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ABSTRACT
Objective: The frontal assessment battery (FAB) is a
quick and reliable method of screening to evaluate
frontal lobe dysfunction in amyotrophic lateral sclerosis
(ALS). However, previous studies were generally
conducted on small samples representing different
stages of disease and severity. We assessed the
diagnostic accuracy of the FAB in detecting executive
functions and its association with demographic and
clinical features in ALS without dementia.
Design: Retrospective observational study.
Setting: A multidisciplinary tertiary centre for motor
neuron disease.
Participants: We enrolled 95 consecutive patients
with ALS diagnosed with El Escorial criteria in the
period between January 2006 and December 2010.
Main outcome measures: We screened the patients
with ALS using the FAB. An Executive Index (EI) was
also calculated by averaging the Z scores of analytic
executive tests evaluating information-processing
speed (Symbol Digit Modalities Test—Oral version),
selective attention (Stroop test) and semantic memory
(Verbal Fluency Test).
Results: The FAB detected executive dysfunction in
13.7% of the patients with ALS. Moreover, using the EI
standardised cut-off, 37.9% of the patients with ALS
showed executive dysfunction. The receiver-operating
characteristic curve showed that the optimal cut-off for
the FAB in the whole sample was 16, with a sensitivity
of 0.889 (95% CIs 0.545 to 1.000), a specificity of
0.593 (95% CI 0.450 to 0.907) and a moderate overall
discriminatory power of 0.809. Different levels of
respiratory function, duration of disease and depressive
symptoms did not affect the FAB validity.
Conclusions: In patients with ALS without dementia,
a high prevalence of executive dysfunction was
present. The FAB showed good validity as a screening
instrument to detect executive dysfunction in these
patients and may be used when a complete
neuropsychological assessment is not possible.

INTRODUCTION
Amyotrophic lateral sclerosis (ALS) is a neu-
rodegenerative illness previously described as
a motor disease, but the presence of more
complex phenotypes including cognitive and
behavioural features is now widely accepted.
Cognitive impairment may manifest at the
same time as the motor symptoms, or even
precede them,1 2 with different degrees of
severity, ranging from milder cognitive dys-
function to overt dementia, generally with a

Strengths and limitations of this study

▪ The strengths of this work include relatively
stringent criteria for the definition of cognitive
impairment, the use of gold standard tests to
assess executive dysfunction and a larger
sample of patients, as compared with previous
studies.

▪ To the best of our knowledge, this is the first
study in which a tree-based method has been
used to evaluate the influence of various demo-
graphic and clinical variables on executive dys-
function in amyotrophic lateral sclerosis.

▪ A limitation is that our sample was clinically het-
erogeneous, including patients with an unusually
long duration of disease and low disability.

▪ The small number of participants in the final
RECursive Partitioning and AMalgamation
(RECPAM) analysis, together with the wide SDs,
raises the possibility that a larger sample may
improve the performance of the frontal assess-
ment battery in more clinically defined
subgroups.

▪ The cognitive screening we adopted was limited
to executive functions, and it is possible that the
dysfunction of more posterior regions of the
brain could go undetected.
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frontotemporal pattern.3 The presence of cognitive dys-
function in patients with ALS determines a worse prog-
nosis in terms of life expectancy.4

Few preliminary studies using a screening battery to
detect cognitive impairment in ALS have indicated that
a brief cognitive screening of these patients can be easily
performed in clinical outpatient settings.5 Since cogni-
tive deficits in ALS are largely of executive functioning,
the use of a screening tool designed for the detection of
frontal dysfunction may be a possible advantageous
option.
The frontal assessment battery (FAB)6 7 is a short and

easily administered cognitive test that has been shown to
be better than the Mini-Mental State Examination
(MMSE)8 as a screening tool in neurodegenerative
disease with frontal involvement. Few studies have used
the FAB9–11 to evaluate frontal lobe dysfunction in ALS,
and their findings suggested that the FAB is a quick and
reliable method of screening. However, these studies
used generally small samples representing different
stages of disease and severity. The aims of the present
study were to detect executive dysfunction using the FAB
in a large sample of patients with ALS without dementia
and to assess the diagnostic accuracy of the FAB com-
pared with a standardised extensive neuropsychological
assessment of executive functions. Finally, we investi-
gated the association between impairment of executive
functions and demographic and clinical features of ALS.

