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Abstract

Background Prospective memory (PM) is defined as memory for future intentions and it is typically divided into time-based
and event-based PM. Deficit of PM has been reported in patients with Parkinson’s disease (PD) but no study has yet explored
the association between motor subtypes (tremor dominant and rigidity/bradykinesia dominant) and performance on PM tasks.
The aim of the study was to explore the role of motor subtypes in the defect of PM.

Methods Consecutive outpatients with tremor dominant (TD-PD) or rigidity/bradykinesia dominant (PIGD-PD) PD and
healthy subjects (HCs) were enrolled and underwent a neuropsychological battery assessing PM, verbal memory and execu-
tive functions and questionnaires assessing apathy, functional autonomy, and perceived memory disturbances.

Results We enrolled 28 patients with TD-PD, 28 patients with PIGD-PD and 50 HCs. The three groups did not differ on
demographic and cognitive variables. Patients with TD-PD performed worse on time-based PM tasks than patients with
PIGD-PD and HCs; no significant difference was found among the three groups on event-based PM tasks. Executive dysfunc-
tions contributed to reduced time-based PM scores in TD-PD. Moreover, severe deficit of time-based and more frequency
of perceived failures of PM contributed to reduced functional autonomy in TD-PD.

Conclusion The finding of a poorer performance of patients with TD-PD than ones with PIGD-PD and HCs suggests a
selective deficit of time-based PM abilities in TD-PD group; therefore, deficit of time-based PM might be considered as a
distinctive non-motor symptom of TD-PD and it might affect the functional autonomy in this subtype of PD.

Keywords Parkinson’s disease - Prospective memory - Cognitive dysfunctions - Postural instability/gait difficulty subtype -
Tremor dominant subtype

Introduction
Electronic supplementary material The online version of this Prospective memory (PM) is defined as memory for future
article (http%//dmorg/lO1007/€OO415—019—09448—0) contains intentions to be acted at an appropriate time (time_based

supplementary material, which is available to authorized users. PM) or at the occurrence of a certain event in the future

5 Gabriella Santangelo (event-based PM) [1-3]. While time-based PM involves

gabriella.santangelo @unicampania. it remembering to perform an intention at a specified time,
event-based PM involves remembering to perform an inten-
tion at the occurrence of a certain external event.

PM functioning has been poorly investigated in Parkin-
son’s disease (PD). A meta-analytic review on 12 studies
[2] revealed an impairment of PM abilities in PD patients
when compared to healthy subjects (HCs) and no discrep-
ancy in performance between tasks assessing time-based
or event-based PM. However, Ramanan and Kumar [2]
suggested caution in interpreting these findings as time-
based PM is more cognitively demanding than event-based
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PM and this might imply a disproportionate impairment
between the two aspects of PM in PD due to dysfunction-
ing of prefronto-basal ganglia circuitries. The absence of a
significant difference between performance on event-based
and time-based PM tasks in PD patients might be due to
the fact that in the meta-analysis 4/9 primary studies [4—7]
exclusively evaluated event-based PM, whereas only 5 stud-
ies explored both time-based and event-based PM [8-12].
Therefore, the absence of a significant difference between
time-based and event-based PM might depend on the fact
that time-based PM seems to be “under-represented” in the
meta-analysis. Moreover, another possible factor contribut-
ing to the absence of a significant difference might be related
to inclusion in all the previous studies of patients with PD,
independently from their motor phenotype, i.e., without
distinguishing tremor dominant (TD-PD) from rigidity/
bradykinesia dominant (postural instability/gait difficulty,
PIGD-PD) subtypes. [13]. Taking into account that, besides
prefrontal cortex, cerebellum is engaged in PM abilities [14]
and that it is damaged in patients with TD-PD subtype rather
than in ones with PIGD-PD subtype [15, 16], it might be
possible to hypothesize that more severe impairment of PM
abilities occurred in TD-PD subtype. However, until now
the role of the motor subtype of PD on PM abilities has not
yet been investigated.

