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Abstract

 Objective—To describe the incidence of, and clinical and neurobiological risk factors for, 

new-onset impulse control disorder (ICD) symptoms and related behaviours in early Parkinson 

disease (PD).

 Methods—The Parkinson's Progression Markers Initiative is an international, multicenter, 

prospective study of de novo patients with PD untreated at baseline and assessed annually, 

including serial dopamine transporter imaging (DAT-SPECT) and ICD assessment (Questionnaire 

for Impulsive-Compulsive Disorders in Parkinson's Disease short form, QUIP). Participants were 

included if they screened negative on the QUIP at baseline. Kaplan-Meier curves and generalised 

estimating equations examined frequency and predictors of incident ICD symptoms.

 Results—Participants were seen at baseline (n=320), year 1 (n=284), year 2 (n=217) and year 

3 (n=96). Estimated cumulative incident rates of ICD symptoms and related behaviours were 8% 

(year 1), 18% (year 2) and 25% (year 3) and increased each year in those on dopamine 

replacement therapy (DRT) and decreased in those not on DRT. In participants on DRT, risk 
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factors for incident ICD symptoms were younger age (OR=0.97, p=0.05), a greater decrease in 

right caudate (OR=4.03, p=0.01) and mean striatal (OR=6.90, p=0.04) DAT availability over the 

first year, and lower right putamen (OR=0.06, p=0.01) and mean total striatal (OR=0.25, p=0.04) 

DAT availability at any post-baseline visit.

 Conclusions—The rate of incident ICD symptoms increases with time and initiation of DRT 

in early PD. In this preliminary study, a greater decrease or lower DAT binding over time increases 

risk of incident ICD symptoms, conferring additional risk to those taking DRT.

 Clinical trial registration—NCT01141023.

 Introduction

Impulse control disorders (ICDs) and related behaviours commonly occur in Parkinson 

disease (PD), with a prevalence of disorders or symptoms ranging from 14% to 43%.123 The 

primary ICDs in PD are compulsive gambling, eating, buying and sexual behaviours. While 

rates of ICD behaviours are similar in patients with PD prior to initiation of dopamine 

replacement therapy (DRT) compared with healthy controls,45 these behaviours increase 

with DRT, in particular dopamine agonists.1 ICDs are associated with greater functional 

impairment and comorbid psychiatric symptoms in PD.6 Treatment is challenging, as 

patients may experience dopamine agonist withdrawal syndrome (DAWS).789 It is critical to 

identify predictive factors to minimise this complication.

Clinical correlates of ICDs include depression,631011 anxiety,612 personal or family history 

of alcohol abuse or gambling,1 increased impulsivity and novelty-seeking,6 younger age,1312 

early PD onset,3 unmarried status1 and smoking.11314 Since these risk factors were 

identified in cross-sectional studies, longitudinal studies need to distinguish associated 

factors from true risk factors.

Neurobiological risk factors for ICDs might be identified through imaging of the dopamine 

system, which may play a role in ICD pathogenesis.151617 Dopamine transporter (DAT) 

imaging may reveal early biomarkers predictive of ICD risk, as decreased DAT availability 

has been associated with both prevalent17 and incident18 ICDs in small, preliminary studies.

We examined clinical and DAT imaging risk factors as predictors of incident ICD behaviour 

symptoms in a prospective, early PD cohort. We hypothesised that changes in DAT 

availability over time, reflecting integrity of the dopamine system, would predict incident 

ICD behaviour symptoms.

 Methods

 Participants

The Parkinson Progression Markers Initiative (PPMI) is an observational, international, 

multicenter (21 US and 12 international sites) cohort study of newly diagnosed, untreated (at 

enrolment) patients with PD and healthy controls.19 A public-private partnership, it is 

funded by the Michael J Fox Foundation for Parkinson's Research and funding partners, 

including AbbVie, Avid Radiopharmaceuticals, Biogen, Bristol-Meyers Squibb, Covance, 
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GE Healthcare, Genentech, GlaxoSmithKline, Lilly, Lundbeck, Merck, Meso Scale 

Discovery, Pfizer, Piramal, Roche, Servier and UCB. The aims/methodology of the study 

have been published19 and are available on the PPMI website (http://www.ppmi-info.org/

study-design). Inclusion criteria included meeting established diagnostic criteria for PD, and 

a DAT imaging deficit at enrolment. Exclusion criteria included taking medications for PD, 

and a diagnosis of dementia based on the clinical assessment of the site investigator. At 

baseline, mean disease duration was 6.6 months.4

Data were obtained from PPMI database (http://www.ppmi-info.org/data, accessed 16 

December 2014, medication information updated 26 March 2015). PD participants were 

included if they completed baseline (BL) and at least year 1 ICD behaviour screening. 