METHODS
Participants
This study was conducted according to the World
Medical Association’s 2008 Declaration of Helsinki and
the guidelines for Good Clinical Practice and the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement12 and STAndards
for the Reporting of Diagnostic accuracy (STARD)
studies.13 In this retrospective cohort study, we enrolled
consecutive patients with ALS attending a specialised
multidisciplinary centre for motor neuron disease at the
University of Bari ‘Aldo Moro’ in the period between
January 2006 and December 2010.
The diagnosis of ALS was based on El Escorial criteria

(EEC).14 Patients who had a dementia syndrome accord-
ing to the Diagnostic and Statistical Manual of Mental
Disorders IV Text Revision,15 and participants with an
MMSE score lower than 26 were excluded.16 Participants
with extreme weakness of the hands and dysarthria were
excluded because they were unable to perform the tests.
We did not include patients for whom one or more of the
neuropsychological tests were unavailable. All the
patients with ALS were taking riluzole when they were
interviewed for this study. Functional impairment at the
neurological examination was evaluated using the revised
ALS Functional Rating Scale-revised (ALSFRS-R)17 and
manual muscle testing (MMT).18 Respiratory function
was measured by forced vital capacity (FVC).19

Neuropsychological assessment
The patients underwent a global screening of executive
functions using the Italian version of the FAB.6 7 This
consisted of six subset test items: conceptualisation
(abstract reasoning), item flexibility (verbal fluency),
motor programming (organisation, maintenance and
execution of successive actions), sensitivity to interfer-
ence (conflicting instructions), inhibitory control
(inhibit inappropriate responses), and environmental
autonomy (prehension behaviour). The administration
time of the FAB is about 10 min. Some executive fea-
tures were also evaluated using three tests commonly
used in clinical practice. The first domain was the
information-processing speed, possibly determined by
attentional capacity (scanning and tracking in the visuo-
spatial domain) and working memory, assessed with the
Symbol Digit Modalities Test (SDMT)—Oral
version.20 21 Furthermore, cognitive interference in pro-
cessing incongruent information preventing habitual or
automatic responses was assessed with the Stroop test
(ST).22 Finally, the ability to select an appropriate
research strategy in lexical access and retrieval was
assessed with the Verbal Fluency Test (VFT).23 24 The
Beck Depression Inventory (BDI)25 was administered to
evaluate the presence of depressive symptoms. Patients
with a BDI score >10 were considered depressed. Two
trained neuropsychologists administered to the patients
with ALS the FAB or the neuropsychological executive
test battery and were blind to the results of other tests.

Statistical analysis
Demographic and clinical characteristics of the patients
were reported as frequency (percentages) and mean
±SD for categorical variables and continuous variables,
respectively. Standardised Z scores were calculated for all
the executive tasks, based on Italian normative data. A
cut-off of 2 SD below the mean for standardised data
was used to define an abnormal cognitive performance
on any task. An ad hoc Executive Index (EI) was
defined for each patient by averaging the Z scores of
SDMT, the ST items and VFT executive tasks. Patients
were categorised as impaired if they had an EI of 2 SD
below the mean. Since EI was defined as the mean of
four standardised random variables, the computed
cut-off of 2 SD below the mean was −1. Correlations
between the FAB (total score and its subset of items), EI
and the executive tests (SDMT, ST and VFT) were
assessed by the Spearman coefficients. Correlations
between the FAB total score, EI and demographic and
clinical variables were also assessed by the Spearman
coefficients. A tree-growing technique, based on the
RECursive Partitioning and AMalgamation (RECPAM)
algorithm,26 was used to investigate possible interactions
among demographic and clinical variables in order to
identify distinct and homogeneous patient subgroups in
terms of EI. At each partitioning step, the RECPAM
method selects the covariate and the best binary split
that maximises the difference of EI means between
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subgroups, following a linear regression model. Age, sex,
ALS diagnostic level based on EEC, site of the onset
(spinal vs bulbar), education level, disease duration, the
degree of disability, BDI, FVC and the mean of MMT
were considered as candidate splitting variables. To
obtain more robust splits, a bootstrap approach with
100 000 node resampling with replacement was per-
formed. The algorithm stopped when there were less
than 14 participants (ie, the minimum leaf size, about
15% of the total sample) within each terminal node
(user defined stopping rule). The discriminatory power
of the FAB (total score) to detect the patient’s executive
dysfunction (defined by the EI) was assessed by estimat-
ing the Area Under the receiver operating characteristic
Curve (AUC)27 and was evaluated both in the overall
sample and within each RECPAM class. The optimal
cut-off for the FAB was assessed by maximising jointly
sensitivity and specificity. Non-parametric bootstrap 95%
CIs for optimal specificity and sensitivity were estimated
at the optimal cut-off point using 1000 bootstrap
samples. Specifically, CIs were derived by using the 2.5
and 97.5 centiles of the bootstrap distribution as the
limits of the 95% CI. This approach provided more
robust, conservative and validated results.28 A p
value<0.05 was considered for statistical significance. All
analyses were performed using SAS Release 9.1.3 (SAS
Institute, Cary, North Carolina, USA).

