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Abstract
Purpose Motor neuron disease (MND) is a neurodegenerative disease, progressively impacting function and self-perceived 
quality of life (QoL). Up to 50% of people with MND can present with cognitive and behavioural impairment, with an asso-
ciated increase in caregiver burden or strain. However, there has been no systematic exploration of the relationship between 
QoL and cognitive or behavioural impairment in MND. The aim was to determine if there is a relationship between QoL 
and cognitive/behavioural impairment in MND, while also supplementarily looking to determine the types of cognitive/
behavioural and QoL measures utilised in these studies.
Methods A systematic search was performed across multiple databases (PsychINFO, Embase, Medline, AMED) for research 
published up to the date of February 22, 2023. Studies utilising quantitative methods of measuring QoL, cognitive/behavioural 
functioning/impairment were included. Findings examining relationships between QoL-cognitive/behavioural impairment 
were extracted and synthesised.
Results A total of 488 studies were identified, with 14 studies included in the systematic review. All 14 studies were observa-
tional (11 cross-sectional, 3 longitudinal). 13 studies utilised MND non-specific measures, particularly in relation to QoL and 
cognitive impairment. Of 8 studies measuring behavioural impairment 62.5% (N = 5) found either a lower QoL difference or 
association. Only 33.3% (N = 4) of 12 studies measuring cognitive impairment found a lower QoL difference or association.
Conclusions This systematic review shows that behavioural impairment may have an impact on QoL in MND. There is 
variability in types of assessments used to measure QoL and also cognitive/behavioural impairment, most of which are 
disease-non-specific. Recommendations for future research are to use comprehensive disease-specific, multidomain measures 
to further elucidate the QoL-cognitive/behavioural impairment relationship.
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disorders · Quality of life · Systematic review
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Introduction

Motor neuron disease (MND) [1] is an umbrella term that 
subsumes several different neurodegenerative conditions, 
such as primary lateral sclerosis (PLS), progressive bul-
bar palsy (PBP), progressive muscular atrophy (PMA), 
with the most prevalent of those being amyotrophic lateral 
sclerosis (ALS) [2, 3]. ALS and other forms of MND are 
progressive degenerative conditions that affects the cen-
tral nervous system, impacting individuals’ physical func-
tioning, characterised by muscle wasting of the upper and 
lower limbs, loss of functional abilities, including speech 
and movement, respiratory problems, loss of communica-
tive abilities and autonomy [4]. The life expectancy from 
diagnosis is between two to five years.

Up to 15% of people with MND (pwMND) can 
develop frontotemporal dementia (FTD), often typified by 
progressive cognitive and behavioural impairment, and a 
lower insight/awareness for these symptoms, in addition 
to physical deterioration [5–7]. As MND and FTD exist on 
a disease spectrum [8–10], individuals without dementia 
can develop milder cognitive and behavioural impairment, 
occurring in up to 50% of pwMND throughout disease 
stages [11–13]. The most common cognitive impairments 
in MND are in executive functioning (particularly verbal 
fluency), language function and social cognition [14, 15]. 
These are most often assessed through neuropsychological 
batteries but commonly via cognitive screens specific 
to MND e.g. Edinburgh Cognitive and Behavioural 
ALS Screen (ECAS) cognitive screen, ALS Cognitive 
Behavioral Screen (ALS-CBS) cognitive subscale [16]. 
Previous research has shown that cognitive impairment, 
particularly executive dysfunction, can have a negative 
impact on functional decline, survival for pwMND [17, 
18], and is associated with increased caregiver burden or 
strain [19].

The most common behavioural impairments are apathy 
(as a lack of motivation) and disinhibition [20, 21], which 
have been shown to occur across disease stages [22]. 
These are assessed through questionnaires, scales or semi 
structured behavioural interviews that are commonly 
specific to MND e.g. Beaumont Behavioural Inventory 
(BBI), ECAS behavioural interview. Previous research has 
shown that caregiver burden or strain is associated with 
behavioural impairments in MND, which can be further 
compounded by physical deterioration [23]. Behavioural 
impairment has also been shown to have a negative impact 
on disease progression [24] and ultimately on survival of 
pwMND [25, 26], particularly apathy [27].

As a progressive neurodegenerative disease, motor neu-
ron disease can impact both the wellbeing or quality of 
life (QoL) of pwMND and also their caregivers or family 

members [28–30]. Caregiver burden or strain has been 
shown to associate with declining physical functioning of 
the pwMND, with a further emphasis on the caregivers men-
tal health, particularly depression [31, 32]. Parallel to this, 
QoL for pwMND is also effected, due to associated loss of 
functioning as the condition progresses [29, 33, 34]. In terms 
of physical aspects of QoL relating to loss function, respira-
tory difficulties and communication, there are interventions 
available for management [35, 36]. Furthermore, psycho-
logical- or mental health-related QoL have been shown to 
be impacted in MND [30, 37], particularly in relating to 
hopelessness and social withdrawal [38, 39]. While there has 
been increasing utility of disease-specific, multidomain QoL 
instruments for MND [40], many studies still utilise generic, 
disease-non-specific QoL measures [41].

As such, while there has been research separately inves-
tigating cognitive or behavioural impairment and QoL in 
MND, there have been no systematic reviews exploring rela-
tionships between these factors. Furthermore, while use of 
QoL, cognitive and behavioural measures [16, 41] have been 
explored in MND, it is unclear what QoL measures (generic, 
disease-specific) have been used in the context of cognitive 
and/or behavioural functioning.

Review aims

The systematic review primarily aimed to explore if there 
was an association between QoL and cognitive or behav-
ioural impairment in MND. Further secondary aims were to 
determine what types of measures are used to explore QoL 
and cognitive or behavioural functioning in these studies.

Methodology

The Preferred Reporting Items for Systematic reviews 
and Meta-Analyses (PRISMA) [42, 43] were followed in 
completion of this systematic review. The systematic review 
protocol was registered with the PROSPERO registry 
(https:// www. crd. york. ac. uk/ prosp ero/ displ ay_ record. php? 
ID= CRD42 02229 5512).

Information sources

The following databases were searched systematically (peri-
ods of searches and data retrieval are specified in brackets 
next to each database): PsychINFO (1806 to 22nd February 
2022), MEDLINE (1946 to 22nd February 2022), Embase 
(1947 to 22nd February 2022) and AMED (1985 to 22nd 
February 2022) via OVID. The searches were updated on 
22nd February 2023 using the same databases. Backwards 
citation tracking was additionally applied to all full text arti-
cles that were reviewed.

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022295512
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022295512
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Search strategy and eligibility criteria

The searches included free text keyword terms (inclusive of 
spelling variations) and medical subject heading (MeSH) 
specific to each database. Search terms were linked by 
Boolean operators (i.e. AND, OR). The search terms were 
disease/condition of MND AND cognitive terms OR behav-
iour terms AND QoL terms. Exact search terms, free text 
keyword and MeSH search terms that were used, mapped to 
each database, can be found in Online Resource 1.

Eligibility criteria for inclusion of studies in the sys-
tematic review were primary and secondary quantitative 
research studies, with no restriction on specific quantitative 
study designs or on language, including individuals with 
an MND diagnosis, of 18 years or older. Studies required 
a quantitative measure of QoL or wellbeing, quantitative 
measure of cognitive and/or behavioural functioning. Exclu-
sion criteria were qualitative studies (with no quantitative 
element), study population where individuals did not have an 
MND diagnosis, of 17 years old or younger. Editorials, con-
ference abstracts, book chapters, other systematic reviews or 
meta-analyses were excluded.

