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Objective: To investigate the clinical features and factors associated with Parkinson's disease (PD) patients with probable rapid eye movement sleep behavior disorder (PD-pRBD).

Methods: A total of 2,440 patients with clinically established or clinically probable PD were divided into two groups: PD-pRBD and PD without pRBD (PD-NRBD), according to the RBD questionnaire—Hong Kong. Data collection included demographic data, basic clinical history, and motor and non-motor symptoms. Based on the onset time of pRBD and the motor symptoms in PD, PD-pRBD patients were further divided into the pRBD prior to PD (PD-prRBD) group and the pRBD posterior to PD (PD-poRBD) group. Clinical features were compared between the PD-pRBD and PD-NRBD groups, as well as the PD-prRBD and PD-poRBD groups. The associated factors of pRBD were also explored.

Results: The prevalence of pRBD was 41.4% (1,010 out of the total of 2,440) in our PD cohort. Further, compared with the PD-NRBD group, the PD-pRBD group had longer disease duration and more severe motor symptoms. Moreover, the PD-pRBD group had significantly higher levodopa equivalent daily dose and a higher ratio of dyskinesia, wearing-off, and offset of the Hoehn–Yahr stage. The scores on the non-motor symptom rating scale (NMSS), cognitive impairment, Parkinson's disease sleep scale (PDSS), excessive daytime sleepiness, constipation, hyposmia, depression, and the 39-item Parkinson's disease questionnaire also appeared worse in the PD-pRBD group. Significant differences in the educational level, disease duration, disease progression, Unified Parkinson's Disease Rating Scale (UPDRS)-II, UPDRS-III, tremor, rigidity, bradykinesia, posture gait, frozen gait, levodopa equivalent daily dose, dyskinesia, wearing-off, Hoehn–Yahr stage, NMSS-6, PDSS, and communication score widely existed between the PD-prRBD and PD-poRBD groups. Late-onset PD, long disease duration, high UPDRS-I score, high NMSS-4 score, low PDSS score, constipation, and hyposmia were all identified as the risk factors for PD-pRBD.

Conclusions: Compared with the PD-NRBD group, the PD-pRBD group may have more severe motor symptoms, motor complications, and non-motor symptoms as well as a substandard quality of life. Further, late-onset PD, long disease duration, high UPDRS-I score, high NMSS-4 score, low PDSS score, constipation, and hyposmia can be risk factors for RBD in PD. Differences also occurred between the PD-prRBD and PD-poRBD groups.
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INTRODUCTION

Rapid eye movement sleep behavior disorder (RBD) is a common sleep disorder in patients with Parkinson's disease (PD). It is characterized by violent behaviors with dreams during nighttime sleep and often causes harm to the patients and their bed partners. RBD can occur several decades before the occurrence of PD and is currently considered as a precursor of PD. Patients with primary RBD have a higher risk of developing neurodegenerative diseases (1–4). Moreover, PD patients with RBD experience more severe motor symptoms, autonomic symptoms, and cognitive dysfunction than PD patients without RBD (5). Amid the development of disease modification therapy, the identification of prodromal symptoms of PD, such as RBD, olfactory dysfunctions, and depression, are essential for early diagnosis and treatment of the disease. Recently, the study of RBD in PD has become a hot topic. However, few large-sample studies have focused on the clinical features and risk factors of RBD in Chinese patients. There are still some issues that remain uncertain and require further research. Our study recruited PD patients to explore the clinical features and related factors of RBD.



MATERIALS AND METHODS


Subjects

All the PD patients were recruited from the inpatients and outpatients of the Department of Neurology of Xiangya Hospital, Central South University, Hunan, China, between February 2017 and April 2018 at Parkinson's Disease & Movement Disorders Multicenter Database and Collaborative Network in China (PDMDCNC, http://pd-mdcnc.com:3111/). The subjects were diagnosed by a neurological specialist, according to the 2015 International Parkinson and Movement Disorder Society Clinical Diagnostic Criteria for PD (6). Patients who met the following criteria were excluded: (1) patients with speech impairment or other reasons leading to incomplete data collection; (2) malignant tumors or other serious systemic diseases; and (3) RBD secondary to diseases other than PD. The Ethics Committee of Xiangya Hospital of Central South University approved this study, and all patients provided written informed consent.



