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Abstract
Parkinson's disease (PD) is a degenerative brain disorder accompanied by the loss of dopaminergic
neurons and the presence of motor and non-motor symptoms. We performed a cross-sectional,
questionnaire-based analysis of impulsive behavior in our PD clinic population to assess
prevalence and associated characteristics. We found a higher prevalence of impulsive behavior
(29.7%) than previously reported, and found multiple, concurrent impulsive behaviors in 26% of
subjects reporting impulsive behavior. Our findings contribute to the growing awareness of
impulsive behavior in PD, and support the need for longitudinal studies to assess changes in
impulsive behaviors in Parkinson's patients.
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Introduction
Impulse control disorders are a group of disorders including pathological gambling,
hypersexuality, and compulsive shopping, that are characterized by compulsive engagement
in a behavior despite adverse consequences, diminished control over the problematic
behavior, and an urge prior to, and a hedonic sense during, performance of the behavior1.
Impulse control disorders have been recently described in patients with Parkinson's disease
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(PD) 2,3,4. It remains unclear, however, whether these impulse control disorders or
impulsive behaviors are a consequence of the disease itself, due to underlying personality
traits5, secondary to the pharmacological management of the disease3, or a complex
interplay of all these factors6,2.

Impulsive behaviors appear to be related in PD to the phenomenon of dopamine
dysregulation syndrome (DDS)2. DDS refers to the behavioral syndrome in PD
characterized by dopamine medication abuse, which can be accompanied by a mood
disorder and/or impulsive behavior 7.The reported prevalence of impulsive behaviors varies
widely, with the variation attributed to particulars of the screening methods and definitions
of the abnormal behavior 2. The prevalence of pathological gambling in PD patients, for
instance, has been reported variously at 0.05 - 7%3,8. Most studies of PD have focused only
on the more common impulse control disorders, such as pathological gambling and
compulsive sexual behavior, but have not performed comprehensive analyses of all such
disorders.

Other investigators have suggested that the use of dopamine replacement therapies, in
particular dopamine agonists, is a risk factor for the development of impulsive behaviors
9,4,3. Other potential risk factors that have been cited include male gender9, younger age of
PD onset10,9, pre-existing impulse control or substance abuse disorders, depression,
impulsivity11,9, and novelty-seeking personality trait12,4.

Anecdotal evidence in our PD clinic population suggested a higher prevalence of impulsive
behaviors than previously reported, with some of the observed behaviors meeting criteria for
impulse control disorders. We defined impulsive behavior (IB) as the presence of
pathological gambling, trichotillomania, kleptomania, pyromania, compulsive exercise,
compulsive buying, compulsive sexual behavior, or intermittent explosive disorder. These
disorders were all included as there has been speculation that all may be behavioral
manifestations of the same underlying pathophysiology of reward dysregulation 13.
Information on binge eating was not collected in our survey. Dopamine abuse and punding
were grouped together as Dopamine Dysregulation syndrome.

The aim of this work, therefore, was (1) to determine the prevalence of impulsive behaviors
in our PD clinic population assessing for a wider range of impulse control disorders than
previously examined, and (2) to identify clinical variables associated with these behaviors.
We hypothesized: first, that when behavior is viewed categorically, we would see a higher
prevalence of impulsive behavior in our PD population than previously reported; and
second, that the presence of impulsive behavior would be associated with male gender,
younger age of PD onset, and higher daily dose of dopamine replacement therapy.

Method
Subjects

We performed a cross-sectional study to determine the prevalence of impulsive behaviors in
our PD clinic population. Participants included 128 adults aged ≥18 years meeting criteria
for PD, were recruited through the University of Minnesota PD database, and were screened
for study inclusion and exclusion criteria (see below) based on medical records. Potential
subjects were notified by mail of the study and its aims, and then contacted by telephone to
determine their willingness to participate. The study was approved by the University of
Minnesota Institutional Review Board. Participants provided voluntary, written informed
consent, and were recruited over a 2-year period (2007-2009).
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Study Inclusion Criteria
Inclusion criteria included a diagnosis of idiopathic PD (U.K. Brain Bank Criteria) and
ability to provide informed consent. Subjects included those newly diagnosed, on anti-
Parkinson's medications, and those who had undergone deep brain stimulation surgery for
PD.

Study Exclusion Criteria
Exclusion criteria included: 1) atypical Parkinsonism, defined as a poor and less-sustained
response to traditional anti-Parkinson medications (e.g., L-dopa and the dopamine agonists),
more rapid disease progression, and generally a poorer prognosis; 2) abnormal screening
brain MRI at 3.0T (performed for routine clinical evaluation of PD); 3) presence of dementia
(Mini Mental Status Exam score < 23), or neurological disease other than PD; and 4)
inability to understand or complete the surveys.