Study selection

Following PRISMA guidelines, Stage 1 involved two 
reviewers screening titles and abstracts independently 
based on the inclusion/exclusion eligibility criteria. Articles 
classified as relevant by both reviewers were included in the 
next stage of the review and articles deemed not relevant by 
both reviewers were excluded. Articles where two reviewers 
disagreed or that were classified ambiguous, progressed to 
Stage 2 of the review.

In Stage 2, the two reviewers examined full articles 
independently, applying the inclusion/exclusion eligibility 
criteria. Articles classified as relevant by both reviewers 
were included in the review and articles deemed not 
relevant by both reviewers were excluded. Articles where 
two reviewers disagreed on inclusion/exclusion or that were 
classified ambiguous were forwarded to a third reviewer for 
adjudication.

For the final included articles, all studies were examined 
for risk of bias/quality and all relevant data were extracted 
for synthesis. See below the Risk of bias (quality) assessment 
and Analysis sections for details of relevant quality scoring 
and data extracted methodology.

Risk of bias (quality) assessment

Quality of individual studies was assessed using the National 
Heart, Lung, and Blood Institute (NHLBI) Study Quality 
Assessment Tools [44], covering a broad range of study 
designs and is a well-established, frequently updated tool in 

clinical literature [45]. These tools were used to determine 
the quality of various quantitative studies. Each item can be 
answered "Yes", "No", "Cannot Determine/Not Reported" 
and “Not Applicable”. If "No" is selected, the reviewers 
consider potential bias for this item. If "cannot determine" 
or "not reported" is selected, these may represent potential 
flaws in the study design, reporting and/or implementation. 
If “Not Applicable” is selected, this was accounted for in 
overall judgement of the quality/risk of bias. The quality 
review was completed by two reviewers independently, 
with studies classified as “good”, “fair” or “poor” based 
on consensus. The tool was adapted to assess cognitive 
and behavioural impairment assessment separately, with 
items 6 to 10 relating to exposure of interest (cognitive and 
behavioural impairment) being additionally subdivided.

Analysis

Narrative synthesis of quantitative data from included 
studies was conducted to explore if there are any patterns 
of associations or differences in QoL in terms of cognitive 
and/or behavioural impairment.

Author (year), country, study design, sample size, 
age, sex, measures (QoL, cognitive and/or behavioural 
impairment) and results were extracted from included 
studies. In terms of results, examples of quantitative data that 
were synthesised were correlations, regressions and group 
differences. Specifically, if available, correlations (Pearson’s 
r, Spearman’s rho or other relevant metrics, including p 
values), regression results (beta coefficients or other relevant 
metrics, including p values) or group differences (t, F or 
other relevant metrics, including p values) for cognitive or 
behavioural measures relative QoL measures were extracted 
and synthesised. Furthermore, the overall robustness of the 
data synthesis was also analysed and considered in relation 
to quality of included studies (i.e. risk of bias).

Results

Search results

Figure. 1 shows the PRISMA screening process [42, 43]. 
Following duplicate removal (N = 127), 488 potentially rel-
evant articles were identified, with full text screening being 
performed on 25 articles. A total of 14 studies met eligibility 
criteria and were included in this review [46–59].

Table 1 presents a summary of the included studies in 
the systematic review. All 14 included studies were observa-
tional, with 78.6% (N = 11) being cross-sectional and 21.4% 
(N = 3) being longitudinal. The majority of studies recruited 
people with a diagnosis of ALS (64.3%, N = 9), while other 
studies recruited people with unspecified MND diagnoses or 
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other forms of MND (e.g. primary lateral sclerosis, flail arm 
syndrome, those with co-occurring FTD). The total sample 
size from included studies was 1648 MND patients (range 
of 22 to 503), with a median sample size of 65 (Interquartile 
Range = 83.75). For the 12 studies reporting male–female 
ratio, 62.2% (N = 919) of MND patients were male.

Summary of risk of bias/quality assessment

Overall, the studies included in this review were of a 
“Fair” quality. The aims, eligibility criteria and validity 
of behavioural measures were clear across studies, for both 

cross-sectional and longitudinal studies. Study population 
showed heterogeneity through inclusion of other forms 
of MND, as well as ALS. Further issues and difficulties 
were related to eligibility rates (either due to being less 
than 50% or not reported) and sample size justification, 
inclusive of inconsistent statistical reporting. Furthermore, 
validity of cognitive measures were found to affect the 
study quality due to non-disease specificity, with an over-
all variability of classification and measurement for both 
behavioural and cognitive impairment. For QoL outcome 
measures, non-disease-specific measurement was observed 

Fig. 1   PRISMA Flowchart
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as an issue. Complete quality ratings for included studies 
can be found in Online Resource 2.

Behavioural impairment and QoL

A total of 8 studies explored behavioural impairment 
in relation to QoL (Online Resource 3 shows full 
statistical findings). Of those 62.5% (N = 5) found either 
a QoL difference or association relative to behavioural 
srimpairment. Rabkin et al. [56] found that those grouped 
as having behavioural impairment had significant lower 
QoL than those with no behavioural impairment (using 
disease-specific measures). This same study further 
observed that pwMND with behavioural impairment 
had lower QoL across a variety of subdomains (assessed 
by custom designed single-item QoL-Visual Analogue 
Scale), specifically worse mental health concerns (anxiety/
depression), increased weariness, more suffering, lower 
religion/spirituality and more hopelessness.

A study using two generic, disease-non-specific QoL 
measures found conflicting results where one measure, the 
Anamnestic Comparative Self-Assessment (ACSA), showed 
those with behavioural impairment had significantly lower 
QoL than those without behavioural impairment, but the 
other measure, the Schedule for the Evaluation of Individual 
Quality of Life-Direct Weighting (SEIQoL-DW) did not 
show this difference [57].

Further, a longitudinal study by Bock et  al. [47] 
using disease-specific measures showed that those with 
behavioural impairment showed a significant decline in 
QoL across two time points (6.8 months apart), even when 
controlling for age, sex, region of onset, functional disability, 
respiratory difficulties and depressive symptoms. Further 
exploration showed that worsening QoL related to worsening 
apathy and irritability [47]. However, a previous analysis of 
just the baseline visit from the above mentioned longitudinal 
study found no significant association between QoL and 
behavioural impairment at a cross-sectional level [46].

A further study showed that those with apathy (assessed 
using a disease, non-specific measure) had significantly 
lower overall QoL, lower QoL in achieving in life and 
community connectedness subdomains [48]. The same 
study found when controlling for depression, emotional 
apathy was a negative predictor of achieving in life and 
community connectedness. Additionally, another study 
showed an association indicative of lower psychological 
QoL and lower self-rated behavioural regulation using a 
disease-non-specific measure [51].

Finally, one study utilising disease-specific measure the 
BBI [50], as well as one study using a disease-non-specific 
measure the FrSBe [49] found no behavioural impairment 
association or difference relative to QoL.