RESULTS
We enrolled a total of 152 consecutive patients with ALS.
We excluded 57 patients: 4 patients because of dementia
syndrome, 32 due to MMSE<26, 4 for missing neuro-
psychological tests, and 17 due to weakness in the hands
and dysarthria. Therefore, 95 patients with ALS (62
males and 33 females, age range 33–82 years) were
included in the analyses. Demographic and clinical data
are reported in table 1. Means and SD for the FAB,
SDMT, VFT and ST were, respectively, 15.51±2.74, 31.75
±13.23, 25.94±9.60 and 27.54±14.92. Executive dysfunc-
tion was detected in 88.4% of the patients (n=84) with
the VFT, 77.9% (n=74) with the ST and 35.1% (n=33)
with the SDMT. Using the EI standardised cut-off, 37.9%
of the patients (n=36) showed executive dysfunction.
The FAB detected executive dysfunction in 13.7%
(n=13) of the patients (cut-off score: 13.5). The FAB
total score was significantly correlated with EI (r=0.667,
p<0.001) and with each component of EI: SDMT
(r=0.610, p<0.001), VFT (r=0.594, p<0.001) and ST (r=
−0.434, p<0.001), showing high concurrent validity.
Furthermore, the FAB subset-item scores were signifi-
cantly correlated with the other executive function tests
(table 2). A substantial presence of depressive symptoms
(BDI score >10) was detected in 45.26% of the patients
with ALS (n=43).
Both the FAB total score and EI correlated with age

and respiratory function, while only the FAB total score
correlated with disease duration (table 3). Furthermore,

we analysed the correlation between the FAB and EI
with different levels of respiratory function, disease dur-
ation and depressive symptoms. Stratified analysis by
respiratory function (FVC: ≤80 vs >80) showed a positive
correlation between the FAB and EI in low (r=0.559,
p<0.001) and high respiratory function subgroups
(r=0.731, p<0.001). Similarly, the analysis by duration of
illness (≤18 vs >18 months, median value) showed a
positive correlation between the FAB and EI in short
(r=0.601, p<0.001) and long disease duration subgroups
(r=0.732, p<0.001). When we considered the depressive
symptoms in patients with a disease duration of less than
5 years (n=81), the FAB total score was correlated with
the tests of EI in both groups depressed (n=47; EI
r=0.740, p<0.001; SDMT r=0.773, p<0.001; VFT r=0.756,
p<0.001; ST r=−0.435, p=0.002) versus not depressed
(n=34; EI r=0.576, p<0.001; SDMT r=0.443, p=0.009; VFT
r=0.320, p=0.065; ST r=−0.479, p=0.004). The correlation
between the FAB and executive function tests was also
present when we restricted the analysis to incident cases
(n=35) with disease duration <12 months (EI r=0.665,
p<0.001; SDMT r=0.549, p=0.001; VFT r=0.526, p=0.001;
ST r=−0.448, p=0.007).

Table 1 Demographic and clinical parameters of 95

patients with ALS without dementia

Variables

Number (%) or mean±SD

Median (range)

Age, in years 61.22±10.66

62 (33–82)

Sex

Males 62 (65.26%)

Females 33 (34.74%)

Education years 9.23±3.86

8.00 (0–18)

ALS diagnosis

Definite 33 (34.73%)

Probable 36 (37.89%)

Possible 16 (16.84%)

Suspect 10 (10.52%)

Site of onset

Spinal 85 (89.47%)

Bulbar 10 (10.52%)

Time to diagnosis (months) 16.91±22.99

10.00 (0.34–120)

Disease duration (months) 29.09±30.94

18.00 (2–148)

FVC 86.58±23.33

91.50 (32.4–131.6)

MMT 8.33±1.43

8.60 (2.7–10)

ALSFRS-R 37.29±7.29

39.00 (7–48)

BDI 10.60±7.49

10 (0–29)