Participants were excluded if they screened positive for ICD behaviours at baseline.

At the time of the original data download, there were 418 PD participants with baseline 

assessments of ICD behaviours. Eighty four participants who screened positive for ICD 

behaviours at baseline were excluded. Fourteen participants who did not have at least one 

post-baseline ICD behaviour assessment were excluded. Our cohort therefore included 

baseline data for 320 PD participants. DAT imaging occurred at baseline, year 1 and year 2. 

Participants started DRT (defined here as levodopa, dopamine agonist, amantadine or 

monoamine oxidase-B inhibitor20) as clinically indicated. Participants were classified as on 

DRT at a given visit if they were reported to be taking DRT at least 1 day prior to the visit. 

Levodopa equivalent daily dosage (LEDD) was calculated for each post-baseline visit.21 For 

analyses, we selected the LEDD either at the time of the initial QUIP conversion from 

negative to positive, or at the last available visit for those remaining QUIP-negative.

 Clinical measures

ICD behaviours were assessed with the Questionnaire for Impulsive-Compulsive Disorders 

in Parkinson's disease (QUIP)-short form. The QUIP is designed as a screening instrument 

for ICD behaviours based on any single positive response for the four major ICDs 

(gambling, eating, buying, sexual behaviours), hobbyism, simple motor activities (ie, 

punding), or walkabout items.22 A positive QUIP was defined as a positive response for any 

of these disorders, as previously described.4 Other neuropsychiatric assessments included 

baseline 15-item Geriatric Depression Scale (GDS-15),23 State-Trait Anxiety Inventory 

(STAI)24 and Montreal Cognitive Assessment (MoCA).25 Motor severity at baseline was 

assessed with the Movement Disorders Society-Unified Parkinson's Disease Rating Scale 

Part III (MDS-UPDRS III).

 DAT imaging

DaTscan SPECT imaging was completed at the various PPMI sites, after a standardisation 

procedure for equipment calibration and data acquisition (full protocol can be found at 

http://www.ppmi-info.org/study-design/research-documents-and-sops/). Processing and 

reconstruction was verified, and data analysed at a central imaging core by experienced 

nuclear medicine experts to ensure consistency. Regions of interest were placed on right and 

left caudate and putamen, and occipital cortex (reference tissue) to obtain striatal binding 
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ratios. For our study, we also calculated mean total striatal binding ratios (the average of the 

four aforementioned regions).

 Standard protocol approvals, registrations and patient consents

The study was approved by the institutional review board at each participating site and 

written informed consent was obtained from all study participants prior to enrolment.

 Statistical analysis

Kaplan-Meier analysis was used to estimate the rate of initiation of PD medication and to 

estimate the cumulative frequency of incident ICD behaviours in the full cohort. Kaplan-

Meier method uses all participants in the sample and can appropriately account for censored 

(missing) observations. Observed ICD incidence rates by DRT status (on vs off) were 

calculated at each visit and compared with Fisher's exact test. Generalised estimating 

equation26 (GEE) was used to examine predictors of incident ICD behaviour. The logit link 

was applied to the binary outcome of ICD events over time in the GEE model, and OR was 

reported to quantify the association between predictors and the risk of developing ICD. GEE 

analysis accounts for correlations among repeated measures of ICD behaviour and 

incomplete follow-up (ie, missing data). Individual GEE models were created for each 

clinical predictor of interest, controlling for baseline age and sex in models. DAT binding 

ratios for right and left caudate and putamen, and mean total striatal ratio, were analysed as 

predictors of incident ICD using three separate approaches: (1) baseline DAT binding; (2) 

change in DAT binding from baseline to year 1; and (3) time-dependent post-baseline DAT 

binding (assessing the relationship between absolute DAT binding at each post-baseline visit 

and incident ICD symptoms at that same visit). All models controlled for visit, baseline age 

and sex. Sensitivity analyses controlling for LEDD were performed. Subgroup analyses 

were performed including only those participants taking DRT at the time they were assessed 

for ICD behaviours. Further sensitivity analyses were performed assessing interactions 

between age and DAT binding and between DRT use and DAT binding.

