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Autonomic function and motor
subtypes in Parkinson’s disease:
a multicentre cross-sectional study
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Autonomic symptoms (AS) are critical in Parkinson’s disease (PD). We aimed to determine the relative
significance of clinical factors allowing predictions about incidence of AS, and examine AS profiles
among PD patients by motor subtype and its relation to AS. The cross-sectional data of a multicentre
sample, including 714 PD patients and 194 healthy controls from Parkinson’s Progression Marker
Initiative study and Pingchan granule study were analyzed, stratified by PD subtypes [postural
instability and gait disturbances (PIGD), tremor dominant (TD), and indeterminate] and domain
autonomic dysfunction. Compared with healthy controls, PD patients scored higher in the total Scales
for Outcomes in Parkinson’s Disease-Autonomic dysfunction score and in several domain scores

in particular, and there was a significant overlap in domain AS. Risk factors of individual domain
autonomic dysfunction were heterogeneous. PIGD and indeterminate were the predominant subtypes
in pupillomotor and thermoregulatory symptoms. TD and indeterminate were more likely to suffer
from cardiovascular problem. The odd in sexual dysfunction was significant for PIGD. Gastrointestinal
and urinary symptoms seemed not to be associated with a specific subtype. Our study demonstrated
that AS were highly heterogeneous and 3 subtypes differed in autonomic performance, providing
clues to understand mechanisms underlying AS in PD.

Parkinson’s disease (PD) is one of the most common neurodegenerative disorders and characterized by its
insidious onset and progressive motor symptoms of tremor, bradykinesia, rigidity and postural instability'. It has
increasingly been acknowledged that the clinical spectrum of PD is more extensive covering various non-motor
symptoms (NMS), such as autonomic symptoms (AS), neuropsychiatric disturbances, sleep disorders or cognitive
impairment as common clinical features*’. AS in PD are critical and present many debilitating manifestations
such as urinary and pupillomotor problems, constipation, cold or heat intolerance, orthostatic light-headedness,
swallowing and sweating problems because of the involvement of multiple autonomic nervous system (ANS)
domains. Moreover, AS might occur in all PD patients virtually at some stage of their course and contribute to
the disease burden*®. Therefore the systematic assessment and identification of AS in PD is of great value in
clinical practice for avoiding complications and requiring appropriate treatment.

Currently, PD can be subclassified into three motor subtypes: postural instability and gait disturbance (PIGD),
tremor dominant (TD), and indeterminate’. Increasing evidence showed that there were significant links between
NMS and clinical motor subtypes, and NMS seemed to vary according to motor subtypes®°. In respect to cogni-
tive impairment, PIGD was associated with greater cognitive decline such as executive functions, attention and
memory compared with TD?. TD scored lower in cognitive tests such as digit span, word fluency and attention as
compared with indeterminate. As for sleep disorders, PIGD underwent more severe excessive daytime sleepiness
(EDS) and PD-related sleep problems (PD-SP)°. Furthermore, it was reported that PIGD had higher sensitivity
for depression compared to other subtypes'.
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In spite of the recent increase of interest in AS, many aspects of AS in PD remain open questions. Main limita-
tion of previous relating research on AS lied in the fact that they concentrated on a specific domain of the ANS
and (or) on a single autonomic symptom''~'*. In addition, inconsistencies existed among previous studies, in
particular with respect to the contributory factors of AS such as age, duration and other NMS'*"*. Furthermore,
what is concerning is that the relationship between AS and the clinical motor subtypes in PD has not been discov-
ered, which might hinder the individualised diagnosis and therapy interventions of AS in the higher risk group
particularly at the earliest stage of disease. Thus, there is a growing need for a detailed investigation of AS in PD.

