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Objective: Patients with Parkinson’s disease (PD) are commonly classified into subtypes based on motor symptoms. The aims of the present study were to determine the consistency between PD motor subtypes, to assess the stability of PD motor subtypes over time, and to explore the variables influencing PD motor subtype stability.

Methods: This study was part of a longitudinal study of de novo PD patients at a single center. Based on three different motor subtype classification systems proposed by Jankovic, Schiess, and Kang, patients were respectively categorized as tremor-dominant/indeterminate/postural instability and gait difficulty (TD/indeterminate/PIGD), TDS/mixedS/akinetic-rigidS (ARS), or TDK/mixedK/ARK at baseline evaluation and then re-assessed 1 month later. Demographic and clinical characteristics were recorded at each evaluation. The consistency between subtypes at baseline evaluation was assessed using Cohen’s kappa coefficient (κ). Additional variables were compared between PD subtype groups using the two-sample t-test, Mann–Whitney U-test or Chi-squared test.

Results: Of 283 newly diagnosed, untreated PD patients, 79 were followed up at 1 month. There was fair agreement between the Jankovic, Schiess, and Kang classification systems (κS = 0.383 ± 0.044, κK = 0.360 ± 0.042, κSK = 0.368 ± 0.038). Among the three classification systems, the Schiess classification was the most stable and the Jankovic classification was the most unstable. The non-motor symptoms questionnaire (NMSQuest) scores differed significantly between PD patients with stable and unstable subtypes based on the Jankovic classification (p = 0.008), and patients with a consistent subtype had more severe NMSQuest scores than patients with an inconsistent subtype.

Conclusion: Fair consistency was observed between the Jankovic, Schiess, and Kang classification systems. For the first time, non-motor symptoms (NMSs) scores were found to influence the stability of the TD/indeterminate/PIGD classification. Our findings support combining NMSs with motor symptoms to increase the effectiveness of PD subtypes.
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INTRODUCTION

The clinical presentations of Parkinson’s disease (PD) are considerably heterogeneous (Armstrong and Okun, 2020). It is difficult to delineate if such variability between PD patients reflects the various manifestations of a unitary disease or represents different disease subtypes driven by underlying pathological and pathophysiological distinctions (Calne, 1989). The solution to this problem is generally thought to be through the use of PD subtypes.

Classification of PD subtypes is based on empirical clinical observations of prominent motor symptoms. At present, the recognized PD motor subtype classifications, including tremor-dominant/indeterminate/postural instability and gait difficulty (TD/indeterminate/PIGD) put forward by Jankovic and two classifications of the TD/mixed/akinetic-rigid (AR) classification system proposed by Schiess and Kang (Jankovic et al., 1990; Schiess et al., 2000; Kang et al., 2005), are widely used (Guan et al., 2017; Choi et al., 2018; Erro et al., 2019; Lian et al., 2019; Polychronis et al., 2019; Ren et al.,2020a,b). Although numerous additional subtypes based on data-driven approaches have been subsequently proposed (Graham and Sagar, 1999; van Rooden et al., 2010; Fereshtehnejad et al., 2015), the above three classifications occupy a dominant position in clinical practice and scientific research and have entered the conventional lexicon of clinicians.

Accurately subtyping patients is an indispensable step for research on disease mechanisms, for prodromal and clinical trial design and, in particular, for the development of tailored treatments. However, the terminology used to describe PD motor subtypes has overlapping boundaries, which can result in confusion and lead to an extensively inaccurate literature (Kotagal, 2016). A recent study found that the consistency between the Jankovic classification and Schiess classification is poor (Erro et al., 2019). In addition, temporal instability of these two classifications in de novo PD patients has been reported (Simuni et al., 2016; Erro et al., 2019).

