
SLEEP, Vol. 33, No. 1, 2010 81

An increAsed frequency of impulse control 
disorders (icds) hAs been recognized with 
the use of dopAminergic Agents in A subset of 
patients with parkinson disease (pd). the central dopaminergic 
reward system has been implicated, possibly due to overstimu-
lation of mesolimbic dopamine receptors.1 recognized icds in 
this setting include pathologic gambling,2-7 hypersexuality,7-9 
compulsive shopping,7,9 compulsive eating,10 punding,11-14 and 
compulsive medication use.15 punding is characterized by com-
plex, stereotyped, and often purposeless repetitive actions such 
as continued handling or sorting of common objects, manipula-
tion of technical equipment, excessive grooming or cleaning, 
and hoarding.13,14 several of these entities are formally des-
ignated as “impulse control disorders” in the Diagnostic and 
Statistical Manual of Mental Disorders (4th Edition),16 but this 
group of behaviors can be recognized as a whole by a common 
inability to resist impulses, drive, or temptation to engage in 
ultimately self-destructive acts. controversy remains regarding 

their overall classification because of overlap with obsessive-
compulsive and addiction processes.

in patients with pd, icds are relatively common, with es-
timated lifetime prevalence rates of 3% to 8% for pathologic 
gambling, 2.5% to 7.2% for hypersexuality, and 0.4% to 1.5% 
for compulsive shopping.1,7 for comparison, the lifetime preva-
lence of pathologic gambling in the general population is be-
tween 0.3% and 2%.1,3,17-19 similar data for other icds are less 
well established. one questionnaire-based study demonstrated 
an overall lifetime prevalence of pathologic gambling, hyper-
sexuality, or compulsive shopping in patients with pd of 6.1% 
but a statistically significant heightened rate of 13.7% with 
the use of dopaminergic agonists in this population.9 the indi-
vidual lifetime prevalence rates in the subset of patients using 
dopaminergic agonists in this study were 7.2% for pathologic 
gambling, 7.2% for hypersexuality, and 1.4% for compulsive 
shopping.9 A recent retrospective analysis of 267 local patients 
with pd found new-onset compulsive gambling or hypersex-
uality in 18.4% of subjects taking therapeutic doses of dop-
amine agonists (defined as ≥ 2 mg of pramipexole or 6 mg of 
ropinirole daily).20 Numerous reports in the literature confirm a 
similar striking relationship between icds and the use of dop-
aminergic agents in pd.1-10,12,15 A consistent dose effect has not 
been demonstrated.1

the relationship between icds and the use of dopaminergic 
medications in disease processes other than pd has not been 
as well studied. several case reports suggest that pathologic 
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gambling may have an increased frequency with the use of 
dopaminergic agonists in restless legs syndrome (rls).19,21,22 
A recent retrospective survey of 77 patients with idiopathic 
rls actively taking dopaminergic medication found increased 
gambling in 6% and excessive sexual behaviors in 4% of the 
subjects.23

rls is a common and important neurologic disorder. epi-
demiologic studies suggest that 10% to 15% of adults in euro-
pean and north American countries meet criteria for diagnosis, 
including 2.5% in which the condition seriously affects qual-
ity of life.24-27 Although the precise pathophysiology remains 
unknown, dysfunction of central dopaminergic systems has 
been implicated, and dopaminergic agents are widely used for 
treatment of symptoms.28 given the potentially devastating psy-
chosocial consequences of icds, a better understanding of the 
frequency of these behaviors is essential to improve medical 
management of rls. we performed a prospective, case-control 
study to determine the frequency of icds in patients with rls 
using dopaminergic agents. our primary hypothesis was that 
the frequency would be higher than in a comparative group of 
patients with obstructive sleep apnea (osA).