Cognitive impairment and QoL

Of 12 studies, only 33.3% (N = 4) found relationships 
between cognitive impairment and QoL (see Online 
Resource 3 for full statistical findings). Wei et  al. [59] 
found a correlation between a generic, disease-non-specific 
cognitive screening measure, the Addenbrooke’s Cognitive 
Examination Revised (ACE-R), of cognitive functioning and 
disease-non-specific QoL measure (EQ-5D-5L), indicative 
of better QoL associating with better cognitive functioning. 
However, this was not observed when grouping individuals 
based on higher and lower ACE-R score. Additionally, this 
same study using the Frontal Assessment Battery (FAB; a 
disease-non-specific executive functioning measure) found 
that pwMND with lower executive functioning had lower 
QoL on the EQ-5D-5L.

A different study found a positive correlation between a 
specific cognitive task exploring theory of mind (Emotion 
Attribution Task) and mental health-related QoL (disease-
non-specifical measure), indicative of better QoL associated 
with better theory of mind [58]. Two studies utilised 
generic, self-rated, disease-non-specific cognitive symptom 
measures, the Short Inventory of Minor Lapses (SIML) and 
Symptoms Scale–Cognitive, found significant correlations, 
indicating more cognitive problems associating with lower 
generic, disease-non-specific QoL [52, 54].

The remaining 66.7% (N = 8) studies found no 
relationship between cognitive impairment and QoL. 
Notably, these studies all used disease-specific instruments 
(i.e. ECAS, ALS-CBS, neuropsychological test batteries) 
[46, 47, 50, 51, 53, 55–57]. The only study that utilised 
a disease-specific QoL instrument, the ALS Assessment 
questionnaire-40 (ALSAQ-40), found that while cognitive 
subdomain impairments (specifically visuospatial, 
executive and fluency) were significant negative predictors 
of emotional well-being-related QoL, this was no longer 
significant when controlling for depression, hopelessness 
and pain [55].

Behavioural and cognitive measurement

Of the 14 studies, 42.9% (N = 6) explored both cognitive and 
behavioural impairment [46, 47, 50, 51, 56, 57]. Further, 
42.9% (N = 6) of studies looked at cognitive impairment only 
[52–55, 58, 59] and 14.2% (N = 2) looked at behavioural 
impairment only [48, 49].

Of 8 studies utilising behavioural assessments, 62.5% 
(N = 5) used disease-specific behavioural screening 
instruments such as the ECAS behavioural interview [57], 
ALS-CBS behavioural subscale [46, 47, 56] and the BBI 
[50]. The remaining three studies used disease-non-specific 
instruments such as the Frontal Systems Behavior Scale 
(FrSBe) [49], the Apathy Evaluation Scale (AES) [48] 
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and the Behavior Rating Inventory of Executive Functions 
adult version (BRIEF-A) [51]. There were two studies that 
used two measures of behavioural impairment. Caga et al. 
[48], the AES and Motor Neuron Disease Behavioral Scale 
(MiND-b), but did not report any results relating to the latter 
measure and QoL. Similarly Rabkin et al. [56] utilised the 
ALS Frontal Behavior Inventory (ALS-FBI), as well as the 
ALS-CBS behavior subscale, but once again did not report 
any results relating to QoL. Finally, one study utilised the 
FrSBe but did not report results relating to QoL [58].

Of the 12 studies utilising cognitive assessments, 
50.0% (N = 6) used disease-specific cognitive screening 
instruments, with three studies using the ECAS [50, 
55, 57] and three studies using the ALS-CBS cognitive 
subscale [46, 47, 56]. A further 25.0% (N = 3) studies used 
neuropsychological batteries or specific cognitive tests 
(executive functioning or theory of mind) appropriate for 
MND [51, 53, 58]. One study used two disease-non-specific 
cognitive measures, the ACE-R and the FAB [59].

QoL measurement

While all QoL measures used in included studies were self-
rated, 92.9% (N = 13) studies employed generic, disease-
non-specific QoL measures [46–54, 56–59]. The two most 
common generic, disease-non-specific QoL measures 
utilised were the McGill QoL (MQoL) full questionnaire or 
single-item measure (N = 4), the SEIQoL-DW instrument 
(N = 3). Only one study used a disease-specific QoL measure 
which was the ALSAQ-40 [55].

Notably, while 78.6% (N = 11) of studies only used one 
measure of QoL, in addition to using one of the measures 
listed above, three studies used an additional (second) QoL 
measure [52, 56, 57]. These additional measures were the 
ACSA, multiple custom designed single-item QoL-Visual 
Analogue Scale assessing different subdomains, and the 
Sickness Impact Profile (SIP), all of which were disease-
non-specific. 50% (N = 7) of studies used methods or 
measures that could examine different QoL domains [48, 
49, 54–56, 58, 59].

Discussion

This systematic review shows that there may be a 
relationship between self-perceived QoL and behavioural 
impairment, in the context of variable QoL, cognitive and 
behavioural measurements that were used. About a third 
of studies that measured behaviour found that there was an 
associated effect between this impairment and lower QoL.

These findings build on previous research suggesting that 
behavioural impairment is associate with strain, burden and 
distress for caregivers or family members [31]. The impact 

of behavioural impairment may extend towards the pwMND 
themselves, through overall behavioural impairment 
negatively affecting QoL. Further to this, there is indication 
that certain behavioural domains such as apathy, irritability 
and behavioural-regulation (akin to disinhibition) may relate 
to lower QoL. Apathy as the most common behavioural 
impairment in MND [20] may result in withdrawal from 
everyday life, family gatherings and social events. Caga 
et al. [48] found that pwMND with apathy had lower QoL 
relating to community connectiveness and satisfaction in 
life, particularly relative to emotional elements of apathy. 
Emotional apathy (as emotional neutrality/indifference 
towards self, others and surroundings), has been shown 
to be more characteristic and prevalent in FTD [60–62]. 
Emotional apathy may have overlap with diminished 
sympathy and empathy features that are observed in FTD 
and milder behavioural impairments in MND. These types of 
behavioural impairments may represent observable changes 
in the pwMND through how they interact with people in 
the environment and how those people reciprocally interact 
with them. This could result in a negative dynamic between 
the pwMND and the others around them, reverberating 
as a negative impact on QoL. As such there might be a 
complex interplay between self-perceived QoL, interaction 
and caregiver burden or strain in relation to behavioural 
impairment, which should be an avenue for future research. 
Notably studies that did detect QoL-behavioural impairment 
links in this systematic review predominantly utilised 
disease-specific measures, for example the ECAS and 
the ALS-CBS, whereas those that did not used disease-
non-specific measures. More recently systematic reviews 
of measurement have propagated the consistent use of 
disease-specific measures of cognitive functioning and 
behaviour in both exploratory research but also in clinical 
trial research [16, 63, 64]. This in combination with our 
findings emphasises further the importance of disease-
specific measurement of behavioural impairment in MND.

For cognitive impairment, the studies in this systematic 
review overall that did not find a robust QoL association, 
utilised either comprehensive cognitive screens or neu-
ropsychological assessment/tasks that were disease-specific. 
Associations between cognitive impairment and lower QoL 
were only found in one third of studies, most of which were 
to do with overall cognitive functioning and were assessed 
by disease-non-specific measures such as self-rated ques-
tionnaire measures or generic cognitive screens (e.g. SIML, 
ACE-R, FAB). While self-rated cognitive questionnaires 
give insight to cognitive functioning, they may also capture 
subjective perception of cognitive impairment and worry 
expressed by the individuals completing the measures. This 
may therefore induce bias of over-judgement relating to 
cognitive difficulties and confound any cognitive function-
ing-QoL relationships. The current criteria for detecting 
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cognitive impairment recommends objective, quantifiable 
cognitive screening or neuropsychological assessments/
tasks [9, 10]. The findings seem to suggest that objectively 
assessed frontal executive or theory of mind-related impair-
ments associates with worse QoL [58, 59]. These types of 
cognitive impairments have been observed to be common in 
MND [65]. Further, these cognitive domains are important 
for higher order processing and social interaction or under-
standing, as such these may impact people’s confidence in 
performing tasks independently and interacting with the out-
side world, which may result in a knock-on effect on QoL.

