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Abstract
Background Dopamine dysregulation syndrome (DDS) is a complication of Parkinson’s disease (PD) that seriously affects 
the quality of life of PD patients. Currently, the risk factors for DDS are poorly known, and it is critical to identify them in 
the early stages of PD.
Objective To explore the incidence of and risk factors for DDS in patients with early PD.
Methods A retrospective cohort study was conducted on the general data, clinical features, and imaging data of patients 
with early PD in the PPMI database. Multivariate Cox regression analysis was performed to analyze the risk factors for the 
development of DDS in patients with early PD, and Kaplan‒Meier curves examined the frequency and predictors of incident 
DDS symptoms.
Results At baseline, 2.2% (n = 6) of patients with early PD developed DDS, and the cumulative incidence rates of DDS dur-
ing the 5-year follow-up period were 2.8%, 6.4%, 10.8%, 15.5%, and 18.7%, respectively. In the multivariate Cox regression 
model controlling for age, sex, and drug use, hypersexuality (HR = 3.088; 95% CI: 1.416~6.732; P = 0.005), compulsive 
eating (HR = 3.299; 95% CI: 1.665~6.534; P = 0.001), compulsive shopping (HR = 3.899; 95% CI: 1.769~8.593; P = 
0.001), anxiety (HR = 4.018; 95% CI: 2.136~7.599; P < 0.01), and lower Hoehn-Yahr (H-Y) stage (HR = 0.278; 95% CI: 
0.152~0.509; P < 0.01) were independent risk factors for DDS in patients with early PD. PD patients with DDS had lower 
DAT uptake values than those patients without DDS.
Conclusion Early PD patients with hypersexuality, compulsive eating, compulsive shopping, anxiety, and lower H-Y stage 
were at increased risk for DDS. The occurrence of DDS may be related to the decrease in the average DAT uptake of the 
caudate and putamen.
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Introduction

Parkinson’s disease represents a fast-growing neurodegen-
erative condition [1], and its prevalence has been projected 
to double over the next 30 years [2]. The primary manifes-
tations of PD are motor symptoms such as bradykinesia, 
resting tremor, and rigidity [3]. In addition to motor symp-
toms, PD patients often have nonmotor symptoms. such as 
cognitive impairment, neuropsychiatric symptoms, and sleep 
disorders.

Dopamine dysregulation syndrome (DDS) is a neu-
ropsychiatric disorder in PD patients who abuse or become 
addicted to dopaminergic drugs. Patients with DDS self-
administer increasing doses of dopaminergic drugs in excess 
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of those required to control their symptoms or ask doctors 
for drug escalation. Even with severe drug-induced dyskine-
sias, they are still unwilling to stop taking the drugs, which 
seriously affects their quality of life [4]. Previous studies 
have shown that the incidence of DDS in PD patients is 
approximately 2.2–4% [5–9] and may be related to dysfunc-
tion of the dopaminergic reward system [10]. At present, 
there are few studies on DDS, and the risk factors for DDS 
in patients with PD are not clear. Indeed, while risk fac-
tors for DDS have been previously investigated [11, 12], 
to our knowledge, this study is the first to explore the risk 
factors for DDS in a cohort of untreated early PD patients 
who have been diagnosed via molecular imaging. This study 
also aims to further explore the relationship between striatal 
DAT uptake and DDS in PD patients to provide a basis for 
reducing its incidence.

Materials and methods

Research samples

The data used in this study were obtained from Parkinson’s 
Progression Markers Initiative (PPMI) database (www. 
ppmi- info. org/ data). The PPMI is a 5-year observational, 
international, multicenter study sponsored by the Michael J. 
Fox Foundation in which subjects undergo clinical evalua-
tions, imaging, and blood and cerebrospinal fluid collection 
at predetermined time points to explore biomarkers asso-
ciated with PD progression. Each site participating in the 
PPMI was approved by the Ethics Standards Committee for 

Human Experimentation before the start of the study, and at 
each site, all subjects signed an informed consent form [13].

