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Hallucination is a common non-motor symptom in patients with Parkinson's disease (PD). Additionally, sleep disorders are associated with an increased risk of hallucinations in PD patients. This study aimed to examine the association between hallucination and objective sleep parameters in PD patients. We retrospectively recruited 278 PD patients who underwent polysomnography and clinical assessments and classified them into non-hallucination and hallucination groups. Hallucinations were observed in 77 older PD patients who had more severe motor symptoms and higher scores on the Non-Motor Symptoms Questionnaire (NMSQ), Hamilton Depression Scale (HAMD) and Hamilton Anxiety Scale (HAMA) but lower scores on the Montreal Cognitive Assessment (MOCA) and PD Sleep Scale (PDSS) than PD patients without hallucinations. Analysis of the polysomnographic variables in patients with hallucinations showed that they exhibited a decrease in total sleep time, sleep efficiency (SE), rapid eye movement (REM) sleep time and slow wave sleep (SWS, N3) time and percentage but a significant increase in wake time after sleep onset (WASO), periodic limb movement index (PLMI) scores, and stage 2 NREM (N2)percentage. Logistic regression analysis revealed that higher NMSQ scores, lower MOCA scores, lower SE, and a lower percentage of N3 sleep were associated with hallucinations in PD patients. Our results suggested that PD patients with hallucinations had worse sleep quality and differences in sleep architecture (measured by polysomnography).
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Introduction

Except typical motor deficits, Parkinson's disease (PD) patients suffer from a range of non-motor symptoms (NMS), such as Parkinson's disease psychosis (PDP), sleep disturbances, cognitive deficits, and autonomic dysfunction (1). With disease progression, NMS predominate, reducing quality of life; this is especially true for PDP and sleep disturbances, which are associated with higher mortality and greater rates of nursing home placement (2, 3).

Approximately 2/3 of patients with PD experience hallucinations during their disease course (4). Most patients with PDP present with minor hallucinations (MH) and well-structured visual hallucinations (VH), which may precede motor symptoms (5).

Sleep disturbances are common in PD, can present in prodromal stages, such as REM sleep behavior disorder (RBD) (6). Moreover, RBD may increase the risk of hallucinations (7).

Several studies (8) have suggested that PD patients who developed hallucinations had worse sleep quality than those who did not, with reduced sleep duration, reduced efficiency and increased daytime sleepiness. This is consistent with evidence reporting that poor sleep quality played a causal role in the development of psychotic experiences, such as auditory hallucinations and VH (9). In addition, imaging data from PD patients with hallucinations or sleep disturbances showed dysfunction of the cholinergic system in the brain; both groups of patients exhibited similar neurobiological processes of cholinergic dysfunction (10). These evidences indicate that sleep disorders associated with hallucinations, but few studies have accurately quantified sleep architecture to determine the association between hallucinations and sleep disorders.

Therefore, we aimed to examine and compare clinical characteristics and sleep parameters in a cohort of PD patients with or without hallucinations.



Methods


Patients

From January 2020 to March 2022, PD patients were recruited from the Affiliated Brain Hospital of Nanjing Medical University. This cross-sectional study evaluated their sleep disturbances. All participants met the Movement Disorder Society PD Criteria (11). Data from 18 patients who did not cooperate with sleep monitoring were excluded, resulting in the inclusion of 278 PD patients (Supplementary Figure S1). This study was approved by the Ethics Committee of the Affiliated Brain Hospital of Nanjing Medical University and written informed consent was obtained from all participants. We excluded patients with secondary Parkinsonism, focal brain injury (MRI evidence), severe ocular disorders and other psychiatric disorders. The patients did not take antipsychotics and hypnotics. Patients were also excluded if they had cognitive impairment, as demonstrated by a Montreal Cognitive Assessment (MoCA) score < 20 (12).



Clinical assessment

Structured interviews were conducted using a standard questionnaire to obtain demographic characteristics and specific disease-related data, including sex, age, body mass index (BMI), duration of disease, and medication use. The questionnaire was administered by trained experts during face-to-face interviews. Levodopa equivalent doses (LEDs) were calculated according to previously published recommendations (13).

Motor symptoms were assessed using the Unified Parkinson's Disease Rating Scale motor subscale (UPDRS-III) and the Hoehn and Yahr scale (HY). Non-motor symptoms were assessed using the Non-Motor Symptom Questionnaire (NMSQ) (14), excluding the score on the hallucinations/delusions domain. Cognitive function was assessed according to the MOCA, which is more sensitive than the Mini-Mental State Examination (MMSE) for detecting mild cognitive impairment (15). The PD Sleep Scale (PDSS), Hamilton Anxiety Scale (HAMA) and Hamilton Depression Scale (HAMD) were used to assess subjective sleep quality and the severity of anxiety and depression, respectively (16–18).

