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Abstract. — OBJECTIVE: The aim of this study
was to investigate the effect of basal ganglia le-
sion of Wilson’s disease (WD) patients on
event-based prospective memory (EBPM) and
time-based prospective memory (TBPM).

PATIENTS AND METHODS: A total of 30 WD
patients and 30 age and education level
matched healthy controls were included. EBPM
(an action whenever particular words were pre-
sented) and TBPM (an action at certain times)
were performed to test the involvement of the
prospective memory in WD.

RESULTS: A significant difference was found
in the performance of TBPM (2.9x1.1 vs.
5.8+0.4, p<0.05), but not EBPM (5.4+0.7 vs.
5.5+0.7, p>0.05) in patients with WD compared
with the healthy controls.

CONCLUSIONS: Our results demonstrated
that basal ganglia are involved in the prospec-
tive memory in patients with WD.
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Introduction

Wilson’s disease (WD), a rare autosomal re-
cessive disorder of copper metabolism, is charac-
terized by copper accumulation in the liver, brain
and kidney'. Typically, WD begins with a
presymptomatic period, during which copper ac-
cumulation in the liver causes subclinical hepati-
tis, and progresses to liver cirrhosis and develop-
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ment of neuropsychiatricsymptoms®*. With neu-
ropsychiatric symptoms, WD patients often man-
ifest behavior or emotional disorders (showing
impulsive, instinctive behaviors, or depression),
and mild cognitive deficit*>.

Memory, an important cognitive function,
refers to the mental process in which individual
experience is accumulated and preserved; it plays
an important role in the entire mental activity.
Currently, two main types — retrospective memo-
ry (RM) and prospective memory (PM) — are
used to assess memory in a quantitative manner®.
RM refers to the memory of things or actions
that have occurred in the past, and PM refers to
the memory of completing a certain activity at
the appropriate time in the future, which can be
further divided into time-based prospective
memory (TBPM) and event-based prospective
memory (EBPM)’$. TBPM refers to the memory
of the execution of an action at a target time,
such as remembering to call a friend in 1 h.
EBPM refers to the memory of performing an ac-
tion when a specific target event occurs, such as
remembering to buy some fruits when passing by
a fruit stand. PM has important practical signifi-
cance for the elderly for maintaining the normal
activities of daily life, such as taking their med-
ication at a specific time.

Recent studies suggested that EBPM and
TBPM tasks may be mediated by different neural
networks. By using positron emission tomogra-
phy technology, Okuda et al’ showed that the
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Figure 1. Lesion location in left and right brain of Wilson’s disease patients. (Number of patients with basal ganglia locations

that overlap increase from red to green).

right ventrolateral prefrontal region and the left
frontal pole were activated by EBPM task. More-
over, several neuroimaging'®'? further identify
the involvement of the prefrontal region in
EBPM. In addition, Cheng et al'® proved in a
neuropsychological study that the prefrontal re-
gion is involved in EBPM. Compared with
EBPM, the neuromechanism of TBPM is rarely
reported. It has been reported'* that the thalamus
was activated by TBPM tasks. It was document-
ed' that patients with Parkinson’s disease mani-
fested a particular impairment of TBPM. Howev-
er, activation of basal ganglia by TBPM tasks
has not been reported yet.

Based on the above theoretical background, our
neuropsychological findings seem to correspond
to some of the previous neuroimaging evidence
about PM, that is, the basal ganglia may be in-
volved in PM'®!7. Several studies'®? have investi-
gated memory function in WD patients. However,
the details of the involvement of the basal ganglia
in EBPM or TBPM have not completely under-
stood, and very few studies have hitherto investi-
gated EBPM and TBPM in WD patients with
basal ganglia lesions. In the present research, we
investigated EBPM and TBPM tasks in 30 WD
patients to test the hypothesis that the basal gan-
glia lesion is involved in EBPM or TBPM.

Patients and Methods

Patients

Thirty WD patients were recruited in the Neurol-
ogy Department of The Affiliated First Hospital of
the Anhui University of Chinese Medicine, includ-

ing 14 men and 16 women; 6 with a lesion in right
basal ganglia, 5 with a lesion in left, and 19 with bi-
lateral lesions. The mean age was 17.5+1.3 years
(range: 14-22 years), and the average education lev-
el was 8.2+1.6 years, ranging from 6 to 10 years.

