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Elucidation of blink reflex characteristics in Parkinson's disease subtypes through prepulse inhibition
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This study investigated prepulse inhibition (PPI), a brainstem reflex, in Parkinson's disease (PD) patients. We compared PPI impairment between patients with postural instability and gait difficulty (PD-PIGD) and tremor-dominant (PD-TD) subtypes and explored potential lateralization effects. Fifty PD patients and 35 healthy controls underwent pre-pulse stimulation of the finger followed by stimulation of the supraorbital nerve. Compared to controls, PD patients exhibited impaired PPI across various stimulation intervals, with a more pronounced effect in the PD-PIGD subgroup. Interestingly, no significant differences in PPI were observed between the left and right sides, suggesting a bilateral effect. These findings suggest that abnormal brainstem circuits, potentially involving the pontine nucleus, contribute to PPI dysfunction in PD. Furthermore, the association between impaired PPI and the PD-PIGD subtype highlights a potential link with gait disturbances. Future research could explore the utility of PPI as a biomarker for gait dysfunction and treatment response in PD.
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1 Introduction

Parkinson's disease (PD) is a progressive neurological disorder that causes movement problems and other issues. China faces a significant and growing burden due to PD, with an estimated 2 million patients currently diagnosed (1). This number is projected to rise dramatically as the population ages, potentially reaching 5 million within the next 25 years. This surge will impose a substantial strain on social resources. Therefore, a thorough understanding of the underlying neural mechanisms of PD is crucial. This knowledge will pave the way for improved clinical diagnosis, more effective treatment options, and ultimately, a better life quality for PD patients.

PD presents with a distinct set of motor symptoms commonly encountered in clinical practice, such as resting tremor, rigidity, bradykinesia, and postural and gait abnormalities (2). Additionally, patients may experience a range of non-motor symptoms, including attention difficulties, cognitive decline, and autonomic dysfunction (3). Notably, clinical PD classification often relies on the type of movement disorders observed. One of the most widely adopted classification methods for PD is based on the work of Jankovic et al. (4). This system utilizes the ratio of average tremor score to average postural gait abnormality score derived from the Unified Parkinson's Disease Rating Scale (UPDRS). It categorizes patients into three groups: tremor-dominant (TD), postural instability and gait difficulty (PIGD), and the mixed type (5). Research suggests that PD primarily arises from the progressive loss of dopamine-producing neurons in a brain region called the substantia nigra. This loss disrupts the function of the basal ganglia motor circuit. Among PD subtypes, patients with PIGD symptoms is characterized by rapid disease progression, poor prognosis, and a reduced response to dopamine replacement therapy. Due to these characteristics, the PIGD subtype has sometimes been referred to as “malignant Parkinson's disease” (4, 6). In contrast to patients with PIGD symptoms, those with PD presenting primarily with resting tremors exhibit a relatively slower disease progression, a more favorable prognosis, a better response to conventional internal medicine treatment, and relatively fewer non-motor symptoms (4). Studies have shown that cognitive decline and attention deficits only manifest in tremor-dominant PD when accompanied by symptoms like postural instability and abnormal gait (4, 6).

Given the intractable nature of PIGD-PD patients, deep brain stimulation (DBS) of the globus pallidus or subthalamic nucleus has become a common clinical approach. However, this intervention only provides short-term symptom relief, and its long-term effectiveness, particularly for frozen gait, remains suboptimal. Promising new research suggests that deep stimulation of pedunculopontine tegmental nucleus (PPTN), also known as the dorsal tegmental nucleus (PPTg), may be a viable option for patients experiencing gait difficulties associated with PD. PPTN may affect movement, startle reflex, arousal state, and other functions. Notably, its role in gait suggests its potential as a key component of the midbrain motor area (7, 8).