To our knowledge, studies of the consistency of the Kang, Jankovic, and Schiess classifications, or of the stability of the Kang classification alone, have not been performed. It is also unknown whether factors besides the disease course influence the stability of motor subtypes (Simuni et al., 2016; Eisinger et al., 2017, 2020). To address these gaps, this study aimed to examine the consistency between the TD/indeterminate/PIGD (Jankovic classification) and two TD/mixed/AR classification systems (Schiess and Kang classification) in 283 de novo PD patients at baseline and then determine the stability of the three classification systems over 1-month follow-up in a subgroup of 79 patients. In addition, we aimed to identify variables that affected the stability of the motor subtypes.



METHODS


Participants

This study was part of a longitudinal study of de novo PD patients conducted at the Department of Neurology, Affiliated Brain Hospital of Nanjing Medical University from January 2012 to October 2020. All patients who came to the clinic were examined by a movement disorder specialist. A total of 283 de novo PD patients fulfilled all the study inclusion and exclusion criteria, of which 27.9% had evaluation data for the first month of follow-up. The inclusion criteria were: (1) the presence of bradykinesia plus an additional clinical motor sign, namely resting tremor, rigidity, or postural instability; (2) be newly diagnosed with PD based on the United Kingdom Parkinson’s Disease Society Brain Bank clinical diagnostic criteria (Gibb and Lees, 1988); (3) be untreated; (4) have early- or middle-stage PD (modified H-Y stage ≤3); (5) have more than a 30% improvement rate in the Unified Parkinson’s Disease Rating Scale (UPDRS) part III scores by the standard acute levodopa challenge test; (6) receive follow-up through hospital visits for at least 1 year, especially for motor symptoms assessment; and (7) have detailed clinical evaluation information available. The exclusion criteria were: (1) the presence of atypical or secondary Parkinsonism disorders; (2) previous brain magnetic resonance imaging (MRI) scans with obvious clinically significant lesions; and (3) severe chronic diseases.

This study was approved by the Medical Ethics Committee of the Affiliated Brain Hospital of Nanjing Medical University (2011-KY003, 2015-KY030, and 2019-KY019-01) and conducted in accordance with the ethical standards outlined in the Helsinki Declaration of 1964. All subjects provided written informed consent before participating in this study.



Clinical Evaluation

All baseline clinical evaluations were performed before initiation of dopaminergic replacement therapy (DRT), which includes levodopa (L-DOPA) and dopamine receptor agonists (DAs). After starting DRT, 1-month follow-up evaluations were performed in the “practically defined OFF state” (Langston et al., 1992) and the levodopa equivalent daily dose (LEDD) was calculated (Tomlinson et al., 2010). Patients’ demographic and clinical characteristics were recorded at the baseline and 1-month follow-up visits. Demographic data included age, gender, formal education in years, age at onset, and years of PD symptom onset duration. Motor dysfunction and disease severity were assessed by the UPDRS part II, III and the modified Hoehn and Yahr (H-Y) stages, respectively. General cognition, mood and sleep were measured using the Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), Hamilton Depression Scale (HAMD), Hamilton Anxiety Scale (HAMA), and the Parkinson Disease Sleep Scale (PDSS), respectively. Non-motor symptoms (NMSs) were assessed using the non-motor symptoms questionnaire (NMSQuest) (Chaudhuri et al., 2006).



Subtype Classification

UPDRS items selected according to a published formula were used to classify patients as TD/indeterminate/PIGD or TD/mixed/AR motor subtypes (Table 1; Jankovic et al., 1990; Schiess et al., 2000; Kang et al., 2005). For clarity, TDS/mixedS/ARS refers to the classification proposed by Schiess whereas TDK/mixedK/ARK refers to the classification proposed by Kang.