In terms of QoL assessment, the measures used across 
studies study were predominantly generic and disease-non-
specific. While some of the most common measures used 
were the MQoL and SEIQoL-DW, the total score of the latter 
may not be representative of the disease-specific experience 
of pwMND and have variable intercorrelations with other 
QoL measures in MND [66, 67]. These types of items may 
not quantifiably capture what is important for pwMND in the 
context of their condition. Disease-specific measures such 
as the ALSAQ-40 or the ALS-Specific QoL (ALSsQoL) 
instrument explore domains that are relevant to MND, for 
example for communication, intimacy, eating, interaction 
with the environment and mental health. Moreover, in 
studies where QoL was explored multidimensionally, 
this yielded meaningful findings about the experiences of 
pwMND in relation to QoL associated with mental health 
and social connectedness. As such, this is supportive of 
disease-specific measures being used for assessment of QoL 
in MND.

In assessing included studies, there was apparent 
reporting and methodological limitations, either in 
relation to sample size, eligibility, study population or 
statistical reporting. While different types of MND share 
clinicopathological similarities, they can have varying rates 
of progressions and regions effected. As such this could 
variably impact self-perceived QoL dependent on the type 
of MND, and may have a complex interaction with cognitive 
or behavioural profiles. Of further note is that more objective 
measures of cognitive functioning could have been used. All 
these factors impact the quality of included studies, increase 
the chance of bias resulting in cautious interpretation of the 
findings of this systematic review.

Recommendations

The core recommendation for future research centre around 
study population, more standardised reporting of methods 
and statistics, consistent design and identification of 
cognitive and behavioural impairment (both longitudinally 
and cross-sectionally) as well as more targeted application 
of MND-specific measures, across QoL, cognition 
and behaviour. In particular, future research should 

use disease specific, multidimensional cognitive and 
behavioural screen (i.e. ECAS) to determine impairments. 
Ideally, individuals should undergo assessment using a 
comprehensive neuropsychological battery exploring-
specific cognitive domains and thorough behavioural as 
well as neuropsychiatric assessment to reliably determine 
impairments for pwMND. Notably few studies explicitly 
applied the  criteria for classification of cognitive and 
behavioural impairment in MND [9, 10], which may be 
further confound relative to consistency of findings and 
would be an avenue for future research.

Strengths and limitations

A strength of this systematic review is that it was able to 
extract and meaningfully interpret findings from a relatively 
heterogeneous collection of included studies that utilised 
variable measurements methods of cognitive or behavioural 
impairment and QoL. However, this systematic review does 
have its own limitations. Due to the different study designs 
(longitudinal, cross-sectional) in combination with the 
differential reporting of and types of statistical analysis used 
in the included studies, it was not possible to perform a more 
in-depth synthesis of results (i.e. meta-analysis). As such, as 
the field develops further, it might provide opportunity for 
more in-depth analysis of the relationship between QoL-
cognitive and behavioural impairment in MND.

Conclusions

A collation of previous research from this systematic review 
suggests that behavioural impairment may be associated 
with worse QoL for pwMND. Future research utilising 
disease-specific, multidimensional instruments is required 
to further elucidate the characteristics of this complex 
relationship. A further benefit in utility of disease-specific 
instruments, would allow for more standardised comparison 
of differential impacts of cognitive and behavioural domains 
relative to QoL for pwALS. Understanding this might help 
guide further support for pwMND experiencing these 
difficulties, their families and the systems around them that 
can help with these difficulties. Consistent identification of 
specific cognitive-behavioural links with QoL will also help 
lay a baseline for interventional research that can help with 
person-centred understanding and care.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11136- 024- 03611-5.

Author contributions RR and AC contributed to the conception of 
the project. RR and CR carried out the literature searches and data 
acquisition. RR carried out the interpretation and analysis. RR, CR, 

https://doi.org/10.1007/s11136-024-03611-5


 Quality of Life Research

SA, ZS and AC drafted the manuscript. The manuscript was reviewed 
and approved for publication by all the authors.

Funding The authors declare that no funds, grants, or other support 
were received during the preparation of this manuscript.

Declarations 

Competing interest The authors have no relevant financial or non-
financial interests to disclose.

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/.

References

 1. Talbot, K. (2002). Motor neurone disease. Postgraduate Medical 
Journal, 78(923), 513–519. https:// doi. org/ 10. 1136/ pmj. 78. 923. 
513

 2. Hardiman, O., Al-Chalabi, A., Chio, A., Corr, E. M., Logro-
scino, G., Robberecht, W., Shaw, P. J., Simmons, Z., & van 
den Berg, L. H. (2017). Amyotrophic lateral sclerosis. Nature 
Reviews Disease Primers, 3(1), 17071. https:// doi. org/ 10. 1038/ 
nrdp. 2017. 71

 3. van Es, M. A., Hardiman, O., Chio, A., Al-Chalabi, A., Pas-
terkamp, R. J., Veldink, J. H., & van den Berg, L. H. (2017). 
Amyotrophic lateral sclerosis. The Lancet, 390(10107), 2084–
2098. https:// doi. org/ 10. 1016/ S0140- 6736(17) 31287-4

 4. Brooks, B. R., Miller, R. G., Swash, M., & Munsat, T. L. (2000). 
El Escorial revisited: Revised criteria for the diagnosis of amyo-
trophic lateral sclerosis. Amyotrophic Lateral Sclerosis and Other 
Motor Neuron Disorders, 1(5), 293–299. https:// doi. org/ 10. 1080/ 
14660 82003 00079 536

 5. Lillo, P., & Hodges, J. R. (2009). Frontotemporal dementia and 
motor neurone disease: Overlapping clinic-pathological disorders. 
Journal of Clinical Neuroscience, 16(9), 1131–1135. https:// doi. 
org/ 10. 1016/j. jocn. 2009. 03. 005

 6. Rascovsky, K., Hodges, J. R., Knopman, D., Mendez, M. F., 
Kramer, J. H., Neuhaus, J., van Swieten, J. C., Seelaar, H., Dop-
per, E. G. P., Onyike, C. U., Hillis, A. E., Josephs, K. A., Boeve, 
B. F., Kertesz, A., Seeley, W. W., Rankin, K. P., Johnson, J. K., 
Gorno-Tempini, M.-L., Rosen, H., & Miller, B. L. (2011). Sensi-
tivity of revised diagnostic criteria for the behavioural variant of 
frontotemporal dementia. Brain, 134(9), 2456–2477. https:// doi. 
org/ 10. 1093/ brain/ awr179

 7. Temp, A. G. M., Kasper, E., Vielhaber, S., Machts, J., Hermann, 
A., Teipel, S., & Prudlo, J. (2022). Loss of “insight” into behav-
ioral changes in ALS: Differences across cognitive profiles. Brain 
and Behavior, 12(1), e2439. https:// doi. org/ 10. 1002/ brb3. 2439