The startle reflex is a well-known involuntary motor response to sudden, intense stimuli like loud noises, electric shocks, or unexpected touches (9). Humans typically experience this reflex as a blink, while animals exhibit a more generalized motor response (10). Prepulse inhibition (PPI) is a phenomenon where the weaker stimulus presented 30 to 500 ms before the main one significantly reduces the startle response (9). In the blink reflex, PPI specifically suppresses the amplitude of R2 wave, while shorter intervals between the prepulse and startle stimulus lead to increased R1 amplitude. PPI is considered a valuable model for studying cross-modal sensory gating, a process by which irrelevant sensory information is filtered out (9). Previous studies have established the impaired PPI as a characteristic feature of various mental illnesses, including schizophrenia and obsessive-compulsive disorder (10, 11). More recently, researchers have observed PPI deficits in motor disorders such as PD (12), cervical dystonia (13), and eyelid spasms (blepharospasm) (9). Previously, our team investigated the mechanism underlying impaired sensory motor gating in primary blepharospasm patients using PPI. We found that healthy individuals exhibited the most significant PPI at 200 ms, while patients with blepharospasm displayed impaired PPI. These findings suggest a potential dysfunction in brainstem regulation among blepharospasm patients.

To gain a more comprehensive understanding of PPI in the healthy Chinese population, we enlarged the control group sample size and extended the prepulse stimulation interval (ISIs) to 500 ms. This allowed us to perform a more detailed analysis of PPI behavior across various ISIs in PD patients in comparison to healthy controls. Furthermore, we investigated potential differences in PPI between two PD subtypes: tremor-dominant (TD) and postural instability and gait difficulty (PIGD) types. This study's findings contribute to understanding the neurophysiology of sensory motor gating deficits in PD. These insights may be applicable for guiding treatment strategies, developing new biological markers, and improving prognosis evaluation.



2 Materials and methods


2.1 Subjects

Our study involved participants from the Movement Disorders Clinic at the First Affiliated Hospital of Dalian Medical University. Fifty patients diagnosed with Parkinson's disease (PD) were enrolled, adhering to the Movement Disorder Society (MDS) criteria (14). Gender- and age-matched healthy controls (HC) included 35 participants. The ethical approval was provided by the Ethics Committee of our University [identification number: PJ-KS-2023-319(X)]. All subjects have written informed consent before participating.

We excluded potential participants with co-morbidities known to affect prepulse inhibition (PPI) to ensure the integrity of the data, such as schizophrenia spectrum disorders and temporal lobe epilepsy with psychosis (15). Comprehensive information of participants was gathered, including complete medical and family history, current medications, and for women, details about contraceptive use and menstrual cycle (16). Additionally, all participants were instructed to abstain from smoking and caffeinated beverages for at least 3 h before the experiment.

For the PD group, additional assessments were conducted. All participants completed the Unified Parkinson's Disease Rating Scale (UPDRS) to evaluate the motor symptoms. The testing in PD patients was conducted in the ON medication state. Levodopa equivalent daily dose (LEDD) was calculated using a standardized formula, taking into account their various anti-Parkinson's medications (17). Patients with PD were further grouped into postural instability and gait difficulty (PIGD), tremor-dominant (TD), and mixed subtypes based on the established UPDRS scoring system (5). The classification criteria involved comparing the mean tremor score to the mean postural instability and gait difficulty score. A ratio of 1.5 or greater for TD items to PIGD items indicated a TD classification. Conversely, a ratio of 1 or less was classified as PIGD. Patients with a ratio between 1 and 1.5 fell under the mixed subtype category.



2.2 Methods

Surface electromyography (EMG) was employed to capture the electrical activity of the muscles. We utilized a Synergy system (CareFusion, London, UK) for this purpose. The EMG recordings were filtered with a bandpass of 30–3,000 Hz to isolate the relevant signal components. Additionally, a high sampling rate of 2,000 Hz was used to ensure accurate capture of the rapid muscle responses. Prior to the experiment, participants received a detailed explanation of the various types of stimuli they would encounter. Importantly, the researcher and the equipment were positioned out of sight to eliminate the possibility of participants visually anticipating the stimulus type. This ensured unbiased responses during the experiment.


