practical and powerful approach to multiple testing.
J R Stat Soc Ser B Methodol 57:289-300. https://doi.org/10.
1111/j.2517-6161.1995.tb02031.x

Vacha-Haase T, Thompson B (2004) How to estimate and inter-
pret various effect sizes. J] Couns Psychol 51:473-481. https://
doi.org/10.1037/0022-0167.51.4.473

Cohen J (2013) Statistical power analysis for the behavioral
sciences. Routledge, London

Kelley TL (1935) An unbiased correlation ratio measure. Proc
Natl Acad Sci USA 21:554-559

Vargha A, Delaney HD (2000) A critique and improvement of
the CL common language effect size statistics of McGraw and
Wong. J Educ Behav Stat 25:101-132. https://doi.org/10.3102/
10769986025002101

de Wit J, Bakker LA, van Groenestijn AC et al (2018) Caregiver
burden in amyotrophic lateral sclerosis: a systematic review.
Palliat Med 32:231-245. https://doi.org/10.1177/0269216317
709965

Salah AB, Pradat P-F, Villain M et al (2021) Anosognosia in
amyotrophic lateral sclerosis: a cross-sectional study of 85 indi-
viduals and their relatives. Ann Phys Rehabil Med 64:101440.
https://doi.org/10.1016/j.rehab.2020.08.004

Temp AGM, Kasper E, Vielhaber S et al (2022) Loss of “insight”
into behavioral changes in ALS: differences across cognitive pro-
files. Brain Behav 12:2439. https://doi.org/10.1002/brb3.2439
Saxon JA, Thompson JC, Harris JM et al (2020) Cognition and
behaviour in frontotemporal dementia with and without amyo-
trophic lateral sclerosis. J Neurol Neurosurg Psychiatry 91:1304—
1311. https://doi.org/10.1136/jnnp-2020-323969

Woolley SC, Moore DH, Katz JS (2010) Insight in ALS: aware-
ness of behavioral change in patients with and without FTD.
Amyotroph Lateral Scler 11:52-56. https://doi.org/10.3109/17482
960903171110

Didcote L, Vitoratou S, Al-Chalabi A, Goldstein LH (2024) What
is the extent of reliability and validity evidence for screening tools

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

for cognitive and behavioral change in people with ALS? A sys-
tematic review. Amyotroph Lateral Scler Front Degener 0:1-15.
https://doi.org/10.1080/21678421.2024.2314063

Simon N, Goldstein LH (2019) Screening for cognitive and
behavioral change in amyotrophic lateral sclerosis/motor neu-
ron disease: a systematic review of validated screening methods.
Amyotroph Lateral Scler Front Degener 20:1-11. https://doi.org/
10.1080/21678421.2018.1530264

Christidi F, Migliaccio R, Santamaria-Garcia H et al (2018) Social
cognition dysfunctions in neurodegenerative diseases: neuro-
anatomical correlates and clinical implications. Behav Neurol
2018:1849794. https://doi.org/10.1155/2018/1849794
Radakovic R, Colville S, Cranley D et al (2021) Multidimensional
apathy in behavioral variant frontotemporal dementia, primary
progressive aphasia, and Alzheimer disease. J Geriatr Psychiatry
Neurol 34:349-356. https://doi.org/10.1177/0891988720924716
Beeldman E, Raaphorst J, Klein Twennaar M et al (2016) The
cognitive profile of ALS: a systematic review and meta-analysis
update. J Neurol Neurosurg Psychiatry 87:611-619. https://doi.
org/10.1136/jnnp-2015-310734

Beeldman E, Raaphorst J, Klein Twennaar M et al (2018) The
cognitive profile of behavioural variant FTD and its similari-
ties with ALS: a systematic review and meta-analysis. J Neurol
Neurosurg Psychiatry 89:995-1002. https://doi.org/10.1136/
jnnp-2017-317459

Henry JD, Crawford JR (2005) A meta-analytic review of verbal
fluency deficits in depression. J Clin Exp Neuropsychol 27:78-
101. https://doi.org/10.1080/138033990513654