The diagnosis of WD was based on clinical,
Kayser-Fleischer (KF) ring on slit lamp examina-
tion, urinary copper >40 ug/day, and serum ceru-
loplasmin <20 mg/dl. Moreover, all the subjects
had no history of psychiatric illness or other neu-
rological lesions and were in stable neurological
condition at the time of testing. The Mini- Mental
State Examination (MMSE)?' was administered
to all patients, and only those who scored >24
were included in this study. None of the patients
showed significant language impairment that
would have interfered with task performance.

With cranial magnetic resonance imaging
(MRI) scans proven, the sites of lesion restricted
to the basal ganglia were identified and patients
with lesions outside the basal ganglia were ex-
cluded. The locations of these lesions were
shown in Figure 1.

Thirty (19 male and 11 female) age- and edu-
cation-matched adults also participated in the
study as control subjects.

The study was approved by the Research
Ethics Committee of The First Affiliated Hospi-
tal of the Anhui University of Chinese Medicine,
and written informed consent was obtained from
all participants.

Neuropsychological Background
Measurement

All the subjects recruited for this study were
evaluated using a neuropsychological back-
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ground test, which consisted of MMSE test, the
verbal Fluency Test (VFT)*, Digit Span test®.
All of the assessments were performed by expe-
rienced psychologists and psychiatrists.

Event-based Prospective Memory Task

Before the testing, the subjects were informed
that, in the following test, they were to select two
words on each card that specifically belonged to
a subclass. If the two words they selected be-
longed to the category of animals (target word),
then the subjects were required to knock on the
table or to provide their contact telephone num-
ber at the end of the experiment (no hints were
provided at the end of the testing). The experi-
mental stimuli were 32 cards, each containing 12
high-frequency Chinese substantives, of which
10 words belonged to one category (major cate-
gory) and the other two belonged to another cate-
gory (minor category). The subjects were asked
to read out the two words belonging to the minor
category on each card during the learning period.
There were two cards for learning, and the first
card contained no target word, while the second
card did. As instructed before the testing, when
the selected words represented animals, the sub-
jects fulfilled the task by knocking on the table;
when the card selection was complete, the sub-
jects performed another task by providing their
telephone number. The subjects’ performance on
the word selection task was recorded using a
method similar to the report by Einstein et al*.
The subjects were to perform a target action
when the target words appeared, and the numbers
of correct performances of a target action were
recorded as the EBPM score. There was a total of
six target cards (card numbers 6, 11, 16, 21, 25,
and 31) in this test. The subjects received 1 point
by making the correct response when the target
card appeared, and they received 2 points by re-
membering to write down their phone number at
the end of the test. The RM1 refers to the perfor-
mance of subjects on recalling animal words af-
ter the word selection task; 1 was given for each
correct recall of an animal word. The total score
was 8 points for EBPM and the maximum score
was 12 points for RM,.

Time-Based PM Task

Before the test, the subjects were asked to
knock once on the table at three-time points (5
min, 10 min, and 15 min after the test had be-
gun), and the subjects were also required to pick
out the maximum and minimum values on each

card. A clock, which was set to 0:00:00 at the be-
ginning of the testing, was placed right behind
the subject for them to check the time on their
own. The experimental stimuli were 100 cards
with 12 two-digit numbers on each card, which
were sequentially shown to the subjects after the
clock started. The subjects were expected to
complete the task by picking out the minimum
and the maximum values on each card and to
complete the other task at the specified target
time points (5 min, 10 min, and 15 min after the
start of the testing), which was to knock on the
table. The test stopped at the 17-min time point.
The subjects received 2 points if they knocked on
the table within 10 s around the target time, and
1 point if within 30 s. The subjects were also
asked to recall the exact time of tapping the desk
after the test (recorded as RM2 score). The RM2
refers to the participants’ performance on correct
recalling exact time of each actually tapping the
desk during the test. A score of 2 was given for
each correct recalling. The maximum score of
TBPM and RM, was 6 points.