2.2.1 Blink reflex (baseline trials)

For optimal comfort and data collection, participants were positioned in a supine (lying flat on their back) posture. They were instructed to gently close their eyes and relax. To record the orbicularis oculi muscle electrical activity (responsible for blinking), each blink reflex was elicited through surface electrodes, involving the electrodes on the lower eyelids, the reference ones 2 cm sideways from the outer corner of each eye, and the grounding one on the right wrist. We utilized constant current rectangular pulses delivered percutaneously above the right supraorbital notch (Figure 1). We set the pulse duration at a precise 0.2 milliseconds. To ensure a consistent and reliable response, the stimulus intensity was set at 10 times the sensory threshold. The threshold was determined as the lowest level of stimulus intensity detectable by the participant in at least 4 out of 8 trials. This calibration process ensured that all participants received a strong enough stimulus to elicit a blink reflex without causing discomfort.
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FIGURE 1
 A, Recording electrode; B, Stimulating electrode; C, Reference electrode; D, Ring electrode anode; E, Ring electrode cathode; F, Grounding electrode.




2.2.2 Prepulse inhibition

The prepulse stimuli were delivered at four different interstimulus intervals (ISIs)−120 ms (PPI120), 200 ms (PPI200), 300 ms (PPI300), and 500 ms (PPI500)—before the supraorbital nerve stimulation. These timings were chosen based on established research findings in this field. Similar to the main stimulus, the prepulse utilized a brief (0.2 milliseconds) electrical current delivered in a rectangular pattern. Ring electrodes attached to the middle and distal phalanges of the right index finger administered these prepulses (Figure 1). The prepulse intensity was carefully adjusted to be twice the sensory threshold, ensuring that participants could perceive the prepulse but that it was not uncomfortably strong. Four blink reflexes were elicited in each trial. The experiment incorporated a mix of baseline trials (without a prepulse) and prepulse trials, presented in a random order. To prevent anticipation, a randomized interval of 15–25 seconds was maintained between each trial.





3 Statistical analysis

Our analysis excluded trials containing artifacts. For each valid trial, we identified the key components of the blink reflex: the ipsilateral R1 wave (first response), the ipsilateral R2 wave (larger secondary response), and the contralateral R2c wave (response in the opposite eye). The area under the curve (AUC) was used to quantify the R2 and R2c component magnitude in each blink reflex. Subsequently, the following aspects of the blink reflex were determined: Ipsilateral R1 latency (time from stimulus to first response), Ipsilateral R1 peak-to-peak amplitude (maximum voltage difference), Bilateral R2 latencies (time from stimulus to secondary response in each eye), and AUC of bilateral R2 waves. Our primary outcome measure was the percentage change in R2 area, reflecting the magnitude of the PPI effect (hereafter, PPI size). We calculated this using the following formula: PPI size (in %) = [1 – R2 area at prepulse trials (120, 200, 300, or 500 ms)/R2 area at baseline trials] × 100%. Data was analyzed using IBM SPSS version 26.0. Prior to analysis, we assessed data normality using the Shapiro-Wilk test.

The following statistical tests were applied: Independent-sample or paired-sample t-test for normally distributed data, Chi-square test for categorical data like gender, and Wilcoxon rank-sum test or Mann-Whitney U test for non-normal data (e.g., some prepulse stimulus measures). H-Y staging scores, representing disease severity in PD patients [mean ± standard deviation (SD)]. Multi-group comparison was conducted using one-way ANOVA followed by post hoc test. All results are presented as mean ± SD. A p-value < 0.05 represents significant difference. Importantly, any significant findings were further corrected using the False Discovery Rate (FDR).



