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ABSTRACT  

Introduction: Impulsive compulsive behavior disorders (ICB) 

frequently occurs in patients with Parkinson’s disease (PD) on 

long-term dopamine replacement therapy. The category of ICB 

in PD includes addictive behaviors like impulse control 

disorders (ICD), such as pathological gambling, compulsive 

shopping, hypersexuality, binge eating, and compulsive use of 

dopaminergic drugs (dopamine dysregulation syndrome=DDS), 

and an aimless repetitive stereotyped behaviors called as 

punding. The prevalence of ICB is reported to be 10 to 14% for 

ICD, and up to 30% for ICB including DDS and punding in PD 

patients taking chronic dopaminergic drugs. These figures are 

significantly higher than those in drug-naïve PD and general 

populations. The strongest risk factor for ICB is dopaminergic 

drugs, especially dopamine agonists. However not all patients 

taking dopamine agonists develop ICB. Thus identification of 

other predisposing factors is an interesting issue for clinical 

perspective as well as for pathophysiological research.  

Methods: First, genetic predisposing factors to ICB were 

identified by analyzing highly relevant genetic variants in a PD 
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cohort (N=404) and in 559 age-matched healthy controls. 

Genotyping was performed for variants of the DRD3 p.S9G, 

DRD2 Taq1A, GRIN2B c.366C>G, c.2664C>T and c.-200T>G, 

the promoter region of the serotonin transporter gene (5-

HTTLPR). Second, characteristic dopaminergic neural changes 

associated with the appearance of ICB were evaluated. In 26 PD 

patients and 10 age-matched healthy controls, a functional in-

vivo imaging using dynamic N-(3-[18F]fluoropropyl)-2-

carbomethoxy-3-(4-iodophenyl) nortropane ([18F]FP-CIT) 

positron emission tomography (PET) was performed. The 

binding potential differences represent presynaptic 

dopaminergic neural changes which may be related to 

degenerative process or to plastic change induced by chronic 

dopaminergic therapy or by the ICB itself. Binding potentials of 

[18F]FP-CIT were estimated at putamen, caudate, nucleus 

accumbens (NAC), amygdala (AMG), orbitofrontal cortex 

(OFC) and ventromedial prefrontal cortex (VMPFC) using the 

Logan method. Whole brain parametric maps of [18F]FP-CIT 

were also analyzed. 

Results: The ICB was found in 14.4% in this Korean PD 

cohort. Variants of DRD2 and 5-HTTLPR were not associated 
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with the risk of developing ICB. However, the AA genotype of 

DRD3 p.S9G and the CC genotype of GRIN2B c.366C>G were 

more frequent in patients with ICB than in unaffected patients 

(odds ratio [OR] = 2.21, P = 0.0094; and 2.14, P = 0.0087, 

after adjusting for age and sex). After controlling for clinical 

variables in the multivariate analysis, carriage of either AA 

genotype of DRD3 or CC genotype of GRIN2B was identified as 

an independent risk factor for ICB (adjusted OR = 2.57, P = 

0.0087). 

In [18F]FP-CIT PET analysis, the binding potential at VMPFC 

was significantly higher in the two PD groups than in the 

healthy controls. The ratios of extrastriatal to putaminal binding 

potentials were approximately 3 times higher in PD than 

controls. In the comparison between the PD ICB and non-ICB 

patients, the ICB group showed significantly lower binding 

potentials at the left NAC and higher values at the right VMPFC 

compared with those free of ICB. The binding potential ratios of 

the right VMPFC/putamen, were significantly correlated with 

the magnitude of ICB behaviors. In the parametric analysis 

between the two PD groups, there was reduced [18F]FP-CIT 

uptakes at both ventral striatal regions in PD ICB group. In the 
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putaminal re-normalized parametric maps, PD ICB group 

showed significantly higher uptakes at the left insular and right 

posterior cingulate cortex and lower uptakes at both ventral 

pallidums than the non-ICB group. 

Conclusions: PD patients had an intrinsic pathological 

condition toward hyper-dopamine content in the mesolimbic 

system. Dopaminergic drug therapy would potentiate this 

condition resulting in PD patients predisposed to ICB. 

Mesolimbic dopaminergic system plays an important role in 

reward learning, and interestingly, genetic variants actively 

involved in this system were significantly associated with the 

ICB risk in PD.  

The in-vivo dopaminergic neural imaging revealed that 

activation of areas regarding reward sensitive decision making 

and interoceptive urges for addictive behaviors, and less 

dopaminergic modulation to areas responsible for the 

processing of convergent signals from diverse rewards, were 

characteristic features in PD ICB patients.  

Further works on the impact of chronic dopaminergic drug 

therapy, especially dopamine agonists, on the mesolimbic and 

other extrastriatal systems could provide a further insight into 
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a mechanism of medication-related ICB in PD.  

----------------------------------

Keywords: Parkinson’s disease, Impulsive compulsive 

behavior, Dopamine, Mesolimbic system, Dopamine receptor D3 

gene, Glutamate NMDA receptor 2B gene, Positron emission 
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GENERAL INTRODUCTION 

Since advancing knowledge on the pathology of PD and 

introduction of levodopa, dopamine replacement therapy has 

been a standard medical treatment of PD. Several years after 

introduction of chronic dopaminergic therapy, there have been 

many reports describing abnormal psychiatric and behavioral 

symptoms observed in PD patients (Barbeau, 1969; Celesia, 

1970; Goodwin, 1971; Damäsio, 1971; Quinn, 1983; Harvey, 

1986; Uitti, 1989; Friedman, 1989). Typically those symptoms 

were psychosis and delusion, paranoia, hypomania and mood 

cycling, anxiety and aggression, impulsive behavior and 

hypersexuality, agitation, and restlessness. Some patients 

seemed to be engaged in meaningless compulsive tasks which 

have been reported as “ punding ”  in cocaine abusers 

(Friedman, 1989). Others had mood swings according to the 

drug-on and -off state, and compulsive drug seeking despite of 

excessive dyskinesias. These kinds of behaviors would 

eventually lead to financial and social problems and would be 

disastrous to patients and their families as well (Lawrence, 

2003). Giovannoni et al., has described these behavioral 
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disturbances as hedonistic homeostatic dysregulation syndrome 

(Giovannoni, 2000), later to be re-defined as dopamine 

dysregulation syndrome (Lawrence, 2003). These kind of 

psychiatric and behavioral disturbances have begun to be 

recognized as complications of dopamine replacement therapy 

after reports of significant increase in pathological gamblings 

among PD patients taking dopamine agonists as well as 

levodopa which have become widely available in 1990s (Seedat, 

2000;Dodd, 2005). Recent systematic surveys have proved that 

pathologic gambling, compulsive shopping, hypersexual 

behaviors, binge eating which met the DSM-IV criteria of 

impulse control disorder (ICD) were highly prevalent in PD 

patients receiving dopamine replacement therapy as compared 

to general population (Weintraub, 2010; Lee, 2010). Recent 

multicenter systemic surveys in PD showed the prevalence of it 

is 13.6% in north America and 10.1% in South Korea. The 

prevalence is up to 15.5% ~ 30% if both compulsive drug taking 

and punding-like behaviors are included to the survey using the 

questionnaire 'QUIP' which has been validated in PD population 

(Kim, 2012; Lim, 2011).  
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The risk of ICD is affected by three ways: dopaminergic drug 

effect, effect of intrinsic PD pathology and individual 

susceptibility. ICD has typically occurred in dopamine agonist 

users by more than 10 times higher than in non-users 

(Weintraub, 2006), and the risk of ICD become higher with high 

dosages (Lee, 2010). It is raised that dopamine agonists with 

higher affinity to mesolimbic dopamine receptors, D3, are great 

risk of developing pathological gambling in PD (Grosset, 2006). 

