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Abstract The cognitive status of patients with Parkin-

son’s disease (PD) who developed pathological gambling

(PG) during dopamine replacement therapy has been

poorly explored. We compared clinical and cognitive fea-

tures of 21 consecutive PD patients with active PG (PD–

PG) versus 42 PD controls of similar disease duration

without any impulse control disorder. All patients under-

went full neuropsychological testing to evaluate executive

and other frontal lobe-related functions, attention, learning

and memory, language, visuospatial abilities and neuro-

psychiatric status [using Geriatric Depression Scale (GDS)

and Neuropsychiatric Inventory (NPI)] as well as the South

Oaks Gambling Screen Scale (SOGS). PD–PG were

younger (60.4 vs. 64.9, p = 0.01) and more frequently of

male gender (85 vs. 57%, p = 0.02). The two groups did

not differ in medication dosages and kind of dopamine

agonist. PD–PG had higher MMSE (29.1 vs. 27.4,

p = 0.02) and performed better at Rey Auditory Verbal

learning Test (45.9 vs. 40.4, p = 0.04), verbal phonemic

fluencies (38.7 vs. 31.8, p = 0.02), verbal semantic fluen-

cies (44.9 vs. 37.4, p = 0.01) and attentive matrices (47.6

vs. 43.5, p = 0.05) while the remaining cognitive perfor-

mances were comparable to controls. Moreover, based on

the NPI, PD–PG had higher aggressiveness, irritability,

disinhibition and eating disorders than controls. In

conclusion the occurrence of PG in our cohort of patients

with PD was associated with preserved executive

functions.
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Introduction

Impulse control disorders (ICDs) and particularly patho-

logical gambling (PG) have recently surged to clinical

relevance as a complication of dopamine replacement

therapy (DRT) in Parkinson’s disease (PD) [1]. PG has

4–7% prevalence in PD and may cause large financial

losses and severe distress for patients and their family

[2–4]. PG is defined in the Diagnostic and Statistical

Manual of Mental Disorders, Fourth Edition, Text Revision

(DSM-IV-TR) [5] as failure to resist the urge to gamble,

with persistent and maladaptive behavior despite disrup-

tive consequences on familial, occupational and social

functions.

Specific risk factors for the development of PG are male

gender, young age at onset, high impulsivity and novelty

seeking personality traits, previous personal or family history

of gambling problems, alcohol and/or substance abuse [1, 2,

6–10] but only a recent study [11] extensively investigated

cognition in patients with PD who developed PG while on

DRT. In this latter study, Santangelo and colleagues com-

pared a cohort of 15 non-demented PD patients with PG with

15 matched PD patients without PG and found a significant

association between frontal lobe dysfunctions and PG. We

recently described resting state brain perfusion imaging in 11

patients with PD and active PG and additionally reported

preserved global and frontal lobe cognitive features, though a
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comprehensively description of their cognitive profile was

beyond the aims of that paper [12]. The aim of the present

study is to investigate demographic, clinical characteristics

and cognitive functions in a large sample of PD patients with

active PG and to use a full neuropsychological battery to

extensively characterize their cognitive profile in comparison

to matched PD controls.

Methods

We included consecutive outpatients with diagnosis of

Parkinson’s disease (according to the UK Brain Bank

clinical diagnostic criteria [13, 14]) who attended the out-

patient clinica at Parkinson Institute, Istituti Clinici di

Perfezionamento, Milan, Italy during the years 2007–2008.

Patients and their caregivers were interviewed about gam-

bling and other ICDs during routine neurological exami-

nation and, in case of gambling were further assessed by an

experienced neuropsychologist (C.S. or D.D.G.) who per-

formed clinical interview and cognitive testing. Diagnosis

of PG and other ICDs was established according to Diag-

nostic and Statistical Manual of Mental Disorders criteria

(Fourth Edition, Text Revision, [5]) and those reported by

Voon and Fox for ICDs not included in DSM IV [6]. We

only considered in this study patients who had scores[5 at

the South Oaks Gambling Screen (SOGS) [15, 16].

Twenty-one consecutive PD outpatients with active PG

(PD–PG group) were identified and all agreed to clinical and

cognitive testing. Five patients were included in our previous

study on neuroimaging and PG [12]. The control group

consisted of 42 PD patients (PD–CNTR group) selected to

match for disease duration and without any history of current

or previous ICD [5, 6]. None of the PD–PG and PD–CNTR

patients had deep brain stimulation surgery.