Considering the abovementioned background, in the pre-
sent study we evaluated whether deficits in PM abilities are
present to the same extent in TD-PD and PIGD-PD subtypes,
even when other clinical and neuropsychiatric factors (i.e.,
apathy) are taken into account, and whether the putative PM
defects could be associated with specific neuropsychological
features and also with reduced functional autonomy in the
two motor subtypes, as the only study investigating func-
tional autonomy in PD [12] did not evaluate the two motor
subtypes of PD independently.

Methods
Participants

In the present study, consecutive PD outpatients referred to
IDC-Hermitage Capodimonte, Naples, Italy, were screened
and enrolled in the study if they met the following inclu-
sion criteria: (1) a diagnosis of idiopathic PD according
to the clinical diagnostic criteria (for the reference, see
online resource 1); (2) absence of dementia by means of
the Italian version of the Montreal Cognitive Assessment
(MoCA > 15.5, [17]); (3) absence of major depression
according to DSM-5 diagnostic criteria and score < 16
to the Beck Depression Inventory-II (BDI-II); (4) lack of
significant cerebrovascular lesion on MRI or CT or severe
concomitant disease (i.e., hydrocephalus) which might
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explain the presence of cognitive or psychiatric disturbances.
Patients with diffuse confluent white matter hyperintensity
were excluded.

Out of screened outpatients, we selected PD patients
according to the motor subtype of PD (i.e., TD-PD and
PIGD-PD subtypes) to create two groups matched for demo-
graphic variables.

To identify the motor subtype of PD, we employed Jank-
ovic et al. [13] criteria based on the Unified Parkinson’s
disease Rating Scale (UPDRS). To include PD patients into
TD-PD group or PIGD-PD group, we computed a mean
score of 9 tremor items (right and left arm tremor by history,
lips or chin tremor, tremor in limbs, and both arms action or
postural tremor on examination) and a mean score of 5 PIGD
items (i.e., falling, freezing, and walking difficulty by his-
tory, gait and postural instability on examination). Patients
were assigned to the tremor group (TD-PD) if the ratio of
the mean tremor score divided by the mean PIGD score was
greater than or equal to 1.5 while if this ratio was equal
to or less than 1.0 PD patients were included in PIGD-PD
group [18].

Demographic features (i.e., gender, age, years of school-
ing) and clinical aspects (i.e., disease duration, Levodopa
Equivalent Daily Dose (LEDD), severity of motor symptoms
assessed by both part III of UPDRS and Hoehn and Yahr
staging) were recorded.

In addition, we enrolled HCs matched with PD patients
for demographic features. HCs were recruited among
patients’ friends and employees at the university centers.
HCs had to meet the following selection criteria: lack of any
neurodegenerative or cerebrovascular disorders according
to clinical criteria; lack of previous or current psychiatric
diseases (e.g., major depression, or psychosis according to
DSM-V criteria); absence of dementia or cognitive global
dysfunctioning evaluated by of the Italian version of the
MoCA (MoCA > 15.5, [17]).

All participants gave their written informed consent to
participate to the study, which was approved by the local
ethics committee and was performed in accordance with the
ethical standards laid down in the 1964 Declaration of Hel-
sinki and its later amendments.

Neuropsychological and behavioral evaluation

PD patients and HCs underwent the Italian version of the
Memory for Intentions Screening Test (MIST, website:
https://www.parinc.com/Products/Pkey/233), a neuropsy-
chological test which assesses prospective memory (PM).
The MIST is composed of 8 trials consisting of a number of
goals, which the subject must keep in mind. Test procedures
provide specific instructions to form a conscious intention
that must be executed after a delay from the encoding phase.
This delay must be filled with a secondary ongoing task
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(a word search puzzle). Furthermore, the MIST allows to
evaluate several variables as the type of cue (time-based and
event-based tasks). There are four time-based trials and four
event-based trials. An example of a time-based item from the
MIST is “In exactly 15 min please tell me it is time to take a
break” while an example of an event-based task is “When I
hand you a red pen, please sign your name on your paper’.
At the end of the testing session, participants undergo a
multiple-choice recognition test to evaluate the retrospec-
tive component of memory. Finally, the MIST contains a
24-h delayed item to try to approximate the time-span of
memory for intentions in daily life. In detail, it provides that
participants are instructed to call their examiner and report
the length of time they slept the previous night and the qual-
ity of their sleep. The MIST is designed to be approximately
30 min in length. Maximum score ranged from O to 48 with
lower scores indicating more severe prospective memory
dysfunctioning.