4 Results


4.1 Clinical data

To assess potential confounding factors, the demographic and clinical characteristics was first examined among the participants. Both age and gender distribution exhibited no significant differences between the Parkinson's disease (PD) and healthy control (HC) groups (Table 1). This ensures that any observed differences in the electrophysiological measures are likely due to the disease state rather than demographic factors. Following established criteria, PD patients were further categorized into two subgroup types: postural instability and gait difficulty (PD-PIGD) and tremor-dominant (PD-TD). The analysis showed no significant differences in both clinical characteristics and demographics between these subgroups (Table 2). This suggests that the subsequent electrophysiological assessments were conducted on well-matched PD subgroups.


TABLE 1 Demographic and clinical characteristics of the HC and PD groups.
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TABLE 2 Demographic and clinical characteristics of the PD-PIGD and PD-TD groups.
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4.2 PPI in the PD and HC groups

Building upon the established demographic equivalences between groups, we explored the prepulse inhibition (PPI) response in the PD and HC groups. While bilateral supraorbital and prepulse stimulation was administered to all participants, blink reflex parameters at baseline and during prepulse stimulation with different interstimulus intervals (ISIs) were analyzed using data from the left eye in both the PD and HC groups (Figure 2). This approach simplifies data analysis without compromising the validity of the findings. At baseline (without prepulse stimulation), the PD group exhibited a longer R1 latency (time from stimulus to first response) compared to the HC group (Figures 2, 3). Additionally, we determined the area under the curve (AUC). The PD group displayed a slightly larger AUC for both the R2 and R2c components of the blink reflex (Figures 2, 3).


[image: Figure 2]
FIGURE 2
 Prepulse inhibition of the blink reflex in healthy controls (HC) and Parkinson's disease (PD) groups, including postural instability gait disorder (PD-PIGD) and tremor-dominant (PD-TD) subtypes. Panels show results for: (A) HC group, (B) PD-TD group, and (C) PD-PIGD group. PPI120, PPI200, PPI300, and PPI500 represent prepulse inhibition at interstimulus intervals (ISIs) of 120 ms, 200 ms, 300 ms, and 500 ms, respectively. The top four traces depict the baseline blink reflex without a prepulse stimulus. The bottom 16 traces display the blink reflex following a prepulse stimulus (indicated by the arrow pointing to the index finger). Each trace is an average of four blink reflexes. PD patients demonstrated larger R2 and R2c areas post-prepulse stimulation compared to HCs, with the PD-PIGD subgroup showing more significant R2 and R2c areas than the PD-TD subgroup. This indicates that PD patients have impaired prepulse inhibition, with PD-TD patients having relatively better PPI than PD-PIGD patients.
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FIGURE 3
 Comparison of blink-reflex neurophysiological data between healthy controls (HC) and Parkinson's disease (PD) groups. BR represents the baseline blink reflex without a prepulse stimulus. PPI120, PPI200, PPI300, and PPI500 denote prepulse inhibition at inter-stimulus intervals (ISIs) of 120 ms, 200 ms, 300 ms, and 500 ms, respectively. Differences in R1 latency, R1 amplitude, R2 latency, R2c latency, R2 area, and R2c area were determined between PD and HC groups at baseline and across various ISIs with prepulse trials. Qualitative data were analyzed using the Mann-Whitney U-test, and normally distributed data were analyzed using the independent-sample t-test. *p < 0.05, **p < 0.01 indicates significant changes after FDR correction.