In this study, we aimed to identify distinct clinical characteristics with respect to the motor subtype (PIGD,
TD, and indeterminate) in the entire group of patients with PD as well as within each domain autonomic dysfunc-
tion group (patients with gastrointestinal, urinary, cardiovascular, thermoregulatory, pupillomotor, and sexual
symptoms), which could help identify a baseline AS profile and allow predictions about incidence of six domain
autonomic dysfunction, as well as their possible associations to motor subtypes.

Methods

Study design.  All methods were performed in accordance with the relevant guidelines and regulations. We
conducted a cross-sectional study embedded within the Pingchan granule (PCG) study and the Parkinson’s Pro-
gression Marker Initiative (PPMI) study in accordance with The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) Statement (see Supplementary Material 1). The outcome measures for the
PCG study and the PPMI study were identical and baseline data from both studies were extracted. The PCG study
was a randomized, double-blind, placebo-controlled trial conducted in 4 hospitals in China aiming to evaluate
the efficacy and safety of PCG for motor and non-motor symptoms of PD'®. The PCG trial has been registered in
Chinese Clinical Trial Register, number ChiCTR-INR-17011949 (http://www.chictr.org.cn/showproj.aspx?proj=
20043) and followed the Consolidated Standards of Reporting Trials Extension (CONSORT Extension) report-
ing guideline strictly with the approval of ethics committee of Longhua Hospital with the following ethic code:
2017LCSY326, and subsequently by the relevant ethics committees at all sites (see Supplementary Material 2).
In this trial, eligible participants were enrolled and randomly allocated at a 1:1 ratio to PCG or placebo groups.
A sample size of 292 trial population with 146 participants per arm was required with consideration of attrition
rate. Randomization was performed by random permuted blocks of sizes four to provide a balanced distribu-
tion of treatment groups. PCG and placebo were allocated to participants by interviewers, which were identical
and could not be differentiated. Blind methods were applied for both participants and researchers including
interviewers and assessors of the outcomes. PPMI is a large, multicentre, prospective population-based cohort
that follows PD patients and healthy controls (HC) in 33 sites for identifying PD progression biomarkers (www.
ppmi-info.org)'’. And each participating site in PPMI study received approval from an ethical standard com-
mittee on human experimentation and obtained written informed consent (https://www.ppmi-info.org/about-
ppmi/ppmi-clinical-site). For up-to-date information on the study, visit www.ppmi-info.org.

Study population. Inclusion criteria for analysis were a diagnosis of PD according to the Movement Dis-
order Society (MDS) Clinical Diagnostic Criteria, age over 30, and Hoehn and Yahr stage 1-3 at baseline'®".
Exclusion criteria were receiving treatments for psychiatric disorders; any significant medical conditions (other
than PD) that could impede full participation in the study; use of reserpine, metoclopramide, a-methyldopa,
amphetamine derivatives, or methylphenidate within the past 3 months; participating in other clinical trials,
and the women who were pregnant or lactating. Use of levodopa and concomitant anti-parkinsonian medica-
tions such as anticholinergic drugs, MAO-B inhibitors, amantadine, catechol-O-methyltransferase inhibitors,
or dopamine agonists was allowed if dosages were stable for at least 30 days before enrollment. All HC were
recruited from PPMI cohort. They were not on any long-term drug therapy, had no significant medical history,
no first degree family member with PD and Montreal Cognitive Assessment (MOCA) >26%.