Object selection

In this study, the patients were recruited between 2010 and 
2015. At baseline, participants must be over 30 years of age 
with asymmetric resting tremor, asymmetric bradykinesia, 
or two of the following three signs: bradykinesia, resting 
tremor, and rigidity. Participants were not treated with medi-
cations for Parkinson’s disease within 60 days of the base-
line visit [14]. Details of the PD inclusion/exclusion criteria 
adopted by the PPMI can be found at http:// www. ppmi- info. 
org. This article was downloaded from http:// www. ppmi- 
info. org. on May 30, 2022. At the time of data collection, a 
total of 423 patients with PD were included in the baseline 
study, and 283 patients had been followed up once a year for 
a total of 5 years. In PD patients, DDS onset was used as an 
outcome variable; patients were free of DDS at baseline, and 
the date of first onset of DDS during the follow-up period 
was recorded. After the exclusion of patients with DDS at 
baseline and those who had missing required data, the final 
study sample consists of 251 patients with early PD, and the 
flow chart of subject selection is shown in Fig. 1.

Clinical characteristics and evaluation

The Movement Disorder Society-Unified Parkinson’s Dis-
ease Rating Scale (MDS-UPDRS) [15] was used to assess 
the subjects’ motor and nonmotor symptoms, and the Mon-
treal Cognitive Assessment (MoCA) [16] was used to assess 
the cognitive status of the patients. The MDS-UPDRS 1.6 

Fig. 1  Flow chart of the selec-
tion of research objects

http://www.ppmi-info.org/data
http://www.ppmi-info.org/data
http://www.ppmi-info.org
http://www.ppmi-info.org
http://www.ppmi-info.org
http://www.ppmi-info.org
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was used to evaluate DDS, and the MDS-UPDRS 1.3 and 
1.4 were used to assess the depression and anxiety of the 
patients. Motor severity was assessed with the MDS-UPDRS 
III score. Rapid eye movement sleep behavior disorder 
(RBD) was used to assess the patient’s sleep. Impulse con-
trol disorder (ICD) and other compulsive behaviors were 
assessed by the Questionnaire for Impulsive-Compulsive 
Disorders in Parkinson’s Disease (QUIP). For patients taking 
DRT during follow-up, both motor and nonmotor symptom 
scores were assessed during the “On” period. Levodopa, 
dopamine agonists, amantadine, or monoamine oxidase B 
inhibitors are defined as DRT [17]. The Hoehn-Yahr (H-Y) 
stage is mainly used to evaluate the severity of PD patients 
and is divided into stages 1–5, in which stages 1–2 are 
defined as early stages and stages 2.5–5 are defined as mid-
dle and late stages [18].

DAT imaging

All patients were enrolled with DAT-SPECT to rule out 
other conditions. DaTscan SPECT imaging was performed 
at various PPMI sites, and data analysis was performed by 
experienced nuclear medicine experts at a central imaging 
core. This imaging technique delineates the dopamine cells 
in regions of interest within the left and right striatum, cau-
date nucleus, and putamen by analyzing their DAT uptake 
values. DAT uptake rates in the caudate and putamen were 
calculated as the count density in the caudate and putamen 
divided by the count density in the occipital cortex as the 
reference region.

Statistical analysis

GraphPad Prism version 8.0 (GraphPad Software, Inc., San 
Diego, CA, USA) software was used for graphing, and SPSS 
26.0 (IBM, USA) statistical software was used for statistical 
analysis. Normally distributed data are expressed as the mean 
± standard deviation ( x±s), and the independent samples t 
test was used for intergroup comparisons. Nonnormally 
distributed data are expressed as the median [M (Q1, Q3)], 
and the Mann‒Whitney U test was used for intergroup 
comparisons. Categorical data are expressed as a frequency 
(percentage), and the chi-square test was used for intergroup 
comparisons. The variables with statistically significant 
differences in this study were included in the univariate Cox 
regression analysis, while those with P ≤ 0.1 were included 
in the multivariate Cox regression analysis to determine risk 
factors. A paired sample t test was used to compare DAT 
uptake values of early PD patients before and after DDS. A 
Kaplan‒Meier (K-M) survival curve was used to describe the 
time-dependent trend of DDS, and a value of P < 0.05 was 
considered to indicate a statistically significant difference.