methods
the study was approved by the mayo clinic institutional re-

view board. one hundred patients with rls seen at the mayo 
clinic center for sleep medicine in rochester, minnesota, 
were recruited between february and July 2008 (rls treatment 
group). in an effort to maintain consecutive enrollment, study 
materials were mailed to those unable to complete the question-
naire at the time of their recruitment. inclusion criteria were 
patient consent, a diagnosis of RLS by a board-certified sleep 
specialist using standard clinical criteria,29 and treatment with 
dopaminergic agents either at the time of recruitment or previ-
ously during the course of their illness. dopaminergic agents 
were defined as levodopa, pramipexole, ropinirole, bromocrip-
tine, pergolide, cabergoline, rotigotine patch, or apomorphine 
injection. two comparative groups presenting to the center for 
sleep medicine between february and november 2008 were 
also recruited following patient consent: (1) 275 patients with a 
polysomnogram-confirmed diagnosis of OSA29 but no exposure 
to dopaminergic agents and a definitive statement in the sleep-
center clinical documentation that the patient did not have rls 
(osA control group) and (2) 52 patients with rls who were 
never treated with dopaminergic agents (rls control group). 
subjects were excluded from any study group on the basis of 
prior diagnoses of parkinsonism, including pd and related dis-
orders, and inability to complete the questionnaire.

the subjects were asked to complete a questionnaire con-
sisting of a modified compulsive shopping survey,30 a modi-
fied version of the South Oaks Gambling Screen,31 a clinician 
investigator-designed compulsive-eating questionnaire, a 
modified hypersexuality questionnaire,9 and a modified pund-
ing questionnaire (Appendix—available online only at www.
journalsleep.org).12 based on available diagnostic criteria and 
the use of similar surveys in the pd literature,1,9,12,16,30,31 a thresh-
old score was established for each section of the questionnaire: 
a total score of at least 9 for compulsive shopping, yes to ques-
tion #1 and a total score of at least 5 for pathologic gambling, 
yes to question #1 and a total score of at least 5 for compulsive 

eating, yes to question #1 and a total score of at least 2 for hy-
persexuality, and a total score of at least 4 for punding. Age, 
sex, and body mass index (bmi) were obtained by chart review 
for study participants. in addition, the past medical and social 
history sections of the medical record were searched for current 
or previous psychiatric diagnoses (depressive disorders, includ-
ing any form of major depression, dysthymia, and symptoms of 
depression; anxiety disorders, including symptoms of anxiety, 
obsessive-compulsive disorder, generalized anxiety disorder, 
social phobia, and panic disorder; or other psychiatric diagno-
ses), as well as current or previous substance abuse (alcohol or 
illicit drugs).

subjects meeting preset scoring thresholds for icds on the 
questionnaire were contacted by phone and informed that their 
scores suggested behavior symptoms that might require medi-
cal attention. the investigator offered to arrange for consulta-
tion at the mayo clinic or notify a local care provider when 
appropriate. with verbal consent, a standardized structured 
interview took place to confirm suspected diagnoses of ICDs 
using available diagnostic criteria.1,9,12,14,16,32,33 An attempt was 
made to identify aspects of obsessive-compulsive spectrum 
disorder or mania or hypomania present at the time of icds. 
for the group of patients with rls who were treated with do-
paminergic agents, the phone interview also sought to define 
the temporal association between medication use and the onset 
of icds, the dose of medication at onset of icd symptoms, 
perceived negative consequences of the condition, and whether 
the presumed offending medication had been discontinued or 
adjusted.

using an estimated icd prevalence of 7% in the rls treat-
ment group and 1% in the osA control group, the study was 
designed to achieve 81% power in detecting statistically sig-
nificant differences between the groups with respective sample 
sizes of 100 and 275 subjects. the study was not designed to 
be powered to evaluate the anticipated limited number of rls 
control subjects. The Fisher exact test with a 2-sided signifi-
cance level set at a p value of less than 0.05 was used to com-
pare the questionnaire and phone interview results of the rls 
treatment group with the osA and rls control groups. the 
Kruskal-wallis test evaluated total scores on each section of 
the questionnaire between study groups. the fisher exact test 
and a 2-sample t test with significance level set at a P value of 
less than 0.05 were used to compare demographics in the study 
populations. wilcoxon (rank-sum) 2-sample test was used for 
analysis of dose effect in the rls treatment group. linear and 
multivariable logistic analyses were performed to adjust for co-
variables.