ALS, amyotrophic lateral sclerosis; ALSFRS-R, ALS Functional
Rating Scale-revised; BDI, Beck Depression Inventory; FVC,
forced vital capacity; MMT, manual muscle testing.
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Results of the RECPAM analysis are shown in figure 1.
The algorithm identified four homogeneous subgroups
of patients in terms of EI means (classes 1–4). Class 1
represented the patient subgroup with the lowest stan-
dardised mean EI (and thus with the highest executive
cognitive impairment), whereas class 4 represented the
patient subgroup with the highest standardised mean EI
(and thus with the lowest executive cognitive impair-
ment). Specifically, the algorithm found that patients
with an education level ≤8, age >58 years and FVC ≤86.4
represented the class (class 1) with the lowest standar-
dised mean EI (ie, −2.92±2.67, N=20 patients). Patients
with an education level ≤8, age >58 years and FVC >86.4
represented the class (class 2) with a quite lower standar-
dised mean EI (ie, −1.45±1.17, N=20 patients). Patients
with an education level ≤8 and age ≤58 years repre-
sented the class (class 3) with a higher standardised
mean EI (ie, −0.87±1.24, N=20 patients), and finally
patients with an education level >8 represented the class
(class 4) with the highest standardised mean EI (ie;
−0.14±0.71, N=35 patients). Furthermore, using the EI
standardised cut-off to identify patients with cognitive
impairment (gold standard), the optimal cut-off for the
FAB (total score) was detected both in the whole sample
and within each identified RECPAM class. The receiver-
operating characteristic (ROC) curve showed that the
optimal cut-off for the FAB in the whole sample was 16

(figure 2). Such a cut-off achieved a high sensitivity of
0.889 (95% CI 0.545 to 1.000), a low specificity of 0.593
(95% CI 0.450 to 0.907), a positive predictive value
(PPV) of 0.571 (95% CI 0.446 to 0.698) and a negative
predictive value (NPV) of 0.897 (95% CI 0.794 to
0.977). The overall discriminatory power (AUC) for the
FAB was 0.809. The optimal cut-off for the FAB in
patients within each RECPAM class was also assessed.
Results are reported in online supplementary figure S1
and in the appendix.

Power calculation
A sample of 36 patients with executive dysfunction and
59 patients without executive dysfunction achieved 90%
power to detect an overall discriminatory power (AUC)
for the FAB (total score) of 0.693, under the null
hypothesis of AUC of 0.50, using a two-sided z-test at a
significance (α) level of 0.05.

DISCUSSION
In this study, the FAB showed good validity as a screen-
ing instrument to detect executive dysfunction in
patients with ALS without dementia and to select partici-
pants who will undergo a full neuropsychological exam-
ination in tertiary centres. The FAB may be especially
useful in settings where a complete neuropsychological
assessment cannot be proposed because of lack of time
or insufficient neuropsychological staff. Respiratory func-
tion, disease duration and depressive symptoms did not
affect the screening ability of the FAB to detect execu-
tive dysfunction. In fact, the correlation between the
FAB and other executive tests was present in patients in
low and high respiratory function subgroups, assessed in
both the early and late stages of disease, and in both
depressed and not depressed patients with long disease
duration. The assessment of executive functioning
showed a high prevalence of cognitive impairment in
the executive domain with about 40% of patients with
ALS showing executive dysfunction detected with EI.
In this study, the FAB cut-off score of 16 showed an

AUC of 0.81, which, according to Swets29 classification
(0.7<AUC≤0.9), indicated moderate accuracy. Within
each RECPAM class, the AUC ranged from 0.64 in class

Table 2 Spearman correlation coefficients between the FAB and executive function tests (raw values) in patients with ALS

without dementia

FAB subitems SDMT VFT ST

Conceptualisation 0.473 (p<0.001) 0.361 (p<0.001) −0.302 (p=0.003)

Mental flexibility 0.457 (p<0.001) 0.730 (p<0.001) −0.297 (p=0.004)

Motor programming 0.304 (p=0.003) 0.174 (p=0.092) −0.0508 (p=0.625)

Sensitivity to interference 0.317 (p=0.002) 0.286 (p=0.005) −0.221 (p=0.031)

Inhibitory control 0.256 (p=0.012) 0.275 (p=0.007) −0.370 (p<0.001)

Environmental autonomy 0.108 (p=0.296) 0.106 (p=0.308) 0.021 (p=0.837)

FAB total score 0.610 (p<0.001) 0.594 (p<0.001) −0.434 (p<0.001)

ALS, amyotrophic lateral sclerosis; FAB, frontal assessment battery; SDMT, Symbol Digit Modalities Test; ST, Stroop Test; VFT, Verbal
Fluency Test.