The presence of hallucinations was assessed based on the “Hallucinations and Psychosis” item of the Movement Disorder Society-sponsored revision of the Unified Parkinson's Disease Rating Scale (MDS-UPDRS): 0: Normal = No hallucinations or psychotic behavior. 1: Slight = Illusions or non-formed hallucinations, but the patient recognizes them without loss of insight. 2: Mild = Formed hallucinations independent of environmental stimuli. No loss of insight. 3: Moderate = Formed hallucinations with loss of insight. 4: Severe = Patients have delusions or paranoid. A total of 201 patients were categorized into the non-hallucinations group. A questionnaire comprising 11 items on the nature and properties of patient hallucinations, including temporal factors, content and external factors, was used to further assessed hallucinations in patients with MDS-UPDRS hallucination scores ≥ 1 (19).



Objective sleep assessment

Standard PSG assessment was performed at both sites using a video-enabled Compumedics Grael-HD 64 (Compumedics Grael-HD, Australia) polygraph throughout the night. The time of the PSG recording was fixed (between 23:00 and 07:00). We collected the following channels for sleep staging: 6 electroencephalogram channels (F3/M2, F4/M1, C3/M2, C4/M1, O1/M2, O2/M1); 2 electrooculogram channels (E1, E2), an electromyogram channel, a nasal pressure channel, a respiratory thermistor channel, an oximetry channel, a snoring sensor channel, an electrocardiography channel, a thoracic and abdominal respiratory effort sensor, a body position channel and 2 leg movement sensors.

Movements, sleep stages and cardiopulmonary events were assessed manually according to the American Academy of Sleep Medicine (AASM) guidelines (20), including periodic limb movement index (PLMI), five sleep stages (wake, stage N1, stage N2, stage N3, and REM), micro-arousal index (MAI) and apnea hypopnea index (AHI). Total sleep time (TST), wake time after sleep onset (WASO), sleep efficiency (SE), sleep latency (SL), and REM sleep latency (RSL) were recorded. Sleep disorders were determined for WASO ≥ 60 min, SL ≥ 30 min, and SE < 85% on the PSG as well as PDSS < 105 (21).



Statistical analysis

Descriptive data are expressed as the mean ± standard deviation (SD) and number (n) or percentage (%). The two groups were compared, using Student's t test for continuous variables and the chi-square test for categorical variables. Clinical scores (HAMA, HAMD, MOCA, NMSQ, PDSS and PSG data) were compared by one-way analyses of covariance (ANCOVA) with adjustments for confounding factors, including age, UPDRS-III score and HY stage. A binary logistic regression model was used to identify possible factors associated with hallucinations. Receiver operating characteristic (ROC) curves were plotted to evaluate the abilities of the NMSQ, MoCA and 2 sleep variables to predict PD with hallucinations. Statistical analyses were performed using SPSS 27.0 (IBM Corporation, New York, USA), and a p < 0.05 value was considered statistically significant.




Results


Comparisons of motor symptoms and demographics between the PD patients with and without hallucinations

The final analysis included data from of 278 patients consisted of 112 females (40.3%) and 166 males (59.7%), with a mean age of 66.80 ± 8.64 years. Among these patients, 77 (25.8%) were diagnosed with hallucinations. Almost all of the patients who had hallucinations experienced minor hallucinations and/or well-structured visual hallucinations, sometimes with difficulty in distinguishing between the two. Some patients also reported other forms of hallucinations: 3 had tactile hallucinations, 4 had olfactory hallucinations, and 9 had auditory hallucinations (Table 1). Patients reported that hallucinations could be more likely to occur at night or in dim lighting (75.3%). The visual hallucinations tended to consist of mundane content, including unfamiliar or deceased people, animals, and objects. The following were significantly associated with hallucinations in the univariate analyses (Table 2): older age (P = 0.014, P < 0.05), higher UPDRS-III scores (P = 0.002, P < 0.05), and greater HY stage (P < 0.001). There were no differences in sex, BMI or drug types between the patients with hallucinations and those without. Although patients with hallucinations had a longer duration of disease and higher LEDs, these differences were not significant.