TABLE 1. Items used for the tremor-dominant/indeterminate/postural instability and gait difficulty (TD/indeterminate/PIGD) and TD/mixed/akinetic-rigid (AR) classifications.
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Statistical Analysis

Statistical analysis was conducted using IBM SPSS software version 25.0. The level of statistical significance was P < 0.05. The Kolmogorov-Smirnov test was used to assess the normality of the data. Differences in gender between groups were assessed using the chi-square test. Differences in baseline demographic and clinical variables other than gender between patients with and without 1-month follow-up assessment and between patients with stable and unstable subtypes in the TD/indeterminate/PIGD classification system were assessed using the two-sample t-test when the data were normally distributed; otherwise, the Mann–Whitney U-test was used. Cohen’s kappa coefficient (κ) was used to analyze agreement between the Jankovic, Schiess, and Kang classification systems at baseline. A κ value < 0.00 represents poor agreement, 0.00–0.20 represents slight agreement, 0.21–0.40 represents fair agreement, 0.41–0.60 represents moderate agreement, 0.61–0.80 represents substantial agreement and 0.81–1.00 represents almost perfect agreement (Landis and Koch, 1977).



RESULTS


Demographic and Clinical Characteristics

Table 2 presents patients’ baseline demographic and clinical characteristics. Of the 283 PD patients enrolled in this study, clinical evaluation data at 1-month follow-up were available for 79 (27.9%). There were no significant differences in terms of demographic characteristics (age, gender, education, age at PD onset, and duration of symptom onset), motor symptoms (UPDRS part II, UPDRS part III, and modified H-Y stage), or NMSs (MMSE, MoCA, HAMD, HAMA, PDSS, and NMSQuest) between patients with and without 1-month follow-up data, indicating that the high drop-out rate did not affect the results. In addition, the demographic and clinical characteristics of the 79 PD patients at 1-month follow-up are provided in Supplementary Table 1. At 1-month follow-up, LEDD for 79 patients was 74.5 ± 4.2 mg.


TABLE 2. Baseline demographic and clinical characteristics.
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Baseline Consistency Between the Jankovic, Schiess, and Kang Classification Systems

At baseline, 83 (29.3%) patients were classified as TD, 159 (56.2%) as PIGD and 41 (14.5%) as indeterminate in TD/indeterminate/PIGD subtypes of the Jankovic classification. Schiess and Kang have each proposed method for categorizing patients into TD/mixed/AR subtypes. Using the Schiess classification, the majority subtype was ARS with 213 cases (75.3%), followed by 49 (17.3%) TDS cases and 21 (7.4%) mixedS cases. Using the classification proposed by Kang, there were 124 (43.8%) TDK cases, 135 (47.7%) ARK cases, and 24 (8.5%) mixedK cases. There was fair agreement between the Jankovic, Schiess, and Kang classification systems (κS = 0.383 ± 0.044, κK = 0.360 ± 0.042, κSK = 0.368 ± 0.038) (Table 3).


TABLE 3. Baseline consistency between the Jankovic, Schiess, and Kang classification systems.
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Stability of the Jankovic, Schiess, and Kang Classification Systems

Changes in the Jankovic, Schiess, and Kang classification systems from baseline to 1-month follow-up among the 79 patients with longitudinal data are presented in Table 4. Using the Jankovic classification, 12 (54.5%) of the initially classified TD subtype cases and 37 (72.5%) of the initially classified PIGD subtype cases remained stable at 1-month follow-up. Using the Schiess classification, all of the initially classified TDS subtype cases and 54 (83.1%) of the ARS subtype cases were consistent at 1-month follow-up. Using the Kang classification, 15 (75.0%) of the initially classified TDK cases and 35 (68.6%) of the initially classified ARK cases were stable at 1-month follow-up. Among the three motor subtype classification systems, in the Schiess classification, the number of PD patients with stable motor subtypes from baseline to 1-month follow-up (65 cases in total, including 11 cases of TDS subtype and 54 cases of ARS subtype) was the largest, while in the Jankovic classification, the number of PD patients with stable motor subtypes (49 cases in total, including 12 cases of TD subtype and 37 cases of PIGD subtype) was the smallest. Therefore, the Schiess classification was the most stable and thus might be the most valid motor classification system, whereas the Jankovic classification was the most unstable.


