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Introduction: Impulse control disorders (ICDs) are defined as excessive and repetitive behaviors that may affect Parkinson’s disease (PD) patients exposed to dopamine agonists. Current data on ICDs in patients with early-onset Parkinson’s disease (EOPD) is lacking. In this study we aim to assess the frequency of use of dopamine agonists, the prevalence of ICDs, and to explore potential factors associated with their development in patients with EOPD.

Methods: We used the Mayo Clinic Data Explorer system to investigate a population-based cohort of EOPD patients between 1990 and 2022 at Mayo Clinic, Rochester, MN. We used ICD coding for parkinsonism; then, we reviewed all the clinical records and included only those patients with a clinical diagnosis of PD with symptoms onset at or before the age of 50, and who developed ICDs after using therapeutic doses of dopamine agonists.

Results: A total of 831 (513 males and 318 females) patients with EOPD were included with a median age at symptom onset of 42 years of age (CI: 37–46). Dopamine agonists were used in 49.7% of all patients; of these, only 14.5% developed symptoms of one or more ICDs. Hypersexuality was the most commonly observed ICD (38.3%), and the only one having a statistically significant male predominance (p = 0.011).

Conclusion: ICDs are common in EOPD, particularly when associated with the use of dopamine agonists.
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Introduction

Impulse control disorders (ICDs) (compulsive gambling, shopping, hypersexuality, and binge eating behaviors) are defined as excessive and repetitive behaviors that may affect Parkinson’s disease (PD) patients exposed to dopamine agonists (1, 2). These behaviors, along with other ICD-related disorders (i.e., punding, dopamine dysregulation syndrome, walkabouts, compulsive hoarding) can negatively impact patients’ lives, affect their families, and worsen the overall caregiver burden (2–4).

Dopamine agonists are often chosen as the first line therapy especially in young patients to allegedly delay the onset of levodopa-induced motor complications such as dyskinesias. However, their use is associated with a 2–3.5 fold increased risk of developing ICDs, with an overall prevalence of up to 17% in PD patients treated with a dopamine agonist in the largest cohort study (1).

Younger age of PD onset, male gender, higher doses of dopamine agonists, longer disease duration, psychiatric comorbidities (e.g., depression, anxiety), and personal or family history of impulsivity traits were reported to be significant risk factors for the development of ICDs in PD patients (1, 2).

Few reports are available regarding the frequency and characteristics of ICDs in early-onset Parkinson’s disease (EOPD) defined as PD with onset of symptoms before the age of 50 (3). Thus, in this study we aim to assess the frequency of use of dopamine agonists, the prevalence of ICDs, and to explore potential factors associated with their development in a cohort of patients with EOPD.



Methods


Patients and diagnosis ascertainment

We used the Mayo Clinic Data Explorer system to identify all patients who received a diagnosis of Parkinsonism between 1990 and 2022. We ascertained potential cases of Parkinsonism using a first computerized screening phase and a second clinical confirmation phase. In phase 1, we searched the indexes for 33 diagnostic codes potentially indicative of Parkinsonism including 5 codes for PD, 14 for Parkinsonism, 7 for tremor, 2 for extrapyramidal disorders, 5 for non-specific neurodegenerative diseases. These 33 codes [see (4)] were the smallest subset of codes that completely captured all cases of Parkinsonism in a previous study of the incidence of Parkinsonism performed in the Olmsted County population (5). This list of 33 codes was designed to yield maximum sensitivity at the cost of low specificity.