Epidemiologic studies reported that younger age at onset, left 

sided dominance of parkinonian symptoms, and men may be 

possibly related to the risk of ICD. However recent large scale 

case-control study with matching of medication dosages failed 

to prove all these factors significant (Voon, 2011). Personality 

trait such as impulsivity, novelty seeking trait, history of 

alcoholism or drug abuse, family history of alcohol or drug 

abuse is consistently reported to be risk factor of ICD, and 

psychiatric symptoms such as aggression, disinhibition, 

irritability, anxiety and depression are often associated with the 

presence of ICD in PD (Voon; 2007; Voon, 2011; Isaias, 2008; 

Pontone, 2006). 
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To identify intrinsic risk factors of ICD in PD, these two-

parallel studies were designed to explore genetic risk factors 

by analyzing genetic variants regarding dopaminergic and other 

monoaminergic neurotransmissions and to explore dopaminergic 

neural changes by in-vivo functional imaging which were 

conducted in PD patients with and without ICD and in age-

matched healthy controls.  
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CHAPTER 1 

Role of mesolimbic dopamine 

receptor gene variants in the 

development of impulsive 

compulsive behavior 

disorders in PD: a genetic 

association study 
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INTRODUCTION 

Impulsive compulsive behavior disorders (ICB) has been 

recently recognized as a long-term complication of dopamine 

replacement therapy in patients with Parkinson ’ s disease 

(PD).1 The proposed category of ICB in PD includes addictive 

behaviors, such as problem/pathological gambling, compulsive 

shopping, hypersexuality, compulsive eating, and punding, 

which is an aimless repetitive stereotyped performance of 

complex tasks.2  

The lifetime prevalence of ICB in PD is not known, but several 

hospital-based surveys have suggested that they are not rare 

(2~14%).3-5 Since patients with ICB are likely to experience 

serious social problems, identification of predisposing factors is 

an important issue in the management of PD.1,2 The 

development of ICB is closely related with dopamine agonist 

use and dose of dopaminergic medications,3-6 whereas in some 

patients novelty-seeking trait, impulsivity, and family history 

of alcohol use disorder are predisposing factors of ICB.7,8 Thus 

underlying individual susceptibility may play a role in the 

development of ICB. 
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The occurrence of ICB in PD is thought to be related to 

alteration in the mesocorticolimbic dopaminergic system.9 In 

addition, glutamate, which is implicated in drug addiction,9 and 

serotonin, which plays a regulatory role in impulse control in 

the ventral tegmental area,2 are possibly involved in the 

development of ICB in PD. 

We hypothesized that there may be a genetic predisposition to 

the occurrence of ICB in PD on any of these three 

neurotransmitter systems. Among the dopamine receptors, D3 

receptors are mainly distributed throughout the limbic area, 

which is involved in affective and motivation aspects of 

behavior.10 The DRD3 p.S9G variant is possibly linked to the 

binding affinity of the receptor.11 D2 receptors are rich in the 

striatum, and the Taq1A variant of DRD2 may be associated 

with the receptor density.12 Of the glutamate N-methyl- D-

aspartate (NMDA) receptor, the 2B subunit is mainly expressed 

in the striatum13 and the c.366C>G on exon 2, c.2664C>T in 

exon 13 and c.-200T>G in the 5’ upstream region of GRIN2B 

are common variants in Asian populations.14,15  Variants in the 

promoter region of the serotonin transporter gene (5-

HTTLPR) are associated with transcriptional activity.16 
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This study aimed to examine whether allelic variants of DRD2, 

DRD3, GRIN2B and 5-HTTLPR were associated with the 

development of ICB in PD. 
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MATERIALS AND METHODS 

Subjects and data collection 

The presence of ICB was surveyed in consecutive patients with 

PD (by UK PD Society Brain Bank criteria) who visited Seoul 

National University Hospital between October 2007 and 

January 2008. Eligible patients were (1) native Koreans, (2) 

subjected to a modified version of the Minnesota Impulsive 

Disorders Interview (mMIDI) and (3) on stable dopamine 

replacement therapy for at least three months. Patients who 

were unable to provide informed consent due to cognitive 

impairment or unable to complete the interview were excluded 

from this study. Data concerning the age at onset, disease 

duration and Hoehn and Yahr (HY) stage were collected at the 

time of the interview. Information concerning the type and 

dosages of concurrent dopaminergic medications was also 

recorded. For analytic purpose, the daily L-dopa equivalent 

dose (LED, mg/day) was calculated based on theoretical 

equivalence17; 100mg of L-dopa = 130mg of L-dopa in 

controlled-release form = 70 mg of L-dopa, if use of 

entacapone = 1 mg pergolide = 1mg pramipexole = 5 mg 
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ropinirole = 10mg bromocriptine. The ‘agonist LED’  was 

only calculated from the doses of dopamine agonists.  

The mMIDI, a modified version of the original MIDI,18 was 

composed of five ICB modules: compulsive buying, compulsive 

gambling, compulsive sexual behavior, compulsive eating, and 

punding behavior. ICB was defined as answering in the 

affirmative to a gateway question plus providing an affirmative 

answer to one or more of the remaining questions on the each 

module. The similar threshold has been used in other study.6 In 

the interview, current symptoms of ICB, with their onset during 

the course of PD, were considered to be positive. When a 

patient had a previous history of ICB symptoms developed 

during the course of PD but did not experience any more 

symptoms after a change of medication, he/she was considered 

to have ICB, and the information at the time with ICB symptoms 

was collected from the medical record. 

Genotyping was performed in a total of 537 patients who 

completed the interview and in 559 healthy controls (259 males, 

mean age 58.4 ± 10.6 ranged from 37 to 85 years). Controls 

were either healthy spouses of PD patients with no family 

history of PD, or those who presented for health check-up. 
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The Institutional Review Board of Seoul National University 

Hospital approved this study and written informed consent was 

obtained from all of the subjects. 

 

Molecular genetic analysis 

The genomic DNA was extracted from venous blood with the 

PUREGENE®  DNA isolation kit (Gentra Systems, Inc., 

Minneapolis, Minn.) according to the manufacturer’s protocol. 

Genotyping of the following six polymorphisms were carried 

out: DRD2 Taq1A (=g.32806C>T, rs1800497), DRD3 p.S9G 

(rs6280), GRIN2B c.2664C>T (rs1806201), c.366C>G 

(rs7301328) and c.-200T>G (rs1019385) and 5-HTTLPR. 

 

Taqman assay 

The genotyping of DRD2, DRD3 and GRIN2B polymorphisms 

was done using the TaqMan assay (Applied Biosystems, Foster 

City, CA, USA). The sequences for the primers and probes 

designed are available by the corresponding author upon 

request. The assays were carried out using the standard 

method recommended by the manufacturer. The results were 
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automatically read using the ABI PRISM 7900 HT Sequence 

Detection System (ABI, Foster City, CA, USA). Duplicate 

samples and negative controls were included to ensure 

accuracy of genotyping. 

 

PCR amplification 

The genotyping of 5-HTTLPR was made using PCR 

amplification. The primer pairs were as follows; forward 5´-

GGCGTTGCCGCTCTGAATGC-3´and reverse 5´-

GAGGGACTGAGCTGGACAAC CAC-3´. The PCR reactions 

were carried out according to the standard protocols on the 

literatures.16 

 

Statistical analysis  

For the results of genotyping, deviations from Hardy-Weinberg 

equilibrium was tested using χ2 test for which a p-value of 

<0.05 was considered significant. Pairwise linkage 

disequilibrium of the variants of GRIN2B was calculated using 

Haploview.19 

Differences in the frequency of the genotypes between the 
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patients and controls and between the ICB and non-ICB groups 

were assessed using the χ2 test or Fisher’s exact test if any 

cell count was <5. The possible interaction between the 

variants of responsible genes was examined by logistic 

regression analysis. We used t-test for continuous variables 

and χ2 test for categorical variables in comparing clinical 

characteristics between the groups. In order to identify the risk 

contribution of the significant variables, crude and adjusted 

odds ratios were obtained by multivariate logistic regression 

analysis with the presence of ICB as a dependent variable, in 

which dichotomized variables were used. For an allelic variant 

with frequency 55-75%, and 10% prevalence of ICB in PD, this 

study had about 80% or more power to detect 2.2- to 2.3-fold 

increase in the risk of ICB with recessive model (estimated by 

Quanto version 1.2.3., http://hydra.usc.edu/GxE/). 

The statistical analyses were conducted using the SPSS 

software (version 12.0; SPSS Inc., Chicago IL), with the limit of 

significance set at 0.05 (two-tailed).  
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RESULTS 

Clinical characteristics 

The clinical characteristics of the 404 patients are shown in 

Table 1-1. A total of 14.4% (n=58) of the patients had one or 

more of features suggestive of ICRB. Punding was the most 

common (6.7%), followed by compulsive eating (5.9%), 

compulsive shopping (3.7%), compulsive sexual behaviors 

(3.5%) and compulsive gambling (1.7%). Twenty-one 

exhibited two or more compulsive behaviors. There was no 

difference in age, gender and HY stage between the ICB and the 

non-ICB groups. The use of a dopamine agonist was weakly 

associated with ICB (p=0.0343). The ICB group had a younger 

mean age at onset and a significantly longer mean duration of 

PD than the non-ICB group (p=0.0058 and p=0.0010, 

respectively). Both the total LED and total agonist LED were 

higher in the ICB group than in the non-ICB group (p=0.0115 

and p=0.0116). No specific type of dopamine agonist 

(bromocriptine, pergolide, ropinirole and pramipexole) 

exhibited a significant association with the presence of ICB 

(p=0.8020, 1.0000, 0.0640 and 0.5010, respectively).  
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Table 1-1. Clinical characteristics of the subjects with and 

without impulsive compulsive behaviors (ICB). 