Assessments

Body mass index (BMI) was calculated as height/body weight2 (meters per kilogram squared). PD patients were divided into two groups according to the onset of PD motor symptoms: early-onset Parkinson's disease (EOPD) and late-onset Parkinson's disease (LOPD). The age of onset of EOPD patients was ≤50 years old, and the age of onset of the LOPD patient was >50 years.

The patients' motor symptoms were assessed according to the Unified Parkinson's Disease Rating Scale (UPDRS)-II, UPDRS-III tremor scores, and posture gait score. Patients with PD can be divided into three motor subtypes: tremor-dominant PD, posture instability and gait difficulty PD (PIGD PD), and mixed PD (7, 8). The total tremor scores, including UPDRS II-16, UPDRS III-20, and UPDRS III-21, divided by eight, is the average tremor score. The total posture and gait scores, including UPDRS II-13, UPDRS II-14, UPDRS II-15, UPDRS III-29, and UPDRS III-30, divided by five, is the average score of posture gait. The average tremor score/posture gait average score ≥1.5 is defined as tremor-dominant PD; the tremor average score/posture gait average score ≤1.0 is defined as PIGD PD, whereas 1.0 < average tremor score/posture gait average score <1.5 is defined as mixed PD (8). The patient's medication was expressed by levodopa equivalent daily dose (LEDD) (9). Additionally, the Hoehn–Yahr (H-Y) stage was used to assess the severity of PD. According to the H-Y stage, PD patients can be classified into early PD group (H-Y stage 1–2), medium group (H-Y stage 2.5–3), and late PD group (H-Y stage 4–5).

RBD was assessed using the rapid eye movement sleep behavior disorder questionnaire-Hong Kong (RBDQ-HK). The best cutoff values of RBDQ-HK were 18 points on the RBDQ-HK overall scale with a sensitivity of 86.9% and specificity of 70.6% in PD patients (10). PD patients with RBDQ-HK ≥ 18 points were categorized into the PD patients with probable rapid eye movement sleep behavior disorder (PD-pRBD) group, whereas patients with RBDQ-HK <18 points were categorized into the PD without pRBD (PD-NRBD) group. PD-pRBD patients with recorded pRBD onset time were divided into two groups based on the order of the onset time of pRBD and the motor symptoms in PD: pRBD prior to PD (PD-prRBD) and posterior to PD (PD-poRBD).

The non-motor symptom rating scale (NMSS) was used for the evaluation of non-motor symptoms in PD patients. There were 30 questions covering nine aspects with the frequency and severity of each symptom; the higher the score, the more severe the symptoms (11). The Parkinson's disease sleep scale (PDSS) was used to evaluate the quality of sleep in patients with PD (12). The Epworth Sleepiness Scale was used to screen patients with PD for excessive daytime sleepiness (EDS). Epworth Sleepiness Scale total score > 10 can be diagnosed with EDS (13).

The cognitive function of PD patients was assessed using the Mini-Mental State Examination (MMSE). The MMSE contains 30 questions and five aspects: orientation, registration, attention and calculation power, recall, and language. The threshold of cognitive dysfunction is related to the education level and is as follows—illiterate group: ≤17 points, primary school group: ≤20 points, and middle school or above group: ≤24 points; values above the threshold indicates the normal cognitive function, whereas values below the threshold indicate cognitive dysfunction (14).

The Hamilton Depression Scale-17 item version was used to assess whether patients with PD had a depressed state (15). A Hamilton Depression Scale-17 item version score of up to seven points indicates there is no depression; a score > 7 points indicates depression (16).

Patients with PD were assessed for constipation using the Functional Constipation Rome III diagnostic criteria.