Clinical evaluation included the Hoehn and Yahr (HY)

stage and Unified Parkinson’s Disease Rating Scale motor

score (UPDRS III) assessed in the morning on-medication.

All patients were on stable doses of DRT during the pre-

vious 6 months. Individual daily medication was recorded

and total dose (total LEDD) was calculated as the sum of the

levodopa and dopamine agonists converted into levodopa-

equivalent daily dose (LEDD) as reported elsewhere [12].

Information on clinical variables (age at onset, disease

duration, side of symptoms’ onset) and on PG related

features (previous or familial history of PG, monthly mean

loss, PG duration, type of gambling) were collected.

All PD patients were always tested in the morning

during their ‘‘medication-on’’ condition. Neuropsycholog-

ical assessment was performed as follows. General cogni-

tive abilities were evaluated by the mini-mental state

examination (MMSE, [17]); the assessment of executive

functions was performed with verbal fluencies, using both

phonemic (letters F, P, and L) and category cues (animal,

fruits, and cars) [18, 19], Raven’s Coloured Progressive

Matrices Sets (CPM_Raven [20]) and the Frontal Assess-

ment Battery (FAB, [22, 23]); evaluation of visuospatial

and verbal short term memory was conducted using Corsi

Block Tapping Test [21] and Digit Span Test [24]

respectively; verbal learning and long term memory were

assessed using Rey Auditory Verbal Learning test (RAV-

LT, [25]) and attention with attentive matrices [26];

30-points Geriatric depression scale (GDS, [27]) was used

to rate depressive symptoms.

Finally, we used the Neuropsychiatric Inventory (NPI)

to assess behavioural disturbances: this is a questionnaire

that is commonly used in patients with dementia [28]

where information is obtained from a caregiver familiar

with the patient’s behaviour.

Testing scores were adjusted by age and education

according to normative data. Total testing scores corrected,

and dichotomous (normal-pathological, according to

established cut-off values) variables were calculated.

Informed consent was obtained from each participant

according to the Declaration of Helsinki. The study was

approved by our institution Ethic committee.

Statistical analysis

Comparisons between continuous variables in the PD–PG

ad PD–CNTR, were performed using the unpaired t test

(p \ 0.05), while the v2 test was used for categorical

variables (p \ 0.05). Statistical analysis was performed

using the software program SPSS (Windows Release 10.0;

SPSS Inc, Chicago, IL, USA).

Results

Demographic and clinical features of PD–PG patients and

PD–CNTR are detailed in Table 1. PD–PG patients were

younger than PD–CNTR (60.4 vs. 64.9 years, p \ 0.05)

and prominent males (86 vs. 57%, p \ 0.05). We did not

find any other difference between groups in clinical vari-

ables, including total LEDD and frequency of dopamine

agonist used (Table 1). The SOGS in PD–PG ranged 6–15

(mean 8.25 ± 2.81). 13/21 PG patients (61.9%) presented

other ICDs, including hypersexuality (n = 6), internet

addiction (n = 1), compulsive eating (n = 4), compulsive

shopping (n = 5) (Table 1).

Nine PD–PG patients had occasional non-problematic

gambling behavior before PD onset (card playing, occa-

sional Casino, Lotto or scratch cards playing); two patients

had familial history of PG. After PG onset the mean loss

per month in this cohort was about 2,500 Euros (range

500–8000) and frequency of gambling behavior was about
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once a day for every patient. Three patients used to gamble

in Casinos while the others preferred scratch cards, Lotto

game and slot machines. The mean latency between PD

onset and PG onset was 6.9 ± 3.9 years and the mean PG

duration was 25.8 ± 16.1 months.

Table 2 shows neuropsychological testing scores. Statis-

tical analysis showed that PD–PG had significant higher

scores for MMSE, long-term verbal learning task (RAVLT-

learning), verbal fluencies (PF and SF) and attentive matrices.

Mean scores of both groups were in the normal range for all

tests. Frequencies of patients with pathological scores were

similar in PD–PG versus PD–CNTR (see Table 2).

As shown in Table 3 the PD–PG group had significantly

higher scores in NPI sub-items of anger/aggressiveness,

disinhibition, irritability and eating disorders, whereas PD–

CNTR had higher scores in anxiety and apathy.

In addition, we directly compared two subgroups of PD-

patients with PG, those who never gambled before the

onset of PD (n = 12) versus those who occasionally

gambled (n = 9) and found no significant differences.