Assessments
After informed consent, relevant clinical data were collected from medical records.
Additionally, participants were mailed (or given during a routine clinic visit) a self-report
questionnaire described below. Questionnaire compliance was sought by telephone calls to
those subjects who had not returned completed forms within two weeks.

Clinical Characteristics
Data regarding demographics, medical history, medication type and dosage, and history of
impulsive behaviors, were collected using the self-report questionnaire.

Levodopa-equivalent daily dose in milligrams (LEDD), including the dopamine agonists,
was calculated using the formula [Levodopa/Carbidopa] + [Levodopa/Carbidopa-CR] × 0.75
+ [Levodopa/Carbidopa + (Levodopa/Carbidopa-CR × 0.75)] × 0.25 if on Tolcapone +
(Pramipexole × 67.75) + (Pergolide × 100) + (Ropinirole × 16.67) + (Bromocriptine × 10)
14.

Disease State Characterization
PD disease severity assessments using the Unified Parkinson's Disease Rating Scale
(UPDRS) were obtained from medical records, and had been performed within 48 months of
survey completion.

Psychological Assessment
Subjects were asked to record current and past neuropsychiatric diagnoses, including
anxiety, depression, and bipolar disorder, and responses were confirmed by chart review for
medications, formal neuropsychiatric assessment, and PD Clinic notes.

Behavioral Assessment
A self-report questionnaire was distributed to all participants, and included the following
items: The Minnesota Impulse Disorders Interview (MIDI)15 is a semi-structured clinical
interview that screens for various impulse control disorders including pathological
gambling, trichotillomania, kleptomania, pyromania, intermittent explosive disorder,
compulsive buying, compulsive sexual behavior, and compulsive exercise. A diagnosis of an
impulsive behavior according to the MIDI was defined by affirmative answers as stated in
previous studies 11,4.

Dopamine medication misuse was determined via structured questionnaire (DDS Survey
16). Punding, defined as repetitive, pointless behaviors which have been associated with
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DDS17, was determined by structured questionnaire which helped subjects recognize
patterns of disruptive behaviors (interfering with sleep, social interactions, time spent) that
were associated with relief of anxiety.

The Yale-Brown Obsessive Compulsive Symptoms Rating Scale (Y-BOCS; 18) was used to
determine the severity of obsessive-compulsive symptoms.

Statistical Analysis—Participant characteristics were summarized with means and
standard deviations, or counts and percents, as appropriate. The distributions of LEDD in
milligrams (mg) and PD duration in years were highly skewed and were therefore
transformed by the natural log to approximate a normal distribution for analysis.

Univariate analyses using logistic regression and chi-square statistics were used to compare
characteristics such as age, age at PD onset, PD duration, LEDD, dopamine therapy abuse,
gender, DBS surgery, Y-BOCS score and dopamine agonist usage between PD subjects with
and without self-reported impulsive behavior. Multiple logistic regression analyses were
used to compare the two groups after adjusting for age in years, for those characteristics
expected to change with age. All statistical tests were two-sided, and the level of
significance was set a priori at alpha (α) = 0.05. Statistical analyses were performed using
SAS 9.2 (SAS Institute Inc., Cary, NC).

Results
All patients who met eligibility criteria were contacted for study participation by mail, and
128/263 patients (48.7%) agreed to participate. Study participant characteristics are
summarized in Table 1. Of non-responders, 63% were male, median age was 66.0 years, and
median PD duration was 9.8 years.

Prevalence of impulsive behavior
Thirty-eight subjects out of the 128 had at least one current impulsive behavior (prevalence
29.7%). The prevalence of pathological gambling in our study population was 9.4%;
compulsive buying was 11.0%; kleptomania was 0.8%; trichotillomania was 4.7% (Figure
1). No subjects reported symptoms of pyromania. Ten of 38 subjects (26.3%) reported two
or more impulsive behaviors.

The prevalence of impulsive behaviors was higher among women (40%; 18/45) than men
(24.1%; 20/83). Compulsive buying, kleptomania and trichotillomania were more common
in women, whereas intermittent explosive behavior, compulsive exercise and hypersexuality
were more common in men. Men were more likely to report multiple impulsive behaviors
(IBs): Five men reported two concurrent IBs, one man reported three, and one man reported
four IBs; whereas, two women reported two IBs, and one woman reported three IBs.

Clinical Factors Associated with impulsive behavior
Clinical characteristics, including mean subject age, age at PD onset, PD duration in years,
and LEDD in mg, were compared between subjects reporting and those reporting no
impulsive behavior (Table 2). Subjects reporting impulsive behavior were significantly
younger at time of study and of younger age at PD-onset than non-impulsive subjects.
Subjects reporting impulsive behavior had a higher mean value for PD disease duration and
LEDD than subjects reporting no impulsive behavior, although these findings did not attain
statistical significance.
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The proportion of subjects who had undergone deep brain stimulator (DBS) implantation
surgery for the treatment of PD was higher, but not significantly so, in subjects reporting
impulsive behavior (Table 2).