Characteristics 
ICB  

(n= 58) 

non-ICB  

(n=346) 
p-value 

Male, No. (%) 31 (53.4) 171 (49.4) 0.5703
*
 

Age, y 61.6±11.2 63.3±8.6 0.2000
†
 

Age at onset, y 50.6±10.0 54.6±9.5 0.0058
†
 

Disease duration, y 11.0±5.9 8.7±4.0 0.0001
†
 

Hoehn and Yahr stage 2.7±0.6 2.5±0.6 0.0618
†
 

Total LED, mg/d 919.2±515.9 735.9±360.9 0.0115
†
 

Agonist LED, mg/d 136.2±127.7 90.3±106.2 0.0116
†
 

Dopamine agonist use, n(%) 45 (77.6) 219 (63.3) 0.0343
*
 

 

Values are expressed as mean ± standard deviation unless 

otherwise indicated. The comparison is done by Chi-square 

test* and by t-test† 
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Genotypic characteristics 

The allele and genotype distributions of the six variants in the 

patients and control subjects were all in Hardy-Weinberg 

equilibrium, in which there were no significant differences 

between them. The allele frequencies and genotype 

distributions among the subjects are depicted in Table 1-2. 

There was no difference in the frequencies of allelic variations 

of DRD2 Taq1A, and GRIN2B c.2664C>T and c.-200T>G 

between the groups, whereas a marginal significance was 

observed in the differences of 5-HTTLPR variants (p=0.0532). 

In the distribution of variants of DRD3 p.S9G and GRIN2B 

c.366C>G, the A allele of DRD3 and C allele of GRIN2B were 

more common in the ICB patients than in the non-afflicted 

patients (79.8 vs 69.0%, p=0.0234 and 69.8 vs 53.4 %, 

p=0.0011), and the data were consistent with recessive model. 

After adjusting for age and sex, the AA genotype of DRD3 and 

the CC genotype of GRIN2B significantly increased the risk of 

ICB with the odds ratios (OR) of 2.21 (95% confidence interval 

[CI] = 1.22-4.03, p=0.0094, Figure 1-1) and 2.14 (CI = 

1.21-3.78, p=0.0087, Figure 1-2), respectively. We examined 
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the interaction between the two gene variants for the 

appearance of ICRB using logistic regression, but found no 

significant interaction. Therefore, the two variants might 

independently increase the risk of ICB in PD. For the 5-

HTTLPR, neither dominant nor recessive model showed 

association with the ICB in PD (p=0.0994 and p=0.2327). 
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Figure 1－１. The frequencies of impulsive compulsive 

behaviors according to the genotype of DRD3. The patients 

carrying AA genotype of the DRD3 develop ICB more 

frequently than those carrying other variants of the gene. 

(OR=2.21, 95% CI=1.22-4.03, p=0.0094 after adjusting for 

age and sex）The error bar shows standard error. 

Abbreviations; OR=odds ratio, CI=confidence interval. 
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Figure 1－２. The frequencies of impulsive compulsive 

behaviors according to the genotype GRIN2B. The patients 

carrying CC genotype of the GRIN2B develop ICRB more 

frequently than those carrying other variants of the gene. 

(OR=2.14, 95% CI = 1.21-3.78, p=0.0087 after adjusting for 

age and sex). Abbreviations; OR=odds ratio, CI=confidence 

interval. 
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Table 1-2. Allele Frequencies and Genotype Distribution in the Patients with PD and Controls 

Genes     

No. of Subjects (%) 

p-value* p-value† Normal controls 

(n=559) 

PD (n=404) 

ICB  

(n=58) 

Non-ICB 

(n=346) 

DRD2 
g.32806C>T 

=TaqIA 
(rs1800497) 

Allele  C 663 (59.4) 69 (59.5) 394 (57.1) 0.4422 0.6991 

 T 453 (40.6) 47 (40.5) 294 (42.9)   

Genotype CC 196 (35.1) 18 (31.0) 112 (32.6) 0.6657 0.4470 

 TC 271 (48.6) 33 (56.9) 170 (49.4)   

 TT 91 (16.3) 7 (12.1) 62 (18.0)   

DRD3  
p.S9G 

(rs6280) 

Allele  A 802 (71.9) 91 (79.8) 470 (69.0) 0.5641 0.0234 

 G 314 (28.1) 23 (20.2) 212 (31.0)   

Genotype AA 288 (51.6) 39 (68.4) 168 (49.3) 0.1920 0.0253 

 GA 226 (40.5) 13 (22.8) 134 (39.3)   

 GG 44 (7.9) 5 (8.8) 39 (11.4)   
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GRIN2B  
c.-200T>G 

(rs1019385) 

Allele  T 608 (54.6) 62 (53.4) 389 (56.9) 0.4378 0.4918 

 G 506 (45.4) 54 (46.6) 297 (43.1)   

Genotype TT 167 (30.0) 15 (25.9) 114 (33.2) 0.7558 0.4593 

 TG 274 (49.2) 32 (55.2) 161 (46.9)   

 GG 116 (20.8) 11 (19.0) 68 (19.8)   

GRIN2B 

c.366C>G 

(rs7301328) 

Allele  C 613 (55.2) 81 (69.8) 368 (53.4) 0.4526 0.0011 

 G 497 (44.8) 35 (30.2) 318 (46.6)   

Genotype CC 164 (29.5) 27 (46.6) 98 (28.6) 0.8433 0.0049 

 GC 285 (51.4) 27 (46.6) 172 (50.1)   

 GG 106 (19.1) 4 (6.9) 73 (21.3)   

GRIN2B 

c.2664C>T 

(rs1806201) 

Allele  C 540 (48.7) 55 (47.4) 338 (49.0) 0.9811 0.8014 

 T 568 (51.3) 61 (52.6) 350 (51.0)   

Genotype CC 122 (22.0) 12 (20.7) 82 (23.8) 0.7551 0.8642 

 TC 296 (53.4) 31 (53.4) 174 (50.6)   
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 TT 136 (24.5) 15 (25.9) 88 (25.6)   

SLC6A4 
5-HTTLPR 

Allele  S 860 (77.8) 98 (84.5) 522 (77.2) 0.7614 0.0532 

 L 246 (22.2) 18 (15.5) 154 (22.8)   

Genotype  SS 333 (60.2) 41 (70.7) 211 (62.4) 0.0764 0.1877 

 LS 194 (35.1) 16 (27.6) 100 (29.6)   

  LL 26 (4.7) 1 (1.7) 27 (8.0)   

 

DRD2, dopamine receptor D2 gene; DRD3, dopamine receptor D3 gene; GRIN2B, glutamate N-methyl-D-

aspartate receptor 2B gene; SLC6A4, serotonin transporter gene.  

*Comparison of allele and genotype distributions between the total patients group and normal controls 

†Comparison of allele and genotype distributions between the ICRB and non-ICRB groups 
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I estimated the pairwise disequilibrium in the three variants of 

GRIN2B. All three pairs showed very weak linkage 

disequilibrium (r2 for c.2664C>T and c.366C>G = 0; for 

c.2664C>T and c.-200T>G = 0.001; for c.366C>G and c.-

200T>G = 0.013). Due to this finding, haplotype-based 

analysis for the association between the GRIN2B variants and 

the presence of ICB was not performed. 

 

The independent risk factors of ICB 

In order to identify the exact contribution of the genetic 

variants of DRD3 and GRIN2B to the development of ICB, we 

conducted multivariate logistic regression analyses with clinical 

variables which had significant differences between the groups 

as covariates and the presence of ICB as a dependent variable. 

We dichotomized the clinical variables; age at onset < 45 years, 

use of dopamine agonist, PD duration > 10 years, total LED > 

850mg/day, and agonist LED > 100mg/day, or not. The crude 

and adjusted ORs are summarized in Table 1-3. Carriage of 

either AA genotype of DRD3 p.S9G or CC genotype of GRIN2B 

c.366C>G was an independent risk factor (OR of 2.57 [CI = 
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1.27-5.21], p=0.0087), and taking total LED > 850mg/day 

increased the risk of ICB with marginal significance (OR=1.88 

[CI = 1.00-3.55], p=0.0515). None of the other variables 

were independent risk factors for ICB (Table 1-3).
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Table 1-3. The Odds Ratios of Genetic and Clinical Risk Factors for the Appearance of ICB in Patients 

with Parkinson’s Disease 

 

Abbreviations as Table 1. OR, odds ratio; CI, 95% confidence interval;  

†Crude OR is adjusted for age and sex. 

‡The adjusted ORs are adjusted for other 5 risk factors as well as age and sex.  

†‡Analyses are conducted using multivariate logistic regression. 