The Hyposmia Rating Scale was used to screen subjects for an olfactory disturbance. If Hyposmia Rating Scale is no more than 22.5 points, there is an olfactory sensation (17).

The 39-item Parkinson's Disease Questionnaire (PDQ-39) consists of 39 questions and eight aspects that evaluate the PD patients' quality of life. The eight aspects include mobility, activities of daily living, emotional well-being, stigma, social support, cognition, communication, and bodily discomfort. The higher the score, the worse the quality of life of the subjects (18).



Statistical Analysis

Continuous variables are expressed as “mean ± standard deviation,” and the t-test was used to compare the clinical features between PD-pRBD and PD-NRBD, as well as the clinical features between PD-prRBD and PD-poRBD. The statistical differences in the categorical variables were calculated using the chi-square test. Multivariate logistic regression analysis was used to evaluate the factors associated with RBD. Data processing and analysis were performed using SPSS 20.0. A P-value < 0.05 was considered statistically significant.




RESULTS

A total of 2,440 PD patients were eventually included, whereas 59 patients were excluded because of incomplete data. Further, 1,010 PD patients (41.4% of 2,440) were categorized into the PD-pRBD group, whereas 1,430 PD patients (58.6% of 2,440) were categorized into the PD-NRBD group. Among PD-pRBD patients, the PD-prRBD group comprised 348 patients and the pPD-poRBD group comprised 544 patients.


Comparison of Clinical Features Between the PD-pRBD and PD-NRBD Groups
 
Comparison of Demographic Data

The mean ages of the PD-pRBD group and the PD-NRBD group were 64.79 ± 9.10 and 60.64 ± 10.10 years, respectively, indicating that the patients in the PD-pRBD group were significantly older. In terms of education, the PD-pRBD group had a significantly higher proportion of patients with primary education and below (36.1% of PD-pRBD group vs. 28.9% of PD-NRBD). The mean BMI between the PD-pRBD and PD-NRBD groups was significantly different. There was no significant difference in sex ratio between the PD-pRBD and PD-NRBD groups. These findings are shown in Table 1.


Table 1. Comparison of demographic data between PD-pRBD and PD-NRBD.
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Comparison of Lifestyle and Environmental Factors

As shown in Table 2, no significant differences were observed in smoking, alcohol consumption, tea-drinking, and pesticide exposure between the PD-pRBD and PD-NRBD groups. It seems that the earlier mentioned lifestyle and environmental factors did not affect the occurrence of PD-pRBD.


Table 2. Comparison of lifestyle and environmental factors between PD-pRBD and PD-NRBD.
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Comparison of Age at Onset and Motor Symptoms

Table 3 presents the detailed results regarding the age of onset and motor symptoms. First, the PD-pRBD group had a higher LOPD ratio. There were 232 (23.0%) cases of EOPD and 778 (77.0%) cases of LOPD in the PD-pRBD group; there were 481 (33.6%) cases of EOPD and 949 (66.4%) cases of LOPD in the PD-NRBD group. However, no significant difference was observed in the initial presentation of motor symptoms.


Table 3. Comparison of age of onset and motor symptoms between PD-pRBD and PD-NRBD.
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Regarding motor symptoms, the PD-pRBD group had higher scores for UPDRS-I, UPDRS-II, and UPDRS-III. The PD-pRBD group had significantly higher rigidity, bradykinesia, and posture gait scores. No significant difference was found in the tremor score between the two groups. In the PD-pRBD group, there were 304 patients (30.1%) with frozen gait, whereas only 260 patients (18.2%) had frozen gait in the PD-NRBD group. The PD-pRBD group had a significantly higher proportion of patients with frozen gait.

Regarding the motor subtypes, there were significant differences in motor subtype; the PD-pRBD group had a higher proportion of patients with PIGD PD.

Moreover, patients in the PD-pRBD group had a longer disease duration. The PD-pRBD group patients also had a significantly slower disease progression than the PD-NRBD group. The H-Y staging composition was also completely different between the two groups: the PD-pRBD group was more likely to stay in the middle and late stages of PD.