Results

The demographic and clinical characteristics of early PD 
patients with DDS (n = 6) and without DDS (n = 277) at 
baseline are shown in Table 1. In our study, the incidence 
of DDS was approximately 2.2%. Depression (P = 0.019), 
stereotypic behavior (P = 0.003), RBD (P = 0.013), and 
UPDRS I (P = 0.006) scores were higher in DDS patients 
than in early PD patients without DDS. There were no 
significant differences in age, years of education, course 
of disease, sex, age of onset, UPDRS II score, UPDRS 
III score, total UPDRS score, H-Y stage, anxiety, fatigue, 
nonmotor symptom scores, and DAT uptake between the 
two groups.

Independent predictors of DDS in early PD patients

A total of 251 patients completed the full follow-up study, 
of whom 47 patients developed DDS during follow-up. 
In our study, the cumulative incidence of DDS increases 
over time, as shown in Fig. 2. To explore the risk fac-
tors for the occurrence of early PD, we included age, 
sex, drug, and variables with P ≤ 0.1 in the univariate 
Cox regression analysis in the multivariate Cox regres-
sion analysis. The regression analysis used the forward 
stepwise variable selection method to adjust the influence 
of confounding factors on the occurrence of DDS. After 
adjusting for related factors, hyperactivity (HR = 3.088, 
95% CI 1.416~6.732, P = 0.005), compulsive eating (HR 
= 3.299, 95% CI 1.665~6.534, P = 0.001), compulsive 
shopping (HR = 3.899, 95% CI 1.769~8.593, P = 0.001), 
anxiety (HR = 4.018, 95% CI 2.136~7.559, P < 0.01), and 
H-Y stage 1 (HR = 0.278, 95% CI 0.52~0.509, P < 0.01) 
are identified as independent risk factors for DDS in early 
PD (P < 0.05), as shown in Table 2. This combined model 
produced an acceptable goodness of fit (χ2 = 59.024; df 
= 5; P < 0.001).

Kaplan–Meier survival curve analysis

The comparison of PD patients with and without hyper-
sexuality, compulsive eating, compulsive shopping, and 
anxiety showed that for those with these behaviors, there 
was a higher risk of developing DDS during follow-up (P 
< 0.05); furthermore, the lower the H-Y stage is during 
follow-up, the higher the risk of DDS (P < 0.05), as shown 
in Fig. 3a–e.

To further explore why H-Y stage 1 predicts the occur-
rence of DDS, we compared the clinical features of 
patients with H-Y stage 1 and stage 2 after follow-up and 
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showed that the age, age of onset, UPDRSIII and total 
score, and mean uptake of caudate and putamen DAT in 
H-Y stage 1 were significantly lower than those in stage 2 
(P < 0.05). However, there was no significant difference 
in disease course, sex, family history, depression, and ICD 
between H-Y stage 1 and 2 patients (P > 0.05) (Table 3).

Comparison of DAT uptake rates 
before and after DDS in patients with early PD

A total of 47 patients developed DDS at the end of follow-
up, of whom only 27 had complete data on DAT uptake. 
The DAT uptake values before and after follow-up were 
used as a paired t test. It is found that in both the caudate 
nucleus and the putamen, the baseline DAT uptake values 
of these 27 patients were higher than at the end of the 
follow-up, as shown in Fig. 4.