In the HC group, prepulse stimulation resulted in a prolonged latency of the R2 and R2c waves, reaching a maximum at 200 ms ISI (Figure 3). This effect indicates successful prepulse inhibition. Additionally, all four ISIs caused a decrease in the bilateral R2 area (Figures 3, 4), further supporting effective PPI. In contrast to HC, the PD group showed no significant increase in R2 and R2c latency with prepulse stimulation. Moreover, the reduction in the bilateral R2 area (PPI) was less pronounced in the PD group (Figures 3, 4). These findings suggest a significantly decreased PPI in the PD patients compared to healthy controls.
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FIGURE 4
 Differences in PPI size between the Parkinson's disease (PD) and healthy control (HC) groups. PPI120, PPI200, PPI300, and PPI500 represent prepulse inhibition at interstimulus intervals (ISIs) of 120 ms, 200 ms, 300 ms, and 500 ms, respectively. Comparisons between two groups at each ISI were performed using the independent-sample t-test. **p < 0.01 indicates significant changes after FDR correction. Letters denote significant differences between different ISIs within each HC or PD group, analyzed using one-way ANOVA followed by post hoc tests (p < 0.05).


Interestingly, prepulse stimulation at 120 ms ISI led to an increase in R1 amplitude in HC (Figure 3). The R1 amplitude peaked at 200 ms ISI in the PD group, but it did not reach the same level as observed in the HC. Overall, the PD patients displayed a consistently higher R1 latency in comparison to the healthy controls, with the most significant difference observed at baseline (Figure 3; Tables 3, 4). Furthermore, the difference in PPI size was statistically more pronounced at PPI200 compared to PPI120, PPI300, and PPI500 between the HC and PD groups (Figure 4).


TABLE 3 Neurophysiological differences in blink reflex at baseline and prepulse trials within the healthy control (HC) group.
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TABLE 4 Neurophysiological differences in blink reflex at baseline and prepulse trials within the Parkinson's disease (PD) group.
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4.3 PPI in the PD-TD and PD-PIGD groups

Following the comparison of overall group differences, we further examined PPI within the PD subgroups: tremor-dominant (PD-TD) and postural instability and gait difficulty (PD-PIGD) (Figure 5). Our findings revealed a higher level of PPI in the PD-TD subgroup in comparison to the PD-PIGD subgroup (Figure 5). This suggests that the PD-TD group displayed a stronger inhibitory response to the prepulse stimulation.
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FIGURE 5
 Differences in PPI size between the two Parkinson's disease subtypes: postural instability gait disorder (PD-PIGD) and tremor-dominant (PD-TD). PPI120, PPI200, PPI300, and PPI500 represent prepulse inhibition at interstimulus intervals (ISIs) of 120 ms, 200 ms, 300 ms, and 500 ms, respectively. Comparisons between two groups at each ISI were performed using the independent-sample t-test. *p < 0.01 indicates significant changes after FDR correction.




4.4 No lateralization of PPI effects

While this study aimed to explore potential differences in left and right blink reflex responses to PPI across the HC and PD groups (Figure 6), due to space limitations, we focused on data derived from the left side in previous sections. Importantly, we did analyze PPI for both the left and right sides. Our findings revealed no significant statistical difference in PPI between the left and right sides within either the HC or PD groups (Figure 6). This suggests that there is no evidence of lateralization of PPI dysfunction in this study. Additionally, lacking significant difference between sides implies that the PD onset side did not influence the overall PPI results.
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FIGURE 6
 Comparisons of PPI between left and right sides of HC group and PD groups. PPI120, PPI200, PPI300, and PPI500 represent prepulse inhibition at interstimulus intervals (ISIs) of 120 ms, 200 ms, 300 ms, and 500 ms, respectively. Comparisons between two groups at each ISI were performed using the independent-sample t-test. All p-values were corrected by FDR.





5 Discussion

This study is the first to investigate PPI dysfunction among Chinese PD patients. We found a PPI level of around 40% in the HC group, with the most significant inhibition observed at 200 ms ISI. This finding aligns with our previous research (9). It's important to consider that racial background, in addition to factors like age and gender, may contribute to result variations (18). Notably, previous international studies report the most prominent PPI in healthy populations at 120 ms (9). This difference might be due to the use of weak electrical finger stimulation in our study compared to the established auditory prepulse stimulation method employed in international research. Sensory information from the limbs travels slower to facial motor neurons and the prepulse circuit compared to auditory input (19). Additionally, the faster conduction time of auditory input to the brainstem center might lead to quicker information processing within the prepulse circuit (20).