Furthermore, LED was significantly different between the two groups. Patients in the PD-pRBD group had a higher ratio of dyskinesia and wearing-off. A comparison of motor complications between PD-pRBD and PD-NRBD is shown in Figure 1.


[image: Figure 1]
FIGURE 1. Comparison of motor complications between PD-pRBD and PD-NRBD (*p < 0.05).




Comparison of Non-motor Symptoms

In addition to the motor symptoms, the PD-pRBD group patients also exhibited worse non-motor symptoms. The findings results are shown in Table 4 and Figure 2. The scores of items 1–7 and 9 in the NMSS were all higher in the PD-pRBD group, which indicates that non-motor symptoms such as orthostatic hypotension, urinary system symptoms, and gastrointestinal symptoms were more severe in this group.


Table 4. Comparison of non-motor symptoms between PD-pRBD and PD-NRBD.
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FIGURE 2. Comparison of non-motor symptoms between PD-pRBD and PD-NRBD (*p < 0.05).


Moreover, when considering cognitive dysfunction, the PD-pRBD group patients were also in worse condition. There were 194 (19.2%) patients in the PD-pRBD group and 195 (13.6%) patients in the PD-NRBD group. Specifically, the average scores of orientation, registration, attention and calculation, recall, and language ability were all significantly lower in the PD-pRBD group. This indicates that RBD may have a comprehensive effect on cognitive function.

Furthermore, patients in the PD-pRBD group had lower total PDSS scores and more EDS.

We further demonstrated that RBD is associated with constipation, hyposmia, and depression. There were significant differences in all three symptoms between the PD-pRBD group and the PD-NRBD group. In these three items, the PD-pRBD group behaved worse.



Comparison of Quality of Life

The PDQ-39 score was significantly different between the PD-pRBD and PD-NRBD groups. The PD-pRBD group had higher PDQ-39 scores, and the quality of life was worse. In particular, statistically significant differences in mobility, activities of daily living, emotional well-being, social support, cognition, communication, and bodily discomfort were observed between the two groups. However, the condition of stigma remained the same. These results are shown in Table 5.


Table 5. Comparison of quality of life between PD-pRBD and PD-NRBD.
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Binary Logistic Regression Analysis of Risk Factors for Parkinson's Disease Patients With Probable Rapid Eye Movement Sleep Behavior Disorder

The earlier mentioned statistically significant factors, except for repeated components, were included in the binary logistic regression model to investigate the risk factors of PD-pRBD. The results revealed that LOPD, long disease duration, high UPDRS-I score, high NMSS-4 score, low total PDSS score, constipation, and hyposmia were risk factors for PD-pRBD. The results of these analyses are presented in Table 6.


Table 6. Logistic regression analysis of risk factors for PD-pRBD.
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Comparison of Clinical Features Between the PD-prRBD and PD-poRBD Groups
 
Comparison of Demographic Data

Among the 1,010 PD-pRBD patients, 892 patients could recall the onset time of pRBD or the relationship between the onset time of pRBD and PD motor symptoms, including 348 patients with PD-prRBD and 544 patients with PD-poRBD. When comparing the PD-prRBD and PD-poRBD groups, only the educational level showed a significant difference. The PD-prRBD group had a higher proportion of patients with primary education and below than the PD-poRBD group. These results are shown in Table 7.


Table 7. Comparison of demographic data between PD-prRBD and PD-poRBD.
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Comparison of Lifestyle and Environmental Factors

There were no significant differences in smoking, alcohol consumption, tea-drinking, and pesticide exposure between the PD-prRBD and PD-poRBD groups. These results are shown in Table 8.