TABLE 1 Characteristics and contents of hallucinations.
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TABLE 2 Demographic and clinical characteristics of Parkinson's disease patients based on the presence/absence of hallucinations.
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Comparisons of non-motor symptoms between patients with and without hallucinations

The differences in non-motor symptoms between patients with and without hallucinations are shown in Table 3. After controlling for some variables, the patients with hallucinations were associated with significantly higher NMSQ (P < 0.001), HAMD (P = 0.005, P < 0.001), and HAMA (P = 0.002, P < 0.001) scores than the patients without hallucinations. In addition, hallucinations were associated with lower PDSS (P < 0.001) and MOCA scores (P < 0.001). These patients had worse cognitive performance and more severe sleep disturbances, depression, and anxiety.


TABLE 3 Non-motor characteristics of Parkinson's disease patients based on the presence/absence of hallucinations.
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Comparisons of sleep parameters between patients with and without hallucinations

Approximately half of the patients (50.7%) in the cohort were diagnosed with sleep disorders (Table 4). Among the patients with sleep disorders, 53 (43.8%) reported hallucinations and 88 (68.8%) did not. In addition, we found a significant decrease in the TST, SE, REM sleep time, slow wave sleep (SWS, N3) time, and percentage and a corresponding increase in WASO and percentage of N2 sleep in PD patients with hallucinations. Moreover, the PLMI was higher in the hallucination group. However, light sleep (N1) time and percentage, MAI and AHI did not differ significantly between the two groups. Among patients with hallucinations (Supplementary Table S1), 45 (58.4%) experienced clear-cut hallucinations and 22 (28.6%) experienced hypnagogic hallucinations. Patients with clear-cut hallucinations had longer stage N1 sleep time (p = 0.007) and a higher percentage of N1 sleep (p = 0.003) than patients with hypnagogic hallucinations.


TABLE 4 Polysomnographic variables according to the presence/absence of hallucinations in Parkinson's disease patients.
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Risk factors for hallucinations

Multivariate logistic regression analysis (Table 5) revealed that hallucinations were significantly related to the NMSQ score [OR: 1.17, 95% CI: (1.09–1.25)], MOCA score [OR: 0.82, 95% CI: (0.73–0.92)] and PSG variables such as sleep efficiency [OR: 0.95, 95% CI: (0.93–0.97)] and percentage of SWS out of the TST [OR: 0.96, 95% CI: (0.94–0.98)]. Hallucinators had more complex non-motor symptoms and more severe cognitive impairment. Improving sleep quality by elevating sleep efficiency and increasing deep sleep percentage may protect against hallucinations.


TABLE 5 Logistic regression analyses for independent predictors of hallucinations in Parkinson's disease patients.
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A receiver operating characteristic (ROC) curve was used to assess the predictive value of the factors influencing hallucination occurrence (Figure 1). The NMSQ score, MOCA score, SE%, and N3% (Figure 1A) were used as independent indicators to plot the ROC curves, with the NMSQ score (AUC = 0.706, 95% CI: 0.638–0.774) and SE% (AUC = 0.717, 95% CI: 0.654–0.781) exhibiting good predictive value and the MOCA score (AUC = 0.671, 95% CI: 0.604–0.738) and N3% (AUC = 0.651, 95% CI: 0.579–0.723) exhibiting relatively less accurate predictive value. The ROC curve for the combined four indicators (Figure 1B) had a high sensitivity (77.9%) and specificity (78.1%) (AUC = 0.833: 95% CI: 0.779–0.887).


[image: Figure 1]
FIGURE 1
 Receiver operating characteristic curve of predicting hallucinations in Parkinson's disease patients. (A) NMSQ score, MOCA score, SE%, N3% for independently predicting hallucinations occurrence in PD patients. (B) A combination of NMSQ score, MOCA score, SE%, N3% for predicting hallucinations occurrence in PD patients. AUC, area under the curve; MOCA, Montreal Cognitive Assessment; N3, non-REM sleep stage 3; NMSQ, Non-motor Symptoms Questionnaire; SE, sleep eciency.





Discussion

In previous cross-sectional studies, the prevalence of hallucinations in PD patients ranged from 21.5% to 50% (22–28). Our study reported that a quarter (25.8%) of PD patients experienced hallucinations. All patients with hallucinations experienced MHs or VHs, which were the most common modality of hallucination. As previously reported, PDP may occur in de-novo patients (5), MH can be observed in the earliest stages of the disease, followed by well-structured hallucinations, with gradual loss of insight and eventually progresses to delusions (29). Although the most hallucinatory content is not frightening, its development worried some PD patients. Hallucinations can be perceived as threatening when patients lose their insight (30).