Table 1  Baseline demographic 
and clinical characteristics 
of early PD patients with and 
without DDS

Abbreviations: aThe z score was obtained by the Mann‒Whitney U test. bThe t value was obtained by the 
independent samples t test. The remaining data represent the χ2 values obtained by the chi-square test. 
RBD, rapid eye movement sleep behavior disorder; H-Y, Hoehn-Yahr; MDS-UPDRS, International Par-
kinson’s Disease and Movement Disorders Association Unified Parkinson’s Disease Rating Scale; MoCA, 
Montreal Cognitive Assessment; ESS, Epworth sleep; DAT, dopamine transporter

Variable PD without DDS (n = 277) PD with DDS (n = 6) t/z/χ2 P value

Age (years) 61.8 (54.5, 68.6) 54.4 (47.7, 63.3) − 1.608 a 0.108
Education (years) 16.0 (14.0, 18.0) 16.0 (15.0, 19.3) − 0.934 a 0.350
Course of disease (years) 4.1 (2.5, 7.7) 8.9 (3.7, 12.9) − 1.210 a 0.226
Sex (male/female) 186/91 3/3 0.778 0.378
Age of onset (years) 60.0 (52.7, 66.6) 53.4 (46.8, 61.8) − 1.477 a 0.148
UPDRS I 5.0 (2.0, 7.0) 10.0 (7.0, 12.5) − 2.734 a 0.006
UPDRS II 4.0 (2.0, 8.0) 3 (1.8, 11.8) − 0.350 a 0.726
UPDRS III 19.0 (14.0, 25.0) 16.0 (12.8, 21.8) − 0.775 a 0.439
Total UPDRS 29.0 (21.0, 39.0) 28.5 (24.3, 42.5) − 0.298 a 0.766
H-Y stage [n (%)]

  Stage 1
  Stage 2

138 (49.8) 3 (50.0) 0.000 0.993
139 (50.2) 3 (50.0)

Depression [n (%)] 68 (24.5) 4 (66.7) 5.492 0.019
Anxiety [n (%)] 101 (36.5) 4 (66.7) 2.296 0.130
Pathological gambling [n (%)] 2 (0.7) 0 (0) 0.044 0.835
Hypersexuality [n (%)] 7 (2.5) 0 (0) 0.155 0.693
Compulsive shopping [n (%)] 8 (2.9) 0 (0) 0.178 0.673
Compulsive eating [n (%)] 26 (9.4) 0 (0) 0.620 0.431
Pathological hobby [n (%)] 24 (8.7) 0 (0) 0.568 0.451
Punding [n (%)] 14 (5.1) 2 (33.3) 8.805 0.003
Walking or driving [n (%)] 3 (1.1) 0 (0) 0.066 0.798
RBD [n (%)] 95 (34.3) 5 (83.3) 6.180 0.013
MoCA score 28.0 (26.0, 29.0) 28.5 (23.0, 30.0) − 0.380 a 0.704
DAT uptake

  Mean caudate 2.0 ± 0.5 2.0 ± 0.9 − 0.497 b 0.619
  Mean putamen 0.79 (0.6, 1.0) 0.76 (0. 5,1.2) − 0.076 a 0.940

Fig. 2  Kaplan‒Meier estimates showing the cumulative incidence of DDS
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The relationship between survival without DDS 
and medicine

Survival curve analysis was performed with respect to the 
drug use of patients. The results showed that patients taking 
dopamine receptor agonists had the highest risk of DDS, 
while patients taking levodopa and other drugs had the low-
est risk of DDS (Fig. 5).

Discussion

Our findings are mainly in the following aspects. First, the 
incidence of DDS was approximately 2.2%, and the cumula-
tive incidence of DDS gradually increased with the exten-
sion of follow-up time. Second, hypersexuality, compulsive 
eating, compulsive shopping, anxiety and lower H-Y stage 
were independent risk factors for the development of DDS. 
Finally, DAT uptake values correlate with DDS occurrence. 