Clinical evaluation. All the PD patients in PPMI study and PCG study completed the Movement Disor-
der Society Unified Parkinson’s Disease Rating Scale (MDS-UPDRS)?!. The PD motor subtypes were defined
using the MDS-UPDRS parts II and III, including the tremor dominant (TD) subtype (ratio >1.5), postural
instability and gait disturbance (PIGD) subtype (ratio<1) and indeterminate subtype (ratios > 1.0 and < 1.5)%.
The presence of AS was evaluated with the Scales for Outcomes in Parkinson’s Disease-Autonomic dysfunction
(SCOPA-AUT) questionnaire. The SCOPA-AUT is divided into 6 domains and contains questions addressing
gastrointestinal, urinary, cardiovascular, thermoregulatory, pupillomotor, and sexual symptoms®. Excessive
daytime sleepiness (EDS) was defined as the Japanese version of the Epworth Sleepiness Scale (ESS) score of
10 or greater®*. Rapid Eye Movement (REM) sleep behavior disorder (RBD) symptoms were assessed by the
Japanese version of the RBD screening questionnaire (RBDSQ-J). And probable RBD (pRBD) was defined as an
RBDSQ-] score of 5 or greater®. Depressive symptoms were evaluated with the 15-item Geriatric Depression
Scale (GDS-15), and a GDS-15 score of 5 or greater was defined as clinically significant depressive disturbances
in PD*. Cognitive impairment was estimated by the MOCA scale. The levodopa equivalent dose (LED) was
calculated based on previously reported conversion factors?.

Statistical analysis. The baseline data of PPMI study and PCG study were analyzed. The Shapiro-Wilk
statistic was applied for testing the normality of the distribution of data. Continuous data were presented as
mean (SD) or median (interquartile range [IQR]), with categorical data presented as proportion and number
where appropriate. For categorical data, comparisons were analyzed by Chi-square tests or Fisher’s exact tests.
For continuous data, comparisons were analyzed by Student’s t-tests or Wilcoxon’s rank-sum tests.
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Considering the differences in the baseline characteristics between PD patients and HC, propensity score
matching (PSM) was applied for identifying a cohort with similar baseline characteristics®®. We applied a non-
parsimonious multivariable logistic-regression model, with group as the dependent variable and age, educa-
tion as covariates to evaluate the propensity score. Matching was conducted following a 1:1 protocol without
replacement, with a caliper width equal to 0.05 of the standard deviation of the logit of the propensity score.
Standardized differences before and after matching were calculated for all covariates to assess prematch and
postmatch balance. And standardized differences of less than 10.00% indicated a relatively small imbalance.
PSM was performed with Matchlt package®.

Multivariable stepwise logistic regression models were applied to screen risk factors of domain autonomic
dysfunction, with age, age of onset, sex, education, PD duration, Hoehn and Yahr stage, MDS-UPDRS I, II, III
and IV scores, EDS, pRBD, depression, MOCA, LED, and clinical motor subtypes used as the independent vari-
ables. Akaike’s information criterion (AIC) was used as the selection criteria in each final model. For sensitivity
analyses, we also applied gradient boosting regression tree (GBDT) to rank the importance of variables with
respect to their correlation of AS. GBDT is an ensemble machine learning algorithm combining weak ‘learners’
into a strong single learner in an iteration fashion. When comparing SCOPA-AUT domain and total scores among
subtypes, differences were adjusted by variables in logistic regression and GBDT models®.

Differences between mean total SCOPA-AUT scores, in relation to stage of PD, were explored with use of
the Kruskal-Wallis H test. In addition, the correlation between total SCOPA-AUT score and stage of PD was
also measured using the Spearman’s rho correlation coefficient. Two-tailed p values of less than or equal 0.05
were considered statistically significant. All statistical analyses were performed with R software (version 3.3.3).

Results

292 PD patients from PCG study (PCG group: n= 146, placebo group: n=146), as well as 422 PD patients and 194
HC from PPMI cohort were included (Table 1). Only 2.64% of subjects had 0 total SCOPA-AUT score, showing
that there was not a test floor effect. A ceiling effect was also not demonstrated since the highest observed total
SCOPA-AUT score was 41 (1 PD patient) while only 0.84% of PD patients scored over 30. As for HC, the high-
est SCOPA-AUT total score was 20 (1 control). Before PSM, there were differences in age and education of the
baseline between patients and controls. To solve the imbalance and potential bias, PSM was used and 186 PD
patients were matched with 186 controls (Table 1). The standardized differences after PSM were less than 10.00%,
indicating there were only small differences between the two groups. After matching, PD patients scored higher
than controls in the total SCOPA-AUT score in general and in the gastrointestinal, urinary, cardiovascular, and
sexual dysfunction domain scores in particular, with the urinary domain score having the highest level.