 8. Devenney, E., Vucic, S., Hodges, J. R., & Kiernan, M. C. (2015). 
Motor neuron disease-frontotemporal dementia: A clinical 

continuum. Expert Review of Neurotherapeutics, 15(5), 509–522. 
https:// doi. org/ 10. 1586/ 14737 175. 2015. 10341 08

 9. Strong, M. J., Abrahams, S., Goldstein, L. H., Woolley, S., 
Mclaughlin, P., Snowden, J., Mioshi, E., Roberts-South, A., Bena-
tar, M., HortobáGyi, T., Rosenfeld, J., Silani, V., Ince, P. G., & 
Turner, M. R. (2017). Amyotrophic lateral sclerosis - frontotem-
poral spectrum disorder (ALS-FTSD): Revised diagnostic criteria. 
Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration, 
18(3–4), 153–174. https:// doi. org/ 10. 1080/ 21678 421. 2016. 12677 
68

 10. Strong, M. J., Grace, G. M., Freedman, M., Lomen-Hoerth, C., 
Woolley, S., Goldstein, L. H., Murphy, J., Shoesmith, C., Rosen-
feld, J., Leigh, P. N., Bruijn, L., Ince, P., & Figlewicz, D. (2009). 
Consensus criteria for the diagnosis of frontotemporal cogni-
tive and behavioural syndromes in amyotrophic lateral sclerosis. 
Amyotrophic Lateral Sclerosis, 10(3), 131–146. https:// doi. org/ 
10. 1080/ 17482 96080 26543 64

 11. Abrahams, S. (2023). Neuropsychological impairment in amyo-
trophic lateral sclerosis–frontotemporal spectrum disorder. Nature 
Reviews Neurology. https:// doi. org/ 10. 1038/ s41582- 023- 00878-z

 12. Murphy, J., Factor-Litvak, P., Goetz, R., Lomen-Hoerth, C., Nagy, 
P. L., Hupf, J., Singleton, J., Woolley, S., Andrews, H., Heitz-
man, D., Bedlack, R. S., Katz, J. S., Barohn, R. J., Sorenson, 
E. J., Oskarsson, B., Fernandes Filho, J. A. M., Kasarskis, E. J., 
Mozaffar, T., Rollins, Y. D., & Koczon-Jaremko, B. A. (2016). 
Cognitive-behavioral screening reveals prevalent impairment in a 
large multicenter ALS cohort. Neurology, 86(9), 813–820. https:// 
doi. org/ 10. 1212/ WNL. 00000 00000 002305

 13. Woolley, S. C., & Strong, M. J. (2015). Frontotemporal dysfunc-
tion and dementia in amyotrophic lateral sclerosis. Neurologic 
Clinics, 33(4), 787–805. https:// doi. org/ 10. 1016/j. ncl. 2015. 07. 011

 14. Beeldman, E., Raaphorst, J., Klein Twennaar, M., de Visser, M., 
Schmand, B. A., & de Haan, R. J. (2016). The cognitive profile of 
ALS: A systematic review and meta-analysis update. Journal of 
Neurology, Neurosurgery & Psychiatry, 87(6), 611–619. https:// 
doi. org/ 10. 1136/ jnnp- 2015- 310734

 15. Beeldman, E., Raaphorst, J., Klein Twennaar, M., Govaarts, R., 
Pijnenburg, Y. A. L., de Haan, R. J., de Visser, M., & Schmand, B. 
A. (2018). The cognitive profile of behavioural variant FTD and 
its similarities with ALS: A systematic review and meta-analysis. 
Journal of Neurology, Neurosurgery & Psychiatry, 89(9), 995–
1002. https:// doi. org/ 10. 1136/ jnnp- 2017- 317459

 16. Simon, N., & Goldstein, L. H. (2019). Screening for cognitive and 
behavioral change in amyotrophic lateral sclerosis/motor neuron 
disease: A systematic review of validated screening methods. 
Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration, 
20(1–2), 1–11. https:// doi. org/ 10. 1080/ 21678 421. 2018. 15302 64

 17. Elamin, M., Bede, P., Byrne, S., Jordan, N., Gallagher, L., Wynne, 
B., O’Brien, C., Phukan, J., Lynch, C., Pender, N., & Hardiman, 
O. (2013). Cognitive changes predict functional decline in ALS: 
A population-based longitudinal study. Neurology, 80(17), 1590–
1597. https:// doi. org/ 10. 1212/ WNL. 0b013 e3182 8f18ac

 18. Elamin, M., Phukan, J., Bede, P., Jordan, N., Byrne, S., Pender, 
N., & Hardiman, O. (2011). Executive dysfunction is a negative 
prognostic indicator in patients with ALS without dementia. Neu-
rology, 76(14), 1263–1269. https:// doi. org/ 10. 1212/ WNL. 0b013 
e3182 14359f

 19. Burke, T., Elamin, M., Galvin, M., Hardiman, O., & Pender, N. 
(2015). Caregiver burden in amyotrophic lateral sclerosis: A 
cross-sectional investigation of predictors. Journal of Neurology, 
262(6), 1526–1532. https:// doi. org/ 10. 1007/ s00415- 015- 7746-z

 20. Kutlubaev, M. A., Caga, J., Xu, Y., Areprintseva, D. K., Per-
vushina, E. V., & Kiernan, M. C. (2022). Apathy in amyotrophic 
lateral sclerosis: Systematic review and meta-analysis of fre-
quency, correlates, and outcomes. Amyotrophic Lateral Sclerosis 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1136/pmj.78.923.513
https://doi.org/10.1136/pmj.78.923.513
https://doi.org/10.1038/nrdp.2017.71
https://doi.org/10.1038/nrdp.2017.71
https://doi.org/10.1016/S0140-6736(17)31287-4
https://doi.org/10.1080/146608200300079536
https://doi.org/10.1080/146608200300079536
https://doi.org/10.1016/j.jocn.2009.03.005
https://doi.org/10.1016/j.jocn.2009.03.005
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1093/brain/awr179
https://doi.org/10.1002/brb3.2439
https://doi.org/10.1586/14737175.2015.1034108
https://doi.org/10.1080/21678421.2016.1267768
https://doi.org/10.1080/21678421.2016.1267768
https://doi.org/10.1080/17482960802654364
https://doi.org/10.1080/17482960802654364
https://doi.org/10.1038/s41582-023-00878-z
https://doi.org/10.1212/WNL.0000000000002305
https://doi.org/10.1212/WNL.0000000000002305
https://doi.org/10.1016/j.ncl.2015.07.011
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/10.1080/21678421.2018.1530264
https://doi.org/10.1212/WNL.0b013e31828f18ac
https://doi.org/10.1212/WNL.0b013e318214359f
https://doi.org/10.1212/WNL.0b013e318214359f
https://doi.org/10.1007/s00415-015-7746-z


Quality of Life Research 

and Frontotemporal Degeneration, 24(1–2), 1–10. https:// doi. org/ 
10. 1080/ 21678 421. 2022. 20537 21

 21. Pender, N., Pinto-Grau, M., & Hardiman, O. (2020). Cognitive 
and behavioural impairment in amyotrophic lateral sclerosis. Cur-
rent Opinion in Neurology, 33(5), 649. https:// doi. org/ 10. 1097/ 
WCO. 00000 00000 000862

