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Abstract

Background This study aimed at assessing the cross-sectional and longitudinal clinimetrics and feasibility of the Frontal
Assessment Battery (FAB) in non-demented Parkinson’s disease (PD) patients.

Methods N=109 PD patients underwent the FAB and the Montreal Cognitive Assessment (MoCA). A subsample of patients
further underwent a thorough motor, functional and behavioral evaluation (the last including measures of anxiety, depression
and apathy). A further subsample was administered a second-level cognitive battery tapping on attention, executive function-
ing, language, memory, praxis and visuo-spatial abilities. The following properties of the FAB were tested: (1) concurrent
validity and diagnostics against the MoCA; (2) convergent validity against the second-level cognitive battery; (4) association
with motor, functional and behavioral measures; (5) capability to discriminate patients from healthy controls (HCs; N=96);
(6) assessing its test—retest reliability, susceptibility to practice effects and predictive validity against the MoCA, as well as
deriving reliable change indices (RCls) for it, at a & 6-month interval, within a subsample of patients (N=33).

Results The FAB predicted MoCA scores at both TO and T1, converged with the vast majority of second-level cognitive
measures and was associated with functional independence and apathy. It accurately identified cognitive impairment (i.e.,
a below-cut-off MoCA score) in patients, also discriminating patients from HCs. The FAB was reliable at retest and free of
practice effects; RCIs were derived according to a standardized regression-based approach.

Discussion The FAB is a clinimetrically sound and feasible screener for detecting dysexecutive-based cognitive impairment
in non-demented PD patients.

Keywords Frontal assessment battery - Parkinson’s disease - Cognitive screening - Dysexecutive - Neuropsychology

Background

In Parkinson’s disease (PD) patients, executive function-
ing (EF) deficits represent an early, major driver of cogni-
tive impairment (Kudlicka et al. 2011), detrimentally affect
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functional (Cahn et al. 1998; Puente et al. 2016; Vlagsma
et al. 2017) and motor outcomes (Amboni et al. 2008;
Smulders et al. 2013; Chung et al. 2021) and may predict
incident dementia (Paulwoods and Troster 2003). Hence,
a timely detection of dysexecutive-based cognitive ineffi-
ciency via clinimetrically sound and feasible screeners is
clinically pivotal in this population (Kudlicka et al. 2011;
Rodriguez-Oroz et al. 2009). In addition, cognitive screening
measures are often employed within clinical trials targeting
both motor and non-motor features of PD (Chou et al. 2010;
Litvan et al. 2018; Skorvanek et al. 2018).

Among performance-based screeners, the Frontal
Assessment Battery (FAB) (Dubois et al. 2000) has proved
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clinimetrically sound and feasible to the aim of detecting
dysexecutive-based cognitive inefficiency in PD patients at
an international level (Kulisevsky and Pagonabarraga 2009;
Hurtado-Pomares et al. 2018), with evidence being also
available on its association with motor outcomes (Marconi
et al. 2012; Kataoka et al. 2014; Varalta et al. 2015).

Within the Italian scenario, evidence has been provided
on the diagnostic soundness of the FAB (Appollonio et al.
2005) to the aim of identifying, in PD patients, both mild
cognitive impairment (PD-MCI) and dementia (PD-D)—
with ad hoc cut-offs having been also delivered for both
syndromes (Biundo et al. 2013, 2014; Federico et al. 2017).
Furthermore, the Italian FAB Appollonio et al. (Appollonio
et al. 2005) was shown to be related to and/or predictive of
motor outcomes in PD patients (Amboni et al. 2008; Mar-
coni et al. 2012; Varalta et al. 2015).

Nevertheless, no study has thus far specifically focused
on either the psychometrics or the cross-sectional and longi-
tudinal feasibility of the Italian FAB in this population—in
spite of such features being critical to determine whether
a cognitive screener is adequately recommended for use
in clinical practice and research (Aiello et al. 2022a). In
addition, previous Italian reports on the diagnostics of the
FAB (Biundo et al. 2013, 2014; Federico et al. 2017) did
not deliver its likelihood ratios — although such metrics are
pivotal towards clinical decision-making (Larner 2021).