TABLE 4. Stability of the Jankovic, Schiess, and Kang classification systems from baseline to 1-month follow-up.

[image: Table 4]As the TD/indeterminate/PIGD classification system proposed by Jankovic was the most unstable, the baseline demographics and clinical characteristics of patients with stable and unstable subtypes were compared in this classification system to further analyze potential factors affecting the stability of PD motor subtypes. No significant differences in demographic or clinical characteristics between patients with stable and unstable subtypes, other than NMSQuest scores (p = 0.008), were observed. Patients with consistent subtypes had more severe NMSQuest scores than patients with inconsistent subtypes (Table 5).


TABLE 5. Comparisons of baseline demographic and clinical characteristics between patients with stable and unstable subtypes in the Jankovic classification.

[image: Table 5]


DISCUSSION

To the best of our knowledge, this is the first study to assess the consistency and stability of the Jankovic, Schiess, and Kang classification systems (TD/indeterminate/PIGD and TD/mixed/AR, respectively) in de novo PD patients at a single center. We found that the TD/indeterminate/PIGD and the two TD/mixed/AR classifications have fair consistency, suggesting that a patient may be categorized as one subtype based on one classification system, but not according to another classification system. In addition, changes in subtype classification from baseline to 1-month follow-up indicated that there are other factors influencing the stability of motor subtype classification besides the course of the disease. Further, this is the first study to report that NMSs strongly affect the stability of the TD/indeterminate/PIGD classification.

Parkinson’s disease (PD) subtype identification is recognized as an essential research focus, as it may provide better paths for subtype-specific biomarkers and clinical trial designs, especially in terms of long-term prognosis (Sieber et al., 2014; Fereshtehnejad and Postuma, 2017). If PD subtypes predict a unique clinical course and are mutually independent and exclusive, they are prognostically relevant (Kotagal, 2016; Espay et al., 2017). However, due to the lack of reliable and effective subtype definition criteria, the PD motor subtype classifications lack these key elements. In the absence of these characteristics, it is not difficult to understand the inconsistency between PD motor subtype classification taxonomy and instability. Motor subtype classification systems follow a similar principle, classifying PD patients based on the ratio of two UPDRS subscores. However, different motor subtype classification systems use different UPDRS items and cutoff rates to define subtypes, suggesting that patients may be classified as tremor subtypes according to one motor subtype classification method but PIGD or AR subtypes according to another method. As a result, the consistency between different motor subtypes is fair. In a previous study, the Jankovic and Schiess classifications were found to poorly overlap in 103 de novo PD patients (Erro et al., 2019). By contrast, in the present study of 283 patients with de novo PD, we found that the Jankovic classification is fairly consistent with the two motor subtype classifications of TD/mixed/AR. Although differences in terms of sample size may lead to slightly different results, the overall consistency between different subtypes requires improvement. In addition, the instability of PD motor subtypes has been previously demonstrated (Simuni et al., 2016; Erro et al., 2019). The Parkinson’s Progression Biomarker Initiative (PPMI) consortium has decided to subdivide PD patients into TD and non-TD (PIGD and indeterminate) subtypes in order to reduce instability of the motor subtypes (Simuni et al., 2016). However, based on the Jankovic classification of similar cohorts of de novo PD patients, the prevalence of the TD phenotype varies from 29.3% as reported in the present study to 44.6% in an ongoing prospective research project (Erro et al., 2019) to 55.1% in the Deprenyl and Tocopherol Antioxidative Therapy of Parkinsonism (DATATOP) (Jankovic et al., 1990) cohort to 71.3% of the PPMI cohort (Simuni et al., 2016). Considering the large difference in the prevalence of TD subtypes, although stratification based solely on the variable of tremors will slightly increase stability, it may also increase the inconsistency of subtypes to a certain extent and generate confusion. Therefore, the consistency and stability of PD subtypes still need to be resolved, and powerful and validated criteria for PD subtype definition may be one of the most effective methods to achieve this.