*either DRD3 S9G AA genotype or GRIN2B C366G CC genotype 

Risk factors Crude OR† (CI) p-value Adjusted OR‡ (CI)  p-value 

Age at onset <45 yr 2.56 (1.08-6.11) 0.0337  2.09 (0.82-5.28) 0.1204  

PD duration >10 yr 1.88 (1.06-3.31) 0.0303  1.44 (0.77-2.67) 0.2522  

Agonist use 1.90 (0.96-3.75) 0.0646  1.49 (0.67-3.34) 0.3286  

Total LED >850mg/day 2.35 (1.34-4.15) 0.0030  1.88 (1.00-3.55) 0.0515  

Agonist LED >100mg/day 1.91 (1.06-3.46) 0.0322  1.14 (0.54-2.41) 0.7303  

Genotype
*
 2.60 (1.30-5.20) 0.0069  2.57 (1.27-5.21) 0.0087  
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DISCUSSION 

In the present study, the variants of DRD3 p.S9G and GRIN2B 

c.366C>G were independently associated with the appearance 

of ICB in this PD population. Univariate analysis revealed that 

the development of PD under the age of forty-five, the use of a 

dopamine agonist, taking total LED more than 850mg, having PD 

more than ten years and taking agonist LED more than 100mg 

are all risk factors for the development of ICB. These variables 

were not significant in the multivariate analysis, except for 

taking total LED > 850mg which showed marginal significance. 

On the contrary, carriage of either genotype was an 

independent risk factor by multivariate analysis. Our results 

suggested that individual genetic susceptibility might modify the 

risk of ICB in PD. 

The occurrence of ICB in PD have been explained by altered 

reward-learning2,9 in which the mesocorticolimbic dopaminergic 

system, a dopaminergic projection from the ventral tegmental 

area via the nucleus accumbens (NAC) and ventral striatum 

(VS) to the ventromedial prefrontal (VMPFC) and orbitofrontal 

cortex (OFC), is a major anatomical substrate.9 In 
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neuropathology, degenerative changes in PD are often observed 

in these areas.20,21 During the gambling task, activity of the OFC 

and VMPFC was missing in PD when compared with normal 

controls.22 Interestingly, hypoactivation of these areas is also 

observed in pathological gamblers as well as in drug addicts.23 

Thus the hypofuntioning mesocorticolimbic dopaminergic 

system may predispose the appearance of ICB in PD. 

Disturbance of dopamine release in response to reward 

uncertainty in PD can also facilitate the appearance of ICB. 

Under normal conditions, phasic release of dopamine from the 

ventral tegmental area (VTA) to the NAC ocurs at the time of 

anticipating a reward and receiving an unanticipated reward.24 

Conversely, phasic suppression occurs when a reward is 

expected but not received.25 In PD, excessive doses of 

dopamine, impaired reuptake of dopamine due to presynaptic 

neuronal degeneration, or postsynaptic dopamine receptor 

stimulation by a dopamine agonist may result in a loss of this 

normal physiologic response.2 

The dopamine receptor D2 is mainly distributed in the striatum, 

being involved in the mesocorticolimbic pathways26 as well as in 

motor control. The A1 allele of DRD2 Taq1A is said to be 
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associated with decreased receptor density in the striatum12 

and its associations with cocaine addiction and pathological 

gambling have been reported in general population.27,28 In the 

present study, there was no association of DRD2 Taq1A 

variants with ICB in PD. The D2 receptor availability in PD may 

differ from that of pathological gamblers or addicts in the 

general population because there may be a compensatory 

change in the number of D2 receptors in PD. 

The dopamine receptor D3 is mainly distributed in the limbic 

area of the brain.10 The homozygous variant of DRD3 p.S9G is 

possibly associated with lower binding affinity to dopamine.11 In 

the present study, homozygote of p.S9G variant (=AA 

genotype) seemed to be associated with an approximately two-

fold increase in the risk of ICB in PD. The low binding affinity 

may have a synergistic effect on the consequences of 

neurodegenerative changes in the mesocorticolimbic circuitry. 

Some case reports have noted selective appearance of ICB in 

patients taking pramipexole, a dopamine agonists with a higher 

affinity for D3 than D2.29 However, subsequent surveys have 

repeatedly revealed that there is no difference in the frequency 

of ICB among users of various agonists,3,6 which was consistent 
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with this study result.  

Glutamate participates in the transition from reward learning to 

repetitive behaviors in drug addiction9 and the level of it within 

the NAC seems to mediate reward-seeking behavior.30 The 

GRIN2B variants examined in the present study do not cause 

amino acid change,14,31 however, they may not be silent since 

possible association with alcohol dependence32 and 

schizophrenia14,31 has been reported by other genetic 

association studies. We suggest that the association of 

c.366C>G variants with ICB in PD should be replicated in other 

studies with a larger number of subjects and subjects from 

various ethnic groups.  

Impulse control is mediated by an interaction of serotonergic 

and dopaminergic signals in the VTA,33 which may be altered in 

PD. Neurodegenerative changes in the raphe nucleus do occur 

in PD,34 and the preferential loss of serotonin markers in the 

caudate has recently been reported.35 The S allele of 5-

HTTLPR has less transcriptional activity16 and it is reported to 

be associated with both impulsivity36 and pathological 

gambling37 in general population. In the present study the S 

allele tended to be more frequent in the ICB than in the non-
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ICB groups (84.5 vs 77.2%, p=0.0532), but neither dominant 

nor recessive model revealed any associations. This negative 

result needs to be replicated by further studies with a larger 

population, since the sample size of this study was small to 

detect genetic association of 5-HTTLPR variant assuming an 

OR is 1.5 to 1.8 with the recessive model (N≥110 calculated 

by Quanto, see Method).  

In summary, this is the first report regarding the association 

between variants of DRD3 and GRIN2B, and ICB in PD. 

However, this study results should be interpreted cautiously 

due to some limitations. First, the number of patients in the ICB 

group was small although the statistical power was sufficient 

for analyses of the two gene variants. Even so, the homogenous 

ethnicity of our study population was somewhat advantageous 

by avoidance of ethnic stratification. Second, there is no 

published data concerning the sensitivity and specificity of the 

mMIDI in the detection of ICB in PD. Although the overall 

frequencies of ICB reported in a study conducted using the 

mMIDI6,7 did not differ from those published in studies using 

stricter diagnostic criteria,2,3,4 a more valid diagnostic tool for 

ICB in PD are needed in further replication studies. 
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Mesolimbic dopaminergic 

neural changes in relation to 

the impulsive compulsive 

behavior disorders in PD: in-

vivo positron emission 

tomography study 

 



39 

 

INTRODUCTION 

Impulsive compulsive behavior disorders (ICB) in patients with 

Parkinson’s disease (PD) is one of the treatment-related 

complications of long-term dopamine replacement therapy, of 

which the prevalence has been reported to be 10.1% in 

northeast Asia1 as well as 13.6% in north America2 and up to 

30% with both punding and compulsive medication use 

included.3 These behavioral disturbances resembles impulse 

control disorder (ICD) and drug addiction in nature, thus 

studies regarding its pathophysiology have focused on the role 

of mesolimbic dopamine and its related frontostriatal circuitry in 

reward, reinforcement and addiction formation.4-7 In patients 

with PD, exogenously administered dopaminergic drugs may 

disturb normal physiologic release of dopamine in the 

mesolimbic region.5,6,8 Dopamine agonists have high affinity to 

limbic dopamine receptors such as D3 and do more tonic 

stimulation of postsynaptic receptors than levodopa would 

potentiating this disturbance.9 Epidemiological studies support 

this hypothesis in that ICB is highly related to the use of 

dopamine agonists rather than levodopa9 and that it can be 
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resolved by cessation of dopamine agonists or reduction of 

their dosages.6,10,11 ICB is also reported in patients with restless 

leg syndrome, progressive supranuclear palsy and fibromyalgia 

treated with dopamine agonists with high affinity to D3.12-14 In 

addition to 'hyperstimulation' theory of mesolimbic dopamine 

system, recent functional imaging studies showed impairments 

in 'top-down' frontostriatal control of behaviors causing 

negative consequences in PD patients with pathological 

gambling.15,16  

Mesolimbic and mesocortical pathway is one of the main 

dopaminergic projections in human brain, and dopamine 

transporter (DAT) imaging for the extrastriatal dopaminergic 

system has showed mild degree reduction in drug-naïve PD 

patients.17 Thus it can be hypothesized that intrinsic changes 

related to PD pathology or dopaminergic treatment-related 

changes in this system may be associated with the risk of ICB 

in PD. In order to investigate extrastriatal fiber changes, we 

obtained dynamic N-(3-[18F]fluoropropyl)-2-

carbomethoxy-3-(4-iodophenyl) nortropane ([18F]FP-CIT) 

positron emission tomography (PET) scans in patients with PD 

on chronic dopamine replacement therapy and age-matched 
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healthy controls, and then quantitatively analyzed DAT bindings 

in the extrastriatal versus striatal regions. Since unbalanced 

stimulation of the extrastriatal versus striatal regions by 

dopamine replacement therapy in PD may depend on the 

differences between the two system changes, I also analyzed 

putaminal normalized whole brain parametric [18F]FP-CIT 

binding maps to evaluate possible association between the 

changes in the extrastriatal versus striatal systems and the 

appearance of ICB in PD. 