Y-BOCS testing stratified all subjects into the following severity categories: 71.9% were in
the subclinical range (Y-BOCS score 0-7), 18.8% were mild (score 8-15), 7.8% were
moderate (score 16-23), and 1.5% were severe (score 24-31), with no patients meeting
criteria for the extreme category (Y-BOCS 32-40). A statistically significant difference
(p=0.0025) was noted between subjects reporting and those reporting no impulsive behavior
for Y-BOCS as a categorical variable based on severity, with 44.7% (17/38) of impulsive
behavior subjects reporting Y-BOCS scores ≥ 8, in comparison to 18.9% (17/90) of the non-
impulsive behavior subjects.

The prevalence of subjects taking dopamine agonists was higher in subjects reporting
impulsive behavior versus those reporting no impulsive behavior, but the difference was not
statistically significant. Subjects taking Pramipexole reported slightly more impulsive
behavior than those not taking any dopamine agonists (p = 0.06).

The prevalence of dopamine therapy abuse, a symptom of DDS19 was 11.2% (14/125). Of
these 14 subjects, 57% (8) were taking dopamine agonists. Abuse of dopamine medication
was not more common in the subjects reporting impulsive behavior.

The DBS and non-DBS patients differed significantly in mean age, age of PD onset,
duration of PD, and LEDD (Table 3). The distributions of gender and dopamine agonistic
medication use were almost the same between the two groups (chi-square of p=0.9 and
p=0.8, respectively). When comparing overall impulsive behaviors, the DBS and non-DBS
patients were not significantly different from each other after adjusting for age, PD duration,
and LEDD (Prevalence odds=1; p=0.9; Table 4). The prevalence of impulsive behavior
increased between the fourth and fifth decades, but was similar for the fifth, sixth, and
seventh decades of life.

Discussion
This cross-sectional, questionnaire-based study provides evidence of a higher prevalence of
impulsive behavior (29.7%) in PD than previously reported. In addition, because 26% of
impulsive subjects reported multiple impulsive behaviors, PD patients must be screened for
a variety of impulsive behaviors. In contrast to previous reports, we noted a higher
prevalence of IBs in women (40.0%) than in men (24.1). The wide variability in reported
prevalence of IBs in this population supports the need for standardization of assessment
tools for diagnosing, and definitions of, impulsive behavior.

Prevalence of impulsive behavior in PD
An expanding body of literature addresses abnormalities of impulse control in PD 6,
although the prevalence of these disorders has been somewhat difficult to assess.
Explanations for the conflicting information about prevalence include the previous
conception of PD as an exclusively motor disease, the social opprobrium placed on disorders
of impulse control—which could be reflected in patient unwillingness to volunteer
information and physician discomfort in probing into these disorders—and the confounding
effects of different therapies, screening methods20, and definitions of the various impulsive
behaviors 2. The potentially devastating psychosocial and financial consequences of these
behaviors obligate a careful investigation of their prevalence and associated clinical factors.
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The prevalence of all impulsive behaviors surveyed in our PD clinic population was
markedly higher than in previous reports. For example, Weintraub and colleagues assessed
compulsive gambling, shopping, and sexual behavior in 272 patients and found a combined
prevalence of impulse control disorders of 6.6% (18/272)4. Our comprehensive survey tool
assessed a wide variety of impulsive behaviors (e.g., kleptomania, compulsive exercise), in
contrast to prior studies limited to those specific impulsive behaviors previously highlighted
in the literature—e.g., compulsive gambling.

Our methodology—both how we surveyed for impulsive behavior and the definition we
used for impulsive behaviors —was different from the majority of those reported in the
literature, in that we relied on the self-report-MIDI to screen for impulsive behavior 11 and
did not follow this questionnaire with a structured clinical interview, given constraints of our
study design. Self-report questionnaires can sometimes overestimate the prevalence of
pathological gambling due to retrospective reporting bias 21.Other potential explanations for
the high prevalence of impulsive behavior in our population include factors unique to our
study population—for instance, the racial and ethnic composition of our study population
was almost exclusively Caucasian (99.2%), and of Scandinavian or Western European
descent, and the availability of gambling in our region might be higher than in others
studied22.