The influence of DRT on the instability of PD motor subtypes warrants careful consideration. Although ‘practically defined OFF state’ is the conventional method for measuring the baseline degree of motor disability (Langston et al., 1992), the effect of DRT may be longer than the standard overnight flushing effect (Anderson and Nutt, 2011). In addition, its treatment effect on bradykinesia and rigidity is better than its effect on tremors. Therefore, a certain proportion of PIGD or AR patients were shifted into the TD group at 1-month follow-up. However, this does not explain the transfer of TD patients to other subtypes, which indicates that the instability of the motor subtype classification system does not depend mainly on DRT, which is consistent with previous reports (Simuni et al., 2016; Erro et al., 2019). There may be other potential factors explaining the observed instability. UPDRS provides operating standards for assessing the severity of symptoms; however, to some extent, it still depends on the evaluators. In addition, the TD subscores involved in defining motor subtypes in PD patients may fluctuate significantly at evaluations due to emotions such as worry and embarrassment. These factors may partially explain the observed instability of PD motor subtypes and the differences between studies.

Importantly, the stability of motor subtype classifications obtained through empirical clinical observation is greatly affected by disease duration. Recent studies have reported high variability in motor subtypes over 1, 2, and 4 years of follow-up in de novo PD cohorts (Simuni et al., 2016; Erro et al., 2019). Additionally, prospective and retrospective research of empirical motor subtype classification has shown that, over 8 years of follow-up, most TD subtypes eventually become the PIGD subtype (Alves et al., 2006; Josephs et al., 2006; Selikhova et al., 2009). However, a recent review suggested that disease course is insufficient to explain the shifts in motor subtypes (Nutt, 2016). In this context, the present study chose to reassess patients at one month to minimize the influence of disease duration so as to identify other potential variables that affect the stability of PD motor subtypes. Since the TD/indeterminate/PIGD classification had the worst stability among the three classifications, this classification was selected for further analysis of the factors influencing stability. Ultimately, we demonstrated that NMSs affect the stability of the TD/indeterminate/PIGD classification. Although PD motor subtype classification systems based on a single taxonomic factor ignore the non-motor features of PD, a longitudinal study confirmed that NMSs are significant indicators of prognosis and crucial characteristics of the definitions of PD subtypes (de Lau et al., 2014). Thus, inclusion of NMSs in the classification systems may result in more stable subtypes (Marras and Chaudhuri, 2016; Qian and Huang, 2019). Recently, novel PD clinical subtypes were identified using three critical NMSs (mild cognitive impairment, orthostatic hypotension, and rapid eye movement behavior disorder) and motor severity as key determinants in prospective cohorts (Fereshtehnejad et al., 2015), and then validated in the PPMI cohort with de novo PD patients (Fereshtehnejad et al., 2017). In light of the increasing importance of NMSs and the discovery of the novel subtype classification system, it may be time to redefine the entire motor subtype classification system of PD and its nomenclature.

When interpreting our findings, several limitations must be considered. First, our participants were de novo PD patients selected from a single center study. Thus, our cohort does not represent the entire PD patient population and our results may not be generalizable. However, differences in prevalence of TD subtypes were found in the similarly designed studies described above, which suggests that the type of recruitment may have a small influence on the results. Additionally, the sample size of this study is sufficiently large. Second, because the initial study design of the de novo PD cohort was based on annual follow-up to define biomarkers of PD diagnosis and progression, and the first month of follow-up data was collected due to increased attention to the instability of PD motor subtypes in recent years, there was a high drop-out rate for evaluation. However, there were no significant differences in baseline demographic and clinical features between patients with and without 1-month follow-up, suggesting that drop-out did not greatly affect the results. Third, although we compared demographic and clinical characteristics of patients with consistent and inconsistent subtypes, we did not account for variables such as genetics, environment, or other disease attributes. Fourth, de novo PD patients may still be mixed with patients with atypical parkinsonisms. Therefore, it is necessary to extend the longitudinal follow-up time to distinguish atypical parkinsonisms from PD.



