Aiello et al. BMC Neurology ~ (2024) 24:427 BMC Neu ro|ogy
https://doi.org/10.1186/512883-024-03920-9

Check for
updates

Reliable change indices for the Italian version
of the Montreal Cognitive Assessment (MoCA)
in non-demented Parkinson’s disease patients

Fdoardo Nicolo Aiello', Federica Solca', Silvia Torre', Beatrice Curti', Giulia De Luca', Ruggero Bonetti?,

Francesco Scheveger?, Eleonora Colombo!, Alessio Maranzano', Marco Olivero?, Claudia Morelli', Alberto Doretti',
Luca Maderna', Federico Verde'?, Roberta Ferrucci*®, Sergio Barbieri®, Fabiana Ruggiero®, Denise Mellace®,
Angelica Marfoli*, Angelica De Sandi®, Alberto Priori®/, Gabriella Pravettoni*8, Vincenzo Silani', Nicola Ticozzi'?,
Andrea Ciammola'" and Barbara Poletti'*""

Abstract

Background .The present study aimed at deriving regression-based reliable change indices (RCls) for the Montreal
Cognitive Assessment (MoCA) in an Italian cohort of non-demented Parkinson’s disease (PD) patients.

Methods N=33 consecutive, non-demented PD patients were followed-up at a 5-to-8-month interval (M=6.6;
SD=0.6) with the MoCA. Practice effects and test-retest reliability were assessed via dependent-sample t-tests and
intra-class correlation (ICC) coefficients, respectively. RCls were derived separately for raw and demographically
adjusted MoCA scores according to a standardized regression-based approach by accounting for both baseline
confounders (i.e,, demographics, disease duration and Unified Parkinson’s Disease Rating Scale scores) and retest
interval.

Results No practice effects were found (t(32)=0.29; p=.778), with acceptable test-retest reliability being detected
(ICC=0.67). MoCA scores at TO proved to be the only significant predictor of T1 MoCA performances within both the
model addressing raw scores and that addressing adjusted scores (ps <0.001).

Conclusions The present study provides Italian practitioners and researchers with regression-based RCls for the
MoCA in non-demented PD patients, which can be reliably adopted for retest interval > 5 and <8 months without
encountering any practice effect.
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Introduction

Up to 40% of patients with Parkinson’s disease (PD)
present with cognitive deficits involving executive and
attentive processes, visuo-spatial abilities, language and
memory [1]. Given the detrimental impact of such dys-
functions towards patients’ functional outcomes [2], their
early detection and longitudinal monitoring via clini-
metrically sound cognitive screeners is clinically pivotal
[3]. In this respect, the Movement Disorders Society
(MDS) has recommended the use of the Montreal Cogni-
tive Assessment (MoCA) [3] for cognitive screening aims
in clinical and research practice addressing PD patients
[4]. Indeed, the MoCA has shown optimal clinimetric
properties and feasibility for detecting cognitive impair-
ment in this population [4]. However, the vast majority
of these reports are cross-sectional [4], with the number
of studies focusing on the longitudinal feasibility of the
MoCA in this population being unfortunately scarce [5;
6]. Investigations on the performance of the MoCA in
tracking PD patients’ cognitive trends over time would
indeed be of major practical relevance — since changes in
cognition do occur longitudinally in this population [7],
and the onset of cognitive impairment does not neces-
sarily corresponds to the onset of PD (i.e., it might also
become manifest later over the course of the disease) [8].

The abovementioned scarceness of longitudinal studies
on the MoCA in PD particularly applies to the Italian sce-
nario [9]. Indeed, in Italy, the clinimetric properties of the
MoCA in PD patients have been solely explored cross-
sectionally up to now [10-13]. Country-specific studies
on cognitive screening tests are fundamental [9], given
that language and cultural differences between Countries
are known to possibly influence the psychometric and
diagnostic performance, as well as the clinical usability, of
the tests themselves [14]. Accordingly, a previous system-
atic review has highlighted the need for Country-specific
clinimetric studies also with regard to the MoCA [15],
and the call for Country-specific investigations of such a
kind appears to be largely answered to — as testified by a
recent work showing that more than 80 different versions
of the MoCA exist worldwide [16].

When examining the longitudinal feasibility of cogni-
tive screeners, the derivation of thresholds for defining
clinically meaningful changes in cognition net of test-,
context- or examinee-related confounders — i.e., of reli-
able change indices (RCIs) — is pivotal [17]. To this aim,
the standardized regression-based (SRB) approach is cur-
rently regarded as the gold-standard statistical method
[17]. This approaches indeed aims to test whether an
over-time discrepancy in test scores is actually under-
pinned by a systematic variation in cognition that is not
confounded by test-retest reliability, practice effects,
ceiling/floor effects, retest interval, regression-to-the-
mean phenomena or patients’ baseline features [17]. In
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this view, SRB RCIs allow to confidently identify actual
changes in cognitive status over time at a single patient-
level by taking into account relevant intervening variables
[17].