Radakovic R, Stephenson L, Newton J et al (2017) Multidimen-
sional apathy and executive dysfunction in amyotrophic lateral
sclerosis. Cortex 94:142—-151. https://doi.org/10.1016/j.cortex.
2017.06.023

Goldstein LH, Adamson M, Jeffrey L et al (1998) The psychologi-
cal impact of MND on patients and carers. J Neurol Sci 160:S114—
S121. https://doi.org/10.1016/S0022-510X(98)00209-3

Ahmed RM, Kaizik C, Irish M et al (2015) Characterizing sexual
behavior in frontotemporal dementia. ] Alzheimers Dis 46:677—
686. https://doi.org/10.3233/JAD-150034

Marconi A, Meloni G, Fossati F et al (2012) Aggressiveness,
sexuality, and obsessiveness in late stages of ALS patients and
their effects on caregivers. Amyotroph Lateral Scler 13:452-458.
https://doi.org/10.3109/17482968.2012.696658

Anneser JMH, Jox RJ, Borasio GD (2007) Inappropriate sexual
behaviour in a case of ALS and FTD: successful treatment with
sertraline. Amyotroph Lateral Scler 8:189-190. https://doi.org/10.
1080/17482960601073543

Lillo P, Mioshi E, Zoing MC et al (2011) How common are
behavioural changes in amyotrophic lateral sclerosis? Amyotroph
Lateral Scler 12:45-51. https://doi.org/10.3109/17482968.2010.
520718

Wilcox A, Jones PS, Roberts RC, Rowe JB (2021) Frequency and
neural correlates related to psychosis in motor neurone disease.
medRxiv. https://doi.org/10.1101/2021.03.31.21253701
Devenney EM, Tu S, Caga J et al (2021) Neural mechanisms of
psychosis vulnerability and perceptual abnormalities in the ALS—
FTD spectrum. Ann Clin Transl Neurol 8:1576—1591. https://doi.
org/10.1002/acn3.51363

Byrne S, Elamin M, Bede P et al (2012) Cognitive and clini-
cal characteristics of patients with amyotrophic lateral sclerosis
carrying a C9orf72 repeat expansion: a population-based cohort
study. Lancet Neurol 11:232-240. https://doi.org/10.1016/S1474-
4422(12)70014-5

Floeter MK, Traynor BJ, Farren J et al (2017) Disease progression
in C9orf72 mutation carriers. Neurology 89:234-241. https://doi.
org/10.1212/WNL.0000000000004115

@ Springer


https://doi.org/10.1016/S0022-510X(99)00210-5
https://doi.org/10.1080/21678421.2018.1556696
https://doi.org/10.1080/21678421.2018.1556696
https://doi.org/10.3109/21678421.2013.805784
https://doi.org/10.3109/21678421.2013.805784
https://doi.org/10.1038/s41582-023-00878-z
https://doi.org/10.1038/s41582-023-00878-z
https://doi.org/10.3109/21678421.2015.1030430
https://doi.org/10.3109/21678421.2015.1030430
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1002/mus.26203
https://doi.org/10.1002/mus.26203
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1037/0022-0167.51.4.473
https://doi.org/10.1037/0022-0167.51.4.473
https://doi.org/10.3102/10769986025002101
https://doi.org/10.3102/10769986025002101
https://doi.org/10.1177/0269216317709965
https://doi.org/10.1177/0269216317709965
https://doi.org/10.1016/j.rehab.2020.08.004
https://doi.org/10.1002/brb3.2439
https://doi.org/10.1136/jnnp-2020-323969
https://doi.org/10.3109/17482960903171110
https://doi.org/10.3109/17482960903171110
https://doi.org/10.1080/21678421.2024.2314063
https://doi.org/10.1080/21678421.2018.1530264
https://doi.org/10.1080/21678421.2018.1530264
https://doi.org/10.1155/2018/1849794
https://doi.org/10.1177/0891988720924716
https://doi.org/10.1136/jnnp-2015-310734
https://doi.org/10.1136/jnnp-2015-310734
https://doi.org/10.1136/jnnp-2017-317459
https://doi.org/10.1136/jnnp-2017-317459
https://doi.org/10.1080/138033990513654
https://doi.org/10.1016/j.cortex.2017.06.023
https://doi.org/10.1016/j.cortex.2017.06.023
https://doi.org/10.1016/S0022-510X(98)00209-3
https://doi.org/10.3233/JAD-150034
https://doi.org/10.3109/17482968.2012.696658
https://doi.org/10.1080/17482960601073543
https://doi.org/10.1080/17482960601073543
https://doi.org/10.3109/17482968.2010.520718
https://doi.org/10.3109/17482968.2010.520718
https://doi.org/10.1101/2021.03.31.21253701
https://doi.org/10.1002/acn3.51363
https://doi.org/10.1002/acn3.51363
https://doi.org/10.1016/S1474-4422(12)70014-5
https://doi.org/10.1016/S1474-4422(12)70014-5
https://doi.org/10.1212/WNL.0000000000004115
https://doi.org/10.1212/WNL.0000000000004115