Among our PD patients, the presence of hallucinations was significantly associated with older age, more severe motor and non-motor symptoms, such as HY stage, UPDRS-III score, depression, anxiety, impaired cognition and sleep disturbances. Multivariate analysis identified two clinical variables, the NMSQ score and MOCA score, as independent risk factors for hallucinations, supported by the results of similar studies (4, 27). Overall, as PD progressed, the motor symptoms became more severe and non-motor symptoms, including hallucinations and sleep disturbances, became more complex.

To the best of our knowledge, this is the first large sample study to explore the sleep architecture of Chinese PDP patients with PSG. The hallucinations group (68.8%) had a higher rate of sleep disorders than the non-hallucination group (43.8%). In addition, we found that patients with hallucinations exhibited less balanced and more fragmented sleep structure, with a corresponding reduction in the proportion of REM sleep and slow wave sleep. These findings support the hypothesis that REM sleep may intrude in the wakeful state and lead to visual hallucinations (31). Univariate analysis showed that the PDSS score was associated with hallucinations, but multivariate analysis revealed that it was not an independent predictor. We can determine that although questionnaire is convenient for assessing subjective sleep quality, it is less accurate than PSG measures.

Previous studies have reported a link between sleep disturbances and the occurrence of hallucinations. Healthy volunteers reported significant increases in paranoia and hallucinations after sleep loss (32). vConversely, treating volunteers with insomnia resulted in a reduction in paranoia and hallucinations (33). In the present study with PD patients, logistics regression analysis revealed that the SE% and N3% variables were independent predictors of hallucinations in PD patients. That is, reductions in sleep efficiency and deep sleep, which were found to lead to poor sleep quality, lethargy or fatigue the next day (34), may directly or indirectly exacerbate psychiatric problems in PD patients. First, sleep problems have functional impacts on perception and memory in PD patients (35, 36). The integrated theoretical hallucination model emphasizes dysregulation of gating and filtering exogenous perception and endogenous image creation; thus, aberrant release of stored percepts may be a way of compensating for reduced visual input, thus causing hallucinations (31, 37). Second, sleep is associated with neuroplasticity (38) and is essential for removing pathological brain proteins such as α-syn, amyloid-β, and tau proteins (39–41). In mice, sleep deprivation increased levels of tau protein in the interstitial fluid (ISF) almost 2-fold. Similar changes could be seen in the CSF of humans, as sleep deprivation significantly increased CSF α-syn, amyloid-β, and tau protein levels by 36.4, 30, and 51.5%, respectively. Chronic sleep disorders can interfere with the normal clearance process, leading to secondary pathological changes that may induce hallucinations in patients as the disease progresses. Finally, the development of hallucination (e.g., visual form) may occur in parallel to sleep problems throughout the course of PD (42), because the impaired neural structures affected by the disease are involved in sleep-wake control as well as visual perception (43). Although accumulating evidence strongly supports the interaction between sleep disturbances and hallucinations in PD patients, the underlying mechanisms of this bidirectional relationship remain unclear.

Although research on PD-related sleep problems has focused on the REM phase, NREM sleep, such as SWS, also plays a role in the pathogenesis of hallucinations (44). SWS is not only a major contributor to neurophysiological processes such as memory and attention, but it is also crucial for brain metabolite clearance (39, 45). Moreover, deeper sleep relates to slower motor progression and better cognitive performance in PD (46, 47).

Given the heterogeneity and complexity of PD and that combined indicators were more accurate than single indicators in predicting hallucinations in PD patients, we believe that various variables should be integrated to evaluate the condition of PD patients and predict the occurrence of hallucinations.

This study also has some limitations. For example, we monitored participant sleep for only one night, and there may have been a first-night effect. Moreover, hallucination symptoms and sleep conditions fluctuate; thus, measuring them at arbitrary time points does not provide a complete picture. Finally, our findings differed from previous findings due to a lack of specific hallucinatory content assessments and patient feedback. Future longitudinal cohort studies can assess the temporal association between psychosis and sleep disorders to determine whether sleep hygiene practices can alleviate sleep problems and hallucinations in PD patients.

In conclusion, approximately 1/4 of PD patients in our study experienced hallucinations. Over time, PD patients with sleep disturbances have an increased risk of psychotic hallucinations. Based on the PSG characteristics of PD patients with hallucinations in the present study, we propose that adjusting sleep behavior may control hallucinatory symptoms and improve the quality of life of individuals with PD.
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