CONCLUSION

Fair consistency was observed between TD/indeterminate/PIGD and the two TD/mixed/AR classifications, indicating that patients may be divided into one subtype according to one classification system but not according to another classification system. Furthermore, for the first time, NMSs were found to influence the stability of TD/indeterminate/PIGD classification. Our findings strongly suggest that combining non-motor and conventional motor symptoms will improve the value of PD subtypes.
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1-Month follow up

Jankovic classification Baseline TD PIGD Indeterminate Stable Unstable

TD, N (Row%) 22 (27.8%) 12 (54.5%) 6 (27.3%) 4 (18.2%) 12 (54.5%) 10 (45.5%)
PIGD, N (Row%) 51 (64.6%) 7 (13.7%) 37 (72.5%) 7 (13.7%) 37 (72.5%) 14 (27.5%)
Indeterminate, N (Row%) 6 (7.6%) 6 (100.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 6 (100.0%)
Total, N (Row%) 79 (100.0%) 25 (31.6%) 43 (54.4%) 11 (13.9%) 49 (62.0%) 30 (38.0%)
Schiess classification TDs ARg Mixeds

TDs, N (Row%) 11 (13.9%) 11 (100.0%) 0 (0.0%) 0 (0.0%) 11 (100.0%) 0 (0.0%)
ARs, N (Row%) 65 (82.3%) 6 (9.2%) 54 (83.1%) 5 (7.7%) 54 (83.1%) 11 (16.9%)
Mixeds, N (Row%) 3 (3.8%) 2 (66.7%) 1 (33.3%) 0 (0.0%) 0 (0.0%) 3 (100.0%)
Total, N (Row%) 79 (100.0%) 19 (24.1%) 55 (69.6%) 5 (6.3%) 65 (82.3%) 14 (17.7%)
Kang classification TDk ARk Mixedy

TDk, N (Row%) 20 (25.3%) 15 (75.0%) 4 (20.0%) 1(5.0%) 15 (75.0%) 5 (25.0%)
ARk, N (Row%) 51 (64.6%) 9 (17.6%) 35 (68.6%) 7 (13.7%) 35 (68.6%) 16 (31.4%)
Mixedk, N (Row%) 8 (10.1%) 4 (50.0%) 4 (50.0%) 0 (0.0%) 0 (0.0%) 8 (100.0%)
Total, N (Row%) 79 (100.0%) 28 (35.4%) 43 (54.4%) 0 (0.0%) 50 (63.3%) 29 (36.7%)

In each cell, the number of patients observed and their proportions in rows are shown. For example, for the Jankovic classification, at baseline 22 (27.8%) patients were
classified as TD, 51 (64.6%) patients were classified as PIGD, and 6 (7.6%) patients were classified as indeterminate. At 1-month follow up, 12 (54.5%) of the original TD
subtype remained TD and 37 (72.5%) of the original PIGD subtype remained PIGD. Therefore, the motor subtypes of 49 (62.0%) patients with PD remained stable in the
Jankovic classification from baseline to 1-month follow-up. TD, tremor-dominant; PIGD, postural instability and gait difficulty; AR: akinetic-rigid.
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Variables Stable (n = 49) (62.0%) Unstable (n = 30) (38.0%) p-value