While the auditory mode is well-established, somatosensory electrical stimulation offers a distinct advantage. Research suggests that PPI elicited by emotional prepulse stimuli (like scary images) is significantly stronger than that caused by neutral stimuli (21). Even the participants' expectations of electric shocks can enhance PPI. In this context, somatosensory prepulse stimulation provides a more objective measure of PPI dysfunction, as it minimizes the influence of emotional or expectation-based biases.

The blink reflex (BR) offers a valuable tool for assessing brainstem function. When the supraorbital nerve is stimulated, the orbicularis oculi muscle produces two key responses: the early ipsilateral component (R1) and the late bilateral component (R2). R1 arises from simpler medullary circuits with few synapses, while R2 involves more complex, multi-synaptic connections within the medulla (22). Notably, the brainstem appears to be the primary anatomical site for PPI, as this phenomenon persists even in animals lacking a brain (23). A weak prepulse stimulation applied before stimulating the supraorbital nerve can induce a blink reflex. By analyzing the R2 component, we can evaluate the excitability of brainstem circuits. In patients with motor disorders like Parkinson's disease (PD), heightened R2 component excitability represents a characteristic feature of the blink reflex (12, 24). Our findings align with this established knowledge. The observed decrease in PPI within the PD patients compared to the healthy controls (HC), alongside the increased baseline R2 curve area in PD patients, reinforces the connection between reduced PPI and elevated R2 excitability in PD.

While exact mechanisms behind the observed changes in R2 excitability and PPI in our PD group remain under investigation, the basal ganglia circuitry likely plays a significant role. The subthalamic nucleus (STN), a key structure within the basal ganglia, might contribute alongside other brain regions to regulating R2 component excitability in PD. However, it's important to note that the STN has a well-defined input-output relationship with the pontine nucleus (PPTN). The basal ganglia may exert control over the prepulse circuit, potentially regulating the excitability of brain structures involved in the startle reflex through its influence on the PPTN. Supporting this notion, lesion studies have shown that a decrease in cholinergic inhibitory neurons within the PPTN leads to an increase in startle response amplitude and a decrease in PPI (12, 25).

PPTN maintains intricate connections with several nuclei, including STN, globus pallidus interna (GPi), and substantia nigra pars reticulata (SNr). While increased excitatory input from STN to PPTN might occur, the inhibitory effect of the GPi/SNr pathway on PPTN could potentially counteract this excitation in PD patients.

However, the situation is further influenced by a reduction in the direct (D1) striatal projection to GPi in PD. The absence of D1 receptor stimulation in the GPi due to reduced striatal input may lead to a disinhibition and potential increase in GPi excitability. This heightened GPi activity could then exert a stronger inhibitory effect on PPTN compared to the excitatory influence of STN (19).

Stimulation of a single PPTN significantly affects the excitability of the brainstem neuronal circuit mediated by BR, with a significant increase in PPI (12). It can be seen that PPTN mainly affects and regulates the excitability and PPI of brainstem neuronal circuits. It's important to acknowledge the existence of other regulatory pathways for PPI, such as the cortico-striato-pallido-pontine (CSPP) circuit (26). This limbic circuit involves the prefrontal cortex, amygdala, and hippocampus influencing PPI through the nucleus accumbens. In turn, the nucleus accumbens regulates PPI by modulating the ventral pallidum and ultimately the PPTN, establishing a top-down control mechanism.

Our study found that PD patients had a longer baseline R1 latency compared to the healthy control group (HC). This suggests a potential decrease in brainstem circuit function in PD patients compared to HC. PPTN is primarily associated with functional regulation such as gait and sleep (7, 27). Interestingly, our study observed a more pronounced PPI impairment in the PD-PIGD subgroup in comparison to the PD-TD subgroup. This finding suggests that PD-PIGD patients might have poorer PPTN regulation of PPI function. However, the involvement of cortical descending pathways in this difference cannot be ruled out.