All statistical tests were 2-sided. Statistical significance was set at p≤0.05. Since our study 

was exploratory rather than confirmatory, multiple testing adjustment was not performed.27 

Analyses were conducted with IBM SPSS Statistics (V.22.0).

 Results

 Participant characteristics

A total of 320 participants with PD provided baseline clinical and imaging data. A total of 

284, 217 and 96 participants with PD provided data at years 1, 2 and 3. Baseline 

demographic and clinical characteristics are provided in table 1. Twenty-nine and 87 

assessed participants were missing DAT imaging data at years 1 and 2. Mean follow-up time 

from baseline was 1.97 years (SD=0.85). Across the entire PPMI study, the retention rate at 

the time of analysis was 93%. The majority of participants without year 2 or 3 data remains 

active study participants but has not yet reached the second or third year of participation.
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The estimated cumulative rates of DRT initiation were 59.4%, 85.1% and 93.9% at years 1, 

2 and 3 (figure 1). A similar proportion of participants were taking levodopa and dopamine 

agonists at year 1 (see etable 1). The percentages of participants taking levodopa, dopamine 

agonists, MAO-B inhibitors and amantadine increased over time (see etable 1).

 Incident ICD behaviours

Fifty-four participants developed incident ICD or related behaviour symptoms during 

follow-up. The overall number of positive screens per ICD behaviour were as follows: 

gambling (n=3), sex (n=13), buying (n=4), eating (n=9), hobbyism (n=9), simple motor 

activities (n=7), walkabout (n=2), multiple ICD behaviours (n=7). The estimated cumulative 

rate of incident ICD symptoms was 7.8%, 18.1% and 25.1% at years 1, 2 and 3 (figure 2). 

The observed cumulative incidence rate of ICD symptoms increased numerically over time 

in participants on DRT, and decreased over time in those not on DRT, though this difference 

did not reach statistical significance at any time point (table 2). At the time of the positive 

screen for incident ICD behaviour, 20 of the 54 participants were on levodopa (37%), 23 on 

a dopamine agonist (43%), 11 on other DRT (20%) and 7 on no DRT (13%). Mean total 

LEDD at the time incident ICD symptoms were reported was 300.9 mg (SD 210.1), and 

mean dopamine agonist LEDD was 151.2 mg (SD 65.3).

 Clinical and demographic predictors

Younger age at baseline was significantly associated with higher risk of incident ICD 

symptoms (OR=0.97, p=0.02). Every year decrease in baseline age was associated with an 

approximately 3% increase in the risk of developing ICD symptoms. Sex, education and 

baseline global cognitive performance, anxiety symptoms, depressive symptoms and motor 

severity were not significantly associated with incident ICD symptoms (table 3). Similar 

results were obtained in the subgroup analysis that included only participants on DRT at the 

time of a given ICD assessment.

 Baseline and serial DAT imaging as risk factor

Mean total striatal DAT availability decreased from baseline to 1 year (mean=0.17, 

SD=0.19), with no significant difference between participants on DRT and those not on DRT 

at this time point (mean difference=−0.001, SE=0.014 (95% CI (−0.03 to 0.03)), p=0.92). 

This argues against a direct impact of DRT itself on DAT imaging results.

Baseline DAT availability was not a significant predictor of incident ICD symptoms, either 

in the full cohort or in the DRT subgroup (table 4). For the change in DAT availability from 

baseline to 1 year, our analysis of the full cohort suggested that a greater decrease in right 

caudate binding is associated with an increased risk of incident ICD symptoms (OR (95% 

CI) =2.75 (0.90 to 8.41), p=0.08). In the DRT subgroup only, a greater decrease in right 

caudate (OR=4.03 (1.39 to 11.68), p=0.01) and total mean striatal (OR=6.90 (1.09 to 43.50), 

p=0.04) binding was significantly associated with increased risk of incident ICD symptoms.