Patients taking dopamine agonists had a higher risk of devel-
oping DDS than patients taking levodopa.

Previous studies have shown a wide variation in the prev-
alence of DDS, ranging from 2.2 to 10.4% [5, 6, 8, 19, 20]. 
Accumulating evidence suggests that DDS in PD patients is 
the result of a history of dopaminergic drug use, genetic pre-
disposition, history of psychiatric disorders, and impulsive 
personality [9, 12]. The reason why the incidence of DDS 
in this study was slightly lower than that in previous stud-
ies may be related to the following aspects: first, unlike this 
study, most patients in previous studies received dopaminer-
gic drug treatment [6, 20]. Second, the patients included in 
this study were mostly Caucasian and had a shorter disease 
duration, whereas the patients in the study by Tsai et al. were 
Asian and had a longer disease duration [19, 21, 22]. Finally, 
it may be related to the early PD of the patients in this study. 
At present, there are few and different conclusions about the 
incidence of DDS at home and abroad, and the prevalence 
of DDS still needs further research.

Table 2  Cox regression analysis 
results of potential predictors 
of DDS

MDS-UPDRS, International Parkinson’s Disease and Movement Disorders Association Unified Parkinson’s 
Disease Rating Scale; H–Y stage, Hoehn-Yahr stage; RBD, rapid eye movement sleep behavior disorder; 
NA, not applicable/not available; CI, confidence interval

Variable Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

Age 0.975 (0.947~1.003) 0.082 NA NA
Sex 1.412 (0.784~2.543) 0.250
Age of onset 0.975 (0.948~1.003) 0.075 NA NA
UPDRS I score 1.072 (1.031~1.115) 0.001 NA NA
UPDRS III score 0.970 (0.944~0.996) 0.025 NA NA
H-Y stage 0.292 (0.163~0.524) < 0.01 0.278 (0.152~0.509) < 0.01
Pathological gambling 3.616 (0.877~14.909) 0.075 NA NA
Hypersexuality 4.369 (2.169~8.799) < 0.01 3.088 (1.416~6.732) 0.005
Compulsive shopping 4.073 (1.901~8.727) < 0.01 3.899 (1.769~8.593) 0.001
Compulsive eating 4.738 (2.533~8.861) < 0.01 3.299 (1.665~6.534) 0.001
Pathological hobbies 2.661 (1.323~5.353) 0.006 NA NA
Punding 2.443 (0.876~6.813) 0.088 NA NA
Walking or driving 2.496 (0.344~18.102) 0.365
Hallucinations and psychosis 1.803 (0.872~3.728) 0.112
Depression 2.281 (1.286~4.046) 0.005 NA NA
Anxiety 2.486 (1.388~4.453) 0.002 4.018 (2.136~7.559) < 0.01
RBD 2.135 (1.178~3.872) 0.012 NA NA
Medication

  Untreated NA 0.094 NA NA
  Levodopa 0.788 (0.173~3.597) 0.758
  Dopamine agonist 2.746 (0.570~13.223) 0.208
  Other 1.469 (0.207~10.426) 0.701
  Levodopa + other 0.282 (0.040~2.000) 0.205
  Levodopa + dopamine agonist 1.430 (0.313~6.528) 0.644
  Dopamine agonist + other 1.566 (0.287~8.553) 0.604
  Levodopa + dopamine agonist + other 1.719 (0.376~7.846) 0.485
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In the past 10 years, there has been very little research 
on risk factors for the development of DDS. In our study, 
patients with impulse control disorder (ICD)-related symp-
toms (hypersexuality, compulsive eating, and compulsive 
shopping) were more likely to develop DDS, which is con-
sistent with the findings of Cilia et al. [12]. Previous studies 
have confirmed that the occurrence of ICD is related to the 
overstimulation of dopamine receptors in the mesolimbic 
pathway [23], and the occurrence of DDS is often accom-
panied by ICD [24, 25]. Therefore, our findings suggest that 
patients with ICD are prone to DDS, possibly due to the 
similar pathophysiological mechanisms of DDS and ICD 
[26]. In addition, in the study by Tanaka et al., patients tak-
ing levodopa were more likely to develop DDS than dopa-
mine agonists [9]. However, our study found that patients 
taking dopamine agonists had a higher risk of developing 
DDS. Because ICD-related symptoms are an independent 
risk factor for DDS in the patients in this study, some studies 
have confirmed that the occurrence of ICD is mostly related 
to dopamine agonists [27]. Therefore, the reason why our 
results are inconsistent with previous studies may be that 
dopamine agonists are a confounding factor in the occur-
rence of DDS by affecting ICD and thus DDS.