In phase 2, a movement disorders specialist (R.S.) reviewed the charts of all patients who had been initially identified as possible Parkinsonism, and who received at least one diagnostic code during the study period. Onset of PD was defined as the approximate date in which at least two of the three cardinal signs of PD were first noted by the patient, by family members or by a healthcare provider as documented in the medical record. The presence of impaired postural reflexes at symptom onset was considered a red flag for a possible alternative diagnosis (6), and those patients who developed abnormal postural reflexes within 3 years of symptoms onset were excluded from this study. The validity of this approach is discussed elsewhere (5). Only those patients with symptoms onset before or at 50 years of age were classified as having EOPD and were included in the study. The medical charts of the EOPD patients were then reviewed to include a list of medications used during the disease course, and to ascertain the presence of ICDs. A patient was diagnosed as having developed ICDs either if this was specifically stated in the chart and supported by appropriate clinical documentation, or if reported in the item Features of dopamine dysregulation syndrome item of the Movement Disorder Society Revision of the Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) (7). Cognitive impairments were classified as present only if specifically stated in the patient’s chart, and supported by documented Short Test of Mental Status (STMS) and/or formal neuropsychometric testings (8). The definition of mild cognitive impairment (MCI) and dementia was assessed by using published criteria (9–11). Additional demographic and clinical features relevant to the study questions were abstracted from the medical records.



Statistical analysis

Numeric features were summarized with medians and interquartile ranges (IQRs); categorical features were summarized with frequency counts and percentages. Patient demographics and disease characteristics were compared between males and females with EOPD as well as between EOPD patients who developed ICD and those who did not, using Wilcoxon rank-sum tests (numeric) and Chi-squared or Fisher’s exact tests (categorical). All tests were two-sided and p-values less than 0.05 were considered significant. Analyses were conducted using R version 4.2.2.



Standard protocol approvals, registrations, and patient consents

This study was approved by the Mayo Clinic and Olmsted Medical Center Institutional Review Boards. Participating patients (or their legally authorized representatives) provided informed written consent for use of their medical information for research.




Results

A total of 831 patients with EOPD were identified; of these, 513 were males (61.7%). The median age of symptom onset was 42 years (CI: 37–46). No information about the duration of the disease was available for our patients. A family history of PD in a first degree relative was present in 114 (13.7%). A pathogenic gene variant was identified in 11 of the 44 patients who underwent genetic testing (25.0%) (4 PARK2, 3 GBA1, 1 MAPT, 1 LRRK2, 1 PLA2G6, 1 PARK6); however, none of the patients who developed ICD had a positive genetic result. Additional information regarding the demographic and clinical characteristics of these patients are reported in Tables 1, 2.



TABLE 1 Patient demographics and clinical characteristics.
[image: Table1]



TABLE 2 Clinical characteristics of patients with and without ICD.
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Dopamine agonists were used in 415/831 (49.9%) patients to treat parkinsonian symptoms at any time during the disease course; of these patients, 60 (14.5%) developed ICDs. A slightly higher prevalence of ICDs was observed in males compared to females (15.4% vs. 13.0% respectively); however, this was not statistically significant (p = 0.59). Fifty-eight of these 60 patients (96.7%) were treated with a dopamine agonist monotherapy, whereas 2 received a combination of dopamine agonists plus oral levodopa.

Among the different types of ICDs, hypersexuality was the most commonly identified (38.3%), and it was significantly more frequent in men (p < 0.011) (see Table 3; Graph 1). ICDs resolved in 40/60 (67.0%) patients after either decreasing or discontinuing the use of dopamine agonist.



TABLE 3 Frequency of ICD subtypes in males and females.
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GRAPH 1
 Comparison of ICD sub-types between males and females.


Information about the type and dose of the dopamine agonist used was available for 41/60 patients (68.3%). The most used dopamine agonist was Pramipexole (60.9%), followed by Ropinirole (31.7%), then Rotigotine (7.3%) (Table 4).



TABLE 4 Dosages and levodopa equivalent daily dose of dopamine agonists used in our population.
[image: Table4]

Patients who developed ICDs had younger PD age of onset compared to those who did not; however, this was not statistically significant (p = 0.055). ICD patients were more likely to develop dementia over time (p < 0.001). Following the onset of ICDs, the dopamine agonist dose was reduced in 40/60 (0.66%) patients, leading to improvement or resolution of ICDs in all of them.