In addition, post-baseline DAT availability was analysed as a time-dependent predictor. In 

the full cohort, lower right (OR=0.17 (0.03 to 0.88), p=0.04) and left (OR=0.17 (0.03 to 

0.87), p=0.03) putamen DAT binding ratios at a given post-baseline visit were associated 
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with a higher risk of incident ICD symptoms at that visit. There was a suggestion that lower 

total mean striatal DAT binding at a given post-baseline visit was associated with increased 

ICD risk at that visit in the full cohort, and this reached significance in the DRT subgroup 

(OR=0.25 (0.07 to 0.92), p=0.04). In the DRT subgroup, right putamen DAT binding at a 

given post-baseline visit was also significantly associated with incident ICD symptoms at 

that visit (OR=0.06 (0.01 to 0.45), p=0.01).

There was no significant interaction between DAT availability and baseline age on 

prediction of incident ICD symptoms. Sensitivity analysis evaluating interaction between 

DRT and the DAT binding variables in the entire cohort revealed similar associations as in 

the DRT subgroup analysis reported above (data not shown).

Controlling for LEDD did not substantially alter the results of these models (table 5). Lower 

DAT binding in several regions and mean total striatum at a given post-baseline visit 

remained predictive of ICD symptoms at that visit in the full cohort and the DRT subgroup, 

while baseline and change from baseline to year 1 DAT binding ratios were not significant 

predictors.

 Discussion

Incident ICD and related behaviour symptoms were common in this prospective cohort of 

early patients with PD followed from time of diagnosis, and increased in frequency over 

time and with initiation of DRT. Younger age was the only clinical predictor of incident ICD 

symptoms. DAT availability was associated both with incident ICD symptoms at the time of 

imaging, and with future risk of developing ICD symptoms. Though the specific DAT 

binding ratios that reached significance varied by statistical approach, the direction of the 

association was consistent across all analyses, with lower DAT binding (ie, a greater 

decrease in DAT availability) associated with increased risk of developing ICD symptoms. 

There may be a synergistic effect of DRT and DAT availability on the development of ICD 

in patients with PD, since DAT availability was a stronger predictor of ICD development in 

participants on DRT.

Our study expands the knowledge on the natural history of incident ICD behaviours in this 

well-characterised cohort. Only one prior study to our knowledge has evaluated ICD 

incidence,13 reporting incidence of 40% during 21 months of dopamine agonist treatment. 

However, this study was limited by small sample size, single site and retrospective collection 

for some data. Our results are consistent with this study and others that suggest ICDs are 

closely linked to DRT. It has previously been reported in the PPMI cohort that at baseline, 

the frequency of ICD behaviours is similar in PD and healthy controls.4 We now report that 

over the first 3 years of follow-up, the frequency of ICD symptoms continues to rise in those 

on DRT only. Continued follow-up will be required to confirm this finding, and determine if 

this difference becomes significant over time.

Identifying clinical predictors may guide treatment decisions regarding dopamine agonist 

use. We found that younger age is a predictor of ICD risk, which is consistent with prior 

studies. Although depressive and anxiety symptoms have been identified as associated 
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clinical factors, these symptoms were not predictive of ICD development in our study. This 

difference in findings may be due to our prospective study design, which suggests that 

depressive and anxiety symptoms are secondary to the concomitant ICD and the associated 

psychosocial distress. The use of rating scales (GDS-15, STAI) to assess neuropsychiatric 

symptoms instead of a structured diagnostic interview may have affected our results, though 

these rating scales are recommended for use in PD.

Bastiaens et al13 also found that motor complications were associated with ICDs. In our 

study, baseline motor severity did not predict future ICD development, not surprising given 

these were de novo patients, although motor complications were not specifically assessed. 

Previous literature regarding the association between cognition and ICDs has been mixed. 