Table 3 Correlation between demographic, clinical and

cognitive variables in patients with ALS without dementia

Age

Disease

duration FVC MMT ALSFRS-R

EI

r=−0.482 r=−0.055 r=0.354 r=0.048 r=0.094

p<0.001 p=0.603 p<0.001 p=0.656 p=0.379

FAB

r=−0.379 r=−0.213 r=0.234 r=0.130 r=0.161

p<0.001 p=0.040 p=0.024 p=0.223 p=0.127

ALS, amyotrophic lateral sclerosis; ALSFRS-R, ALS Functional
Rating Scale-revised; EI, Executive Index; FAB, frontal
assessment battery; FVC, forced vital capacity; MMT, manual
muscle testing.
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I with the highest executive cognitive impairment
(cut-off score of 16.5) to 0.82 in class 4 with the lowest
executive cognitive impairment (cut-off score of 17.5).
The optimal FAB cut-off score of 16 for our population
is higher than the standard FAB cut-off score for the
Italian normative data (13.5),7 reflecting the milder
spectrum of executive dysfunction in these patients. We
excluded patients with dementia and with serious

impairment of the upper limbs. It was also confirmed
that executive dysfunction was positively associated with
age and respiratory dysfunction, but not with other clin-
ical variables, including measures of functional status.
Therefore, age level may have significant effects on the
FAB performance in ALS, suggesting that the age of the
participants should be taken into consideration in
detecting executive dysfunction with this cognitive tool.
Furthermore, as reported by other studies, no significant
association was found between executive dysfunction
and functional status, implying that cognitive impair-
ment was independent from progression of the motor
disability and overall disease severity.30 31 Forty-five per
cent of our sample had depressive symptoms, confirm-
ing how depression may be a common feature in
patients with ALS.32–34

The results of this study are overall in keeping with
earlier findings, although the majority of previous
studies were based on smaller samples.9–11 35 36

Oskarsson et al9 reported an impaired FAB performance
in 50% of patients with ALS correlated with disease dur-
ation but not with severity of disease, based on a sample
size of 16 patients without independent cognitive assess-
ment. A Korean study showed FAB scores indicating
executive dysfunction in 22.9% of 61 patients with ALS,
associated with disease duration and severity of illness,
but with the important limitation of using Italian norma-
tive data applied to a Korean population.10 Floris et al11

demonstrated that the FAB has good validity, even in
early stages of the disease, using a full neuropsycho-
logical battery as the gold standard. However, the sample
size was very small (n=20) and correlations with clinical
features in ALS were not explored. Another recent

Figure 1 RECPAM tree. The

sample was divided into distinct

and homogeneous patients’

subgroups in terms of EI. Splitting

variables are shown between

branches. The condition sending

patient to the right or left is shown

on the corresponding branch.

Class 4, with the highest EI

mean, represents the reference

class. Circles indicate subgroups

of patients. Squares indicate the

patient subgroup RECPAM class.

Numbers inside circles and

squares represent the number of

participants within each class (EI,

Executive Index; FVC, forced vital

capacity; RECPAM, RECursive

Partitioning and AMalgamation).

Figure 2 ROC curve for the frontal assessment battery

index to detect patients with executive dysfunction evaluated

in the whole sample (AUC, Area Under the receiver operating

characteristic Curve; ROC, receiver-operating characteristic).
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Dutch study suggested that the FAB should be adminis-
tered to patients without moderate or severe speech and
motor impairment.35 Finally, the FAB and the Montreal
Cognitive Assessment (MoCA) were used to screen
frontal lobe and general cognitive impairment in 44
patients with ALS; and while the MoCA classified more
patients as cognitively impaired, the FAB was more feas-
ible for assessing patients with physical impairment.
Unfortunately, no optimal cut-off scores for these two
screening instruments were provided.36