Discussion

We found that PG in PD is associated with preserved

executive functions and cognitive performance in the high

range of control PD. We considered two cohorts with

similar disease duration to minimize the variability linked

to disease progression. To our knowledge, this is the largest

cohort of consecutive PD patients with active PG under-

going comprehensive neuropsychology assessment.

We found that PD patients with PG were younger and

predominantly of male gender [2, 6, 10, 29]. This is consis-

tent with general epidemiology of gambling [30] and it may

be associated with the relatively enhanced responsiveness

Table 1 Comparison of clinical characteristics

Mean (SD) p*

PD–PG PD–CNTR

N 21 42

Sex (M/F) 18/3 24/18 0.02

Age (years) 60.38 (7.6) 64.97 (5.9) 0.01

Age at PD onset (years) 52.9 (8.6) 56.9(7.3) 0.06

Side of onset %dx 62% 68% 0.82

Disease duration (years) 8.4 (4.5) 8.7 (3.9) 0.79

Education (years) 8.9 (4.1) 8.8 (4.6) 0.92

H&Y 2.06 (0.7) 2.32 (0.39) 0.16

UPDRS III (‘‘on’’ state) 16.58 (7.7) 20.18 (12.5) 0.26

LEDD (mg/day) 267.8 (113.5) 239.4 (130.5) 0.45

Range 150–600 50–600

Ldopa (mg/day) 503.9 (211.7) 598.5 (295.3) 0.23

Range 200–870 100–1,500

Total LEDD (mg/day) 731.0 (283.9) 786.67 (283.9) 0.57

Range 160–1,250 300–1,750

*p value reported are from t test for continuous variables, and from

non parametric tests for frequencies or ordinal variables

Significant values are highlighted in bold

LEDD levodopa equivalents, Ldopa levodopa, Total LEDD
LEDDLEDD ? Ldopa

Table 2 Comparison of neuropsychological characteristics

Corrected scores [Mean (SD)] Dichotomous values (% pathological)

PD–PG PD–CNTR p* PD–PG PD–CNTR p*

N 21 42 21 42

MMSE cor 29.1 (1.1) 27.4 (3.1) 0.02 0% 4% 0.44

FAB cor 15.2 (2.2) 13.7 (3.6) 0.06 18% 40% 0.10

CPM_Raven cor 27.5 (5.4) 27.2 (7.2) 0.80 5% 5% 0.07

PF cor 38.7 (13.2) 31.1 (9.9) 0.02 0% 4% 0.48

SF cor 44.9 (11.2) 37.4 (9.6) 0.01 5% 7% 0.65

RAVLT

Learning cor 45.5 (9.1) 40.4 (8.1) 0.04 0% 9% 0.26

Recall cor 9.8 (3.5) 8.3 (2.7) 0.11 5% 9% 0.56

Denomination 17.5 (1.5) 17.4 (2.3) 0.93 0% 0% 1.00

Digit Span cor 5.6 (1.3) 5.7 (0.8) 0.91 0% 0% 1.00

Corsi Block Tapping cor 4.8 (0.9) 4.5 (1.1) 0.46 11% 16% 0.51

Attentive matrices cor 47.6 (5.9) 43.5 (8.9) 0.05 0% 9% 0.25

*p value reported are from t test for continuous variables, and from non parametric tests for frequencies or ordinal variables

Significant values are highlighted in bold

cor score are corrected by age and education, MMSE mini-mental state examination, FAB Frontal Assessment Battery, CPM_Raven Raven’s

Coloured Progressive Matrices, PF Phonemic fluencies, SF Semantic Fluencies, RAVLT Rey Auditory Verbal Learning Test
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to rewards of the mesocorticolimbic system in males com-

pared to females [31, 32].

Our findings are not consistent with the hypothesis that

PG in PD is related to executive dysfunction and in par-

ticular with defects at the FAB [11]. Since we applied

correction for age and education to the raw scores, we can

exclude that minor age differences between PG–PD and

PD–CNTR accounted for our results. In a very recent

study, Santangelo and colleagues found an association

between frontal lobe dysfunction at FAB test and PG [11].