Our results suggest global cognitive performance in non-demented PD is not a risk factor for 

ICD development. However, further studies should evaluate if performance on specific 

relevant tasks predict ICD risk (eg, delayed discounting tasks, response inhibition tasks) in 

addition to their association with ICDs in cross-sectional studies.28

Dopamine imaging, using multiple modalities, has been proposed as a possible biomarker 

for ICDs. The majority of prior studies have included only prevalent ICD cases, and imaging 

at only a single time point. In PD with ICD, ((11)C) raclopride PET binding is reduced in 

ventral striatum, indicating decreased D2/3 receptor binding and increased dopamine 

release.1529 DAT imaging studies have consistently reported decreased striatal DAT 

availability in patients with PD with ICDs compared with those without ICDs.1617

Right striatal DAT availability has been found to be more consistently reduced in patients 

with PD with ICDs.161718 Though the pathophysiology underlying this laterality difference 

is unknown, the result is consistent with evidence that hypomania/mania, which is a 

common symptom in the ICD-related dopamine dysregulation syndrome (DDS),30 is 

associated with right hemisphere abnormalities.31 In Vriend et al,18 reduced right ventral 

and anterodorsal striatal DAT availability was associated with incident ICD after PD 

medication initiation.

Our study is consistent with these preliminary findings that reduced DAT availability may be 

a biomarker for ICD. Importantly, ours is the first study to our knowledge to evaluate 

incident ICD symptoms in a large, multisite, international de novo cohort, and the first to 

utilise serial DAT imaging. We were therefore able to evaluate several different statistical 

methods for using DAT availability as a predictor of incident ICD symptoms over time. 

Controlling for LEDD, we found that measurements that included baseline DAT binding 

ratios were less predictive of incident ICD symptoms compared with post-baseline values. 

Our results suggest that changes in DAT availability even early in the disease course may be 

more predictive than baseline values for determining future ICD risk.

The relationship between reduced DAT availability and ICD neurobiology is not entirely 

clear. One hypothesis is that a combination of pre-existing biological and genetic risk factors 

contributes to DAT functional downregulation. An alternate hypothesis is that striatal DAT 

availability is decreased due to disease-related dopaminergic neuron degeneration, since 

DAT availability is a marker of overall dopaminergic synaptic integrity. Specifically, 
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degeneration of dopaminergic projections to the ventral striatum has been posited to result in 

impaired reward-based learning and perhaps contribute to development of ICDs in patients 

with PD,18 although we were not able to assess ventral striatal DAT availability here. Since 

decreased DAT function leads to increased dopamine neurotransmission, this may result in 

excessive activity in ventral striatum. This imbalance may be exacerbated by introduction of 

DRT, particularly dopamine agonists, which may overdose the relatively preserved 

mesolimbic dopamine system compared to the more impaired nigrostriatal system.32 The 

ventral striatum regulates task shifting and sustained attention, and increased dopamine in 

this system may lead to perseveration on a task and lack of appropriate response to 

prefrontal cortex goal-directed cues.28 D2 and D3 receptors are thought to play a major role 

in this system, and D2/3 receptor specific ligand imaging studies have supported impaired 

regulation of these receptors in patients with PD with ICDs.3334

A major challenge in studying DAT availability in participants with PD on DRT has been 

distinguishing potential changes in DAT availability directly related to DRT use from 

changes related to ICD behaviours. We sought to address this by using a de novo PD cohort 

and assessing change in DAT availability as participants initiated DRT. Change in DAT 

availability over the first year, during which over half of participants initiated DRT, was not 

significantly different between those who did and did not initiate DRT. This supports 

previous literature that DAT differences observed between those with and without an ICD is 

not simply an epiphenomenon of DRT use.17 Furthermore, we performed additional 

analyses controlling for LEDD. In these models, changes from baseline to year 1 DAT 

availability in right caudate and mean total striatum were no longer significantly predictive 

of incident ICDs, suggesting that DRT initiation helped explain these relationships. On the 

other hand, the models using post-baseline DAT availability did not change substantially 

after controlling for LEDD. This highlights the importance of absolute DAT availability or 

changes in DAT availability over longer periods of time in the development of ICDs.

In addition to dopamine neuroimaging and DRT, genetic risk factors may also contribute to 

ICDs. For instance, polymorphisms in dopamine receptor (DRD3), glutamate NMDA 

receptor (GRIN2B) and serotonin receptor (HTR2A) genes were associated with PD+ICD in 

a Korean cohort.3536 Future analyses of the PPMI cohort can examine genetic predictors, 

including interaction with DAT imaging and DRTuse, on ICD development in early PD.