Given the above premises, the present study focused on
filling a number of gaps within the Italian literature on the
clinimetrics and feasibility of the FAB in PD patients. More
specifically, the following aims were pursued—by address-
ing an Italian cohort of non-demented PD patients: (1) test-
ing the concurrent validity of the FAB against a measure
of global cognitive efficiency; (2) performing and in-depth
evaluation of its diagnostic properties; (3) testing its conver-
gence against a second-level cognitive battery; (4) exploring
its association with measures of functional independence,
motor abilities and behavioral status; (5) examining its capa-
bility to discriminate patients from healthy controls (HCs);
(6) assessing its test—retest reliability, susceptibility to prac-
tice effects and predictive validity, as well as (7) deriving
reliable change indices (RClIs) for it, at a & 6-month interval.

Methods
Participants

Data on N=109 PD patients (Postuma et al. 2015) con-
secutively referred to IRCCS Istituto Auxologico Italiano,
Milano, Italy and IDC-Hermitage Capodimonte, Napoli,
Italy between 2013 and 2019 and having been adminis-
tered the FAB (Appollonio et al. 2005) were retrospec-
tively collected. No patient presented with dementia due to
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PD, as defined according to the DSM-V criteria Psychiat-
ric and Association (2013). Out of these patients, N=33
were followed-up with the FAB at a 5-to-8-month interval
(Mdn=6.5). Additionally, N=96 HCs were prospectively
recruited via advertising and Authors’ personal acquaint-
ances. Both patients and HCs were free of 1) neurological/
psychiatric disorders (other than PD), 2) severe general-med-
ical conditions possibly entailing encephalopathic features
and 3) uncorrected hearing/vision deficits. Additionally, HCs
had an above cut-off, age- and education-adjusted score on
the Montreal Cognitive Assessment (MoCA) (Aiello et al.
2022b). This study received ethical approval, participants
provided informed consent and data were treated according
to current regulations.

Materials

All participants were administered the Italian versions of
the FAB (Kulisevsky and Pagonabarraga 2009) and MoCA
(Aiello et al. 2022b).

A subsample of patients (N ="73) further underwent motor-
functional (i.e., Unified Parkinson’s Disease Rating Scale,
UPDRS (1987),Schwab and England Scale, SES (1969),
Modified Hoehn—Yahr Scale, H-Y (Jankovic et al. 1990)
and behavioral assessments (i.e., State- and Trait-Anxiety
Inventory-Form Y, STAI-Y1/-Y2 (Spielberger et al. 1971),
Beck Depression Inventory (BDI) (Beck et al. 1961), Dimen-
sional Apathy Scale (DAS) (Santangelo et al. 2017), while
another subsample (N =36) was administered a second-level
cognitive battery targeting attention and EF (Trail-Making
Test (Giovagnoli et al. 1996), Stroop Color—Word Test (Bar-
barotto et al. 1998), Phonemic Verbal Fluency (Carlesimo
et al. 1996), Raven’s Colored Progressive Matrices (Caltagi-
rone et al. 1979),Backward Digit Span (Monaco et al. 2013),
memory (Rey Auditory Verbal Learning Test (Carlesimo
et al. 1996), Babcock Memory Test (Novelli et al. 1986), lan-
guage (Noun- and Verb-naming tasks from the Esame Neu-
ropsicologico per I’Afasia (2001), Semantic Verbal Fluency
(Spinnler and Tognoni 1987), praxis (Design Copy (Spinnler
and Tognoni 1987) and visuo-spatial abilities (Benton Judg-
ment of Line Orientation (Benton et al. 1978).

Patients undergoing the follow-up were re-administered
both the FAB and the MoCA.