In striking contrast, we did not find any sign of cognitive

dysfunction in PD patients with PG, in consistence with

the lack of any difference in FAB scores also reported by

Voon and colleagues [33]. There are some methodological

differences to highlight. First of all we did not limit the

study groups excluding patients with dementia, but we

chose to match the PD control subjects only by disease

duration in order to highlight differences between gam-

blers and ‘standard’ PD. The clinical characteristics of the

PG sample resulted to be in agreement with those avail-

able in current literature as discussed above. It may be

worth underlining that we found high rate of pathological

scores in the PD–CNTR (also including the FAB) and that

two control patients had clinical dementia. This is likely

due to the unbiased selection of consecutive patients ful-

filling criteria for PD without any exclusion criteria, in

adherence to clinical practice. Accordingly, our findings

in PD–CNTR are consistent with the frequency of frontal

lobe deficit reported in PD [34] and with the observation

that only about 62% of PD patients have normal scores in

cognitive assessment [35]. In second instance, our study

and the abovementioned one by Voon and colleagues [33]

investigated a larger sample size of both PD gamblers and

PD controls. This is likely to have enhanced the power of

the statistical analysis. Furthermore, in PD decision-

making and global cognitive performance may be inver-

sely related, namely patients with worst outcome at the

Iowa Gambling Task performed best at memory and

frontal lobe testing [34, 36]. We hypothesize that pre-

served executive abilities may help PD–PG patients

develop strategies such as lying on their gambling

behavior to caregivers and treating neurologists for a long

time.

While a strength of our study is the investigation of a

large cohort of continuous patients with active PG, some

minor limitations may derive from the lack of specific tests

on decision-making, likely to be differentially involved in

PG [37]. Another potential limitation may derive from the

presence of some PD–PG patients either with history of

personal gambling behavior prior to PD onset, even if the

lack of differential cognitive features compared to those

PD–PG without any personal history of PG make this

difference unlikely to bias our results.

Caregivers reported the presence of more neuropsychiatric

symptoms in PD–PG than in PD–CNTR. These symptoms

included enhanced irritability and aggressiveness, disinhibi-

tion and eating disorder, in consistence with increased

impulsivity in patients with ICDs [8]. On the other hand, PD

controls were found to be more anxious and apathetic. These

findings may reflect the behavioral spectrum observed in PD.

The majority of patients are commonly risk adverse [34, 38,

39] while in the small group developing PG enhanced

novelty-seeking personality traits are observed [6, 40].

Consistently more than half of PG patients may present other

concomitant compulsive behaviors [8].

Though early findings suggested a correlation between

gambling and non-ergot D3-preferring dopamine agonists

[41], more recent cohort studies have shown no relation-

ship [4, 10]. We did not find differences in medication

dosage or type (levodopa and/or class of dopamine agonist)

between PD–PG and PD–CNTR.

We did not find any difference in side of onset in

agreement with a recent study [11]. A previous study had

suggested that left hemisphere is more frequently involved

in PG–PD [33].

In conclusion, occurrence of PG in PD patients is not

associated with the significant impairment of cognitive

performance, including executive functions. Conversely,

PD gamblers showed better skills in some cognitive abili-

ties compared to their PD counterparts. Moreover, we

further confirm that this behavioral disturbance occurs

in patients with younger age, male gender, even when

Table 3 Comparison of neuropsychiatric characteristics

Mean (SD) p

PD–PG PD–CNTR

N 21 42

NPI total score 34.4 (20.5) 26.1 (13.2) 0.14

NPI item 1. Delusions 0.71 (2.9) 0.4 (1.4) 0.56

NPI item 2. Hallucinations 0.47 (1.1) 1.2 (2.5) 0.23

NPI item 3. Agitation/aggression 5.1 (4.4) 1.6 (3.2) 0.02

NPI item 4. Depression 4.47 (3.6) 4.9 (3.1) 0.64

NPI item 5. Anxiety 3.1 (3.0) 5.6 (3.9) 0.02

NPI item 6. Euphoria 2.1 (3.8) 0.9 (1.9) 0.23

NPI item 7. Apathy 0.8 (2.0) 2.4 (2.8) 0.02

NPI item 8. Disinhibition 3.6 (3.0) 0.6 (1.6) 0.00

NPI item 9. Irritability/lability 5.3 (4.1) 3.3 (3.1) 0.04

NPI item 10. Aberrant motor behavior 0.0 (0.0) 0.6 (1.8) 0.02

NPI item 11. Sleep disorders 5.2 (4.5) 3.7 (3.9) 0.2

NPI item 12. Eating disorders 3.4 (4.7) 0.9 (2.1) 0.05

GDS 10.7 (5.3) 11.0 (6.7) 0.89

NPI Neuropsychiatric Inventory, GDS 30 points Geriatric Depression

Scale

Significant values are highlighted in bold
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dopaminergic medications are prescribed in normal dose

range. All these observations, together with the association

between PG and other ICDs with a personal or family

history of addictive disorders, highlight the need for further

studies investigating individual predisposing factors, such

as biological and/or personality traits.
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