While PPTN plays a key role in regulating PPI, other factors may also influence this process in PD. For instance, PD-TD patients often require heightened attention to control limb tremors (28). Notably, attention mechanisms are emerging as important contributors to PPI function. Although PPI is considered an automated process, human experimental psychology confirms that PPI receives top-down regulation from cognitive activities such as attention and emotion (29). Studies in healthy subjects show that selective attention and cognitive processing to prepulse stimuli can significantly enhance PPI (30). Prepulse stimulation can trigger cognitive activities such as attention and emotion. These processes not only enhance the processing of prepulse information in various sensory centers but also amplify the inhibition of movement responses triggered by subsequent, interfering stimuli (like shock stimuli). This ultimately strengthens the protective effect of prepulse stimulation.

Anatomically, there are a large number of bidirectional nerve fibers in the human thalamic medullary nucleus and putamen, which are the most important connecting pathways between the thalamus and putamen and participate in attention-related information transmission. Interestingly, studies using resting-state functional magnetic resonance imaging have shown enhanced putamen-thalamic connectivity in the PD-TD subtype (28), suggesting that heightened attention is required for PD-TD patients to manage their tremor symptoms. Based on these observations, we propose that the brain's ability to filter out irrelevant information and extract target stimuli for deeper processing relies on two complementary mechanisms: the brainstem-level gating, and the forebrain-level attention.

Our study further investigated the potential link between the initial side of limb tremors (onset side) and the degree of PPI impairment (left vs. right side) in PD patients. However, similar to previous research (12, 31, 32), no statistically significant differences were found in the magnitude of left and right PPI. This finding suggests that the PPI deficits in PD are not lateralized, meaning they affect both sides of the body to a similar extent.

In addition to age, and gender, several other factors may contribute to the differentiation between PD-TD and PD-PIGD subtypes. Genetic studies have suggested that Parkinson's disease patients with LRRK2 mutations are more likely to exhibit the PIGD phenotype (33), while those who are homozygous for the H1 haplotype of the microtubule-associated protein tau (MAPT) gene tend to present with a non-tremor-dominant phenotype (34). A study (35) using quantitative susceptibility mapping (QSM) to examine iron deposition in the deep gray matter of different PD subtypes found that tremor-dominant PD patients had higher iron content in the dentate nucleus, whereas PIGD patients exhibited greater iron accumulation in both the substantia nigra pars compacta and pars reticulata. Parkinson's disease patients with different motor subtypes have differences in clinical features, genetic factors, neuroimaging and electrophysiology.

A major challenge in this study is the potential difficulty in distinguishing PD-PIGD from multiple system atrophy (MSA). Although we applied the MSA diagnostic criteria (36) to exclude MSA cases as rigorously as possible, the possibility of misclassification cannot be entirely ruled out. In future research, we plan to expand our cohort to include more patients with MSA and other movement disorders to perform PPI assessments. We will analyze whether different MSA subtypes and PD-PIGD exhibit statistically significant differences. Furthermore, we intend to explore variations in the blink reflex excitability recovery curve (19) across different movement disorders to identify potential biological markers for improved differentiation.



6 Conclusion

Our study found that Parkinson's disease (PD) patients, particularly those exhibiting postural instability and gait difficulty, have impaired prepulse inhibition (PPI) across various stimulation timings. This suggests abnormal brainstem circuits and potentially dysfunctional pontine nuclei (PPTN) in PD, as PPTN is known to regulate both PPI and gait. Interestingly, attention mechanisms also seem to influence PPI. In conclusion, PPI has the potential to serve as an early biomarker for gait dysfunction in Parkinson's disease, helping to predict and monitor disease progression.
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