Statistics
Assumption checks

Normality was checked for on raw variables by addressing
skewness and kurtosis values which were deemed as abnor-
mal if >11 and 13I, respectively (Kim 2013). Accordingly,
either linear models or non-parametric techniques were
employed to test associations/predictions of interest.
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Outcome measure for criterion validity and diagnostic
analyses

Within concurrent/predictive validity and diagnostic analy-
ses, the MoCA was addressed as the outcome in the light
of the fact that the Movement Disorders Society (MDS)
strongly recommended it for use in PD patients (Skorvanek
et al. 2018), as well as that such a screener was shown to
be “executively-loaded” (Aiello et al. 2022b)—thus effec-
tively working as an outcome for testing the diagnostics of
the FAB within both normotypical (Aiello et al. 2022¢) and
clinical populations (Solca et al. 2022).

Cross-sectional clinimetric analyses

The concurrent validity of the FAB was tested against the
MoCA via a multiple linear regression while covarying for
age, sex, education, disease duration (in months) as well as
UPDRS, SES and H-Y scores.

The construct validity of the FAB was tested against each
measure of the second-level cognitive battery via Bonfer-
roni-corrected Spearman’s partial correlations while covary-
ing for age, education and sex.

The diagnostics of the FAB were examined via receiver-
operating characteristics (ROC) analyses by addressing a
below-cut-off, age- and education-adjusted MoCA score
(Aiello et al. 2022b) as the positive state. Sensitivity (Se),
specificity (Sp), positive and negative predictive values
(PPV, NPV) and likelihood ratios (LR 4+, LR—) were com-
puted at the optimal cut-off identified via Youden’s J sta-
tistic. LR + values >2 and LR— ones <0.5 were deemed as
optimal (Larner 2021). The number needed for screening
utility (NNSU) was also computed—with a value <1.02
being deemed as indexing an optimal screening performance
(Larner 2019). Such diagnostics were tested both on raw
and on age- and education-adjusted (Appollonio et al. 2005)
FAB scores.

Cross-sectional feasibility analyses

Spearman’s partial correlation was employed to test the
association between the FAB and the SES net of age, sex,
education, disease duration and UPDRS and H-Y scores.
Similarly, Bonferroni-corrected, Spearman’s partial cor-
relations were run to explore the association between the
FAB and behavioral measures (i.e., STAI-Y1, STAI-Y2, BDI
and DAS scores)—while partialling out age, sex, education,
disease duration and UPDRS and H-Y scores —, as well as
between the FAB and motor measures (i.e., UPDRS-II, -III,
-IV and H-Y scores)—while partialling out age, sex, educa-
tion and disease duration.

Case—control discrimination was tested via a logistic
regression addressing adjusted FAB scores as the predictor

and group as the outcome, while covarying for sex—since
the two groups were unmatched for this variable (sex:
7*(1)=22.84, p<0.001).

Longitudinal clinimetric and feasibility analyses

Test—retest reliability and practice effects were tested on TO
and T1 adjusted FAB scores via an intra-class correlation
(ICC) coefficient and a dependent-sample ¢-test, respectively.

The predictive validity of TO FAB scores were tested
against T1 MoCA scores via a multiple linear regression
while covarying for sex, education, TO age, TO disease dura-
tion as well as TO UPDRS, SES and H-Y scores.

RClIs for both raw and adjusted FAB scores were derived
via a standardized regression-based (SRB) approach (Duff
2012). The regression model for deriving RCIs on raw FAB
scores encompassed as predictors TO FAB scores, educa-
tion, retest interval (in months), TO age, TO disease dura-
tion as well as TO UPDRS and H-Y score. As to the model
addressing adjusted FAB scores, the same set of predictors
was kept by nevertheless dropping education and TO age. A
z-deviate >11.645] was deemed as suggestive of clinically
meaningful changes.

Software

Analyses were run with R 4.1 (https://cran.r-project.org/)
and jamovi 2.3 (the jamovi project, 2022).

Results
Cross-sectional clinimetrics and feasibility

Table 1 summarizes the participants’ background, clinical,
and neuropsychological measures.

The FAB was moderately predictive of MoCA scores
($#=0.39; 1(65)=3.85; p<0.001), uniquely accounting for
12.6% of their variance (172=0.13). Consistently, the FAB
proved to be associated with the vast majority of second-
level cognitive measures (Table 2).