Dyskinesias were relatively rare in our cohort (17.4%) of EOPD; no significant differences in the overall prevalence of dyskinesias were observed between patients who did and those who did not develop ICDs (p = 0.36). However, when dyskinesias were present they tended to develop significantly later in the group of patients that did develop ICDs (median 11.0 vs. 6.0 years after motor symptoms onset respectively, p < 0.005) (Table 2).

There were 355 patients in our cohort who used dopamine agonists and did not develop ICDs. Of these, 55 used dopamine agonists as monotherapy, whereas 300 patients used both dopamine agonists and levodopa in combination. Among those 55 patients who used dopamine agonists and did not develop ICDs 29 were male (52.7%) and 26 (47.3%) were female; the median age at PD symptom onset for these patients was 42 (IQR range: 40, 45) years of age. No information regarding the type and dose of dopamine agonist used, and the duration of therapy was available for these patients.



Discussion

The timing of initiation of symptomatic treatment, and the drug of choice in PD have been a matter of debate for decades. Dopamine agonists are often used as first-line therapy in young patients or in the early stages of disease to limit the risk of inducing motor fluctuations and dyskinesias; however, their use is not short of side effects and they are not nearly as efficacious in treating parkinsonian symptoms as levodopa.

ICDs are a relatively common complication in PD patients treated with dopamine agonists, and younger age of onset of PD, among others, is considered a possible risk factor for their development (1). Although not statistically significant, those who developed ICDs in our cohort of EOPD were younger than those who did not (p = 0.055).

The frequency of ICDs in EOPD was previously assessed only by a limited number of studies; an overall prevalence of ICDs of 14.5% was reported in our cohort. The relatively older age of PD onset in our population can explain the similar frequency (17%) that was reported in the largest study published thus far (1); on the other hand, it is lower than the 26.5% reported in a European study that only included patients younger than 40 years of age (13).

When the presence of ICDs was assessed by using the Questionnaire for Impulse Control Disorders in Parkinson’s Disease (QUIP) in patients younger than 45 years old treated with either levodopa or dopamine agonists, a high frequency of around 58% was found in PD patients along with 33% in age and sex-matched controls. This relatively high frequency could potentially be explained by the screening tools used in this study to ascertain the presence of ICDs. While the QUIP is in fact a well validated screening tool with high sensitivity and specificity for ICDs, its relatively low positive predictive value (14) may explain their high results, as supported by the relatively high frequency of ICDs observed in unaffected controls (33%) in the same study (15).

The preferential affinity of the commonly used dopamine agonists for the D3 receptors in the limbic system (16–18) has been for long considered to be the main cause of the onset of these abnormal behaviors in PD patients. However, the majority of patients treated with this class of medications never develops ICDs, suggesting the presence of alternative risk factors for their onset (19). Younger individuals may be more predisposed to developing ICDs due to inherently present impulsive traits associated with their age, regardless of the underlying presence of PD (19). However, additional factors including psychiatric comorbidities and a family history of also holism have been reported as well (19). Sex differences in the type of ICDs developed by PD patients have been reported, with men presenting with excessive gambling and hypersexuality more often than women (1). We observed a slightly higher prevalence of ICDs in our male population, with hypersexuality being the most frequent ICD observed, likely mirroring similar patterns in the general population (20).

While there are no approved medications to treat ICDs, dopamine agonist cessation or dose reduction are usually effective (21); meanwhile, initiation or a careful increase in the levodopa dose may be recommended to avoid low dopaminergic states (i.e., OFF periods). Medication adjustments led to improvement or resolution of ICDs in about 2/3 of patients in our cohort, proving once again the strict neuro-anatomical and pharmacologic relationships between this class of drugs and the onset of these pathologic behaviors (19). Pramipexole and Ropinirole, the two most commonly used dopamine agonists in our cohort, have a high affinity to the D3 dopamine receptors, which are particularly present in the mesolimbic system; this could potentially explain why these reward-seeking behaviors are much more common with the use of this class of drugs than in patients treated with levodopa, which has a lesser affinity to the same receptors (18, 19).