Strengths of this study include the large sample size of de novo PD, and prospective serial 

ICD screening and DAT imaging. Our statistical analysis approach controlled for potential 

confounders (baseline age and sex) in all models, and accounted for variable duration of 

follow-up in this ongoing cohort study. In analysis of DAT availability, several 

complementary statistical approaches were utilised, and the results were consistent overall in 

terms of direction of association.

Limitations include the relatively small absolute number of participants who developed 

incident ICD symptoms, which should increase over time in the PPMI cohort as more 

participants are exposed to DRT for a longer duration and at higher doses. This may explain 

why no statistically significant difference was found between those on versus not on DRT in 

rates of incident ICD symptoms. The small sample size limited our ability to assess the 
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differential role of dopamine agonists versus other DRT, as well as differences in DRT and 

DAT availability between the four major ICDs and punding/hobbyism/walkabout 

behaviours. In addition, since the QUIP was designed as a screening instrument with high 

sensitivity (94%) and lower specificity (72%),22 some participants' ICD symptoms may have 

been false positives or not clinically relevant. Our results remain preliminary, and should be 

confirmed over a longer duration of follow-up in PPMI and similar early PD cohorts. Future 

studies should also use more detailed diagnostic assessments to verify clinical ICD diagnosis 

and allow determination of the severity and impact of ICD symptoms.

In summary, decreased DAT availability, particularly ongoing loss over time, may predict 

risk of future ICD behaviours in early PD with initiation of DRT. Both neurobiological and 

clinical variables are risk factors for development of ICD symptoms in the face of DRT. 

Further study to elucidate the interaction of different risk factors is warranted to improve our 

understanding of the neurobiology of ICDs in PD, minimise the risk to patients and develop 

novel therapeutic approaches.

 Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Estimated cumulative rate of initiation of dopamine replacement therapy. Rate of dopamine 

replacement therapy (DRT) initiation over time determined by Kaplan-Meier method. 

Censored data indicates that some participants at each visit had not initiated DRT by that 

visit and have not yet provided subsequent medication information.
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Figure 2. 
Estimated cumulative rate of incident impulse control disorder (ICD) symptoms. Rate of 

incident ICD or related behaviour symptoms determined by Kaplan-Meier method. 

Censored data indicates that some participants at each visit had not developed ICD 

symptoms and have not yet completed subsequent ICD assessment.
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Table 1
Cohort characteristics

Characteristic (N=320) Number (%) or mean (SD)

Sex (male) 210 (65.6%)

Baseline age (years) 61.7 (9.5)

Education (years) 15.6 (3.0)

Baseline MoCA score 27.2 (2.3)

Baseline GDS-15 score 5.2 (1.3)

Baseline STAI score 93.3 (7.8)

Baseline UPDRS III score 21.2 (9.1)

LEDD* 361.4 (289.4)

*
LEDD at time of incident ICD or last follow-up.

GDS-15, Geriatric Depression Scale-15; LEDD, levodopa equivalent daily dosage; MoCA, Montreal Cognitive Assessment; STAI, State-Trait 
Anxiety Inventory; UPDRS, Unified Parkinson's disease rating scale.
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Table 2
Observed cumulative rate of incident ICD symptoms by DRT use

Year 1 (N=284) Year 2 (N=217) Year 3 (N=96)

Total participants on DRT (n, %) 183 (64.4%) 188 (86.6%) 85 (88.5%)

Incident ICD on DRT (n, %) 17 (9.3%) 28 (14.9%) 16 (18.8%)

Total participants not on DRT (n, %) 101 29 11

Incident ICD: not on DRT n, (%) 7 (6.9%) 1 (3.7%) 0 (0.0%)

p Value* 0.66 0.14 0.20

*
Fishers exact test comparing incident ICD rates at each visit on versus off DRT. DRT, dopamine replacement therapy; ICD, impulse control 

disorder.
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Table 4
DAT imaging predictors of incident ICD symptoms