results
four patients were excluded from the study because of prior 

diagnoses of parkinsonism. eight patients (7 from the osA con-
trol group and 1 from the rls control group) were ineligible 
to participate due to incomplete questionnaires. one hundred 
subjects in the rls treatment group, 275 osA control subjects, 
and 52 rls control subjects were enrolled in the study. demo-
graphics for each study group are shown in table 1. when com-
pared with the rls treatment group, mean age was higher in 
the osA control group, which also contained a greater propor-
tion of men. mean bmi was increased in both control groups 
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compared with the rls treatment group. patients with rls 
who were treated with dopaminergic agents were more likely 
to have a history of psychiatric diagnoses, specifically depres-
sion, than either of the control groups. No significant difference 
in substance abuse history or anxiety disorders was found be-
tween the groups.

based on the questionnaire alone, frequencies of icds for 
the rls treatment group were 10% compulsive shopping, 7% 
pathologic gambling, 23% compulsive eating, 8% hypersexual-
ity, and 10% punding (table 2). the frequency of any icd for 
the rls treatment group was 32%. excluding the large number 
of compulsive-eating cases, this value was 20% (13% osA con-
trols; 12% RLS controls). Frequencies were significant when 
compared with the osA control group for compulsive shopping 
(p = 0.004) and pathologic gambling (p = 0.005).

mean total scores for each questionnaire section were evalu-
ated between study groups (table 3). there were no statisti-
cally significant differences between the RLS treatment group 
and the 2 control groups. A linear regression analysis compen-
sating for the variations in sex, age and bmi in the different 
groups confirmed no significant differences. To further assess 
the possible effect of these demographic differences, a posthoc 
multivariable logistic regression analysis was conducted on the 
questionnaire results, based on those subjects above and below 
the threshold scores for each icd. when the model was adjust-
ed for age and sex, statistically significant increased rates were 
found for the rls treatment group compared with the osA 
control group with respect to pathologic gambling (p < 0.006) 
and compulsive shopping (p < 0.025). when adjustments were 
also made for BMI, rates remained significantly different for 
pathologic gambling (P < 0.01) and approached significance for 
compulsive shopping (p < 0.08), even though the low number 
of subjects with icds resulted in the logistic regression mod-
els being underpowered. because the adjusted frequencies of 
icds following the interviews were still lower, a logistic re-
gression analysis could not be accurately performed using this 
data. similarly, the frequency of icds in the rls control group 
was too low to perform statistical subanalyses, but the only de-

mographic difference between this control group and the rls 
treatment group was in bmi.

To increase the specificity of the findings, the data were re-
analyzed based on additional information obtained from phone 
interviews. of the 32 subjects in the rls treatment group who 
scored above threshold on the questionnaire, phone-contact in-
formation was available for all but 1 subject. All 13 of such 
patients from the rls control group completed the interview, 
and 73 of 77 osA controls who scored above threshold could 
be reached by phone. All interviews were conducted within 4 
months of the time the questionnaires were completed. when 
considering additional information obtained from the phone in-
terview, adjusted frequencies of icds for the rls group treated 
with dopaminergic agents were 9% compulsive shopping, 5% 
pathologic gambling, 11% compulsive eating, 3% hypersexual-
ity, and 7% punding (Table 2). These values were significant 
when compared with the osA control group for compulsive 
shopping (p = 0.0002), pathologic gambling (p = 0.006), 
and punding (p = 0.005), as well as for compulsive shopping 
(p = 0.03) when compared with the rls control group. the 
frequency of any icd based on the phone interview was 17%, 
a statistically significant finding when compared with the osA 
control group (6%; p = 0.004).