All participants also underwent a neuropsychological bat-
tery to assess verbal memory, by immediate and delayed
recall of a short story of Anna Pesenti, and executive func-
tions, by the Trail Making Test (TMT) and the Modified
Card Sorting Test (MCST).

Moreover, we also investigated the frequency of prospec-
tive memory and retrospective memory failures in all partici-
pants by the Italian version of Prospective and Retrospective
Memory Questionnaire (PRMQ) and the subjective memory
complaints, which can be distinct from objective memory
performance, by the Italian version of the multifactorial
memory questionnaire (MMQ).

Finally, all the participants completed the Dimensional
Apathy Scale (DAS), a self-rated questionnaire assessing
apathetic symptoms whereas PD patients completed also the
Parkinson’s Disease Cognitive Functional Rating Scale (PD-
CFRS) to evaluate the functional impact of cognitive impair-
ment in PD (for all tests references, see online resource 1).

Statistical analysis

Demographic, behavioral, cognitive and PM (i.e., subtests of
MIST) variables were compared between TD-PD, PIGD-PD
groups and HCs by Kruskal-Wallis test. Then, the two-tailed
Mann—Whitney U test and Quade’s rank analysis of covari-
ance (a nonparametric equivalent of analysis of covariance),
as appropriate, were used to assess the paired difference
between groups.

To investigate a possible difference between scores on
time-based PM tasks and scores on event-based PM tasks
due to a different complexity between the two types of the
tests, we compared z scores on event-based and time-based
sub-scores of MIST within PD groups by a Wilcoxon signed-
rank test. The standardized z scores were calculated with
reference to control group’s means and SD. The z scores

indicate the relative degree of impairment from normal per-
formance in SD units.

To investigate the possible influence of clinical (i.e.,
UPDRS, H&Y, LEDD, disease duration), behavioral (DAS)
and cognitive variables (i.e., part B-A of TMT, categories
sub-score of MCST, a short story) on the raw scores on PM
abilities (i.e., time-based and event-based PM sub-scores)
within PIGD-PD and TD-PD groups, we performed Pear-
son’ correlational analysis. Then, linear regression analysis
(by stepwise method) was performed entering the variables
attaining a significant correlation with PM sub-scores at a
level of p <0.05 in the Pearson’s test as independent vari-
ables and time-based and event-based PM sub-scores as
dependent variables.

Moreover, to investigate the possible influence of
impaired PM abilities on functional autonomy within
PIGD-PD and TD-PD groups, Pearson correlational analy-
sis between score on UPDRS, DAS, MMQ, prospective and
retrospective sub-scales of PRMQ, time-based and event-
based subtests of the MIST and PD-CFRS score was per-
formed. Moreover, we carried out linear regression analysis
(by stepwise method), entering variables attaining a signifi-
cant correlation with PD-CFRS at a level of p <0.05 in the
Pearson’s test as independent variables and PD-CFRS score
as dependent variable.

The critical alpha level for all analyses was set < 0.05.
Moreover, Bonferroni post hoc test was performed to control
for the type I error. All analyses were performed with IBM
SPSS-20.

Results

In the present study, we enrolled 56 PD patients and 50
healthy subjects. According to Jankovic et al. [13], 28
patients belonged to TD-PD subtype and 28 patients
belonged to PIGD-PD. The three groups did not differ on
demographic, cognitive variables and on BDI-II. Accord-
ing to the diagnostic criteria for Mild Cognitive Impairment
(MCI) in PD by Litvan et al. [19], none of the patients had
a level I diagnosis of PD-MCI. No differences were found
on the frequency of prospective memory and retrospective
memory failures on PRMQ in daily life (Table 1). A signifi-
cant difference between the three groups was found on DAS
total score: patients with TD-PD and PIGD-PD reported
higher score than HCs on DAS (Table 1).