20 out of 109 patients (18.3%) performed defectively
on the MoCA. In identifying them, both raw (AUC =0.88;
SE=0.05; CI1 95% [0.78, 0.97]) and adjusted FAB scores
(AUC=0.88; SE=0.04; CI 95% [0.8, 0.96]) proved to
be highly accurate, also coming with sound diagnos-
tics (Table 3) at the optimal cut-offs of <13 (/=0.65)
and < 13.25 (J=0.65), respectively. The agreement rate
between the classifications yielded by the raw and the
adjusted cut-off was of 96% (Cohen’s k=0.90; z=9.45;
p <0.001), with discrepancies being mostly accounted for by
the fact that the raw cut-off classified as impaired a slightly
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Table 1 Participants’

background, cognitive and

behavioral measures

@ Springer

PD HCs P
N 109 96
Sex (male/female) 76/33 34/62 <.001*
Age (years) 67 £8.9 (47-90) 53.8+10.9 (24-86) <.001°
Education (years) 12.7+4.7 (3-29) 13.2+4 (5-22) 303°

Disease duration (months)
UPDRS”
Total
UPDRS-I
UPDRS-II
UPDRS-1II
UPDRS-1V
Schwab and England Scale”
Modified Hoehn—Yahr" (%)
Stage 1
Stage 1.5
Stage 2
Stage 2.5
Stage 3
MoCA (raw scores)
Below-cut-off (%)
FAB (raw scores)
Below-cut-off (%)
BDI"
STALY1"
STALY?2"
DAS"

Second-level cognitive battery®

SCWT-Word-naming
SCWT-Color-naming
SCWT-Interference
Trail-Making Test-A
Trail-Making Test -B
Trail-Making Test -B-A
Phonemic Verbal Fluency
Backward Digit Span
RCPM
ENPA-Noun-naming
ENPA-Verb-naming
Semantic Verbal Fluency
Babcock Memory Test
RAVLT-Immediate recall
RAVLT-Delayed recall
Design Copy

BILO

82.6+64.9 (6-288)

23.1+15.9 (2-71)
1.2+15(0-8)
6.8+5.4 (0-28)
13.2+9.2 (2-39)
1.942.5 (0-10)
93.6+12.6 (30-100)

15.3%

18.1%

36.1%

19.4%

11.1%

22.2+4.7 (9-30)
18.3%

14.8+2.9 (7-18)
26.6%

9.2+7.4 (0-38)
46+10.3 (20-78)
48.3+9.4 (34-74)
242+7.2 (11-41)

43.8+19.1 (12-84)
32.3+11(9-52)
12.4+7.9 (1-31)
91.2+79.2 (18-435)
203.8+164.9 (0-708)
126.9+ 113.3 (12-409)
23.6+ 11 (7-47)
2.9+1(1-6)

22.4+7.1 (10-35)
9.8+0.4 (9-10)

8.9+1 (6-10)
13.9+6.6 (4.8 - 33.8)
74+4.9 (0-16)
33.1+12.8 (13-64)
7+32(2-14)
114427 (4-1)
15.5+8.9 (0-30)

17.2+1.2 (12-18) -
0.01% -

PD=Parkinson’s disease; HCs=healthy controls; UPDRS = Unified Parkinson’s Disease Rating Scales;
ADL=activitied of daily living; MoCA=Montreal Cognitive Assessment; FAB=Frontal Assessment
Battery; BDI=Beck Depression Inventory; STAI-YI/-Y2=State- and Trait-Anxiety Inventory-Form
Y (I: state-anxiety; 2: trait-anxiety); DAS=Dimensional Apathy Scale; SCWT=Stroop Color-Word
Test; RCPM=Raven’s Colored Progressive Matrices; RAVLT=Rey Auditory Verbal Learning Test;
BJLO =Benton Judgment of Line Orientation

2y 2-statistic

bz_statistic

“Data available for N=73 patients

$Data available for N=36 patients
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Table2 Convergence of the FAB against second-level cognitive
measures