 



42 

 

MATERIALS AND METHODS 

Subjects 

This study was approved by the Institutional Board of Seoul 

National University Hospital and informed consent was obtained 

from all subjects according to the Declaration of Helsinki. 

A total of 26 consecutive patients with PD (13 with ICB and 13 

without ICB) and 10 age-matched healthy controls were 

enrolled in this study. The PD subjects were diagnosed 

according to the criteria of the UK PD Brain Bank Society18 and 

the patients had been treated with dopaminergic drugs for at 

least 5 years. The PD ICB group was identified during routine 

follow-up examinations by interviewing patients and their 

caregivers on whether they had medication-related ICBs 

composed of pathologic or compulsive gambling, shopping, 

binge eating, and hypersexuality as previously proposed.6 

Those with current ICBs were enrolled in this study only if they 

fulfilled the fourth edition of the Diagnostic and Statistical 

Manual of Mental Disorders Text Revision criteria (DSM-IV-

TR, American Psychiatric Association, 1994) for ICD and had 

no prior history of ICD before developing PD. The PD non-ICB 
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group was also identified during routine follow-up examinations 

by interviews with no symptoms suggestive of ICB and no prior 

history of ICD. Those who had cognitive impairment (mini-

mental status examination (MMSE) score <24), history of 

depression or other psychiatric illness, alcohol dependence or 

substance use disorders, and neurological diseases other than 

PD and those who had neurosurgical procedures were all 

excluded from this study. Those who were taking anti-

psychotics, anti-depressants and various drugs affecting 

dopamine and serotonin systems except for anti-parkinsonian 

drugs were excluded due to the possibility of alterations in 

dopamine transporter uptake.  

All subjects underwent evaluations at their medication-on state 

by means of the Unified Parkinson’s disease Rating Scale 

(UPDRS), the Mini-mental Status Examination (MMSE), the 

Geriatric Depression Scale 30 items (GDS), Hoehn and Yahr 

(HY) stage and the modified version of Minnesota Impulsive 

Disorders Interview (mMIDI) which was used for assessing the 

four ICBs and punding (see details published elsewhere19). 

Subjects having only punding behaviors but without ICBs were 

not considered into this study. Clinical information such as age, 
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gender, duration of PD and daily dosages of dopaminergic drugs 

were collected and total daily levodopa equivalent dose (total 

LED) and agonist daily levodopa equivalent dose (agonist LED) 

were calculated as previously described.1  

 

Acquisition of PET data 

Each subject underwent a 90-minute dynamic [18F]FP-CIT 

PET scan (Siemens Biograph 40 Truepoint PET/CT, Knoxville, 

TN, USA) after at least a 12 hour-withdrawal of all anti-

parkinsonian medications including levodopa, dopamine agonist, 

amantadine and monoamine oxidase inhibitors. For each subject, 

185 MBq (5.0 mCi) [18F]FP-CIT was administrated with an 

intravenous bolus injection, and the emission data were then 

acquired over 90 minutes with 50 frames of progressively 

increasing durations (15 sec × 8 frames, 30 sec × 16 frames, 

60 sec × 10 frames, 240 sec × 10 frames, and 300 sec × 6 

frames). The dynamic PET data were collected in three-

dimensional mode, which provides 148 slices with an image size 

of 256 × 256, a pixel size of 1.3364 × 1.3364 mm2, and a 

slice thickness of 1.5 mm. After applying routine corrections 
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such as normalization, decay, dead time, random, and scatter 

corrections, the dynamic images were reconstructed with 

filtered back projection using a Gaussian filter.  

 

MR image acquisition and processing  

High resolution brain MRI scans for each subject (repetition 

time = 1600 msec; echo time = 1.91 msec; 3T T1-weighted 

images with an image matrix of 256  256, a pixel size of 

0.9375  0.9375 mm2, and a slice thickness of 1-mm) were 

acquired using a Siemens Magnetom Trio, A Tim system for 

co-registration and spatial normalization of the reconstructed 

dynamic PET and parametric images. The mean image of all 

dynamic frames in the individual PET data was co-registered 

to the corresponding T1-weighted MRI scan using the 

normalized mutual information based registration technique.20,21 

Then, all the dynamic frames of each subject were also co-

registered using the resulting nine-parameter rigid-body 

transformation. After the individual MR images were spatially 

normalized to the MNI152 template using the nonlinear 

registration with basis functions22 in SPM8 (Statistical 
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Parametric Mapping, University College of London, UK), the 

original reconstructed dynamic images were also transformed 

into standardized stereotaxic space using the co-registration 

and resulting normalization transformations together. 

 

Quantitative estimation of [18F]FP-CIT binding 

potentials in volumes of interest (VOIs) 

Anatomical boundaries of putamen (PUT), caudate nucleus 

(CAU), nucleus accumbens (NAC), amygdala (AMG), and 

cerebellum (CB, used as a reference region) were determined 

on the MR images of each subject using the FMRIB Integrated 

Registration and Segmentation Tool (FIRST, FSL v4.0, Oxford 

University, Oxford UK, http://www.fmrib.ox.ac.uk/fsl). VOI time 

activity curves (TACs) were extracted from the co-registered 

dynamic images by averaging the TACs of voxels spanning 

those VOIs. The TACs in the ventromedial prefrontal and 

orbitofrontal cortex (VMPFC and OFC) were extracted by 

delineating the VOIs using the MRI statistical probabilistic 

anatomy map (SPAM) data (Figure 2-1, details published 

elsewhere).23 For the quantification of [18F]FP-CIT binding in 
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VOIs, we applied the Logan plot.24  
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Figure 2-1. The delineated volumes of interest (VOIs) in 

the ventromedial prefrontal and orbitofrontal cortex on the 

spatially normalized dynamic PET images using the MRI 

statistical probabilistic anatomy map (SPAM) data.  

 

 



49 

 

Voxel-wise analysis of [18F]FP-CIT BPs in a 

whole brain 

To generate parametric mapping of BP, the Logan method was 

applied to the voxel TACs on original dynamic images. For a 

subsequent between-group comparison, each individual 

parametric image was normalized into the stereotaxic space by 

recycling the transformation parameters previously computed 

for the dynamic images. To investigate BP changes in the 

extrastriatal regions relative to the striatal regions, the spatially 

normalized parametric images were renormalized in terms of 

the intensity to their own putaminal BPs. 

 

Statistical Analysis 

In the comparisons between the groups by clinical 

characteristics, the Mann-Whitney test was used for 

continuous variables and Fisher’s exact test was used for 

categorical variables. For the comparisons of VOI BPs, Mann-

Whitney test was used for comparison between PD as a whole 

group and normal controls, and the Analysis of Variance 

(ANOVA) test was used for three group comparisons with 
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fulfillment of equal variance assumption. Then a post-hoc 

Bonferroni analysis was conducted for the difference between 

the PD ICB and PD non-ICB groups. The statistical analyses 

were conducted using the SPSS software (version 19.0; SPSS 

Inv., Chicago IL), with the limit of significance set at 0.05 

(two-tailed). 

In the parametric image analyses, both the original and the 

putaminal normalized images on the stereotaxic space 

underwent a Gaussian smoothing with 12-mm FWHM kernel to 

reduce the image registration error. Statistical inference was 

subsequently done at each voxel; for each voxel, we tested 

whether both groups show the same average BP values through 

analysis of covariance (ANCOVA) while adjusting for the age 

effect. The test was performed using SPM8, and the reported 

MNI coordinates of significant regions were converted into the 

Talairach coordinates using the icbm2tal software 

(http://www.brainmap.org/icbm2tal). 
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RESULTS 

Among the 36 subjects, the image quality was insufficient in 

two and acquisition of a PET scan was not completed in 3 

subjects; thus, the data from 22 subjects with PD (11 ICB and 

11 non-ICB) and 9 normal controls were used in the analyses. 

Demographic and clinical characteristics of the subjects are 

presented in Table 1. There was no difference in age and sex 

distributions between PD and healthy controls (p=0.515 and 

0.696, respectively). There were no differences in age, sex, 

age at PD onset, duration of PD, HY stage, total and agonist 

LEDs, and UPDRS scores between the PD ICB and non-ICB 

groups (Table 2-1).  