Given the above premises, the present study aimed at
deriving regression-based RClIs for the MoCA in an Ital-
ian cohort of non-demented PD patients.

Methods

Participants

Data on N=33 PD patients consecutively referred to
IRCCS Istituto Auxologico Italiano, Milano, Italy and
having been followed-up at a 5-to-8-month interval
(M=6.6; SD=0.6) with the MoCA [3; 18] were retro-
spectively retrieved. Patients were free of (1) further
neurological/psychiatric diagnoses, (2) severe/unstable
general-medical conditions and (3) uncorrected hear-
ing/vision deficits. This study was approved by the Ethics
Committee of IRCCS Istituto Auxologico Italiano (I.D.:
23C923_2019) and participants provided their informed
consent.

Materials

Patients were administered the Italian version of the
MoCA (v. 7.1) [18]. The MoCA is a 30-point, perfor-
mance-based cognitive screener including items assess-
ing both instrumental domains (i.e., language, memory,
visuo-spatial abilities and orientation to time and space)
and non-instrumental functions (i.e., attention and exec-
utive functioning). Additionally, functional outcomes
were assessed via the Unified Parkinson’s Disease Rating
Scale (UPDRS) [19], whilst disease stage via the Modified
Hoehn-Yahr’s (H-Y) system [20].

Statistics

For the purposes of this report, total MoCA scores
were addressed. Raw MoCA scores were free of ceiling/
floor effects at both time-points (i.e., skewness values
<|1]) [21]. Thus, the occurrence of practice effects was
assessed, by addressing raw scores, via dependent-sam-
ple t-tests [22] and test-retest reliability via intra-class
correlation (ICC) coefficients [23]. ICC values were inter-
preted as follows: <0.5 — unacceptable test-retest reli-
ability; 20.5 and 0.75< — acceptable test-retest reliability;
20.75 and 0.9< — optimal test-retest reliability; >0.9 —
excellent test-retes reliability [24].

RCIs were derived separately for raw and adjusted
[18] MoCA scores according to an SRB approach [17].
Adjusted scores on the MoCA were computed accord-
ing to current regression-based norms, where both age
and education proved to be significant predictors of the
performance on this test [18]. Accordingly, raw MoCA
scores at follow-up (T1) were first regressed by stepwise-
entering as predictors raw MoCA scores at baseline (T0),
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Table 1 Patients'features at TOand T1

TO T1
Sex (male/female) 25/8 -
Age (years) 68+84 (47-81) 68.3+85 (47-81)
Education (years) 14.7+34(8-18) -
Disease duration (months) 77.8+586. 84.4+586.
(6-288) (12-293)
UPDRS 21.7411.2.(6-48) 294+12.1.(9-53)
Modified Hoehn-Yahr's stag-
ing (%)
Stage 1 6.1% 3.1%
Stage 1.5 24.2% 12.5%
Stage 2 45.5% 59.4%
Stage 2.5 24.2% 15.6%
Stage 3 - 9.4%
MoCA (raw scores) 249+24.(20-30) 24.8+2.6.(19-29)
Below-cut-off (%) 0 3

Notes. UPDRS=Unified Parkinson’s Disease Rating Scales; MoCA=Montreal
Cognitive Assessment; TO=baseline; T1=follow-up

age at TO, education, retest interval (in months), disease
duration (in months) at TO and UPDRS and H-Y scores
at TO. The same model was run when addressing adjusted
MoCA scores — by nonetheless dropping age and edu-
cation from the range of predictors. Subsequently, pre-
dicted MoCA scores at T1 were estimated based on
the regression equations yielding from the best models.
Finally, RCIs were computed by weighting the difference
between predicted and observed MoCA scores at T1 on
the standard error of the estimate of the model. Resulting
z-deviates were deemed as suggestive of clinically mean-
ingful changes if >|1.645|.

Analyses were run via IBM® SPSS°® Statistics 27 (IBM
Corp., 2021) and jamovi 2.3 (the jamovi project, 2022).