 22. Crockford, C., Newton, J., Lonergan, K., Chiwera, T., Booth, T., 
Chandran, S., Colville, S., Heverin, M., Mays, I., Pal, S., Pender, 
N., Pinto-Grau, M., Radakovic, R., Shaw, C. E., Stephenson, L., 
Swingler, R., Vajda, A., Al-Chalabi, A., Hardiman, O., & Abra-
hams, S. (2018). ALS-specific cognitive and behavior changes 
associated with advancing disease stage in ALS. Neurology, 
91(15), e1370–e1380. https:// doi. org/ 10. 1212/ WNL. 00000 00000 
006317

 23. Hsieh, S., Leyton, C. E., Caga, J., Flanagan, E., Kaizik, C., 
O’Connor, C. M., Kiernan, M. C., Hodges, J. R., Piguet, O., & 
Mioshi, E. (2016). The evolution of caregiver burden in fronto-
temporal dementia with and without amyotrophic lateral scle-
rosis. Journal of Alzheimer’s Disease, 49(3), 875–885. https:// 
doi. org/ 10. 3233/ JAD- 150475

 24. Huynh, W., Ahmed, R., Mahoney, C. J., Nguyen, C., Tu, S., 
Caga, J., Loh, P., Lin, C.S.-Y., & Kiernan, M. C. (2020). The 
impact of cognitive and behavioral impairment in amyotrophic 
lateral sclerosis. Expert Review of Neurotherapeutics, 20(3), 
281–293. https:// doi. org/ 10. 1080/ 14737 175. 2020. 17277 40

 25. Hu, W. T., Shelnutt, M., Wilson, A., Yarab, N., Kelly, C., Gross-
man, M., Libon, D. J., Khan, J., Lah, J. J., Levey, A. I., & Glass, 
J. (2013). Behavior Matters—Cognitive Predictors of Survival 
in Amyotrophic Lateral Sclerosis. PLoS ONE, 8(2), e57584. 
https:// doi. org/ 10. 1371/ journ al. pone. 00575 84

 26. Nguyen, C., Caga, J., Mahoney, C. J., Kiernan, M. C., & 
Huynh, W. (2021). Behavioural changes predict poorer sur-
vival in amyotrophic lateral sclerosis. Brain and Cognition, 
150, 105710. https:// doi. org/ 10. 1016/j. bandc. 2021. 105710

 27. Caga, J., Turner, M. R., Hsieh, S., Ahmed, R. M., Devenney, E., 
Ramsey, E., Zoing, M. C., Mioshi, E., & Kiernan, M. C. (2016). 
Apathy is associated with poor prognosis in amyotrophic lat-
eral sclerosis. European Journal of Neurology, 23(5), 891–897. 
https:// doi. org/ 10. 1111/ ene. 12959

 28. Leigh, P. N., Abrahams, S., Al-Chalabi, A., Ampong, M.-A., 
Goldstein, L. H., Johnson, J., Lyall, R., Moxham, J., Mustfa, 
N., Rio, A., Shaw, C., & Willey, E. (2003). The management 
of motor neurone disease. Journal of Neurology, Neurosurgery 
& Psychiatry, 74(suppl 4), iv32–iv47. https:// doi. org/ 10. 1136/ 
jnnp. 74. suppl_4. iv32

 29. Rosa Silva, J. P., Santiago Júnior, J. B., dos Santos, E. L., de 
Carvalho, F. O., de França Costa, I. M. P., & de Mendonça, D. 
M. F. (2020). Quality of life and functional independence in 
amyotrophic lateral sclerosis: A systematic review. Neurosci-
ence & Biobehavioral Reviews, 111, 1–11. https:// doi. org/ 10. 
1016/j. neubi orev. 2019. 12. 032

 30. Young, C. A., Ealing, J., McDermott, C., Williams, T., Al-Chal-
abi, A., Majeed, T., Burke, G., Pinto, A., Dick, D., Talbot, K., 
Harrower, T., Walsh, J., Chandran, S., Hanemann, C. O., Mills, 
R., & Tennant, A. (2019). The relationships between symptoms, 
disability, perceived health and quality of life in amyotrophic 
lateral sclerosis/motor neuron disease. Amyotrophic Lateral 
Sclerosis and Frontotemporal Degeneration, 20(5–6), 317–327. 
https:// doi. org/ 10. 1080/ 21678 421. 2019. 16159 51

 31. de Wit, J., Bakker, L. A., van Groenestijn, A. C., van den Berg, 
L. H., Schröder, C. D., Visser-Meily, J. M., & Beelen, A. (2018). 
Caregiver burden in amyotrophic lateral sclerosis: A systematic 
review. Palliative Medicine, 32(1), 231–245. https:// doi. org/ 10. 
1177/ 02692 16317 709965

 32. Pagnini, F., Rossi, G., Lunetta, C., Banfi, P., Castelnuovo, G., 
Corbo, M., & Molinari, E. (2010). Burden, depression, and 

anxiety in caregivers of people with amyotrophic lateral scle-
rosis. Psychology, Health & Medicine, 15(6), 685–693. https:// 
doi. org/ 10. 1080/ 13548 506. 2010. 507773

 33. Hardiman, O., Hickey, A., & O’Donerty, L. J. (2004). Physi-
cal decline and quality of life in amyotrophic lateral sclerosis. 
Amyotrophic Lateral Sclerosis and Other Motor Neuron Disor-
ders: Official Publication of the World Federation of Neurol-
ogy, Research Group on Motor Neuron Diseases, 5(4), 230–234. 
https:// doi. org/ 10. 1080/ 226- 14660 82041 00212 94

 34. Shaw, P. J., & Wood-Allum, C. (2010). Motor neurone disease: 
A practical update on diagnosis and management. Clinical 
Medicine, 10(3), 252–258. https:// doi. org/ 10. 7861/ clinm edici 
ne. 10-3- 252

 35. Hogden, A., Foley, G., Henderson, R., James, N., & Aoun, S. 
(2017). Amyotrophic lateral sclerosis: Improving care with 
a multidisciplinary approach. Journal of Multidisciplinary 
Healthcare, 10, 205–215. https:// doi. org/ 10. 2147/ JMDH. S1349 
92

 36. NICE. (2016). Recommendations | Motor neurone disease: 
Assessment and management | Guidance | NICE. NICE. https:// 
www. nice. org. uk/ guida nce/ ng42/ chapt er/ Recom menda tions

 37. McLeod, J. E., & Clarke, D. M. (2007). A review of psychoso-
cial aspects of motor neurone disease. Journal of the Neurologi-
cal Sciences, 258(1), 4–10. https:// doi. org/ 10. 1016/j. jns. 2007. 
03. 001

 38. Gibbons, C., Thornton, E., Ealing, J., Shaw, P., Talbot, K., Ten-
nant, A., & Young, C. (2013). The impact of fatigue and psycho-
social variables on quality of life for patients with motor neu-
ron disease. Amyotrophic Lateral Sclerosis and Frontotemporal 
Degeneration, 14(7–8), 537–545. https:// doi. org/ 10. 3109/ 21678 
421. 2013. 799700

 39. Paganoni, S., McDonnell, E., Schoenfeld, D., Yu, H., Deng, J., 
Atassi, H., Sherman, A., Yerramilli Rao, P., Cudkowicz, M., & 
Atassi, N. (2017). Functional decline is associated with hopeless-
ness in amyotrophic lateral sclerosis (ALS). Journal of Neurology 
& Neurophysiology. https:// doi. org/ 10. 4172/ 2155- 9562. 10004 23