Among the 11 PD ICB subjects, eight patients had two or more 

kinds of behaviors and three had one type of behavior 

(gambling for two and hypersexuality for one). The 

characteristics of the ICBs in our subjects are summarized in 

Table 2-2.  



52 

 

Table 2-1. Characteristics of the subjects finally included in the analysis. 

 

Data are shown as mean±standard deviation unless otherwise indicated. 
*
Comparisons between PD and healthy controls. †Comparisons between PD ICD and PD non-ICD groups

Characteristics PD ICB PD non-ICB Healthy controls p-value* p-value† 

m/f, n 8/3 6/5 5/4 0.696 0.667 

Age, yr 56.6±8.7 58.5±7.3 56.0±7.0 0.515 0.339 

age at PD onset, yr 46.4±8.7 49.2±7.3 
 

 0.194 

duration of PD, yr 10.1±6.9 9.4±2.3 
 

 0.686 

HY stage 2.3±0.4 2.1±0.5 0 <0.001 0.384 

GDS score 16.6±9.5 10.4±5.0 4.9±4.8 0.003 0.236 

MMSE score 27.7±1.6 28.5±1.8 28.0±1.1 0.683 0.428 

mMIDI score 11.6±4.2 0.1±0.3 0 0.009 <0.001 

total UPDRS score 31.6±15.8 26.6±6.8 9.0±1.7 <0.001 0.538 

   part I 3.3±1.7 2.0±1.4 0.1±0.3 <0.001 0.092 

   part II 14.2±8.1 9.3±3.6 0.3±0.7 <0.001 0.173 

   part III 14.2±11.0 15.3±7.6 1.2±1.4 <0.001 0.712 

LED, mg/d 914.4±338.7 925.2±458.4 
 

 0.538 

agonist LED, mg/d 217.9±175.3 153.2±110.7 
 

 0.146 

Left sided dominant 

parkinsonian symptom, n (%) 
6 (54.5) 6 (54.5) 

 
 1.000 
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Table 2-2. Characteristics of ICBs in subjects included in 

final analysis 

Subjects age sex ICB type 
mMIDI 

score 

1 50 F 
shopping, hypersexuality, 

eating 
12 

2 61 F shopping, eating 7 

3 58 M 
shopping, gambling (online), 

eating, hypersexuality 
18 

4 55 M hypersexuality 3 

5 54 F 
shopping, eating, punding 

(waste papers) 
15 

6 42 M shopping, eating 13 

7 63 M shopping, eating 9 

8 46 M gambling 11 

9 52 M gambling 11 

10 59 M 
gambling, hypersexuality, 

eating 
13 

11 73 M 
shopping, eating, punding 

(wires) 
16 

 

F=female; M=male 
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Comparisons of [18F]FP-CIT BPs at VOIs in the 

extrastriatal versus striatal regions 

The [18F]FP-CIT BPs in the PUT and CAU were significantly 

low in PD as expected (Table 2-3). BPs at NAC, AMG, and 

OFC were not different between the PD and normal controls 

whereas BPs at both VMPFCs were significantly higher in the 

PD group (Table 2-3). To estimate the difference between the 

extrastriatal versus striatal FP-CIT binding, we compared the 

BP ratios of NAC/PUT, AMG/PUT, OFC/PUT and VMPFC/PUT, 

which were found to be about 3 times higher for NAC, AMG and 

OFC and 5 ~ 6 times higher for VMPFC in the PD group 

compared with those in the healthy controls (all p<0.001, 

Figure 2-2).  

When comparing the PD ICB and non-ICB groups, calculated 

BPs at PUT and CAU seemed to be lower in the PD ICB group, 

but there was no statistical significance. Regarding extrastriatal 

VOIs, there was a tendency of low [18F]FP-CIT bindings in the 

mesolimbic (NAC and AMG) and high bindings in the 

mesocortical (VMPFC and OFC) areas in the PD ICB group 

compared with those in the non-ICB group although statistical 
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significance was seen only at the left NAC and right VMPFC 

bindings (p=0.049 and 0.033, respectively) (Table 2-4). The 

right VMPFC/PUT BP was significantly correlated with the 

modified MIDI scores which represents the magnitude and 

frequency of ICD behaviors (p=0.016, by Spearman correlation 

analysis) The BP ratios at other regions showed no significant 

correlations (Figure 2-3). 
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Table 2-3. Comparisons of [18F]FP-CIT binding potentials 

between PD and healthy subjects 

Data are shown as meanstandard deviation. 

 

VOIs PD subjects  Healthy controls p-values 

PUT 
  

 

Left  

Right 

1.120.43 (0.65-2.20) 

1.100.38 (0.52-1.94) 

2.930.40 (2.38-3.73) 

2.890.45 (2.43-3.76) 

<0.001 

<0.001 

CAU 
  

 

Left  

Right 

1.380.67 (0.40-2.85) 

1.250.63 (0.28-2.75) 

2.440.46 (1.91-3.33) 

2.400.43 (2.01-3.30) 

<0.001 

<0.001 

NAC 
  

 

Left  

Right 

1.680.79 (0.21-3.60) 

1.540.70 (0.28-3.11) 

1.580.47 (1.04-2.65) 

1.420.39 (0.91-2.28) 

0.931 

0.931 

AMG 
  

 

Left 

Right 

0.350.13 (0.01-0.66) 

0.340.11 (0.05-0.64) 

0.390.09 (0.29-0.54) 

0.390.10 (0.25-0.55) 

0.222 

0.256 

OFC 
  

 

Left 

Right 

0.190.09 (0.01-0.38) 

0.180.09 (0.02-0.36) 

0.190.07 (0.07-0.32) 

0.180.07 (0.08-0.32) 

0.744 

0.879 

VMPFC 
  

 

Left  

Right 

0.310.08 (0.17-0.45) 

0.280.10 (0.11-0.47) 

0.150.08 (0.02-0.29) 

0.170.08 (0.04-0.31) 

<0.001 

0.004 
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Figure 2-2. Estimated [18F]FP-CIT binding potentials at the 

volumes of interest in subjects with PD and in normal controls 
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Figure 2-3. Correlation analysis between the mMIDI scores 

and the BP rations of the right VMPFC to PUT. (p=0.016, 

correlation coefficient=0.508) 
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Table 2-4. Comparisons of [18F]FP-CIT binding potentials among the 3 groups, and between PD ICD and 

PD non-ICD subjects 

 

Data are shown as meanstandard deviation. 
a
Comparison among the three subgroups by the Analysis of Variance. 

b
Comparison 

between PD-ICD and PD non-ICD groups by post-hoc Bonferroni analysis. P-values, adjusted values and significant if they < 0.05 

VOIs PD ICD PD non-ICD Healthy controls p-values
a
 p-values

b 

PUT 
  

   

Left  

Right 

1.070.49 (0.65-2.20) 

0.940.20 (0.52-1.20) 

1.180.37 (0.74-1.93) 

1.260.46 (0.71-1.94) 

2.930.40 (2.38-3.73) 

2.890.45 (2.43-3.76) 

<0.001 

<0.001 

1.000 

0.162 

CAU 
  

   

Left  

Right 

1.210.57 (0.40-2.29) 

1.080.46 (0.28-1.79) 

1.55±0.74 (0.46-2.85) 

1.42±0.76 (0.55-2.75) 

2.440.46 (1.91-3.33) 

2.400.43 (2.01-3.30) 

<0.001 

<0.001 

0.634 

0.551 

NAC 
  

   

Left  

Right 

1.320.57 (0.21-2.62) 

1.330.68 (0.28-3.11) 

2.040.84 (0.88-3.60) 

1.760.68 (0.77-0.76) 

1.580.47 (1.04-2.65) 

1.420.39 (0.91-2.28) 

0.050 

0.243 

0.049 

0.331 

AMG 
  

   

Left 

Right 

0.310.11 (0.01-0.39) 

0.310.10 (0.05-0.41) 

0.390.13 (0.25-0.66) 

0.360.13 (0.22-0.64) 

0.390.09 (0.29-0.54) 

0.390.10 (0.25-0.55) 

0.160 

0.276 

0.329 

0.754 

OFC 
  

   

Left 

Right 

0.200.12 (0.01-0.38) 

0.180.12 (0.02-0.36) 

0.170.07 (0.06-0.31) 

0.170.07 (0.05-0.31) 

0.190.07 (0.07-0.32) 

0.180.07 (0.08-0.32) 

0.702 

0.965 

1.000 

1.000 

VMPFC 
  

   

Left  

Right 

0.330.09 (0.20-0.45) 

0.330.09 (0.22-0.47) 

0.300.07 (0.17-0.41) 

0.240.07 (0.11-0.35) 

0.150.08 (0.02-0.29) 

0.170.08 (0.04-0.31) 

<0.001 

0.001 

1.000 

0.033 
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Parametric analysis of [18F]FP-CIT bindings 

between PD as a whole group and healthy controls 

In the original parametric analysis of the whole brain comparing 

PD and normal controls, reduced uptake was seen in the 

bilateral basal ganglia, hypothalamus, superior colliculus and 

periaqueductal midbrain tegmental areas containing locus 

ceruleus in PD (Figure 2-4A, p<0.001).  