Results

Table 1 summarizes patients’ features at both time-
points. No practice effects yielded (£(32)=0.29; p=.778;
Cohen’s 4=0.05), with acceptable test-retest reliability
being detected (ICC=0.67; p=.001; CI 95% [0.34, 0.84]).
MoCA scores at TO proved to be the only significant
predictor of T1 MoCA scores within both the model
addressing raw scores and the one addressing adjusted
scores (ps<0.001) (Table 2). An automated sheet for cal-
culating RCIs for both raw and adjusted MoCA scores is
provided within the Supplementary Material 1.

Table 2 Data for computing RCls for raw and adjusted MoCA scores
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Discussion

The present study provides practitioners and research-
ers with regression-based RCIs for the Italian MoCA in
non-demented PD patients, thus adding up to previous,
Country-specific evidence supporting its feasibility in
this population [11-13]. Furthermore, findings here-
with reported demonstrate that, in non-demented PD
patients, the Italian MoCA is not subjected to practice
effects, reliable and independent of baseline confound-
ers (i.e.,, demographics and disease-related features) at a
retest interval of 5-to-8 months.

The fact that no significant improvements in MoCA
scores were herewith found suggests that this screener,
even if administered at a relatively short distance, yields
a score that is not biased by possible learning effects. As
to the result of test-retest reliability being acceptable, but
not optimal, it might be hypothesized that some changes
in cognition occurred — albeit subtly. Interestingly, these
findings align with a previous Italian report by Biundo et
al. [10], where the MoCA yielded overall stable scores in
a cohort of non-demented PD patients followed-up at a
12-month distance.

In this respect, Biundo et al. [10] also showed that the
MoCA performed better than the Mini-Mental State
Examination [25] in detecting cognitive decline in this
population. Taken together, and even in spite of the
fact that the current study is not directly comparable
to Biundo et al’s [10] one due to the difference in retest
intervals, these findings point towards the suitability of
the Italian MoCA to the aim of longitudinally monitor
cognition over time in PD patients.

At the same time, it has to be noted that other, non-
Italian reports addressing longer retest intervals did not
support the capability of the MoCA to effectively track
cognitive changes over time in this population [6; 26].
Whilst the differences in both the retest interval and
the Countries where these study took place do not allow
for a proper comparison, the heterogeneity of available
evidence on the topic highlights the need for further
investigations.

The above being said, this study still delivers valu-
able and practical information for Italian clinicians and
applied researchers — as providing them with straight-
forward algorithms to determine whether Italian,

SEE a b Predicted score (T1') RCI RCI cut-off
C+ C-
MoCA (RS) 2249 10.878 0.558 10.878+0.558*T0 (T1-T1")/2.249 >1.645 <-1.645
MocCA (AS)' 2177 12452 0478 12452 +0.478*T0 (T1-T1"/2.177 >1.645 <-1.645

Notes. MoCA=Montreal Cognitive Assessment; RCls=reliable change indices; SEE=standard error of the estimate of the regression model; RS=raw score;
AS=adjusted score; a=intercept; b=regression coefficient; TO=actual MoCA score at T0; T1 =actual MoCA score at T1; T1'=predicted MoCA score at T1;RCl=reliable

change index; C+=positive change; C-=negative change. 'Aiello et al. [7]
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non-demented PD patients present with clinically mean-
ingful changes on the MoCA or not at a 5-to-8 retest
interval.

Finally, it should be borne in mind that this study is
not devoid of limitation. First and foremost, the retest
interval herewith addressed is much shorter than the
ones typically encountered within the concerning litera-
ture (i.e., ~12 months) [8]. This of course does not allow
for the application of the current RCIs to longer retest
intervals and raises the need of further studies embrac-
ing different time spans. Second, the current sample is
relatively restricted in size only include patients without
dementia. Hence, further investigations are needed that
address larger cohorts of PD patients stratified accord-
ing to their cognitive phenotypes (i.e., normal cognition
vs. mild cognitive impairment vs. dementia). Third, this
study did not explore the longitudinal feasibility of each
MoCA subscales/items: it is advisable that future reports
aim at testing whether individual MoCA subscales/items
are featured by different measurement properties over
time in this population.

Future studies are then advisable that test the feasibility
of currently available alternate forms of the Italian MoCA
[27] for the longitudinal assessment of cognition in this
population.

Conclusions

The present study provides Italian practitioners and
researchers with SRB RCIs for the MoCA in non-
demented PD patients, which can be reliably adopted for
retest interval>5 and <8 months without encountering
any practice effect.

Abbreviations

H-Y Modified Hoehn-Yahr's staging system
ICC Intra-class correlation

MDS Movement Disorders Society

MoCA Montreal Cognitive Assessment

PD Parkinson’s disease

RCI Reliable change index

SRB Standardized regression-based

UPDRS  Unified Parkinson's Disease Rating Scale
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