PM abilities
The three groups showed significant differences on the time-
based task and on 24-h item of MIST, whereas no significant

difference was found on event-based task and on recognition
item (Table 2). Post hoc comparisons (Mann—Whitney U
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Table 1 Comparison between TD-PD, PIGD-PD and HCs groups on demographic, clinical, cognitive and behavioral variables

TD-PD (n=28) PIGD-PD (n=28) HCs (n=50) »? P TD-PD TD-PD PIGD-PD
versus versus versus
PIGD-PD HCs HCs
Mean + SD Mean+SD )4 P P
Age (ys) 66.6+7.0 64.5+8.1 66.9+5.5 1.263 0532 0.329 0.992 0.311
Education (ys) 10.5+4.4 11.8+5.1 94+4.4 4457 0.108  0.289 0.284 0.042
Disease duration (ys) 10.9+3.6 99+44 - 1.043 0.307 0.307 - -
UPDRS-III 12.1+2.9 12.6 +7.4 - 0.156 0.693  0.693 - -
Hoehn and Yahr 2.1+0.3 2.0+0.5 - 1.448 0229  0.229 - -
LEDD 705.3+£311.2 724.3£387.0 - 0.022 0.882  0.882 - -
MoCA 222+4.0 21.7+3.0 21.8+3.3 0.360 0.835 0.489 0.742 0.826
MCST—categories 39+1.8 43+1.7 40+19 0.615 0.735 0434 0.774 0.580
MCST—perseverative errors 5.6+4.0 5.2+4.8 5.0+44 0.754 0.686  0.459 0.433 0.917
TMT A 65.7+35.3 46.6+19.5 70.9+£43.6 6.496 0.039  0.029 0.896 0.020
TMT B 216.4+126.3 162.6 +92.0 185.5+96.7 2.894 0235 0.127 0.330 0.248
TMT B-A 150.7+97.8 115.9+75.2 116.2+67.0 2.142 0343 0.248 0.164 0.905
Recall of a short story 9.7+5.5 10.3+4.0 10.8+3.8 1.903 0386  0.496 0.188 0.467
MMQ—ability 56.2+12.2 52.7+13.6 55.5+13.5 1.278 0528  0.354 0.950 0.292
MMQ—contentment 42.2+14.0 422+11.3 47.1£11.4 3.449 0.178  0.600 0.929 0.413
MMQ—strategy 20.8+13.1 18.0+9.8 21.1+£14.0 0.643 0.725  0.870 0.179 0.091
PRMQ—prospective 31.0+5.6 30.5+6.5 31.6+4.4 0.489 0.783  0.980 0.514 0.624
PRMQ—retrospective 32.5+4.9 32.6+4.9 344+54 1.725 0422  0.844 0.272 0.291
DAS total score 25.4+8.0* 25.3+8.2% 19.6+7.9 12.991 0.002* 0.993 0.003 0.003
BDI-II 74+54 83+5.8 64+49 2314 0314 0576 0.442 0.127
PD-CFRS 3.5+39 38+29 - 0.737 0391  0.391 - -

TD tremor dominant, PIGD rigidity/bradykinesia dominant, PD Parkinson’s disease, HCs healthy controls, SD standard deviation, ys years,
UPDRS Unified Parkinson’s Disease Rating Scale, LEDD levodopa equivalent daily dose, MoCA Montreal Cognitive Assessment, MCST modi-
fied card sorting test, TMT trail making test, MMQ Multifactorial Memory Questionnaire, PRMQ Prospective and Retrospective Memory Ques-
tionnaire, DAS Dimensional Apathy Scale, BDI-II Beck Depression Inventory-II, PD-CFRS Parkinson’s Disease Cognitive Functional Rating
Scale

Significant differences are given in bold

*Significant difference after Bonferroni correction (0.05/21=0.0023)

#Significant difference between TD-PD and HCs (U=417.000; p=0.003) and between PIGD-PD and HCs (U=414.000; p=0.003)