Our finding of a 9.4% prevalence of pathological gambling is consistent with a recent study
by Voon and colleagues, who reported a 7.2% lifetime prevalence of pathologic gambling in
their PD population12. We also observed a prevalence of 7.0% of compulsive sexual
behavior, consistent with other reported rates (range: 2.4% - 10%) 23,11. Our prevalence of
compulsive buying was 11.0%--higher than rates reported elsewhere (range 0.4 -10%)23,11.
The estimated prevalence of trichotillomania in the general population is 1- 3%13. A 4.7%
prevalence of trichotillomania in our study population was interesting as there is only one
previous case report of trichotillomania in a patient with PD 24, suggesting that this
behavior is either under-recognized, or under-reported, or that our patient population is
different from other PD populations described.

The rates of specific impulsive behaviors found in our study are also higher than rates
reported in non-PD adults: For instance, lifetime prevalence rates of pathological gambling
among adults range from 0.4%-1.6%25; compulsive sexual behavior prevalence in general
psychiatric patients is 4.4%26, and in college students is 3.7%27. The higher rates of
impulsive behavior in our PD subjects as compared to the general population may result
from factors such as altered dopamine regulation, executive dysfunction, having to contend
with progressive disability, therapies such as dopaminergic medications and deep brain
stimulation, or a complex interplay of many factors.

Clinical factors Associated with impulsive behavior in PD
Subjects reporting impulsive behavior in our study demonstrated a younger age of PD onset
than subjects not reporting such behavior, in keeping with previous reports10,9. It remains
unclear why younger age of PD onset is associated with impulsive behavior, but there is
some evidence that younger PD patients represent a distinct biochemical entity28. Our
subject age range was not substantially different from others reported 29,4. In contrast to
other studies, however, we did not find male sex to have a statistically significant
association with impulsive behavior.

A growing number of reports emphasize an association between impulsive behavior —
especially, gambling—and the use of dopamine agonists to treat PD30,31,29,32,12,4, with
pramipexole most frequently implicated9, although this remains controversial6,32,9,3,20.
However, we have not found a significantly higher prevalence of impulsive behavior in
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subjects taking dopamine agonists, and we found no association between pramipexole use
and impulsive behavior. Thus, other factors should be considered as well, such as the greater
availability of gambling opportunities for the population we studied or a more susceptible
patient population22.

In our study population, dopamine therapy abuse was reported at a prevalence of 10.9%, in
contrast to 3.4 % by Pezzella and colleagues19, and 4% by Giovannoni, et al.16 and punding
was observed at a prevalence of 7.8%. The reported prevalence of punding varies (1.4 –
14%), and is suspected to be underreported because of lack of awareness on the part of
physicians, and patient reluctance to divulge details of abnormal behavior33.

When comparing overall impulsive behaviors, DBS and non-DBS patients were not
significantly different from each other after adjusting for age, PD duration and LEDD.
Previous reports have implicated DBS in the onset of pathological gambling34 and in
increasing impulsiveness during decision making tasks35, but other investigators have
reported a decrease in pathologic gambling 36,8, DDS37, and OCD severity38 following STN
DBS surgery. Whether these improvements were a consequence of the reduction in
dopaminergic medication doses postoperatively, or a direct effect from stimulation, is
unknown. Our results highlight the need for additional studies to determine whether or not
DBS causes or exacerbates impulsive behavior.

Study Limitations
Several limitations of this study must be acknowledged. First, not all impulsive behaviors
were surveyed (see Bonvin et al., 20078, for instance), due, in part, to the length of time
required for subjects to complete our survey instrument. Second, certain potentially
important variables were not assessed: For instance, others have demonstrated that a
correlation exists between impulse control disorders and positive family history for these
disorders20. Unfortunately, the cross-sectional, questionnaire-based nature of our study
precluded obtaining detailed information about family history of impulse control disorders
and other psychiatric diseases, and detailed subject psychiatric history, as would be obtained
in Structured Clinical Interviews. Therefore, we could not definitively rule-out the
possibility that some percentage of impulsive behaviors were secondary to bipolar disorder
or substance abuse, although all patient medical records were reviewed for such diagnoses.
Lastly, 51.3% of clinic patients who were eligible did not consent to participate, and might
represent a different sub-population from those who did participate, with respect to
impulsive behavior. Although this fact raises the possibility of a non-responder bias, our
study design precluded addressing this issue.

Conclusions
Our study provides evidence of a higher prevalence of impulsive behavior (29.7%) in PD
than previously reported. In addition, because 26% of impulsive subjects reported multiple
impulsive behaviors, PD patients need to be screened for a variety of impulsive behaviors.
In contrast to previous reports, we noted that impulsive behaviors were more prevalent in
women (40.0%) than men (24.1%). These results support the need for a longitudinal study to
assess changes in impulsivity and impulsive behaviors in Parkinson's patients.
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Figure 1.
Percentage of study participants reporting impulsive behavior (IB) (Total N = 38; N for each
category listed in parentheses) by category of behavior, based on response to Minnesota
Impulsive Disorders Interview (MIDI; IED = Intermittent Explosive Disorder).
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