In the putaminal normalized parametric maps of PD>healthy 

controls, we obtained a well separated image of mesolimbic and 

mesocortical systems. The highlighted areas included bilateral 

VMPFC, OFC, insular cortex, ventral striatum (VS) containing 

NAC, and ventral pallidum (VP), AMG, thalamus, midbrain and 

pontine periaqueductal grey regions covering rostral and caudal 

dorsal raphe nucleus, and parahippocampal regions, to which 

serotonergic as well as mesolimbic and mesocortical 

dopaminergic projections were innervated (Figure 2-4B, 

p<0.001). On the other hand, in the parametric maps of healthy 

controls>PD subjects, there were higher uptakes at the bilateral 

dorsal and posterior putamens representing the motor parts of 

the nigrostriatal dopaminergic projections (Figure 2-4C, 
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p<0.001). 
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Figure 2-4. Parametric maps of dynamic N-(3-

[18F]fluoropropyl)-2-carbomethoxy-3-(4-iodophenyl) 

nortropane ([18F]FP-CIT) bindings comparing between 

patients with PD and normal controls. 
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Parametric analysis of [18F]FP-CIT binding 

between PD ICB and PD non-ICB groups 

On the original parametric images, significantly lower uptakes 

were seen in both VS extending to VP in PD ICB group 

(p<0.005, Figure 2-5A). On the putaminal normalized 

parametric analysis, significant higher uptakes were seen at the 

left insular and right dorsal posterior cingulate cortex (DPCC) 

in the PD ICB group (Figure 2-5B, p<0.01) whereas a 

significantly lower uptake was seen at the bilateral VPs in the 

PD ICB compared with the non-ICB groups (Figure 2-5C, 

p<0.005). 
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Figure 2-5. Comparisons between PD subjects with ICB and 

those free of ICB by parametric analysis. 
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DISCUSSION 

This study investigated the extrastriatal versus striatal 

dopaminergic neural changes in PD by VOI-based and whole 

brain parametric analysis of dynamic [18F]FP-CIT PET scans. 

Since extrastriatal bindings were not significantly reduced in 

PD, there was a significant gap between the extrastriatal versus 

striatal DAT bindings by approximately 3 times higher in PD 

compared with normal controls (Figure 2-2). This unique 

pathological condition in PD can be linked to hyperstimulation of 

extrastriatal system by dopamine replacement therapy. The 

DAT binding in the extrastriatal system is very weak relative to 

the striatal system, thus we conducted dynamic [18F]FP-CT 

PET scans to calculate BPs in these regions. In addition, to 

enhance visualization of extrastriatal DAT bindings, we made 

each individual's whole brain maps to be normalized to their 

own putaminal bindings. The putaminal normalized parametric 

analysis made visualization of the mesolimbic and mesocortical 

systems. This image contained serotonergic fibers in addition to 

the extrastriatal dopaminergic fibers especially in the regions 

such as the VMPFC, OFC, insular cortex, anterior and posterior 
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cingulate cortex, AMG, thalamus, and midbrain and pontine 

raphe nucleus, which may be due to the cross affinity of FP-

CIT to the serotonin transporters. The result of this study 

suggested that distinct extrastriatal fiber changes represented 

as low binding density at VPs and high binding density at the 

DPCC and anterior insular cortex may be associated with ICB in 

PD although it is not known whether these changes are primary 

or secondary to the ICB. 

There has been only one study investing presynaptic 

dopaminergic changes by DAT imaging regarding ICD in PB.25 

By means of [123I]FP-CIT SPECT, it showed reduced DAT 

bindings in the VS in PD patients with pathological gambling.25 

The extrastriatal areas were not fully investigated in that study 

probably due to methodological limitation, inferior spatial 

resolution and sensitivity of SPECT compared with PET to 

demonstrate extrastratal FP-CIT bindings. Moreover, an in-

house [11C]raclopride PET template was used instead of the 

subjects own MRI templates in that study, which made it more 

difficult to estimate BPs at extrastriatal areas as well as to 

identify anatomical structures precisely. We found relative low 

BP at the NAC in the PD ICB group, and in the parametric 
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analysis the low DAT binding density was obvious at bilateral 

VS which contains NAC region. Thus our observation was in 

part consistent with the previous DAT study results.25 Some 

studies have suggested that dopamine receptor availability at 

VS may be reduced in ICB subjects26,27 while others did not.28 

The low postsynaptic receptor availability may result from 

synaptic hyperdopamine content which is also exacerbated by 

low DAT at VS, which supports 'hyperdopamine' theory in the 

mesolimbic region in PD-ICB patients. VS is important in 

reward reinforcement learning, and studies on VS dopamine 

release in response to reward-related stimuli showed 

sensitized and enhanced release of dopamine in PD patients 

with ICB.26,28,29 A similar pattern has been reported in cocaine 

abusers30 and the enhancement of dopamine release in VS was 

well explained by the incentive salience model26-29 in both 

conditions. Thus downregulation of DAT at VS may be a plastic 

change as a sensitization to reward-related behaviors, which is 

an early event of addiction formation.31  

For other VOIs, the right VMPFC binding was significantly 

higher in the PD ICB group despite more loss of putaminal 

bindings than that in the non-ICB group. It is possibly related 



68 

 

to the upregulation of DAT to maintain synaptic dopamine 

homeostasis32 or less degeneration of dopaminergic fibers in 

this region since BPs at the VMPFC in our PD subjects were 

higher than those in age-matched healthy controls. The 

prefrontal cortex including the OFC, the VMPFC and anterior 

cingulate area is a well known region for mediating reward 

related behaviors; the VMPFC is more specifically processing 

of diverse and abstract rewards (such as money) whereas 

lateral part of the OFC is activated to punishment rather than to 

rewards.33 Based on our study results, dopaminergic activation 

of reward processing area rather than those of punishment 

might be more important in the development of ICB in PD. A 

recent [18F] fluorodopa PET study also showed enhanced 

activity at the medial part of the OFC in PD patients with ICB34, 

which again supports our observations.  

There were additional two areas, DPCC and anterior insular 

cortex, with enhanced DAT bindings in PD ICB subjects on 

parametric analysis. The DPCC is reported to be functionally 

connected to VMPFC and medial OFCs in drug addicted 

subjects.35,36 The insular cortex is involved in conscious urges 

(craving for addictive behaviors),37 and lesions on the insular 
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cortex diminished the urge for smoking in stroke patients.38 

Since modification of cravings is important from a therapeutic 

aspect, this finding is worth replicating by other studies.  

The VP is known to receive convergent signals of all kinds of 

rewards, and activation of VP is essential for reward-related 

and affective behaviors.39 VP receives projections from multiple 

regions including ventral tegmental area (VTA) and NAC, and 

dopaminergic transmission to VP is probably from VTA as 

dopaminergic transmission from nigropallidal fibers. The action 

of the dopaminergic projection to VP is not clearly known, but it 

may transmit a modulatory signal over reward-related 

behaviors since nigropallidal fibers are thought to be involved in 

tuning of voluntary movements.40,41  Lower DAT binding in VP 

might be from a plastic change with a sensitized response to 

rewards, similar to low DAT binding in VS in PD ICB subjects.25 

Recent studies on the functional network in PD patients with 

pathological gambling showed that the connectivity between the 

striatum and anterior cingulate cortex (ACC) was reduced,15 

and there was deactivation of the rostral cingulate zone during a 

gambling task following dopamine agonist administration in PD 

patients with pathological gambling.16 The ACC/RCZ is known to 
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play a controlling part over behaviors causing negative 

consequences; thus, hypoactivation of the inhibitory system is 

another common mechanism of ICB in PD.15,16 However 

significant dopaminergic neural change in ACC/RCZ was not 

observed in the present parametric analysis, thus this 

hypoactivation may not seem to be directly mediated by 

changes in the dopaminergic fibers. 

However, the results of the present study need to be 

interpreted with caution. First, this is rather a pilot investigation 

of extrastriatal system with a small sample size, and the result 

cannot be generalized to all kinds of ICBs observed in PD. Thus 

replication studies with larger sample sizes are warranted to 

prove our findings. Second, the [18F]FP-CIT ligand used in this 

study has cross affinity to serotonin transporter, thus studies 

with more specific ligand than FP-CIT or those with two PET 

scans for DAT and serotonin transporters would be better show 

more specific changes in the extrastriatal dopaminergic neural 

fibers in relation to ICB in PD. Third the mMIDI used in our 

analysis has not been validated. This study began before 

publishing of the QUIP-rating scale, a validated tool in PD, thus 

we were not able to use it in the current study. Last, we did not 
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include drug-naïve PD patients and we did analyze only 

neuroanatomical changes. Thus, we were unable to conclude 

those changes were drug-related or related to the disease 

progression. The functional consequences of those changes and 

the precise actions of extrastriatal dopaminergic systems on 

causing ICB in PD were also not investigated in the present 

work.  