Statistical Analysis

All the statistical analyses were performed us-
ing SPSS 16.0 software (SPSS Inc., Chicago, IL,
USA). The data were examined for normal distri-
bution and homogeneity of variance with the
Kolmogorov-Smirnov test and the Levene test,
respectively. One-way analyses of variance
(ANOVAs) and the Mann-Whitney U test was
used for parametric tests for normal and abnor-
mal distributed data, respectively. Pearson or
Spearman correlations was respectively used ex-
amination of potential relations between vari-
ables p<0.05 was considered as statistical signifi-
cance.

Results

Neuropsychological Evaluation

Neuropsychological tests were performed in
both group patients and the results were shown
in Table I. No significant difference was found
on age, education level, Handedness and
MMSE between WD patients and control pa-
tients, whereas a significant difference was
found on VFT and DS.

Event-Based Prospective Memory Task

As shown in Figure 2 and Table II, no signifi-
cant difference was found on a number of selec-
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Table I. Demographic data and neuropsychological test scores of Wilson’s disease patients.

Patients with Wilson's Normal controls
Variables disease (n=30) (n=30) p-value
Age 17.3+24 175+1.3 NS
Male/female 14/16 19/11 NS
Disease duration 2.7+0.9 - -
Education level (year) 8.5+0.7 8.5+0.5 NS
Handendness 30R/0L 30R/0L NS
The Mini-Mental State Examination (MMSE) 27.5+0.6 28.3+0.7 NS
Verbal fluency test (VFT) 82+ 1.1 8.8+0.9 <0.05
Digital Span (DS) 6.6x1.3 72+08 <0.05

NS: not significant.

tion task, word selection task, and time to re-
sponse. The RM, score of WD patients was sig-
nificantly lower than that of the controls (t=-
14.367, p<0.001), while no significant difference
was found on EBPM score between WD patients
and control subjects.

Time-Based Prospective Memory Task

As shown in Figure 2 and Table III, no signifi-
cant difference was found on a number of selec-
tion task, word selection task, and number of
clock checking responses. The TBPM score (t=-
12.814, p<0.001) and RM, score (t=-17.514,
p<0.001) of WD patients were significantly low-
er than that of the controls.

Correlation Between Wilson’s Disease
Lesion Volume and PM, RM, VFT, DS,
MMSE, and Age

Furthermore, we also performed Pearson corre-
lations analyses between Wilson’s disease pa-
tients and control subjects. Significant positive
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Figure 2. Mean prospective memory (PM) scores in the
patients with Wilson’s disease. The score was conducted ac-
cording to the results of event-based prospective memory
(EBPM) and time-based prospective memory (TBPM)
tasks. "p<0.01 compared to normal control.

correlation was found between DS and VFT
(r=0.649, p<0.05), EBPM and MMSE (r=0.495,
p<0.05), TBPM and DS (r=0.511, p<0.05), and
RM and VFT (r=0.771, p<0.05), DS (r=0.749,
p<0.05) and TBPM (r=0.663, p<0.05) (Table IV).

Discussion

In the present study, we demonstrated that a
significant difference was found on the perfor-
mance of TBPM, but not EBPM in patients with
WD compared with the healthy controls. To the
best our acknowledgement, this is the first study
to verify the involvement of TBPM in WD pa-
tients.

In the setting of WD, different parts of the
central nervous system (including cerebellum,
brainstem, thalamus, and subcortical white mat-
ter) can be affected, but the greatest damage usu-
ally occurs in the basal ganglia®*?’. Studies®*-*
have shown that lesion of the basal ganglia may
result in impairment of memory. However, the
exact contribution of basal ganglia to EBPM or
TBPM remained unclear.

However, the main finding of this work was
that the WD patients were significantly impaired
in the TBPM, but not in the EBPM. As far as we
know, this is the first neuroanatomical data from
WD patients which provide evidence that the
basal ganglia is associated with TBPM. The sin-
gle dissociation between impaired performance
of TBPM and normal performance of EBPM im-
plies that TBPM and EBPM may be mediated
differently by basal ganglia, and basal ganglia
may be particularly involved in the TBPM.

TBPM is heavily dependent on time-monitor-
ing behaviors (such as clock checking), which is
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Table Il. Performance of Event-Based Prospective Memory (EBPM) and Retrospective Memory (RM) tasks in patients with
Wilson’s disease.