6838

Journal of Neurology (2024) 271:6822-6838

68.

69.

70.

71.

72.

Malla A, Payne J (2005) First-episode psychosis: psychopathol-
ogy, quality of life, and functional outcome. Schizophr Bull
31:650-671. https://doi.org/10.1093/schbul/sbi03 1
Nevarez-Flores AG, Sanderson K, Breslin M et al (2018) System-
atic review of global functioning and quality of life in people with
psychotic disorders. Epidemiol Psychiatr Sci 28:31-44. https://
doi.org/10.1017/S2045796018000549

Felgoise SH, Chakraborty BH, Bond E et al (2010) Psychological
morbidity in ALS: the importance of psychological assessment
beyond depression alone. Amyotroph Lateral Scler 11:351-358.
https://doi.org/10.3109/17482961003667630

Esterberg ML, Compton MT (2009) The psychosis continuum
and categorical versus dimensional diagnostic approaches.
Curr Psychiatry Rep 11:179-184. https://doi.org/10.1007/
$11920-009-0028-7

van Os J, Linscott RJ, Myin-Germeys I et al (2009) A systematic
review and meta-analysis of the psychosis continuum: evidence

@ Springer

73.

74.

for a psychosis proneness—persistence—impairment model of psy-
chotic disorder. Psychol Med 39:179-195. https://doi.org/10.1017/
$50033291708003814

McMillan CT, Wuu J, Rascovsky K et al (2022) Defining cogni-
tive impairment in amyotrophic lateral sclerosis: an evaluation of
empirical approaches. Amyotroph Lateral Scler Front Degener
23:517-526. https://doi.org/10.1080/21678421.2022.2039713
Gould RL, McDermott CJ, Thompson BJ et al (2024) Acceptance
and Commitment Therapy plus usual care for improving quality
of life in people with motor neuron disease (COMMEND): a mul-
ticentre, parallel, randomised controlled trial in the UK. Lancet
403:2381-2394. https://doi.org/10.1016/S0140-6736(24)00533-6


https://doi.org/10.1093/schbul/sbi031
https://doi.org/10.1017/S2045796018000549
https://doi.org/10.1017/S2045796018000549
https://doi.org/10.3109/17482961003667630
https://doi.org/10.1007/s11920-009-0028-7
https://doi.org/10.1007/s11920-009-0028-7
https://doi.org/10.1017/S0033291708003814
https://doi.org/10.1017/S0033291708003814
https://doi.org/10.1080/21678421.2022.2039713
https://doi.org/10.1016/S0140-6736(24)00533-6

	Self-perceived quality of life, cognitive and behavioural impairment in amyotrophic lateral sclerosis
	Abstract
	Background 
	Aims 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methodology
	Design
	Participants
	Measures
	Descriptive and clinical variables
	Cognitive and behavioural functioning assessment
	QoL assessment

	Procedure
	Statistical analysis
	Data preparation
	Cross-sectional group comparison
	Predictive analysis


	Results
	Clinical and demographic summary
	Cognitive and behavioural impairment summary
	Cognitivebehavioural impairment-QoL group comparison
	Cognitivebehavioural predictors of QoL

	Discussion
	References