Age (years) 61.3+7.3 59.3+7.2 0.230
Gender (male) 22 (44.9%) 17 (66.7%) 0.310
Formal education (years) 9.9+34 9.1+42 0.446
Age at onset (years) 592 +7.4 67.2+7.8 0.248
Duration of symptom onset (years) 21 1.8 20+18 0.678
UPDRS part Il 8.8+ 4.6 75+42 0.169
UPDRS part Il 23.6 £ 11.5 211 +£12.0 0.223
Modified H-Y stage 1.6 £0.5 1.5+ 0.5 0.321
MMSE 27.0 +£3.2 271 +£2.8 0.627
MoCA 22.6 + 4.1 223 +3.9 0.715
HAMD 9.7 £ 5.1 79+52 0.137
HAMA 7.0+43 55+3.8 0.154
PDSS 119.8 £ 30.0 130.2 £17.6 0.108
NMSQuest 92+34 71+35 0.008

Data are presented as the mean + SD and n (%). Statistically significant (o < 0.05) values are indicated in bold. Univariate p-values were calculated using two-sample
t-test, Mann-Whitney U-test, or Chi-squared test. UPDRS, unified Parkinson’s disease rating scale; H-Y, Hoehn and Yahr; MMSE, Mini-mental state examination; MoCA,
Montreal Cognitive Assessment; HAMD, Hamilton Depression Scale; HAMA, Hamilton anxiety scale; PDSS, Parkinson disease sleep scale; NMSQuest, non-motor
symptoms questionnaire.
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TD/indeterminate/PIGD (Jankovic classification)

Tremor score
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2.16 Tremor
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3.20 Rest tremor face
3.20 Rest tremor RUE
3.20 Rest tremor LUE
3.20 Rest tremor RLE
3.20 Rest tremor LLE
3.21 Action tremor RUE
3.21 Action tremor LUE
PIGD score

UPDRS-II

2.13 Falling

2.14 Freezing

2.15 Walking

UPDRS-III

3.29 Gait

3.30 Postural stability

TDs/mixeds/ARs (Schiess classification)

Tremor score

UPDRS-II

2.16 Tremor RUE

2.16 Tremor LUE
UPDRS-lII

3.20 Rest tremor face
3.20 Rest tremor RUE
3.20 Rest tremor LUE
3.20 Rest tremor RLE
3.20 Rest tremor LLE
3.21 Action tremor RUE
3.21 Action tremor LUE
AR score

UPDRS-II

UPDRS-II

3.22 Rigidity neck
3.22 Rigidity RUE

3.22 Rigidity LUE

3.22 Rigidity RLE

3.22 Rigidity LLE

3.23 Finger taps

3.24 Hand movements
3.27 Arising from chair
3.28 Posture

3.29 Gait

3.30 Postural stability
3.31 Body bradykinesia

TDk/mixedx/ARk (Kang classification)

Tremor score
UPDRS-II

UPDRS-III

3.20 Rest tremor face
3.20 Rest tremor RUE
3.20 Rest tremor LUE
3.20 Rest tremor RLE
3.20 Rest tremor LLE
3.21 Action tremor RUE
3.21 Action tremor LUE
AR score

UPDRS-II

UPDRS-III

3.22 Rigidity neck

3.22 Rigidity RUE

3.22 Rigidity LUE

3.22 Rigidity RLE

3.22 Rigidity LLE

3.28 Finger taps

3.24 Hand movements
3.25 Rapid alternating movements of hands
3.26 Leg Agility

3.27 Arising from chair
3.31 Body bradykinesia

The table lists the UPDRS items used to calculate each patient’s tremor score, PIGD score, and AR score in the different subtype classification systems. Specifically,
the ratio of mean tremor score to mean PIGD score is used to divide motor subtypes into TD (ratio > 1.5), indeterminate (1.0 < ratios < 1.5), and PIGD (ratio < 1).
Similarly, the ratio of mean tremor score to mean AR score divides motor subtypes into TDs (ratio > 1), mixeds (0.8 < ratios < 1.0), and ARg (ratio < 0.8). In addlition,
the ratio of tremor score (sum of items 20-21 divided by 4) to AR score (sum of items 22-27 and 31 divided by 15) divides motor subtypes into TDk (ratio > 1), mixedk
(0.8 < ratios < 1.0), and ARk (ratio < 0.8). UPDRS, unified Parkinson’s disease rating scale; RUE, right upper extremity; LUE, left upper extremity; RLE, right lower

extremity; LLE, left lower extremity.
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Variables Baseline (n = 283) (100.0%) With 1-month (n = 79) (27.9%) Without 1-month (n = 204) (72.1%) p-value