All participants Participants on DRT

OR (95% CI)* p Value OR (95% CI) p Value

Baseline DAT binding

 Right caudate 1.07 (0.62 to 1.85) 0.82 1.12 (0.61 to 2.06) 0.71

 Left caudate 0.91 (0.55 to 1.50) 0.70 0.94 (0.54 to 1.67) 0.84

 Right putamen 0.77 (0.31 to 1.91) 0.58 0.99 (0.35 to 2.83) 0.99

 Left putamen 0.55 (0.23 to 1.31) 0.18 0.78 (0.29 to 2.14) 0.63

 Mean total striatal 0.82 (0.36 to 1.86) 0.64 0.99 (0.38 to 2.57) 0.98

Change in DAT binding (baseline-year 1)

 Right caudate 2.75 (0.90 to 8.41) 0.08 4.03 (1.39 to 11.68) 0.01

 Left caudate 1.58 (0.60 to 4.12) 0.35 1.78 (0.65 to 4.88) 0.26

 Right putamen 2.37 (0.42 to 13.20) 0.33 3.28 (0.44 to 24.55) 0.25

 Left putamen 1.66 (0.41 to 6.69) 0.48 2.52 (0.54 to 11.73) 0.24

 Mean total striatal 4.04 (0.64 to 25.37) 0.14 6.90 (1.09 to 43.50) 0.04

DAT binding (post-baseline)†

 Right caudate 0.66 (0.30 to 1.47) 0.31 0.47 (0.21 to 1.08) 0.07

 Left caudate 0.66 (0.30 to 1.46) 0.31 0.62 (0.25 to 1.58) 0.32

 Right putamen 0.17 (0.03 to 0.88) 0.04 0.06 (0.01 to 0.45) 0.01

 Left putamen 0.17 (0.03 to 0.87) 0.03 0.15 (0.02 to 1.18) 0.07

 Mean total striatal 0.36 (0.11 to 1.16) 0.09 0.25 (0.07 to 0.92) 0.04

*
Generalised estimating equations models for each variable controlled for visit, baseline age and sex.

†
Any post-baseline DAT binding value (time-dependent), assessed for association with incident ICD at the corresponding visit.

DAT, dopamine replacement therapy; ICD, impulse control disorder.
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Table 5
DAT imaging predictors of incident ICD symptoms controlling for LEDD

All participants Participants on DRT

OR (95% CI)* p Value OR (95% CI) p Value

Baseline DAT binding

 Right caudate 0.83 (0.42 to 1.64) 0.60 0.87 (0.44 to 1.75) 0.71

 Left caudate 0.85 (0.48 to 1.52) 0.58 0.86 (0.47 to 1.59) 0.64

 Right putamen 0.49 (0.13 to 1.87) 0.30 0.57 (0.15 to 2.16) 0.41

 Left putamen 0.62 (0.21 to 1.77) 0.37 0.63 (0.21 to 1.88) 0.40

 Mean total striatal 0.64 (0.24–1.74) 0.38 0.69 (0.25 to 1.94) 0.48

Change in DAT binding (baseline-year 1)

 Right caudate 1.58 (0.58 to 4.31) 0.38 1.67 (0.61 to 4.55) 0.32

 Left caudate 0.98 (0.38 to 2.53) 0.96 1.00 (0.39 to 2.58) 1.00

 Right putamen 0.66 (0.10 to 4.25) 0.66 0.75 (0.12 to 4.76) 0.76

 Left putamen 1.44 (0.25 to 8.27) 0.68 1.54 (0.26 to 9.01) 0.64

 Mean total striatal 1.29 (0.25 to 6.58) 0.76 1.43 (0.28 to 7.33) 0.67

DAT binding (post-baseline)†

 Right caudate 0.41 (0.17 to 0.95) 0.04 0.47 (0.19 to 1.19) 0.11

 Left caudate 0.52 (0.20 to 1.37) 0.18 0.61 (0.22 to 1.73) 0.35

 Right putamen 0.02 (0.002 to 0.21) 0.001 0.02 (0.001 to 0.18) 0.001

 Left putamen 0.07 (0.01 to 0.56) 0.01 0.05 (0.01 to 0.40) 0.005

 Mean total striatal 0.15 (0.04 to 0.56) 0.01 0.17 (0.04 to 0.71) 0.02

*
Generalised estimating equations models for each variable controlled for baseline age and sex.

†
Any post-baseline DAT binding value (time-dependent), assessed for association with incident ICD at the corresponding visit.

DAT, dopamine replacement therapy; ICD, impulse control disorder; LEDD, levodopa equivalent daily dosage.
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