Table 8. Comparison of lifestyle and environmental factors between PD-prRBD and PD-poRBD.
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Comparison of Age at Onset and Motor Symptoms

Table 9 and Figure 3 summarize the age of onset and motor symptoms of PD-prRBD and PD-poRBD. The PD-prRBD group had a higher LOPD ratio. Moreover, the PD-poRBD group had higher scores for UPDRS-II, UPDRS-III, tremor, rigidity, bradykinesia, and posture gait. Also, the PD-poRBD group had a higher proportion of patients with frozen gait. We found that the PD-poRBD group had a longer disease duration and slower disease progression than those in the PD-prRBD group. Concerning the H-Y staging, the PD-poRBD group had a higher proportion of patients in the middle and late stages of PD. The LEDD required by the PD-poRBD group was significantly larger. Meanwhile, the incidence of dyskinesia and wearing-off was also higher in the PD-poRBD group.


Table 9. Comparison of age of onset and motor symptoms between PD-prRBD and PD-poRBD.
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FIGURE 3. Comparison of motor complications between PD-prRBD and PD-poRBD (*p < 0.05).




Comparison of Non-motor Symptoms

Considering the non-motor symptoms, the PD-poRBD group had higher NMSS-6 scores and lower PDSS scores. These significant differences indicated that the PD-poRBD group had more severe gastrointestinal symptoms and worse sleep quality. However, no significant difference was found in other non-motor evaluations. These results are described in detail in Table 10.


Table 10. Comparison of non-motor symptoms between PD-prRBD and PD-poRBD.
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Comparison of Quality of Life

There were no differences in the total scores of PDQ-39 between the two groups; however, the average communication score showed a slight difference. These results are shown in Table 11.


Table 11. Comparison of quality of life between PD-prRBD and PD-poRBD.
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DISCUSSION

PD is a common neurodegenerative disease among the population over the age of 60 years. It is believed that patients with PD have a series of non-motor symptoms before the onset of motor symptoms. Initially, degeneration of the olfactory bulb and intestinal wall plexus cells in patients with PD can lead to olfactory or constipation symptoms. Damage to the medulla oblongata and pons can cause sleep disorders and depression. With the progress of the disease, the dopaminergic neurons in the substantia nigra pars compacta are damaged, which directly leads to the motor symptoms of PD. Finally, cognitive dysfunction gradually appears when the lesion involves the cerebral cortex (19).

In PD patients, RBD is the most common sleep disorder in addition to insomnia. The prevalence of RBD in patients with PD is 39–46%, and the prevalence of RBD in early-onset PD patients is approximately 30% (20). However, the reported incidence of RBD varies widely because of the differences in sample sizes, assessment methods, and diagnostic criteria for sleep disorders. Previous studies revealed that 28–82% of primary RBD patients could develop into PD, multiple system atrophy, Lewy body dementia, and other neurological α-synuclein diseases (20–23). In a longitudinal cohort study consisting of 174 patients with primary RBD, 17.7, 40.6, and 52.4% of patients developed neurodegenerative diseases, including PD in the 5th, 10th, and 12th years, respectively (24). Secondary RBD can occur early after PD onset. In a study of 231 patients with PD, ~30% had RBD symptoms within 4 years after PD onset. Growing evidence has shown that PD patients with pRBD are more severe in both motor and non-motor symptoms than those without pRBD (25).

In this study, we have reported the differences in general information, motor symptoms, non-motor symptoms, motor complications, and quality of life between PD-pRBD and PD-NRBD, as well as between PD-prRBD and PD-poRBD. These data have provided several novel observations and a more comprehensive comparison among these groups.

In this study, we found that LOPD, long disease duration, high UPDRS-I score, high NMSS-4 score, low PDSS score, constipation, and hyposmia could be risk factors for PD-pRBD. It has been previously shown that idiopathic RBD patients combined with olfactory dysfunction are more likely to develop neurodegenerative diseases, such as PD, in a relatively short time (26). Early identification and treatment of pRBD and pRBD related risk factors help delay disease progression and improve patient quality of life.

In contrast to previous studies (27, 28), our study found no significant difference in sex between the PD-pRBD and PD-NRBD groups. The discrepancy in findings might be due to an underestimation of the prevalence of pRBD in female patients. Further, male patients often experience anger, fear, and violence in their dreams, whereas women experience fear-based emotions (29); more RBD of women could be ignored. We also revealed that the PD-pRBD group had a lower educational level and lowered BMI than the PD-NRBD group, which means that the educational level and BMI may have an impact on the occurrence of RBD.