FAB
Attention and executive functioning
SCWT-Word-naming 0.57*
SCWT-Color-naming 0.67*
SCWT-Interference 0.67*
Trail-Making Test-A —0.63*
Trail-Making Test -B — 0.66%*
Trail-Making Test -B-A —0.70%*
Phonemic Verbal Fluency 0.78*
Backward Digit Span 0.32
RCPM 0.57*
Language
ENPA-Noun-naming 0.27
ENPA-Verb-naming 0.52*
Semantic Verbal Fluency 0.36
Memory
Babcock Memory Test 0.67*
RAVLT-Immediate recall 0.58%*
RAVLT-Delayed recall 0.61*
Visuo-spatial abilities and praxis
Design Copy 0.52*
BJLO 0.75%

Spearman’s partial coefficients are displayed; age, education and sex
were partialled out

FAB =Frontal Assessment Battery, SCWT = Stroop Color—Word Test;
RCPM=Raven’s Colored Progressive Matrices; RAVLT=Rey Audi-
tory Verbal Learning Test; BJLO=Benton Judgment of Line Orienta-
tion

“significant at .003

adjusted —

higher number of patients than the adjusted one (26.6% vs.
24.8%).

The FAB was positively related to SES scores
(r(72)=0.33; p=0.007). At variance, no association
was detected, at dgjygeq=0.013, with motor measures
(p>0.103). As to the association with behavioral measures,
at dygjuseq = 0-013, FAB scores proved to be inversely related
to the DAS (r(72)=-0.47; p <0.001) and, albeit to a lesser
extent, to the STAI-Y1 (r(72)=-0.31; p=0.011), but not
with remaining measures (p >0.561).

The FAB was able to discriminate PD patients from HCs
(b=-0.61; z=-5.36; p<0.001; OR=0.54, CI1 95% [0.43,
0.68]).

Longitudinal clinimetrics and feasibility

Table 4 summarizes background, clinical and cognitive
measures of the subsample of patients that underwent the
follow-up.

The FAB proved to be moderately reliable at retest
(ICC=0.7) and not subjected to practice effects
(#(32)=-1.78; p=0.084).

Baseline FAB scores were moderately predictive of
MoCA scores at follow-up (f=0.47; 1(25)=2.92; p=0.007),
uniquely accounting for 16.3% of their variance (>=0.16).

The SRB revealed that TO FAB scores were the only sig-
nificant predictor of T1 FAB scores within both the model
addressing raw scores (f=0.47; #(25)=2.92; p=0.007)
and that addressing adjusted scores (f=0.47; #(25)=2.92;
p=0.007). Table 5 reports the metrics for deriving RCIs on
both raw and adjusted FAB scores, while an automated sheet
for their computation is delivered within the Supplementary
Material 1.

Discussion

The present study provides Italian practitioners and clini-
cal researchers with further, and mostly unprecedented,
evidence on the clinimetric soundness and feasibility of
the FAB in non-demented PD patients—which adds to that
already available on the topic (Amboni et al. 2008; Marconi
et al. 2012; Varalta et al. 2015; Biundo et al. 2013, 2014;
Federico et al. 2017). More specifically, it has herewith
shown that, in non-demented PD patients, the FAB is (1)
concurrently and predictively valid against a first-level meas-
ures of cognitive efficiency, (2) convergently valid against
second-level cognitive measures, (3) diagnostically sound in
the view of detecting cognitive impairment, 4) able to dis-
criminate PD patients from HCs, (5) associated with func-
tional independence and apathy measures, (5) reliable and
not susceptible to practice effects at a 5-to-8-month inter-
val. Additionally, SRB RCIs for the FAB have been derived

Table 3 Diagnostics of raw FAB

Se Sp PPV NPV LR+ LR- NNSU

' ) Cut-off
and adjusted FAB scores in PD
patients Raw scores <13
Adjusted scores' <132

0.65 0.80 0.85 0.55 0.95 5.48 0.23 0.80
0.68 0.80 0.88 0.59 0.95 6.47 0.23 0.76

FAB=Frontal Assessment Battery; Se=sensitivity; Sp=specificity; PPV =positive predictive value;
NPV=negative predictive value; LR+ =positive likelihood ratio; LR-=negative likelihood ratio;
NNSU =number needed for screening utility