There was a significant overlap of various AS in PD patients. The prevalence of AS (at least one SCOPA-AUT
domain with a score greater than or equal to 1) in PD was 97.20%. The proportion of the patients without AS
or with a single autonomic dysfunction was only 12.32%, while up to 30.67% of the patients had three out of
six coexisting AS. Patients with two out of six coexisting AS, three out of six coexisting AS, and four out of six
coexisting AS accounted for 77.45% (Fig. 1A). Figure 1B showed details of the coexisting AS.

Before matching After matching
Standardized Standardized

Characteristics Controls (n=194) | PD (n=714) difference p Value | Controls (n=186) | PD (n=186) difference p Value
ﬁ?;lﬁ’)ea“ (median | ) 46 [55.44,68.97] | 65.00 [59.00,70.00] | 0.296 0.001 | 62.83 [55.95,69.11] | 62.89 [56.02, 68.48] | 0.027 0.897
Gender female, n (%) | 69 (35.56) 276 (38.66) 0.064 0.482 | 66 (35.5) 57 (30.65) 0.103 0.378
Education, years
(median [IQR]) 16.00 [14.00, 18.00] | 14.00 [11.00, 16.00] | 0.644 <0.001 | 16.00 [14.00, 18.00] | 16.00 [14.00, 18.00] | 0.042 0.811
SCOPA-AUT total
score (median [IQR]) | 383 3:69) 9.18 (6.28) 0.650 <0.001 | 5.94 (3.70) 8.69 (5.50) 0.587 <0.001
Gastrointestinal
domain (mean 0.66 (1.01) 2.65 (2.46) 1.059 <0.001 | 0.68 (1.02) 2.24(2.29) 0.878 <0.001
(SD))
Urinary domain
(mean (SD)) 3.06 (2.14) 3.76 (2.98) 0.271 0.002 | 3.11 (2.14) 3.75(2.77) 0.257 0.014
Cardiovascular
domain (mean 0.19 (0.45) 0.57 (0.95) 0.515 <0.001 | 0.18 (0.45) 0.46 (0.82) 0.412 <0.001
(SD))
Thermoregulatory
domain (mean 0.86 (1.07) 1.00 (1.59) 0.108 0.108 | 0.88 (1.06) 0.73 (1.28) 0.120 0.249
(SD))
Pupillomotor
domain (mean 0.29 (0.52) 0.22 (0.53) 0.136 0.095 | 0.30 (0.53) 0.19 (0.53) 0.205 0.051
(SD))
Sexual function
domain (mean (SD)) 0.78 (1.30) 0.66 (1.31) 0.090 0.268 | 0.78 (1.27) 0.83 (1.33) 0.120 0.033

Table 1. Baseline characteristics before and after propensity score matching. Abbreviations: PD Parkinson’s
Disease, SCOPA-AUT Scales for Outcomes in Parkinson’s Disease- Autonomic Dysfunction, IQR interquartile
range.
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Figure 1. (A) Prevalence of coexisting autonomic symptoms in patients with PD. (B) Prevalence and overlap
of autonomic symptoms in patients with PD. PD, Parkinson’s disease. All figures were created with the use of R
software (version 3.3.3, https://www.r-project.org/).