Table 2 Comparison between MIST subtests ~ TD-PD (n=28)  PIGD-PD (1=28)  HCs (n=50) P

TD-PD, PIGD-PD and HCs

groups on MIST Mean + SD Mean +SD Mean + SD
Time based 2.1+1.9% 3.6+1.5 3.6+1.8 11091 0.004
Event based 64+1.9 53+2.0 6.0+1.5 5337 0.069
Recognition 6.6+1.5 6.4+1.2 6.7+1.2 1.140 0.566
24-h item 04+0.8 0.1+£0.44 0.7+0.9 7512 0.023

TD tremor dominant, PIGD rigidity/bradykinesia dominant, PD Parkinson’s disease, HCs healthy controls,
SD standard deviation, ys years, MIST memory for intentions screening test

Significant differences are given in bold

*Significant difference between TD-PD and PIGD-PD (U=224.500; p=0.005) and between TD-PD and
HCs (U=409.500; p=0.002)

ASignificant difference between PIGD-PD and HCs (U=494.500; p=0.007)

test) showed that TD-PD group scored significantly worse =~ MIST; moreover, PIGD-PD group had lower scores than
than both PIGD-PD and HCs groups on time-based task of =~ HCs group on 24-h item (Table 2). No significant difference
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among the three groups was found on the remaining tasks of
the MIST. Since TD-PD, PIGD-PD and HCs groups differed
on DAS score, we controlled for the possible effect of differ-
ence on apathetic symptoms among the three groups using
Quade’s rank analysis of covariance. This analysis con-
firmed significant differences on time-based task (F=4.930;
p=0.009).

The Wilcoxon signed-rank test revealed no significant
difference between z scores on time-based and event-based
sub-scores (time-based z score: 0+0.72 versus event-based
score: — 0.54+1.34, Z=— 1.748, p=0.081) within PIGD-
PD group, whereas z score of time-based PM task was sig-
nificantly lower than that of event-based PM task within
TD-PD group (time-based z score: — 0.82+1.02 versus
event-based score: 0.18 +1.12, Z=— 3.050, p =0.002).

Relationship between PM and neuropsychological
scores within PIGD-PD and TD-PD subtypes

Correlational analysis revealed that, within TD-PD group,
time-based sub-score of MIST was associated with cat-
egories sub-score of MCST (r=0.458, p=0.014) and with
TMT:B-A (r=- 0.392, p=0.039), whereas performance
on event-based PM task was related to disease duration
(r=-0.451, p=0.016) and to categories sub-score of
MCST (r=0.392, p=0.039). Moreover, linear regression
analysis showed that in TD-PD lower score on categories of
MCST was related to reduced performance on time-based
PM tasks (#=0.458, 1=2.624, p=0.014), whereas longer
disease duration was related to poorer performance on event-
based PM tasks (f=— 0.451, t=—2.577, p=0.016).

Within PIGD-PD, correlational analysis showed that the
score on time-based PM task was associated with categories
sub-score of MCST (r=0.497, p=0.007), with TMT:B-A
(r=-0.521, p=0.004) and with DAS score (r=— 0.445,
p=0.018), whereas no clinical, cognitive and neuropsy-
chiatric variables were associated with event-based PM
tasks. Furthermore, linear regression analysis revealed that
lower performance on TMT:B-A (f = — 0.462, r=—2.961,
p=0.007) and higher score on DAS (f=- 0.372,
t=— 2.383, p=0.025) were related to poorer performance
on time-based PM tasks in TD-PD.

Relationship between PM and functional autonomy
within PIGD-PD and TD-PD subtypes

Correlational analysis revealed that, within TD-PD, PD-
CFRS score was associated with prospective memory sub-
scale of PRMQ (r=- 0.468, p=0.014) and time-based PM
score (r=— 0.415, p=0.031). Moreover, linear regression
analysis showed that within TD-PD group higher score on
PD-CFRS was significantly related to lower performance on
time-based sub-tasks (f=— 0.353; t=— 2.109; p=0.046)

and lower score on prospective memory sub-scale of PRMQ
(f=—0.416; t=— 2.482; p=0.020). Clinical and behavioral
variables did not influence functional autonomy in TD-PD.