ICDs improvement has been reported in patients undergoing Deep Brain Stimulation (DBS) of the subthalamic nucleus (STN), possibly following a reduction in the dopaminergic drugs; however, a direct effect of the stimulation has also been implicated as a possible explanation (22, 23). This concept has been challenged by the observation that ICDs can at times be worsened or induced following STN DBS (24, 25). None of the 14 ICDs patients who underwent STN DBS exhibited worsening of their symptoms, or developed pathologic impulse control following the surgery.

Frequency and severity of ICDs is higher in Parkin and GBA PD patients (26, 27); this association seems only partly related to the relatively young age of PD onset in this patient population; some have in fact suggested a possible synergistic effect between dopamine agonists and specific mutations (i.e., GBA) cautioning against the use of this class of drugs in these patients (27). It is not surprising that we did not find a genetic mutation in any of our EOPD patients who developed ICDs considering our relatively low sample size, and that Genetic mutations in the genes associated with PD are estimated to be between 10 and 20% in EOPD (28).

Dyskinesias were similarly present in ICDs and non-ICDs patients in our cohort, supporting the presence of overlapping mechanisms in the onset of levodopa-induced dyskinesias and ICDs (29) with an increased probability of co-occurrence of these two disorders (30, 31).

Dopaminergic therapy can influence endogenous dopamine function by interfering with the tonic and phasic activity of the dopaminergic neurons, leading to post-synaptic changes in the expression, density, and activity of dopamine receptors (29); these factors may play a role in the onset of both ICDs and levodopa-induced dyskinesias (29). Similarly, a reduced concentration of striatal dopamine transporters has been well documented in PD patients with ICDs (32, 33), potentially leading to accumulation of dopamine at the synaptic level; this, along with a prolonged duration of action of dopamine may be a common factor for the onset of both ICDs and dyskinesias (29).

Similarly to other studies, patients with dementia were more likely to develop ICDs compared to those without cognitive impairments (34). Executive and decision-making dysfunctions are common in PD patients with and without ICDs (35), with functional imaging studies showing a predominant involvement of the orbitofrontal and anterior cingulate cortices, suggesting a possible common underlying anatomical substrate for the onset of ICDs and dementia in PD patients (35).

Our study has several limitations. First, the overall frequency of ICDs in our cohort may be underrepresented as patients may have been lost at follow up given the tertiary referral center nature of Mayo Clinic. Physicians’ awareness of ICDs has significantly changed over time, which may have influenced the number of cases captured especially in the first years of the analyzed timeframe, which spans between 1990 and 2022. Second, some information, including factors that may have influenced the development of ICDs (e.g., history of alcohol abuse of family history of ICDs), or the time between dopamine agonist initiation and ICDs onset may have not been available to review given the retrospective nature of the study; this may have limited our analysis and influenced some of the results. Third, no validated screening tools (e.g., QUIP) were used to assess the presence of ICDs in our cohort, which may have led to an under representation of ICDs in our cohort. Fourth, we acknowledge the relatively low frequency of genetic tests performed in our population of EOPD patients; genetic tests including only a limited number of pathogenic genes in addition to commercially available genetic tests were at times performed by patients prior to their evaluation at our Institution, limiting our ability to obtain additional genetic testing in a cost effective manner. Fifth, due to the retrospective nature of our study, we were not able to assess the prevalence of ICD in those patients who were not on dopamine agonists; additionally, we were not able to assess the characteristics of those patients who did not develop ICDs even though they used dopamine agonists at any time during their disease course.



Conclusion

ICDs are common in EOPD, particularly when associated with the use of dopamine agonists, likely due to their higher D3 dopamine receptor affinity in the mesolimbic pathway. ICDs seem to be more common in men than in women; however, when they are present, a reduction in the overall dopamine dose or discontinuation of the offending agent, if possible, lead to substantial improvements. The association between ICDs and the presence of cognitive impairments may have a common neuro-anatomical substrate, and should be evaluated with additional studies.
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