Characteristics of PD patients according to the motor subtypes (PIGD: n=297, 41.60%; TD: n =343, 48.04%;
and indeterminate: n=74, 10.36%) were shown in Table 2. PIGD was featured by the lower level of education,
older age, longer disease duration, larger proportion of advanced disease stage, lower MDS-UPDRS part I score,
higher MDS-UPDRS parts IT and IV scores, higher LED, higher prevalence of depression than the other subtypes.
In TD, proportion of early disease stage, scores of MDS-UPDRS part III and MOCA, and prevalence of pRBD
were higher, contrast to the lower MDS-UPDRS part II score, LED, and prevalence of depression than PIGD
and indeterminate.
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Indeterminate (n=74) | PIGD (n=297) TD (n=343) p Value
Age, years (median [IQR]) 62.71 [56.22, 68.75]* 67.00 [62.00, 71.00] | 63.18 [56.80, 69.02]* <0.001
Gender female, n (%) 29 (39.18) 125 (42.09) 122 (35.56) 0.239
Education, years (median [IQR]) 14.00 [10.25,16.00] * | 11.00 [9.00, 14.00] | 16.00 [13.00, 18.00] * | <0.001
Duration, years (median [IQR]) 0.57 [0.26, 2.04] * 3.14 [0.75, 6.60] 0.40 [0.22,1.01] * <0.001
Age of onset, years (median [IQR]) 59.84 [53.03, 67.40] 62.00 [56.14, 67.00] | 61.08 [54.85, 66.82] 0.252
Hoehn and Yahr stage, n (%) <0.001
Stage 1 21 (28.38)* 59 (19.87) 158 (46.06)*
Stage 1.5 15 (20.27)* 66 (22.22) 12 (3.50)*
Stage 2 36 (48.65) 107 (36.03) 172 (50.15)*
Stage>2.5 2 (2.70)* 36 (21.89) 1(0.30)*
MDS-UPDRS I score (mean (SD)) 4.73 (3.65)* 3.66 (3.44) 4.67 (3.82)* 0.001
MDS-UPDRS II score (mean (SD)) 7.97 (4.16)** 9.89 (5.27) 5.36 (3.85)* <0.001
MDS-UPDRS III score (mean (SD)) 15.89 (8.32) 15.85(7.15) 19.32 (9.74)* <0.001
MDS-UPDRS IV score (mean (SD)) 0.30 (0.57)* 1.26 (1.74) 0.07 (0.30)* <0.001
LED, mg/day (mean (SD)) 108.45 (179.77) ** 329.74 (282.84) 39.94 (117.67) * <0.001
MOCA score (median [IQR]) 26.00 [25.00, 28.00] 25.00 [24.00, 25.00] | 27.00 [25.00,29.00]* | <0.001
Depression, n (%) 36 (48.65)* 236 (79.46) 78 (22.74)* <0.001
EDS, n (%) 11 (14.86) 27 (9.09) 42 (12.24) 0.259
PRBD, n(%) 20 (27.03) 61 (20.54) 111 (32.36)* 0.003

Table 2. PD motor subtypes: demographic and clinical characteristics. Abbreviations: PD Parkinson’s disease,
PIGD postural instability and gait disturbance, TD tremor dominant, MDS-UPDRS Movement Disorder
Society revision of the Unified Parkinson’s Disease Rating Scale, MOCA Montreal Cognitive Assessment, EDS
excessive daytime sleepiness, pRBD probable rapid eye movement sleep behavior disorder, SCOPA-AUT Scales
for Outcomes in Parkinson’s Disease— Autonomic Dysfunction, IQR interquartile range, SD standard deviation.
*p <0.05 compared with the PIGD subtype. *p <0.05 compared with the tremor-dominant subtype.

Table 3 showed the characteristics of PD patients within each domain autonomic dysfunction group. Patients
with gastrointestinal symptom and urinary symptom were older and had higher onset age. A mild sex distribution
showed male predominance in the sexual dysfunction symptom group. As for education, the sexual dysfunc-
tion symptom and pupillomotor symptom groups had higher level of education. Patients with gastrointestinal
symptom or thermoregulatory symptom tended to have longer durations, higher LEDs, higher rates of depres-
sion, and lower MOCA scores, contrast to those with pupillomotor symptom or sexual dysfunction symptom.
More patients with gastrointestinal symptom or sexual dysfunction symptom belonged to Hoehn & Yahr stage
1 and stage 2. On the whole, patients with AS were more likely to have higher MDS-UPDRS I, II, IIT and IV
scores, whereas the patients with the sexual dysfunction symptom had lower MDS-UPDRS II and IV scores,
respectively. With regard to the sleep disturbances in PD, gastrointestinal symptom, cardiovascular symptom,
and sexual dysfunction symptom groups had higher rates of EDS. And patients with AS were more likely to
suffer from pRBD, except for the pupillomotor symptom group.