The pathogenesis of PD is currently considered to be caused by the combined effects of age, genetics, and environmental factors. However, we did not identify any difference in smoking, alcohol consumption, tea-drinking, and pesticide exposure between the PD-pRBD and PD-NRBD groups, indicating that lifestyle and pesticide exposure had no significant effects on RBD.

The most obvious observation in this study was the higher prevalence of motor and non-motor features of PD in the PD-pRBD group than in the PD-NRBD group. The PD-pRBD group had been proved to have a longer disease duration, higher proportion of middle and late H-Y stage, and higher scores in both motor and non-motor scales, which is consistent with previous studies (30). The discussed results indicate that patients with PD-pRBD have more severe motor symptoms and worse conditions. However, in two other studies, patients in the PD-pRBD group were older and had longer disease duration than those in the PD-NRBD group, whereas the onset age was younger (31, 32), which might be due to the differences between the study population and the pRBD diagnostic tool.

This study found that the proportion of LEDD, dyskinesia, and wearing-off was higher in the PD-pRBD group than that in the PD-NRBD group, which was related to the increased dose of drugs in the PD-pRBD group. The frozen gait of the PD-pRBD group was also more common than that of the PD-NRBD group. A possible explanation for these results may be that the frozen gait was the middle-stage disability symptom of PD patients, and the proportion of PD-pRBD patients in the late-stage of PD was higher than that in the PD-NRBD group in this study. The pathogenesis of frozen gait is not well understood and may be associated with extensive neurological damage, including the brainstem (33) and pedunculopontine tegmental nucleus (PPN) (34). An autopsy of pathological study has shown that the loss of cholinergic neurons in the PPN of PD patients can result in freezing and falling, which may lead to a higher rate of frozen gait in the PD-pRBD group (35).

Several studies have shown that PD-pRBD patients are more likely to experience hallucinations than PD-NRBD patients (27). Many factors cause hallucinations in PD-pRBD patients, including the involvement of the PPN (34). A study using functional magnetic resonance has shown that weakened connections between the lateral geniculate body and the visual center of the cerebral cortex in patients with RBD can cause visual hallucinations (36). Studies have found that orthostatic hypotension is more common in PD-pRBD patients than in PD-NRBD patients (4). The pathogenesis of orthostatic hypotension is associated with sympathetic dysfunction. In the early stage of PD motor symptoms, the vagus dorsal nucleus would be damaged. The vagus nerve dorsal nucleus emits sympathetic nerve fibers to regulate the standing blood pressure. Sympathetic denervation during standing position cannot effectively cause peripheral vascular resistance to increase, which can lower the systolic blood pressure and lead to orthostatic hypotension (37).

It has been shown that RBD is a risk factor for cognitive dysfunction in patients with PD (4), especially in the field of attention and memory dysfunction (38). In a study of 32 patients with primary RBD, 22 patients with PD-RBD, 18 patients with PD-NRBD, and 40 healthy controls reported by Gagnon et al. (39), 50% of patients with RBD had mild cognitive impairment (MCI), 73% of PD-RBD patients had MCI, 11% of PD-NRBD patients had MCI, 8% of healthy controls had MCI, respectively, and the ratio of MCI in the PD-RBD group was much higher than that in the PD-NRBD group. Among the 2,440 patients with PD included in this study, MMSE was used to determine whether there was cognitive dysfunction; 15.9% of PD patients had cognitive dysfunction, 19.2% of PD-pRBD patients had cognitive dysfunction, and 13.6% of PD-NRBD patients had cognitive dysfunction, and the proportion of cognitive dysfunction in the PD-pRBD group was higher than that in the PD-NRBD group, which was consistent with the discussed literature. However, the prevalence of cognitive function in the PD patients included in this study was far below the earlier mentioned literature reports, which may be related to the population selection and sample size. The small sample size of Gagnon et al. may be one reason for this difference. To further study the clinical features of cognitive dysfunction in PD-pRBD patients and to explore the impact of pRBD on cognitive function in patients with PD, it is necessary to improve a variety of scores involving various cognitive domains, such as the Montreal Cognitive Assessment Scale, the Auditory Verbal Learning Test, the Boston Naming Test, and the Verbal Fluency Test.