 40. Simmons, Z. (2015). Patient-perceived outcomes and quality of 
life in ALS. Neurotherapeutics, 12(2), 394–402. https:// doi. org/ 
10. 1007/ s13311- 014- 0322-x

 41. Epton, J., Harris, R., & Jenkinson, C. (2009). Quality of life in 
amyotrophic lateral sclerosis/motor neuron disease: A structured 
review. Amyotrophic Lateral Sclerosis, 10(1), 15–26. https:// doi. 
org/ 10. 1080/ 17482 96080 21637 21

 42. Moher, D., Liberati, A., Tetzlaff, J., & Altman, D. G. (2009). 
Preferred reporting items for systematic reviews and meta-
analyses: The PRISMA statement. Annals of Internal Medicine, 
151(4), 264–269. https:// doi. org/ 10. 7326/ 0003- 4819- 151-4- 20090 
8180- 00135

 43. Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoff-
mann, T. C., Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., Akl, 
E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw, J. M., 
Hróbjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, 
E., McDonald, S., & Moher, D. (2021). The PRISMA 2020 state-
ment: An updated guideline for reporting systematic reviews. 
BMJ. https:// doi. org/ 10. 1136/ bmj. n71

 44. National Heart Lung and Blood Institute. (2021). Study Quality 
Assessment Tools. https:// www. nhlbi. nih. gov/ health- topics/ study- 
quali ty- asses sment- tools

 45. Ma, L.-L., Wang, Y.-Y., Yang, Z.-H., Huang, D., Weng, H., & 
Zeng, X.-T. (2020). Methodological quality (risk of bias) assess-
ment tools for primary and secondary medical studies: What are 
they and which is better? Military Medical Research, 7(1), 7. 
https:// doi. org/ 10. 1186/ s40779- 020- 00238-8

 46. Bock, M., Duong, Y.-N., Kim, A., Allen, I., Murphy, J., & Lomen-
Hoerth, C. (2016). Cognitive-behavioral changes in amyotrophic 
lateral sclerosis: Screening prevalence and impact on patients and 

https://doi.org/10.1080/21678421.2022.2053721
https://doi.org/10.1080/21678421.2022.2053721
https://doi.org/10.1097/WCO.0000000000000862
https://doi.org/10.1097/WCO.0000000000000862
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/10.1371/journal.pone.0057584
https://doi.org/10.1016/j.bandc.2021.105710
https://doi.org/10.1111/ene.12959
https://doi.org/10.1136/jnnp.74.suppl_4.iv32
https://doi.org/10.1136/jnnp.74.suppl_4.iv32
https://doi.org/10.1016/j.neubiorev.2019.12.032
https://doi.org/10.1016/j.neubiorev.2019.12.032
https://doi.org/10.1080/21678421.2019.1615951
https://doi.org/10.1177/0269216317709965
https://doi.org/10.1177/0269216317709965
https://doi.org/10.1080/13548506.2010.507773
https://doi.org/10.1080/13548506.2010.507773
https://doi.org/10.1080/226-14660820410021294
https://doi.org/10.7861/clinmedicine.10-3-252
https://doi.org/10.7861/clinmedicine.10-3-252
https://doi.org/10.2147/JMDH.S134992
https://doi.org/10.2147/JMDH.S134992
https://www.nice.org.uk/guidance/ng42/chapter/Recommendations
https://www.nice.org.uk/guidance/ng42/chapter/Recommendations
https://doi.org/10.1016/j.jns.2007.03.001
https://doi.org/10.1016/j.jns.2007.03.001
https://doi.org/10.3109/21678421.2013.799700
https://doi.org/10.3109/21678421.2013.799700
https://doi.org/10.4172/2155-9562.1000423
https://doi.org/10.1007/s13311-014-0322-x
https://doi.org/10.1007/s13311-014-0322-x
https://doi.org/10.1080/17482960802163721
https://doi.org/10.1080/17482960802163721
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1136/bmj.n71
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://doi.org/10.1186/s40779-020-00238-8


 Quality of Life Research

caregivers. Amyotrophic Lateral Sclerosis and Frontotemporal 
Degeneration, 17(5–6), 366–373. https:// doi. org/ 10. 3109/ 21678 
421. 2016. 11652 57

 47. Bock, M., Duong, Y.-N., Kim, A., Allen, I., Murphy, J., & Lomen-
Hoerth, C. (2017). Progression and effect of cognitive-behavioral 
changes in patients with amyotrophic lateral sclerosis. Neurol-
ogy: Clinical Practice, 7(6), 488–498. https:// doi. org/ 10. 1212/ 
CPJ. 00000 00000 000397

 48. Caga, J., Hsieh, S., Highton-Williamson, E., Zoing, M. C., Ram-
sey, E., Devenney, E., Ahmed, R. M., & Kiernan, M. C. (2018). 
Apathy and its impact on patient outcome in amyotrophic lateral 
sclerosis. Journal of Neurology, 265(1), 187–193. https:// doi. org/ 
10. 1007/ s00415- 017- 8688-4

 49. Chiò, A., Vignola, A., Mastro, E., Giudici, A. D., Iazzolino, B., 
Calvo, A., Moglia, C., & Montuschi, A. (2010). Neurobehavioral 
symptoms in ALS are negatively related to caregivers’ burden and 
quality of life. European Journal of Neurology, 17(10), 1298–
1303. https:// doi. org/ 10. 1111/j. 1468- 1331. 2010. 03016.x

 50. Galvin, M., Gavin, T., Mays, I., Heverin, M., & Hardiman, O. 
(2020). Individual quality of life in spousal ALS patient-caregiver 
dyads. Health and Quality of Life Outcomes, 18(1), 371. https:// 
doi. org/ 10. 1186/ s12955- 020- 01551-5

 51. Garcia-Willingham, N. E., Roach, A. R., Kasarskis, E. J., & Seger-
strom, S. C. (2018). Self-regulation and executive functioning as 
related to survival in motor neuron disease: Preliminary findings. 
Psychosomatic Medicine, 80(7), 665–672. https:// doi. org/ 10. 1097/ 
PSY. 00000 00000 000602

 52. Goldstein, L., Atkins, L., & Leigh, P. (2002). Correlates of Quality 
of Life in people with motor neuron disease (MND). Amyotrophic 
Lateral Sclerosis and Other Motor Neuron Disorders, 3(3), 123–
129. https:// doi. org/ 10. 1080/ 14660 82027 60834 120

 53. Gordon, P. H., Goetz, R. R., Rabkin, J. G., Dalton, K., Mcelhiney, 
M., Hays, A. P., Marder, K., Stern, Y., & Mitsumoto, H. (2010). A 
prospective cohort study of neuropsychological test performance 
in ALS. Amyotrophic Lateral Sclerosis, 11(3), 312–320. https:// 
doi. org/ 10. 3109/ 17482 96100 36225 85

 54. McCabe, M. P., & O’Connor, E. J. (2010). The economic impact 
of progressive neurological illness on quality of life in Australia. 
Journal of Family and Economic Issues, 31(1), 82–89. https:// doi. 
org/ 10. 1007/ s10834- 009- 9177-4

 55. Prell, T., Witte, O. W., Gunkel, A., & Grosskreutz, J. (2020). 
Cognitive deficits have only limited influence on health-related 
quality of life in amyotrophic lateral sclerosis. Aging & Mental 
Health, 24(12), 1963–1967. https:// doi. org/ 10. 1080/ 13607 863. 
2019. 16422 96