Final logistic regression analyses of each domain autonomic dysfunction were showed in Table 4. Age, Hoehn
and Yahr stage, MDS-UPDRS I and II scores, and pRBD were predictors of gastrointestinal symptom. Age,
MDS-UPDRS I and II scores, and depression were significant factors of urinary symptom. MDS-UPDRS I and
II scores, pRBD and the PIGD subtype were predictors of cardiovascular symptom. MDS-UPDRS I, IIT and
IV scores, and the TD subtype helped to predict thermoregulatory symptom. MDS-UPDRS I and IV scores,
depression, and the TD subtype were important variables of pupillomotor symptom. And age of onset, Hoehn
and Yahr stage, MDS-UPDRS I score, depression, LED, and the PIGD subtype exerted an important effect on
sexual symptom. No collinearity existed among variables. GBDT identified MDS-UPDRS I, II and III scores,
age, duration, and age of onset as top 6 predictors of gastrointestinal symptom. MDS-UPDRS [, IT and III scores,
duration, age of onset, and age were selected as top 6 predictors of urinary symptom. MDS-UPDRS I, II and
IV scores, depression, age of onset, age and motor subtype were identified as top 6 predictors of cardiovascular
symptom. Motor subtype, MDS-UPDRS I and II scores, education, duration, and LED were derived to help to
predict thermoregulatory symptom. MDS-UPDRS I and III scores, duration, motor subtype, and age were the
top 6 predictors of pupillomotor symptom in GBDT model. And GBDT recognized LED, MDS-UPDRS I score,
education, age, age of onset, and motor subtype as the top 6 predictors of sexual symptom.

Figure 2A showed the heat-maps of total SCOPA-AUT score and 6 domain scores among TD, PIGD and
indeterminate. After adjusting for age, and MDS-UPDRS I and II scores, the gastrointestinal domain and urinary
domain scores did not significantly differ among the groups (Fig. 2B). After adjusting for MDS-UPDRS I and II
scores, the cardiovascular domain score did not significantly differ among the groups (Fig. 2B). After adjusting for
MDS-UPDRS I score, TD had a lower thermoregulatory domain score than PIGD (p <0.001) and indeterminate
(p<0.001, Fig. 2B). After adjusting for MDS-UPDRS I score, indeterminate had a higher pupillomotor domain
score than PIGD (p=0.05) and TD (p=0.004, Fig. 2B). After adjusting for MDS-UPDRS I score, age of onset,
and LED, PIGD had a lower sexual dysfunction domain score than TD (p=0.02) and indeterminate (p =0.05)
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[orR [9s%ci | pvalue

Gastrointestinal symptom
Age (104 [10201.06 [0.001
Hoehn and Yahr stage
Stage 1 Ref
Stage 1.5 0.73 10.35t01.52 |0.39
Stage 2 1.35 | 0.85t02.13 |0.20
Stage 2.5 395 |0.70t074.9 |0.20
Stage 3 0.14 | 0.04t00.48 | 0.002

MDS-UPDRS I score 120 | 1.10to 1.31 <0.001

MDS-UPDRS II score 1.16 | 1.09to1.24 <0.001

pRBD

No Ref

Yes 2.13 | 1.26-3.70 0.006
Urinary symptom
Age 1.05 | 1.01-1.08 0.006
MDS-UPDRS I score 1.30 | 1.14-1.52 0.0003
MDS-UPDRS II score 1.17 | 1.08-1.28 0.0004
Depression