in the group of patients with rls who were treated with do-
paminergic agents, 1 patient with an ICD confirmed by phone 
interview reported a diagnosis of obsessive-compulsive tenden-
cies. in the osA control group, 1 subject with a confirmed ICD 
was working with a therapist for obsessive-compulsive disor-
der, and another was diagnosed with bipolar disorder, including 
episodes of mania during the time of impulse control behaviors. 
no patients from the rls control group had recognized obses-
sive-compulsive spectrum disorder or mania or hypomania.

further analysis was completed for the 17 subjects from the 
RLS treatment group confirmed during the phone interview to 
have experienced ICDs. There were no significant differences 
in age, sex, bmi, frequency of psychiatric diagnoses, or fre-
quency of substance abuse in this subgroup when compared 
with the rest of the rls treatment group. fifteen of these 17 

table 1—Demographics of the study population

men age, y Bmi, kg/m2 history of any 
psychiatric diagnosis

depressive 
disorders

anxiety 
disorders

history of 
substance abuse

rls treatment group (n = 100) 52 (52) 59.0 ± 14.6 29.8 ± 5.2 62 (62)a 54 (54) 16 (16) 3 (3)
osa control group (n = 275) 176 (64)b 62.9 ± 12.1c 35.0 ± 7.1c 128 (47)c,d 74 (27)c 39 (14) 8 (3)
rls control group (n = 52) 25 (48) 60.8 ± 14.9 34.0 ± 8.6c 19 (37)c,e 17 (33)b 4 (8) 1 (2)

Data are presented as number (%) except age and body mass index (BMI), which are shown as mean ± SD. The control groups comprised patients who 
had been diagnosed with their respective disorders (obstructive sleep apnea [OSA] or restless legs syndrome [RLS]) but who had never received treatment 
with dopaminergic agents.
aPsychiatric diagnoses other than depressive and anxiety disorders included single cases of obsessive compulsive tendencies, schizophrenia, somatoform 
disorder, post-traumatic stress disorder, adjustment disorder not otherwise specified, and borderline personality disorder.
bStatistically significant at the P ≤ 0.05 level compared to RLS treatment group
cStatistically significant at the P ≤ 0.01 level compared with the patients with RLS who received treatment with dopaminergic agents (RLS treatment 
group).
dPsychiatric diagnoses other than depressive and anxiety disorders included 5 cases of eating disorders, 2 cases of personality disorder not otherwise 
specified, and 2 cases of adjustment disorder not otherwise specified, as well as single cases of bipolar disorder, obsessive compulsive disorder, and 
schizoaffective disorder.
ePsychiatric diagnoses other than depressive and anxiety disorders included 1 case of post-traumatic stress disorder.

Impulse Control Disorders in Treated RLS—Cornelius et al

D
ow

nloaded from
 https://academ

ic.oup.com
/sleep/article/33/1/81/2513719 by guest on 20 August 2022



SLEEP, Vol. 33, No. 1, 2010 84

of physician inquiry regarding 
these behaviors in the medi-
cal record—these patients were 
referred for expedited appoint-
ments to consider medication 
adjustment. six patients had 
taken levodopa at doses ranging 
from 100 to 200 mg daily for 4 
months up to more than 10 years 
without experiencing any behav-
ior changes but later developed 
icds after being switched to 
pramipexole. four patients had 
no impulse-control problems on 
pramipexole at doses ranging 
from 0.50 to 2.25 mg daily for 
1 week up to 6 years but expe-
rienced behavior changes after 
changing to ropinirole.

case reports
1. A 60-year-old woman with 

no previous gambling history 
was on pramipexole for several 
months at a daily dose of 0.50 
mg before she developed an 
“uncontrollable urge” to play 
slot machines. she visited casi-
nos at least twice per week, with 
approximately $6000 in losses 
per month because “it was im-
possible to stop until all of my 
resources were exhausted.” 
gambling behaviors improved 
when the patient was switched 
to gabapentin, but the patient 
later resumed pramipexole on 
her own.