Previous studies have established a link between depres-
sion and the occurrence of DDS [11]. However, we did not 
conclude that depression could independently predict the 
occurrence of DDS in our study. Differences in follow-
up time, assessment tools, genetic background, and study 
population may contribute to this difference. Notably, our 
study found anxiety to be an independent predictor of DDS 
development. To our knowledge, the occurrence of DDS 

is associated with dopamine replacement therapy, espe-
cially levodopa. In view of the results of this study, we 
can make the following explanations. First, compared with 
PD patients, DDS patients are more prone to mood disor-
ders, which may be related to the sensitization of the ven-
tral striatum caused by long-term high-dose dopaminergic 
drugs [28]. Second, levodopa has traditionally been known 
to improve mood [29]. However, studies have confirmed 
that levodopa not only does not improve mood [30] but also 
aggravates mood disorders [31]. At present, the neurobio-
logical mechanism of levodopa on the occurrence of anxi-
ety is still unclear. Recent studies in animal models of PD 
suggest that levodopa may interfere with the function of the 
norepinephrine and serotonin systems in emotion-related 
brain structures [32, 33], thereby inducing the development 
of anxiety and depression. Finally, mood disorders in turn 
increase vulnerability to substance abuse risk [34]. Thus, our 
results suggest that the intrinsic disease process by which 
PD predisposes patients to mood disorders may affect dopa-
minergic neurotransmission, thereby increasing susceptibil-
ity to DDS. In addition, two studies have demonstrated that 
antipsychotics can improve some of the symptoms of DDS 
[35, 36], indicating that DDS and mood disorders interact 
and influence each other.

In addition, a novel finding of our study is that the H-Y 
stage is associated with the development of DDS, and inter-
estingly, patients with H-Y stage 1 are more likely to develop 
DDS than PD patients with H-Y stage 2. In the study of Cilia 
et al. [12], there was no significant difference in H-Y staging 
between the two groups, which may be related to the off-
stage staging of the study. To further analyze the reason why 
the incidence of DDS in H-Y stage 1 is higher than that in 
stage 2, we compared the clinical characteristics of patients 
with H-Y stages 1 and 2 after follow-up and found that the 
age, age of onset, UPDRSIII score, and UPDRS total score 

Fig. 3  a–e Kaplan‒Meier survival estimation risk of DDS in early 
PD patients with hypersexuality, compulsive eating, compulsive 
shopping, anxiety, and H-Y stage 1

◂

Table 3  Comparison of characteristic data of H-Y stage 1 and 2 patients after follow-up

Abbreviations: aThe t value was obtained by the independent samples t test. bThe χ2 values obtained by the chi-square test; the remaining data 
represent the test z score obtained by the Mann-Whitney U test; H-Y, Hoehn-Yahr