 56. Rabkin, J., Goetz, R., Murphy, J. M., Factor-Litvak, P., & Mitsu-
moto, H. (2016). Cognitive impairment, behavioral impairment, 
depression, and wish to die in an ALS cohort. Neurology, 87(13), 
1320–1328. https:// doi. org/ 10. 1212/ WNL. 00000 00000 003035

 57. Schrempf, T., Finsel, J., Uttner, I., Ludolph, A. C., & Lulé, D. 
(2022). Neuropsychological deficits have only limited impact on 
psychological well-being in amyotrophic lateral sclerosis. Jour-
nal of Neurology, 269(3), 1369–1374. https:// doi. org/ 10. 1007/ 
s00415- 021- 10690-8

 58. Trojsi, F., Siciliano, M., Russo, A., Passaniti, C., Femiano, C., 
Ferrantino, T., De Liguoro, S., Lavorgna, L., Monsurrò, M. R., 
Tedeschi, G., & Santangelo, G. (2016). Theory of mind and its 
neuropsychological and quality of life correlates in the early 
stages of amyotrophic lateral sclerosis. Frontiers in Psychology. 
https:// doi. org/ 10. 3389/ fpsyg. 2016. 01934

 59. Wei, Q.-Q., Hou, Y., Chen, Y., Ou, R., Cao, B., Zhang, L., 
Yang, T., & Shang, H. (2021). Health-related quality of life 
in amyotrophic lateral sclerosis using EQ-5D-5L. Health and 
Quality of Life Outcomes, 19(1), 181. https:// doi. org/ 10. 1186/ 
s12955- 021- 01822-9

 60. Chow, T. W., Binns, M. A., Cummings, J. L., Lam, I., Black, S. 
E., Miller, B. L., Freedman, M., Stuss, D. T., & van Reekum, R. 
(2009). Apathy symptom profile and behavioral associations in 
frontotemporal dementia vs dementia of Alzheimer type. Archives 
of Neurology, 66(7), 888–893. https:// doi. org/ 10. 1001/ archn eurol. 
2009. 92

 61. Radakovic, R., Colville, S., Cranley, D., Starr, J. M., Pal, S., & 
Abrahams, S. (2021). Multidimensional apathy in behavioral vari-
ant frontotemporal dementia, primary progressive aphasia, and 
Alzheimer disease. Journal of Geriatric Psychiatry and Neurol-
ogy, 34(5), 349–356. https:// doi. org/ 10. 1177/ 08919 88720 924716

 62. Wei, G., Irish, M., Hodges, J. R., Piguet, O., & Kumfor, F. (2020). 
Disease-specific profiles of apathy in Alzheimer’s disease and 
behavioural-variant frontotemporal dementia differ across the 
disease course. Journal of Neurology, 267(4), 1086–1096. https:// 
doi. org/ 10. 1007/ s00415- 019- 09679-1

 63. Beswick, E., Forbes, D., Hassan, Z., Wong, C., Newton, J., Car-
son, A., Abrahams, S., Chandran, S., & Pal, S. (2022). A system-
atic review of non-motor symptom evaluation in clinical trials 
for amyotrophic lateral sclerosis. Journal of Neurology, 269(1), 
411–426. https:// doi. org/ 10. 1007/ s00415- 021- 10651-1

 64. Gosselt, I. K., Nijboer, T. C. W., & Van Es, M. A. (2020). An 
overview of screening instruments for cognition and behavior 
in patients with ALS: Selecting the appropriate tool for clini-
cal practice. Amyotrophic Lateral Sclerosis and Frontotemporal 
Degeneration, 21(5–6), 324–336. https:// doi. org/ 10. 1080/ 21678 
421. 2020. 17324 24

 65. Goldstein, L. H., & Abrahams, S. (2013). Changes in cognition 
and behaviour in amyotrophic lateral sclerosis: Nature of impair-
ment and implications for assessment. The Lancet Neurology, 
12(4), 368–380. https:// doi. org/ 10. 1016/ S1474- 4422(13) 70026-7

 66. Chiò, A., Gauthier, A., Montuschi, A., Calvo, A., Vito, N. D., 
Ghiglione, P., & Mutani, R. (2004). A cross sectional study on 
determinants of quality of life in ALS. Journal of Neurology, Neu-
rosurgery & Psychiatry, 75(11), 1597–1601. https:// doi. org/ 10. 
1136/ jnnp. 2003. 033100

 67. Felgoise, S. H., Stewart, J. L., Bremer, B. A., Walsh, S. M., 
Bromberg, M. B., & Simmons, Z. (2009). The SEIQoL-DW for 
assessing quality of life in ALS: Strengths and limitations. Amyo-
trophic Lateral Sclerosis: Official Publication of the World Fed-
eration of Neurology Research Group on Motor Neuron Diseases, 
10(5–6), 456–462. https:// doi. org/ 10. 3109/ 17482 96080 24448 40

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3109/21678421.2016.1165257
https://doi.org/10.3109/21678421.2016.1165257
https://doi.org/10.1212/CPJ.0000000000000397
https://doi.org/10.1212/CPJ.0000000000000397
https://doi.org/10.1007/s00415-017-8688-4
https://doi.org/10.1007/s00415-017-8688-4
https://doi.org/10.1111/j.1468-1331.2010.03016.x
https://doi.org/10.1186/s12955-020-01551-5
https://doi.org/10.1186/s12955-020-01551-5
https://doi.org/10.1097/PSY.0000000000000602
https://doi.org/10.1097/PSY.0000000000000602
https://doi.org/10.1080/146608202760834120
https://doi.org/10.3109/17482961003622585
https://doi.org/10.3109/17482961003622585
https://doi.org/10.1007/s10834-009-9177-4
https://doi.org/10.1007/s10834-009-9177-4
https://doi.org/10.1080/13607863.2019.1642296
https://doi.org/10.1080/13607863.2019.1642296
https://doi.org/10.1212/WNL.0000000000003035
https://doi.org/10.1007/s00415-021-10690-8
https://doi.org/10.1007/s00415-021-10690-8
https://doi.org/10.3389/fpsyg.2016.01934
https://doi.org/10.1186/s12955-021-01822-9
https://doi.org/10.1186/s12955-021-01822-9
https://doi.org/10.1001/archneurol.2009.92
https://doi.org/10.1001/archneurol.2009.92
https://doi.org/10.1177/0891988720924716
https://doi.org/10.1007/s00415-019-09679-1
https://doi.org/10.1007/s00415-019-09679-1
https://doi.org/10.1007/s00415-021-10651-1
https://doi.org/10.1080/21678421.2020.1732424
https://doi.org/10.1080/21678421.2020.1732424
https://doi.org/10.1016/S1474-4422(13)70026-7
https://doi.org/10.1136/jnnp.2003.033100
https://doi.org/10.1136/jnnp.2003.033100
https://doi.org/10.3109/17482960802444840

	Quality of life, cognitive and behavioural impairment in people with motor neuron disease: a systematic review
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Review aims
	Methodology
	Information sources
	Search strategy and eligibility criteria
	Study selection
	Risk of bias (quality) assessment
	Analysis

	Results
	Search results
	Summary of risk of biasquality assessment
	Behavioural impairment and QoL
	Cognitive impairment and QoL
	Behavioural and cognitive measurement
	QoL measurement

	Discussion
	Recommendations
	Strengths and limitations

	Conclusions
	References