2. After approximately 3 
months on ropinirole at 4.0 mg per day, a wealthy 79-year-old 
man started to entertain “multiple girlfriends at a time that were 
half my age.” he spent more than $50,000 on cars for 2 of these 
girlfriends and had purchased a $1.25 million penthouse for 
another. in addition, he reported an intense urge to eat “some-
thing crunchy” for several hours after taking ropinirole. these 
behaviors were not previously recognized as problematic by the 
patient.

3. A 47-year-old woman reported concerning behaviors after 
she had been taking pramipexole at 0.50 mg daily for 6 months. 
she lost an estimated $5000 on purchases from the shopping 
channel (“ugly clothes and jewelry that i didn’t even need”) 
and set her alarm clock for early morning hours “because i just 
couldn’t miss a sale.” she had food binges, eating an entire 
pizza or a dozen donuts at one sitting “even though i wasn’t 
hungry.” sometimes she would stay up “all hours of the night” 
cross-stitching. finally, she reported “being more risky” by per-
forming sexual acts in public. Although present for almost 2 
years, these behaviors resolved completely in 1 to 2 months 
after pramipexole was discontinued.

subjects (71%) had been treated with pramipexole at some 
point during their disease course, with a mean dose of 1.35 ± 
0.62 mg of pramipexole daily. A statistically significant dose 
effect (p = 0.0001) was found in comparison with the other 
66 participants from the rls treatment group without phone 
interview-confirmed ICDs (mean dose 0.67 ± 0.48 mg daily). 
similar analyses for ropinirole and levodopa did not demon-
strate dose effect.

twelve of the 17 subjects from this subgroup were taking 
pramipexole at the time of icd onset, and the other 5 were us-
ing ropinirole. the average daily dose of medication at com-
pulsive-behavior onset was 1.25 mg (range 0.5-2.0 mg) for 
pramipexole and 3.6 mg (range 0.5-6.0 mg) for ropinirole. the 
mean duration from initiation of medication to onset of icd or 
icds was 9.5 months (range 2 weeks-3 years). dopaminergic 
medications were discontinued due to icds in 8 of 17 patients. 
symptoms resolved completely within several weeks in 7 of 
these cases, and the 1 remaining case noted substantial im-1 remaining case noted substantial im- remaining case noted substantial im-
provement. the association between dopaminergic agents and 
icds had not been recognized in 3 cases despite documentation 

table 2—Frequencies of impulse control disorders 

compulsive 
shopping

pathologic 
gambling

compulsive 
eating hypersexuality punding any icd

2a—raw frequencies based 
on questionnaire results

rls treatment 
group (n = 100) 10 (10%) 7 (7%) 23 (23%) 8 (8%) 10 (10%) 32 (32%)

osa control 
group (275) 7 (3%)a 3 (1%)a 54 (20%) 15 (5%) 17 (6%) 77 (28%)

rls control 
group (n = 52) 1 (2%) 1 (2%) 9 (18%) 1 (2%) 4 (8%) 13 (25%)

2B—adjusted frequencies based 
on phone interview results

rls treatment 
group (n = 100) 9 (9%) 5 (5%) 11 (11%) 3 (3%) 7 (7%) 17 (17%)

osa control 
group (n = 275) 2 (0.7%)a 1 (0.4%)a 14 (5%) 1 (0.4%) 3 (1%)a 17 (6%)a

rls control 
group (n = 52) 0 (0%)b 1 (2%) 3 (6%) 0 (0%) 0 (0%) 4 (8%)