! Appollonio et al. (Appollonio et al. 2005)
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Table 4 Patients’ features at TO and T1

TO

T1

Sex (male/female)
Age (years)
Education (years)

Disease duration
(months)

UPDRS
Total
UPDRS-I
UPDRS-II
UPDRS-IIT
UPDRS-IV

Schwab and England
Scale

Modified Hoehn-Yahr

(%)

Stage 1

Stage 1.5

Stage 2

Stage 2.5

Stage 3
MoCA (raw scores)
Below-cut-off (%)
FAB (raw scores)
Below-cut-off (%)

25/8

68 +8.4 (47-81)
14.7+3.4 (8-18)
77.8 £58.6 (6-288)

21.7+11.2 (6-48)
1L.1+1.1(0-3)
6.5+3.9 (1-17)
12.4+7 (4-26)
1.842.5 (0-10)
97+5.3 (80-100)

6.1%

24.2%

45.5%

24.2%

24.9+2.4 (20-30)
0

16+ 1.8 (10-18)
9.1

68.3£8.5 (47-81)

84.4+58.6 (12-293)

29.4+12.1 (9-53)
12+1.1(0-3)
8.1+3.7 (2-16)
18.4+8 (3-36)
1.742.5 (0-11)
94.1+38 (70-100)

3.1%

12.5%

59.4%

15.6%

9.4%

24.8+2.6 (19-29)
3

16.5+1.5 (11-18)
6.1

UPDRS = Unified Parkinson’s Disease Rating Scales; MoCA=Mon-
treal Cognitive Assessment; FAB=Frontal Assessment Battery;

TO=Dbaseline; T1 =follow-up at a 5-to-8-month interval

within the present investigations—which can be adopted for
longitudinally monitoring PD patients’ EF-based cognitive
efficiency at a 5- to 8-month interval.

Relevantly, this report complements, at least to an extent,
the 2018 call by the MDS for clinimetrically sound and fea-
sible cognitive screeners in this population (Skorvanek et al.
2018): in fact, such MDS guidelines intentionally did not
focus on the FAB given its domain-specificity. By contrast,
the present study.

As to its criterion validity, the FAB proved to be both
concurrently and predictively valid against the MoCA—this

suggesting that FAB scores represent a valid estimate of
executive-based cognitive efficiency in PD patients, which
also appeared temporally stable over a 5- to 8-month times-
pan. Moreover, the FAB was found to be associated with
several second-level measures of both attention/EF and
instrumental cognitive domains (i.e., language, memory,
visuo-spatial abilities and praxis) — this further supporting
the notion of such a screener being an actual measure of
executive-based cognitive efficiency.

The present investigation aligns with prior studies dem-
onstrating the diagnostic soundness of the FAB in PD
patients (Biundo et al. 2013, 2014; Federico et al. 2017),
complementing them with additional, previously unreported
metrics—namely, likelihood ratios and the NNSU. Albeit
both the raw and adjusted cut-off herewith delivered proved
to come with optimal diagnostics, the cut-off identified
on adjusted scores happened to outperform that identified
on raw scores as far as both individual—i.e., Se, PPV and
likelihood ratios—and unitary metrics—i.e., Youden’s J
statistic and NNSU—were concerned. Hence, a FAB score
adjusted for age and education — according to Appollonio
et al.’s (Appollonio et al. 2005) normative dataset—that falls
below 13.25 is herewith suggested to be addressed in the
view of identifying cognitive impairment in non-demented
PD patients. Interestingly, such a threshold appeared to be
looser when compared to the optimal cut-offs previously
provided by Biundo et al. (Biundo et al. 2013) for identify-
ing both PD-MCI—i.e., < 15.1 — and PD-D—i.e., < 13.7 —,
despite all of them having been derived on the basis of the
same normative dataset (Appollonio et al. 2005). Hence,
such discrepancies are likely to be accounted for by the dif-
ferent operationalization of the positive state—represented,
within Biundo et al.’s (Biundo et al. 2013) study, by PD-
MCI/PD-D clinical diagnoses made on the basis of a full
cognitive battery, which, however, also included the FAB,
while, within the present one, by a defective performance on
an independent test (namely, the MoCA).