For all that, a great gap in extrastriatal versus striatal 

dopaminergic fiber degenerations is an intrinsic pathological 

condition in PD and distinct pattern of extrastriatal 

dopaminergic changes between the ICB and non-ICB groups, 

specifically those seen as activation of areas rewarding reward 

sensitive decision making and interoceptive urges for addictive 

behaviors and those seen through less dopaminergic modulation 

to areas responsible for the processing of convergent signals 

from diverse rewards in the former group, could provide a 

further insight into a mechanism of medication-related ICB in 

PD. 
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국문 초록 

서론: 충동조절강박행동장애는 도파민성 약물치료를 받고 있는 파

킨슨병 환자에서 드물지 않게 발생하는 정신행동학적 이상으로서, 

정신과적으로 충동조절장애로 분류되는 병적 도박, 강박적 소비, 강

박적 성적 행동, 강박적 섭식행동 및 도파민 약물 중독과 같은 중독

성 행동뿐 아니라 강박적인 무의미한 반복동작 (일명 punding)까지 

모두 포함한다. 도파민성 약물요법을 받고 있는 파킨슨병 환자에서 

이러한 행동장애의 유병율은 대개 충동조절장애가 10 내지 14% 정

도이고, 도파민 약물 중독과 반복동작까지 포함하면 30% 까지도 

보고된 바 있다. 이와 같은 유병율은 약물치료를 받은 적 없는 파킨

슨병 환자나 일반 인구집단에서의 충동조절장애의 유병율과 비교할 

때 매우 높은 수치이다. 파킨슨병 환자에서 충동조절강박행동장애의 

가장 강력한 위험인자는 도파민성 약물, 특히 도파민 작용제 투여라

고 알려져 있지만, 도파민 작용제를 복용하고 있는 모든 환자들이 

이러한 행동장애를 나타내지는 않고, 파킨슨병 환자는 운동증상 개

선을 위해 필수적으로 도파민성 약물요법을 하게 되기 때문에, 발생 

위험인자에 대한 연구는 임상적 측면 못지 않게 병태생리학적 기전

을 밝히기 위해서도 필요하다.  
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방법: 본 연구에서는 먼저 유전학적 위험인자를 밝히기 위한 연관

분석을 시행하였다. 약물요법을 받고 있는 총 404 명의 파킨슨병 환

자 및 559 명의 연령을 짝지은 정상 대조군을 대상으로 병태생리학

적으로 연관되어 있을 것으로 추정되는 후보유전자들의 단일염기서

열변이를 분석하였다. 대상 유전자 변이는 도파민 수용체 유전자인 

DRD3 p.S9G, DRD2 Taq1A 와 글루탐산 NMDA 수용체 2B 유전

자인 GRIN2B c.366C>G, c.2664C>T, c.-200T>G, 그리고 세로토

닌 운반체 유전자 promoter 구역의 변이인 5-HTTLPR 의 단일염

기서열변이로 하였다. 유전정보와 충동조절강박행동장애와의 연관분

석은 임상적인 위험인자를 보정하는 유전통계기법을 이용하였다. 두 

번째로, 도파민 신경계에 대한 영상학적 연구를 진행하였다. 충동조

절강박행동장애의 발생과 연관된 파킨슨병의 병리학적 도파민 신경

계 변화 혹은 장기간의 도파민성 약물치료에 의해 이차적으로 유도

된 도파민 신경계의 가소성 변화를 밝히는 것을 목적으로 하였다. 

총 26 명의 파킨슨병 환자(충동조절강박행동장애유무에 따른 각 13

명의 환자군)와 10 명의 연령을 짝지은 정상 대조군을 대상으로 도

파민성 신경섬유말단의 밀도를 반영하는 [18F]FP-CIT 양전자단층

촬영술을 시행하였다. 영상 데이타는 90 분간 동적 스캔으로 얻었다. 

동적 촬영으로 얻어진 데이터는 로간방법에 기반하여 처리하여 조

가비핵(putamen), 꼬리핵(caudate nucleus), 아컴벤스핵(nucleus 
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accumbens), 편도핵(amygdala), 안와전두엽(OFC), 배내측전전두

엽(VMPFC)에서 [18F]FP-CIT 의 결합능을 구하였으며, 또한 전

체 뇌의 [18F]FP-CIT 결합지도를 구성하여 각 대상군끼리 비교하

였다.  

결과: 본 연구에 등록된 파킨슨병 코호트의 14.4% 에서 

충동조절강박행동장애가 있었고, DRD2 와 5-HTTLPR 변이는 

이와 연관이 없었다. 그렇지만, DRD3 p.S9G 의 AA 

유전자형변이와 GRIN2B c.366C>G 의 CC 유전자형변이가 

충동조절강박행동장애가 있는 환자에서 유의미하게 높은 빈도로 

나타났다 (상대 위험도[OR]=2.21, p=0.0094; 2.14, p=0.0087, 

연령 및 성별 보정한 통계량임). 임상적 위험인자들을 포함하는 

다변량 회기분석에서는 오직 유전자형변이형만이 독립적인 

위험인자였는데, DRD3 의 AA 유전자형이나 GRIN2B 의 CC 

유전자형 중에 하나 이상을 가질 경우 충동조절강박행동장애가 

2.57배 증가하는 것으로 나타났다 (adjusted OR: 2.57, p= 

0.0087). 

도파민 신경계 영상 결과, 양측의 배내측전전두엽 결합능이 두 

파킨슨병 환자군에서 모두 정상인에 비해 높았으며, 비선조체 

영역과 조가비핵 결합능의 비율이 모든 4 구역 (아컴벤스핵, 편도핵, 

안와전두엽, 배내측전전두엽)에서 정상인에 비해 약 3배정도 높았다. 
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두 파킨슨병 환자군을 비교하였을 때에는 충동조절강박행동장애가 

있는 환자들이 좌측 아컴벤스핵에 낮은 결합능과 우측 

배내측전전두엽의 높은 결합능을 보였고, 전체 뇌 결합지도에서는 

이 환자군에서 상대적으로 양측 배측 선조체(ventral striatum) 

결합능이 감소되어 있었다. 또한 조가비핵의 결합능으로 한번 더 

표준화시킨 뇌 전체 [18F]FP-CIT 결합지도에서는 

충동조절강박행동장애가 있는 환자들이 없는 환자들에 비해 좌측 

대뇌섬 피질(insular cortex)및 우측 후방띠다발 피질(posterior 

cingulate cortex) 에서 상대적으로 높은 결합능을, 양측 배측 

담창구(ventral pallidum)에서는 상대적으로 낮은 결합능을 보였다. 

결론: 본 연구결과 유전학적 소인이 파킨슨병 환자에서 충동조절

강박행동장애의 독립적인 위험인자임을 알 수 있었다. 특히, 본 연

구에 등록된 파킨슨병 환자 집단에서는 중변연계에 주로 분포하고 

있는 도파민 수용제 D3 의 결합능을 저하시키는 것으로 알려진 단

일염기서열변이와 보상학습과 시냅스의 가소성변화에 관여하는 글

루탐산 NMDA 수용체 2B 유전자의 단일염기서열변이가 위험인자

였다. 또한, 본 연구에서 얻은 영상학적 분석 결과, 파킨슨병 환자의 

도파민 신경계 변화는 흑질선조체 도파민신경계와 중변연계 도파민 

신경계 간의 비대칭적 변성으로 특징지어지며, 이는 도파민성 약물 

치료시 중변연계 도파민계의 ‘과도파민성 변화’를 촉진하게 되어, 그 
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자체로도 충동조절강박행동장애를 유발하는 파킨슨병의 내재적 위

험인자가 되고 있었다. 마지막으로 충동조절강박행동장애가 있는 파

킨슨병 환자에서 나타나는 특징적인 비선조체 도파민신경계의 변화

는 향후 이러한 행동장애의 병태생리학적 기전을 밝히는 데에 중요

한 시사점이 될 것이다.  

---------------------------------- 

주요어 : 파킨슨병, 충동조절강박행동장애, 도파민성 약물치료, 도파

민, 중변연계, 도파민 수용체 D3 유전자, 글루탐산 NMDA 수용체 

2B 유전자, 양전자단층촬영, 도파민 운반체 영상, [18F]FP-CIT 

---------------------------------- 

학  번 : 2006-30561  
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