Data are presented as number (%). ICD refers to impulse control disorder. The control groups comprised pa-
tients who had been diagnosed with their respective disorders (obstructive sleep apnea [OSA] or restless legs 
syndrome [RLS]) but who had never received treatment with dopaminergic agents.
aStatistically significant at the P ≤ 0.01 level compared with the patients with RLS who had received treatment 
with dopaminergic agents (RLS treatment group). 
bStatistically significant at the P ≤ 0.05 level compared with the RLS treatment group.

table 3—Mean total scores for each questionnaire section

compulsive 
shopping

pathologic 
gambling

compulsive 
eating hypersexuality punding

rls treatment group (n = 100) 3.2 1.4 2.0 0.4 1.6
osa control group (n = 275) 2.4 1.0 2.0 0.2 1.4
rls control group (n = 52) 3.0 0.9 1.9 0.2 1.5
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either of the control groups. However, no statistically signifi-
cant demographic differences were noted when comparing the 
subgroup of patients from the RLS treatment group confirmed 
to have icds by phone interview with other subjects from the 
rls treatment group. Additional research is needed to iden-
tify risk factors that predispose patients to developing these 
behaviors.

many of our patients with rls who were treated with dop-
aminergic medications suffered devastating consequences from 
icds, as highlighted by the included case reports. it is extreme-
ly important to actively screen for icds in this population by 
discussing the risks of, benefits of, and alternatives to the use of 
these medications. discontinuation of the dopaminergic agent 
and/or switching to another medication in this class of medi-
cations can be effective management strategies.1,17,18 we found 
that symptoms resolved completely within several weeks in 7 
out of 8 patients with icds when the offending medication was 
discontinued; the other patient had substantial improvement in 
prior compulsions.

findings from this study may also be helpful to our under-
standing of how icds develop in the context of pd. Although 
most clinical reports suggest at least some contributing role 
of dopaminergic agents, unanswered questions remain as to 
whether icds are related primarily to pathologic features of the 
disease itself.13 since our study demonstrates that dopaminer-
gic medications used in a non-pd population trigger the same 
behaviors, it further supports the concept that the medications, 
rather than the underlying disease process, are predominantly 
to blame. Alternatively, it is possible that rls and pd share 
a common underlying pathophysiology because some studies 
suggest that rls is more common in patients with pd than in 
control subjects.1,24-26 however, although the precise pathophys-
iology of rls is unknown, there are a number of arguments for 
a different underlying process, including the lack of lewy body 
pathology or neuronal degeneration in rls, the occurrence of 
dopaminergic medication augmentation in rls but not pd de-
spite treatment with the same medications at higher doses, and 
the common occurrence of dyskinesias and motor fluctuations 
with long-term dopaminergic therapy in pd but not generally 
in rls.28,34

it is thought that aberrancy of the central dopaminergic reward 
system leads to development of icds in the setting of exposure to 
dopaminergic medications. dopaminergic mesolimbic projections 
from the ventral tegmental area to the nucleus accumbens and pre-
frontal cortex, as well as associated frontostriatal circuitry, play 
a major role in the mechanisms of reward and reinforcement.35 
of note, pramipexole and ropinirole have relative selectivity and 
higher affinity for dopamine D3 receptors, which are concentrated 
in mesolimbic pathways.36,37 dopaminergic agents may act on 
these pathways through a number of mechanisms: altering the 
physiologic role of dopamine as an error-prediction and teaching 
signal, stimulation of a particular region of dopamine receptors 
causing a shift from goal-directed behaviors to habit formation, 
or chronic neuronal stimulation leading to behavior sensitiza-
tion.1 using brain perfusion single-photon emission computed 
tomographic imaging, 1 study confi rmed that PD patients on do-1 study confi rmed that PD patients on do- study confirmed that PD patients on do-
paminergic therapy who had pathologic gambling had significant 
resting-state overactivity in brain areas involved in reward-based 
learning, motivation, and impulse control.38