The cognitive phenotype in ALS has not yet been com-
pletely defined. At present, the most accredited hypoth-
esis is that in a subgroup of patients with ALS there is
early involvement of executive functions with later involve-
ment of other cognitive domains. There are patients, in
contrast, who show no signs of cognitive impairment
throughout the entire course of the disease.31 The variety
of neuropsychological instruments used for the assess-
ments3 31 may be responsible for another piece of the
described variability. However, the heterogeneity may be
related to the presence of distinct ALS cognitive pheno-
types since the early stage of disease. Our study confirms
that executive dysfunction may represent a specific cogni-
tive phenotype in a subgroup of patients with ALS. The
clinical evidence of overlap between frontotemporal
dementia (FTD) and motor neuron disease37–39 has
recently gained further support after the C9ORF72 muta-
tion was found to be the most common genetic abnormal-
ity in familial and sporadic forms of FTD and ALS,
particularly frequent in patients and families with both
conditions.40–42 Given the high prevalence of cognitive
impairment and behavioural changes in ALS, the evalu-
ation of neuropsychological abilities should be a funda-
mental part of the multidisciplinary initial assessment for
every new patient.3 Extensive neuropsychometry is labori-
ous and requires trained staff explaining why cognitive
evaluation as part of the initial assessment is carried out
in a limited number of ALS centres. In this study, execu-
tive dysfunction, as measured by the EI, assessing primar-
ily access and retrieval lexical and cognitive interference,
was present in about one-third of patients without demen-
tia. This is in agreement with other studies that showed
that executive dysfunction is the most prominent cogni-
tive deficit in patients with ALS.3 38 In this study, none of
the patients in whom the FAB and subsequent full cogni-
tive evaluations indicated the presence of a cognitive
impairment had spontaneously reported cognitive dys-
function during the clinical interview. This probably
reflects the different relevance of cognitive impairment
compared with motor symptoms for the life of patients in
the early phases of disease.
There are a number of limitations in this study. Our

sample was enrolled in a tertiary centre that is similar to
other referral centres for these main characteristics: long
disease duration, less functional impairment, relatively
younger patients, and a higher prevalence of spinal onset
compared with bulbar onset. Furthermore, the

retrospective design of this study may have several pitfalls,
including the lack of assessment of certain prognostic
factors, such as symptoms progression rate, the
less-accurate diagnosis usually based only on the retro-
spective revision of clinical data, and the risk of missing
specific subsets of patients with ALS not captured by the
study design. Our sample was also clinically heteroge-
neous including patients with an unusually long duration
of disease and low disability. Other possible sources of
heterogeneity such as psychosocial factors (ie, perceived
stress, marital status or anger expression) or malnourish-
ment, a relevant determinant of cognitive function in
ALS, have not been addressed in this study. The small
number of participants in the final RECPAM analysis,
together with the wide SDs, raises the possibility that a
larger sample may improve the performance of the FAB
in more clinically-defined subgroups. Finally, the cogni-
tive screening we adopted was limited to executive func-
tions, and it is possible that dysfunction of more posterior
regions could go undetected. The strengths of this work
include relatively stringent criteria for the definition of
cognitive impairment, the use of gold standard tests to
assess executive dysfunction and a larger sample of
patients, as compared with previous studies.9–11 30 34 35

Also, to the best of our knowledge, this is the first time
that a tree-based RECPAM analysis (a generalisation of
Classification And Regression Tree (CART)) has been
used to study the influence of various demographic and
clinical variables on cognitive dysfunction in ALS.
Tree-based methods are well-established techniques to
address interactions detection and subgroup analyses, as
well as to derive internally validated cut-off for continu-
ous predictors which could not be necessarily linear.
In conclusion, our findings demonstrated that the

FAB had good diagnostic accuracy for detecting execu-
tive dysfunction in a population of patients with ALS
without dementia and severe impairment of upper limbs
referred to a tertiary centre. It should be stressed that
the use of such screening instruments should not pre-
clude a complete neuropsychological evaluation focused
on executive functions, as well as on other cognitive
domains such as language and visuospatial abilities. In
patients with ALS, a recent and suitable cognitive tool to
screen all cognitive domains is the Edinburgh Cognitive
and Behavioural ALS Screen (ECAS).43 However, the
ECAS was designed to detect the profile of cognitive and
behavioral changes in ALS and was not specifically
focused on executive functions. In fact, the ECAS evalu-
ates five cognitive (social cognition, language, fluency,
memory, and visuospatial functions), and five behav-
ioural domains, characterising FTD.42 With the recent
emphasis on the genetic and clinical overlap between
motor neuron disease and FTD, systematic cognitive
screening of patients with ALS would facilitate longitu-
dinal studies that are much needed to clarify the differ-
ent clinical patterns of disease, including prognosis and
their different biological substrates.
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