This study found that the PD-pRBD group had lower PDSS scores than the PD-NRBD group, indicating that the total sleep quality of PD-pRBD patients was worse. pRBD can affect the quality of sleep at night, and studies have shown that PD-pRBD patients are more likely to have nighttime periodic leg movements, EDS, and nocturia than PD-NRBD patients (40), possibly leading to poor sleep quality in PD-pRBD patients. Previous studies have found that the incidence of sleep disorders in patients with PD is 40–90% (41–44), and the prevalence of EDS is approximately 20–60% (45, 46). The use of benzodiazepines or dopamine agonists, nocturnal sleep disorders, changes in the sleep/wake cycle; decreased orexin levels, autonomic dysfunction, and depression have been reported as risk factors for EDS (43, 47, 48). In our study, the prevalence of EDS was 32.4%, which is consistent with the discussed findings. Patients in the PD-pRBD group had a higher prevalence of EDS than the PD-NRBD group. A longer course of disease, severe disease, high LEDD, poor nighttime sleep quality, and severe orthostatic hypotension may be the risk factors for EDS.

In PD patients, constipation may occur before the appearance of RBD. The prevalence of constipation in patients with PD is 20–89% (49). In a multicenter study of 1,021 patients with PD, the prevalence of constipation was 85.4% (50). In our study, the prevalence of constipation was 48.2%, and the PD-pRBD group had a higher prevalence of constipation than the PD-NRBD group. The regression analysis showed that constipation was a risk factor for PD-pRBD. Olfactory dysfunction is another supporting criterion for the diagnosis of PD, and its prevalence in PD patients is 45–90% (51). In this study, the prevalence of olfactory dysfunction was 43.6%, which was slightly lower. Similar to the result of constipation, olfactory dysfunction was also more frequent in the PD-pRBD group and was identified as a risk factor for PD-pRBD. Analysis of depression also occurred in the same patient, which may be associated with longer disease duration, more severe symptoms, and more severe illness in PD-pRBD patients.

The study also found that the quality of life in the PD-pRBD group was worse than that in the PD-NRBD group. A possible explanation for this might be that PD-pRBD patients have more severe motor symptoms, more serious illness, and a higher proportion of other non-motor symptoms.

To date, few studies have focused on the difference between PD-prRBD and PD-poRBD. Also, we report some novel observations. This study found that 39.0% of PD-pRBD patients had pRBD prior to PD motor symptoms, and 61.0% of patients had pRBD after PD motor symptoms, indicating that 39.0% of patients with PD-pRBD develop from idiopathic pRBD, supporting the idea that pRBD is a PD predictor. The study of the relationship between pRBD and PD and the construction of the model requires a long-term follow-up cohort study of patients with idiopathic pRBD. Moreover, the severity of motor symptoms appeared worse in the PD-poRBD group.

The limitation of this study is that polysomnography is not used to diagnose RBD. However, the scale RBDQ-HK used in this study is simple and convenient and has high specificity and sensitivity for the evaluation and diagnosis of pRBD. Furthermore, the nature of a cross-sectional study was another limitation in our study. Therefore, longitudinal studies are essential to explore the clinical features and risk factors of RBD.



CONCLUSION

In conclusion, we conducted a large sample study to systematically investigate the clinical features and associated factors of pRBD in a Chinese population of PD patients. We found that PD with pRBD presented with more severe motor and non-motor symptoms than PD without pRBD. Further, LOPD, long disease duration, high UPDRS-I score, high NMSS-4 score, low PDSS score, constipation, and hyposmia can be risk factors for pRBD in PD. Differences also occur between the PD-prRBD and PD-poRBD groups.
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