4. A 59-year-old man is dealing with ongoing litigation re-
lated to inappropriate sexual behaviors involving the internet 
that prompted police to raid his home, much to the shock of his 
wife and grandchildren. he gained more than 200 pounds with 
food binges, his wife constantly returned unneeded purchases 
to the store, and he spent 10 to 12 hours per day on the com-
puter in chat rooms, playing games, and viewing pornography. 
All of the behaviors started within a year of his taking ropini-
role 4.0 mg daily and resolved quickly when he was taken off 
the medication.

discussion
this study demonstrates that icds are common with the use 

of dopaminergic agents for the treatment of rls. statistically 
significant increased rates were found for compulsive shopping 
and pathologic gambling, in comparison with the large group 
of osA controls, based on questionnaire results alone, and, for 
compulsive shopping, pathologic gambling, and punding, when 
additional information from follow-up phone interviews was 
considered.

Using the phone interview to confirm diagnoses of ICDs for 
those subjects that scored above preset thresholds on the ques-
tionnaire, we found that the frequencies in rls patients treated 
with dopaminergic agents were 9% for compulsive shopping, 
5% for pathologic gambling, 11% for compulsive eating, 3% 
for hypersexuality, 7% for punding, and 17% for any icd. 
These findings are similar to those for compulsive shopping, 
pathologic gambling, and hypersexuality described with the use 
of dopaminergic agents in pd; limited data are available for in-
terpreting the rates of compulsive eating and punding.1-10,12,13,15 
Although the increased frequency of icds in pd has garnered 
much attention, limited information is available regarding these 
behaviors with the widespread use of dopaminergic medica-
tions in rls. perhaps this is due to both patient underreporting 
and clinician assumption that the lower medication doses used 
to treat rls would not predispose patients to developing the 
same compulsions. However, our results further confirm that 
this same association exists in rls, as previously suggested by 
several case reports and a recent retrospective survey.19,21-23

For those subjects from the RLS treatment group confirmed 
to have experienced icds by phone interview, we found mean 
daily doses of 1.25 mg for pramipexole and 3.6 mg for ropini-
role at behavior onset. these represent common maintenance 
levels for treatment of rls in clinical practice and are con-
siderably lower than doses conventionally used to treat pd. A 
statistically significant dose effect was found in this subgroup 
for pramipexole, but not for ropinirole or levodopa, when com-
pared with the rest of the rls treatment group. As in a prior 
case series, a mean treatment duration of 9.5 months at the time 
of compulsive-behavior onset was demonstrated.19 this sug-
gests that physicians need to continue to monitor for icds after 
initial titration of the medication.

numerous individual factors have been associated with 
vulnerability to icds in patients with pd, including high 
novelty-seeking personality traits, depression, male sex, sub-
stance abuse, and younger age of pd onset.1,17 Age, sex, bmi, 
psychiatric history, and history of substance abuse were eval-
uated in our study. subjects from the rls treatment group 
were more likely to have depression than were subjects in 
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nistic homeostatic dysregulation in patients with parkinson‘s disease 
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2000;68:423-8.
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mental disorders. 4 ed. washington, dc: American psychiatry Associa-
tion, 1994.

 17. potenza mn, Voon V, weintraub d. drug insight: impulse control disor-
ders and dopamine therapies in parkinson‘s disease. nat clin pract neu-
rol 2007;3:664-72.

 18. stamey w, Jankovic J. impulse control disorders and pathological gam-
bling in patients with parkinson disease. neurologist 2008;14:89-99.

 19. tippmann-peikert m, park Jg, boeve bf, shepard Jw, silber mh. patho-
logic gambling in patients with restless legs syndrome treated with dop-
aminergic agonists. neurology 2007;68:301-3.

 20. bostwick Jm, hecksel KA, stevens sr, bower Jh, Ahlskog Je. fre-fre-
quency of new-onset pathologic compulsive gambling or hypersexual-
ity after drug treatment of idiopathic parkinson disease. mayo clin proc 
2009;84:310-6.