It is worth noting that, within this report, the FAB proved
to be associated with functional independence—even while
covarying for demographics and disease-related, both motor
and non-motor burden. Such a finding is supported by previ-
ous studies showing that both objective and subjective EF

Table 5 Metrics for computing

| SEE a b Predicted score (T1)  RCI RCI cut-off
RClISs for raw and adjusted FAB
scores C+ C—-
FAB (RS) 1.217  8.17 519 8.17+.519*T1 (T1-T1')/1.217 >1.645 <-1.645
FAB (AS)! 1.349  8.756 477  8.756+.477*T1 (T1-T1'/1.349 >1.645 <-1.645

RClIs=reliable change indices; FAB=Frontal Assessment Battery; SEE=standard error of the estimate of
the regression model; a =intercept; b =regression coefficient; 7/ =FAB score at T1; RCI=reliable change
index; C+ =positive change; C- =negative change

! Appollonio et al. (Appollonio et al. 2005)
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measures are associated with/predict a wide range of eco-
logical outcomes in PD—e.g., quality of life and involve-
ment in daily-life activities (Cahn et al. 1998; Puente et al.
2016; Vlagsma et al. 2017).

As to the association between the FAB and behavioral
measures, the finding of it being related to “pure” apathetic
features is fully in line with the current literature on the topic
(D’Iorio et al. 2018). By contrast, the present investigation
does not support the notion of depression and state-anxiety
being linked to dysexecutive features in this population (Pet-
kus et al. 2020), rather aligning with the view of apathy
being, among all behavioral dysfunctions, the one mostly
linked to worse cognitive outcomes (Varanese et al. 2011).
As to the mild, inverse association that was detected between
the FAB and the STAI-Y1, it is not unreasonable to hypoth-
esize that it might have reflected a performance-related, situ-
ational anxiety state rather than an actual contribution of
anxiety to EF.

Finally, the present study also specifically addressed the
longitudinal feasibility of the FAB in non-demented PD
patients—showing that it is free of practice effects and reli-
able at a retest interval of & 6 months. Additionally, SRB
RClIs have been herewith provided for this screener in the
view of improving its adoption for repeated assessments over
time in this population. With this last regard, users have
to be nonetheless aware of the fact that such RCIs can be
adopted only provided that the retest interval is comprised
between 5 and 8 months.

This study is of course not free of limitations. First, a
number of cross-sectional clinimetrics for the FAB in PD
still need to be tested—namely, factorial and ecological
validity, internal consistency as well as test—retest and inter-
rater reliability. Similarly, further investigations should focus
on testing its sensitivity to change over time by addressing
longer retest intervals—e.g., 12 or 24 months. Second, the
present investigation solely addressed PD patients without
dementia—this partially limiting the generalizability of the
findings herewith reported to the full cognitive spectrum of
PD. Third, it has to be noted that, albeit age and sex were
covaried within the case—control discrimination analysis, PD
patients and HCs substantially differed as to such demo-
graphics: hence, future studies aimed at replicating such
findings by nonetheless matching PD patients to HCs as to
age and sex are advisable. Fourth, the present report, due to
its retrospective nature, did not specifically stratify patients
according to MDS criteria for mild cognitive impairment in
PD (Litvan et al. 2012)—which is, however, an element that
deserves attention by future studies on the topic. Finally, it is
worth mentioning that the FAB, albeit able to detect overall
cognitive inefficiency of a dysexecutive type, does not tap on
memory functions—whose prognostic value towards demen-
tia conversion has been demonstrated in PD (Gasca-Salas
et al. 2020). Although EF deficits too have been recently

identified as useful markers to predict dementia conver-
sion in PD (Wallace et al. 2022), the assessment of memory
should be nonetheless taken into account by practitioners.

In conclusion, the present study confirms that the FAB is
a clinimetrically sound and feasible screener for detecting
dysexecutive-based cognitive impairment in non-demented
PD patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00702-023-02624-7.
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