Variables Patients with Wilson's Normal controls

disease (n=30) (n=30) p-value
Age 173+24 17.5+1.3 NS
Male/female 14/16 19/11 NS
Disease duration 2.7+0.9 - -
Education level (year) 8.5+0.7 8.5+0.5 NS
Handendness 30R/OL 30R/0L NS
The Mini-Mental State Examination (MMSE) 27.5+0.6 28.3+0.7 NS
Verbal fluency test (VFT) 82=x1.1 8.8+0.9 <0.05
Digital Span (DS) 6.6+1.3 72+0.8 <0.05

NS: not significant.

Table Ill. Performance of Time-Based Prospective Memory (TBPM) and Retrospective Memory (RM) tasks in patients with
Wilson’s disease.

Variables Patients with Wilson's Normal controls

disease (n=30) (n=30) p-value
Number selection task 56.3%1.6 56.4+1.5 NS
Word selection task 75.8x1.4 76.6x1.2 NS
Number of clock checking responses 26.5+£2.3 26.6+1.6 NS
TBPM 2.9+1.1 5.8+0.4 <0.05
RM, 3.4+0.6 5.4+0.8 <0.05

NS: not significant.

Table IV. Correlations between Wilson’s Disease Volume (WDV) and Prospective Memory (PM), Retrospective Memory
(RM), Verbal Fluency Test (VFT), Digit Span (DS), Mini-Mental State Examination (MMSE), and age.

Age \¥’DV MMSE VFT DS EBPM TBPM RM

Age -

WDV -0.159

MMSE 0.049 0.009

VFT -0.023 -0.020 -0.051

DS 0.174 -0.190 0.064 0.649™

EBPM 0.001 0.153 0.495™ 0.036 0.141

TBPM 0.138 -0.107 -0.025 0.255 0.511™ 0.224

RM 0.159 -0.167 -0.150 0.771%%* 0.749™ 0.059 0.663™ -
p<0.05

related to time perception’®'. Time perception is
believed to be dependent upon basal ganglia®. Tt
is also suggested that the neural network for time
perception is composed of the right inferior pari-
etal cortex and the right middle and superior
frontal gyrus*. The results of this study, TBPM
impairment of basal ganglia, provided neuropsy-
chological evidence that basal ganglia may be in-
volved in TBPM.

There was also a significant difference be-
tween RM performance of WD patients and that
of controls. Einstein et al® pointed out that EBPM
and TBPM contain two components: a retrospec-
tive component and a prospective component.
The retrospective component is remembering
what action has to be performed and when it has
to be performed, and the prospective component
is remembering to perform the action when the
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appropriate event or time occurs. In the current
results, interaction effect among the performance
of EBPM, TBPM and RM were also examined
by analysis of variance. There were no signifi-
cant interaction effects in EBPM and RM or
EBPM and TBPM, but a significant interaction
between TBPM and RM. Although both of
TBPM and the accompanying RM were im-
paired, the TBPM impairment of WD patients
could not be explained by RM deficit, and may
be attributable mainly to impairment of the
prospective component relative to TBPM.

There are also some limitations in the present
study. First, the number of WD patients is rela-
tive small. Further investigation with more pa-
tients should be performed to examine the differ-
ence between subregions. Moreover, comparison
with the brain-damaged controls also needed to
confirm that deficiency of TBPM is a conse-
quence of basal ganglia rather than a more gener-
al result of brain damage. Second, the difficulty
of excluding confounds to the present results
such as the multiple etiological factors and dura-
tion of the WD. The primary objective of the in-
vestigation, however, was to determine if WD
persons have changes in PM. Although the limi-
tations of the present research, the data here indi-
cate that TBPM impairment is a feature of dien-
cephalic amnesia.

Conclusions

The current results showed that WD patients
were impaired in TBPM but not in EBPM. The
present neuropsychological evidence supported
the hypothesis that the basal ganglia is involved
in PM and particularly in TBPM, which in turn
increased our understanding of the relationship
between basal ganglia and PM. Further investi-
gation of basal ganglia involvement in TBPM in
larger samples of patients with basal ganglia le-
sion appears warranted. In future researches of
patients with Wilson’s disease, special attention
needs to be paid to TBPM that might influence
their cognitive outcome.
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