Age (years) 61.5+8.9 60.5+7.3 61.9+95 0.186
Gender (male) 141 (49.8%) 39 (49.4%) 102 (50.0%) 0.924
Formal education (years) 89+47 9.6 £3.7 86+50 0.259
Age at onset (years) 5024 8.8 585+7.4 595+9.4 0.319
Duration of symptom onset (years) 28423 21 k1.8 24+25 0.858
UPDRS part Il 9.3+55 83+t45 9.7 +538 0.062
UPDRS part Il 225+ 11.6 226 +£11.7 224 +11.7 0.890
Modified H-Y stage 1.6+0.6 156+05 1.6+0.6 0.764
MMSE 26.7 £ 3.9 27.0 £ 3.1 26.6 + 4.1 0.758
MoCA 225+5.2 225+4.0 225:4+56 0.283
HAMD 10.1+£8.3 9.0+£5.2 10.5+9.2 0.948
HAMA 7.8+6.5 6.4 +41 83+72 0.171
PDSS 121.7 £24.2 123.7 £ 26.4 120.9 £23.3 0.154
NMSQuest 8.6+ 4.6 8.4 £ 3.6 8.7 +5.0 0.973

Data are presented as the mean + SD and n (%). Comparisons of demographic and clinical features at baseline between patients with and without 1-month follow-up
assessments. Univariate p-values were calculated using two-sample t-test, Mann-Whitney U-test, or Chi-squared test. UPDRS, unified Parkinson’s disease rating scale;
H-Y, Hoehn and Yahr; MMSE, Mini-mental state examination; MoCA, Montreal Cognitive Assessment; HAMD, Hamilton Depression Scale; HAMA, Hamilton Anxiety Scale;
PDSS, Parkinson disease sleep scale; NMSQuest, non-motor symptoms questionnaire.
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Schiess classification Kang classification

Baseline N = 283 (100%) TDs 49 ARg 213 Mixedgs 21 TDk 124 ARk 135 Mixedk 24
(17.3%) (75.3%) (7.4%) (43.8%) (47.7%) (8.5%)

Jankovic classification TD 83 37 33 13 64 14 5
(29.3%) 44.6%/75.5% 39.8%/15.5% 15.7%/61.9% 77.1%/51.6% 16.9%/10.4% 6.0%/20.8%
PIGD 159 b 151 3 32 110 17
(56.2%) 3.1%/10.2% 95.0%/70.9% 1.9%/14.3% 20.1%/25.8% 69.2%/81.5% 10.7%/70.8%
Indeterminate 7 29 5 28 11 2
41 (14.5%) 17.1%/14.3% 70.7%/13.6% 12.2%/23.8% 68.3%/22.6% 26.8%/8.1% 4.9%/8.3%

In each cell, the number of patients observed and their proportions in rows and columns are shown. For example, in the TD/indeterminate/PIGD and TDs/mixeds/ARs
classification system, 37 patients were classified as TD subtype, which accounted for 44.6% of the 83 TD patients and 75.5% of the 49 TDgs patients. There
was fair agreement between the TD/indeterminate/PIGD and TDs/mixeds/ARs classification systems (ks = 0.383 + 0.044). There was fair agreement between the
TD/indeterminate/PIGD and TDg/mixedx/AR classification systems (kx = 0.360 + 0.042). There was fair agreement between the TDs/mixeds/ARs and TDy/mixedx/ARk
classification systems (ks = 0.368 £ 0.038). TD, tremor-dominant; PIGD, postural instability and gait difficulty; AR, akinetic-rigid.
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