 21. evans Ah, butzkueven h. dopamine agonist-induced pathological gam-
bling in restless legs syndrome due to multiple sclerosis. mov disord 
2007;22:590-1.

 22. quickfall J, suchowersky o. pathological gambling associated with do-
pamine agonist use in restless legs syndrome. parkinsonism relat disord 
2007; 13:535-6.

 23. driver-dunckley ed, noble bn, hentz Jg, et al. gambling and increased 
sexual desire with dopaminergic medications in restless legs syndrome. 
clin neuropharmacol 2007;30:249-55.

 24. trenkwalder c, paulus w, walters As. the restless legs syndrome. lan-
cet neurol 2005;4:465-75.

 25. walters As. restless legs syndrome and periodic limb movements in 
sleep. continuum lifelong learning neurol 2007;13:115-38.

 26. Karatas m. restless legs syndrome and periodic limb movements during 
sleep: diagnosis and treatment. neurologist 2007;13:294-301.

 27. garcia-borreguero d, egatz r, winkelmann J, berger K. epidemi-
ology of restless legs syndrome: the current status. sleep med rev 
2006;10:153-67.

 28. silber mh, Krahn le, morgenthaler ti. sleep medicine in clinical prac-
tice. new york, ny: taylor and francis group, 2004.

 29. American Academy of Sleep Medicine. International Classification of 
sleep disorders: diagnostic and coding manual. 2 ed. westchester, il: 
American Academy of sleep medicine, 2005.

 30. lejoyeux m, tassain V, solomon J, Ades J. study of compulsive buying 
in depressed patients. J clin psychiatry 1997;58:169-73.

strengths of this study include the systematic prospective 
screening process for 5 separate icds with case-control com-
parisons. the follow-up clinician-directed telephone interview 
provided an additional structured assessment to improve diag-
nostic accuracy. however, there are several limitations. icds 
often occur without subjective distress and are frequently hid-
den or unnoticed by patients,1 so self-reporting of these socially 
unacceptable behaviors may actually lead to an underestima-
tion. strict consecutive enrollment was hindered by time con-
straints for filling out the lengthy questionnaire during an office 
visit. patients with obsessive-compulsive disorder were not 
excluded from participation in the study, but only 2 patients 
reported symptoms or a diagnosis of this condition—1 from the 
rls treatment group and 1 from the osA control group. Al-1 from the osA control group. Al- from the osA control group. Al-
though questionnaire design and scoring were based on avail-
able diagnostic criteria for icds and the use of similar surveys 
in the pd literature, they were not independently validated. the 
study population was representative of a large academic sleep 
medicine practice, but the results cannot be extrapolated to a 
community-based population. this study was not powered for 
analysis of the comparative group of patients with rls who 
had never been treated with dopaminergic agents. we anticipat-
ed limited enrollment in this study group, given that the major-
ity of patients with rls evaluated at our tertiary referral center 
have been tried on a least 1 dopaminergic agent in the past. 
several demographic differences were noted between the rls 
treatment group and the osA control group. to adjust for these 
differences, multivariable logistic regression analyses were 
performed that supported statistically significant differences 
between the rls treatment group and the osA control group 
with respect to pathologic gambling and compulsive shopping. 
the investigator performing the phone interviews (Jrc) was 
not blinded to study group, as the protocol required questions 
regarding the time and dose relationships between the use of 
the drug and the onset of symptoms, as well as whether the 
drug had been discontinued. Although this may have introduced 
some bias into the interpretation of the answers, the presence or 
absence of icds was usually very clear without ambiguity.

in summary, our case-control study demonstrates that 17% 
of patients treated with modest doses of dopaminergic agents 
for rls will develop icds. physicians treating rls should be 
familiar with this potentially serious side effect and counsel pa-
tients prior to initiation of therapy.
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