Variable H-Y stage1 (n = 44) H-Y stage2 (n = 207) t/z/c2 P value

Age (years) 57.5 ± 9.7 61.5 ± 9.5 − 2.5 a 0.013
Age of onset (years) 56.0 ± 9.9 59.3 ± 9.8 − 2.028 a 0.044
Sex (male/female) 26/18 146/61 2.202 b 0.138
Anxiety 13 (29.5) 84 (40.6) 1.863 b 0.172
Depression 12 (27.3) 61 (29.5) 0.085 b 0.771
Total UPDRS score 23.0 (22.25,31.5) 48.0 (34.3,62.5) − 7.685 < 0.01
UPDRS III score 11.0 (9.25,13.0) 23.0 (14.0,32.5) − 6.495 < 0.01
Family history of PD [n(%)] 2.242 b 0.326

  First-degree family member w/PD 4 (9.1) 33 (15.9)
  Non-1st degree family member w/PD 7 (15.9) 21 (10.1)
  No family member w/PD 33 (75) 153 (73.9)
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of PD patients with H-Y stage 1 were significantly lower 
than those of PD patients with stage 2. Our results can be 
interpreted as follows. First, many studies have confirmed 
that PD patients with younger onset age are more likely to 
develop DDS [10–12]. This may be related to the fact that 
PD patients with younger onset age can establish compre-
hensive Parkinson’s disease clinical manifestations faster, 
worsen the treatment effect of levodopa, have earlier side 
effects, and are more prone to motor fluctuations [37]. In 
addition, it has been confirmed that age may significantly 
mediate vulnerability to drug addiction [38]. Although PD 
patients are mostly middle-aged and elderly, earlier expo-
sure to addictive drugs in patients with a younger age of 

onset affects the subsequent development and severity of 
substance dependence. This result may be related to the 
lower age and age of onset of H-Y stage 1 patients. Second, 
patients with lower stages have milder symptoms and may 
have higher requirements for their own mobility.

Finally, many studies have confirmed that ICD is 
related to the function of DAT [39–42], but the relation-
ship between the occurrence of DDS and DAT uptake 
is still unclear. We analyzed DAT uptake values before 
and after DDS in patients with early PD and found that 
mean DAT uptake values in the caudate and putamen were 
significantly lower in patients with DDS after follow-up 
compared with baseline. It can be speculated that the 

Fig. 4  a, b Changes in the average uptake of DAT for the caudate and putamen before and after DDS in patients with early PD (***P < 0.001, 
****P < 0.0001). DAT: Dopamine transporter

Fig. 5  The relationship between 
survival without DDS and drug 
use. HR = hazard ratio
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occurrence of DDS may be related to the low uptake value 
of DAT. Due to the lack of data on DAT uptake values 
after follow-up in this study, we could not explore whether 
DAT uptake values could predict the occurrence of DDS. 
In the future, the sample size can be increased to further 
explore the neurobiological mechanism of DAT function 
affecting the occurrence of DDS.

The strengths of this study include the long-term 
follow-up, relatively large sample size, and new-onset 
PD cohort study. Although some missing data in the 
dataset may affect the results, the regression model con-
structed in our statistical analysis fit well. However, this 
study also has certain limitations. First, the diagnosis 
of the above factors is only based on scale evaluation, 
without objective quantitative index description. Sec-
ond, the data related to DAT function in this study were 
missing a lot, and the relationship between DAT intake 
value and the risk of DDS was not explored. In future 
research, the DAT data of PD patients will be examined, 
and the relationship between DAT uptake and DDS will 
be further explored.

Conclusion

Our study found that hypersexuality, compulsive eat-
ing, compulsive shopping, anxiety, and lower H-Y stage 
increase the risk of DDS in patients with early PD, and 
these factors may help identify early patients who are 
more likely to develop DDS and help minimize conse-
quences. Additionally, for PD patients with an earlier 
onset age, levodopa therapy should be delayed as much 
as possible to reduce the risk of DDS in patients with 
early-onset PD. In addition, before treating PD patients, 
clinicians should also assess whether the patients have 
risk factors for DDS and intervene in time to improve the 
patients’ quality of life.
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