Within PIGD-PD group, correlational analysis showed
that PD-CFRS score was associated with DAS score
(r=0.684, p<0.001). Furthermore, regression analysis
revealed that higher score on PD-CFRS was significantly
related to higher DAS score (f=0.684; t=4.775; p<0.001).
Clinical and cognitive variables did not influence functional
autonomy in PIGD-PD.

Discussion

The present study investigated PM abilities in the two motor
subtypes of PD (i.e., TD-PD and PIGD-PD) compared with
HCs. We observed a selective deficit of time-based rather
than event-based PM ability in TD-PD when compared
to PIGD-PD and HCs groups. Moreover, deficits of time-
based PM abilities and subjectively perceived failures of PM
resulted to be significantly associated with reduced func-
tional autonomy in TD-PD but not in PIGD-PD.

The selective deficit of time-based PM abilities in TD-PD
is confirmed by the significantly lower z score on time-based
PM task than on event-based PM task within this group.
Several putative cognitive mechanisms might explain the
poorer performance on time-based PM task in TD-PD [9,
10, 20-22]. We observed that executive dysfunctions (i.e.,
impaired cognitive flexibility) and behavioral disturbances
related to a frontal damage (i.e., apathy [23]) were signifi-
cantly associated with a reduced performance on time-based
PM tasks in patients with both TD-PD and PIGD-PD sub-
types. The present data would thus suggest that performance
on time-based PM is related to difficulty in managing two
concurrent cognitive demands (i.e., the ongoing task and
the time monitoring) [10], and to deficits in executive con-
trol, likely to be ascribed to dysfunctioning of prefronto-
subcortical circuitries. However, the selective impairment
of time-based PM in the TD-PD subgroup would suggest
the existence of a further impaired mechanism in this sub-
group. Likely, more refined neuropsychological studies
might identify the exact correlate of the selective time-based
PM impairment, but it would be possible to speculate that
on neurobiological grounds this prospective memory defect
might be the consequence of an alteration of prefronto-cer-
ebellum circuitry, impaired in TD-PD (but not in PIGD-
PD) [15, 16], and thought to be involved in time-based PM
abilities [14].

Notwithstanding impaired performance on time-based
PM task of the MIST, patients with TD-PD showed scores
on prospective memory sub-scale of PRMQ similar to those
achieved by PIGD-PD group. These results indicated that
TD-PD group is characterized by “objective” deficits of
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time-based PM abilities without being aware of their pro-
spective memory failures. This finding would suggest that
the occurrence of deficit of time-based PM ability deserves
to be evaluated in clinical practice by standardized cognitive
tests such as the MIST. The clinical relevance of exploring
prospective memory in PD patients is supported by our find-
ings from regression analysis which suggested an associa-
tion between deficit of time-based PM and more reduced
functional autonomy in TD-PD group. Our finding supports
the results from a previous study [12] reporting association
of time-based rather than event-based PM with functional
autonomy, but without distinguishing the two motor sub-
types of PD.

The selective nature of impaired time-based PM in
TD-PD is underlined by the finding that, instead, the PIGD-
PD group performed worse than HCs group on 24-h item,
where participants are allowed to use any mnemonic strate-
gies (e.g., a note in their electronic organizer), but are not
explicitly prompted to do so [24]. Moreover, more frequent
retrospective memory failures were related to poorer per-
formance on event-based PM sub-task in our patients with
PIGD-PD rather than in those with TD-PD.

The present study is, to extent, limited by the exiguity
of samples which could reduce the generalizability of the
findings. Therefore, further studies should be performed to
confirm our results on larger samples of PD patients.

In conclusion, our study revealed that selective deficit
of time-based PM might be a distinctive feature in TD-PD
but not in PIGD-PD. Since PM abilities are associated with
functional autonomy, the present findings underline the need
of evaluating PM to identify the patients with deficit of PM
who might benefit from cognitive trainings [25] aimed at
stimulating and improving time-based PM abilities.
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