No Ref

Yes 0.36 | 0.18-0.71 0.0003
Cardiovascular symptom
MDS-UPDRS I score 1.11 | 1.05-1.17 0.0002
MDS-UPDRS 1II score 1.07 | 1.02-1.11 0.002
pRBD

No Ref

Yes 145 |0.99-2.13 0.056
Subtype

PIGD Ref

TD 1.64 | 1.05-2.58 0.03

Indeterminate 227 | 1.29-4.02 0.004
Thermoregulatory symptom
MDS-UPDRS I score 1.16 | 1.09-1.22 <0.001
MDS-UPDRS III score 0.97 | 0.95-0.99 0.01
MDS-UPDRS IV score 132 | 1.12-1.57 0.001
Subtype

TD Ref

PIGD 2.70 | 1.77-4.13 <0.001

Indeterminate 3.12 | 1.80-5.44 <0.001
Pupillomotor symptom
MDS-UPDRS I score 1.18 | 1.12-1.25 <0.001
MDS-UPDRS IV score 1.33 | 1.09-1.65 0.006
Depression

No Ref

Yes 0.47 |0.25-0.85 0.01
Subtype

TD Ref

PIGD 1.86 | 1.08-3.19 0.03

Indeterminate 3.35 | 1.79-6.23 <0.001
Sexual function symptom
Age of onset (103 [101-105  [0.003
Hoehn and Yahr stage
Stage 1 Ref
Stage 1.5 0.10 | 0.005-0.56 0.03
Stage 2 0.83 | 0.55-1.25 0.38
Stage 2.5 0.79 | 0.04-5.43 0.83
Stage 3 1.12 | 0.04-0.48 0.91
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MDS-UPDRS I score 1.14 | 1.09-1.21 <0.001
Depression

No Ref

Yes 0.45 | 0.25-0.80 0.008
LED 0.99 |0.990-0.996 | <0.001
Subtype

Indeterminate Ref

PIGD 0.45 |0.22-0.94 0.03

TD 0.68 |0.36-1.27 0.23

Table 4. Logistic regression analyses of autonomic symptoms of patients with PD. Abbreviations: PD
Parkinson’s disease, Ref reference, OR odds ratio, CI confidence interval, MDS-UPDRS Movement Disorder
Society revision of the Unified Parkinson’s Disease Rating Scale, pRBD probable rapid eye movement sleep
behavior disorder, PIGD postural instability and gait disturbance, TD tremor dominant, LED levodopa
equivalent dose, PIGD postural instability and gait disturbance, TD tremor dominant.

| | Gastrointestinal domain score

I | 1l
IIII | | || [l ||| ||| L1 | IHII II\I I IHIIIII lIIl | \ | ]IH HIIHII || | inary domainscore

\ \ Cardiovascular domain score
Thermoregulatory domain score

Pupillomotor domain score
Sexual function domain score
- - - I I. SCOPA-AUT total score

Gastrointestinal

1.5
Motor Subtype I 10

. Indeterminate 0.5
. PIGD ?05
. ™ 10

'BE

Urinary Cardiovascular  Thermoregulatory  Pupillomotor  Sexual function SCOPA-AUT total score

SCOPA-AUT

Figure 2. (A) Heat-maps of gastrointestinal, urinary, cardiovascular, and sexual dysfunction domain SCOPA-
AUT scores for indeterminate, TD, and PIGD groups in PD. Data were log2-transformated with normalization
and red implied increased expression while blue implied decreased expression. (B) Clinical motor subtypes and
autonomic symptoms. *p <0.05. PD, Parkinson’s disease; TD, tremor dominant; PIGD; postural instability and
gait disturbances; SCOPA-AUT, Scales for Outcomes in Parkinson’s Disease- Autonomic dysfunction. All figures
were created with the use of R software (version 3.3.3, https://www.r-project.org/).

groups (Fig. 2B). After adjusting for age, and MDS-UPDRS I and II scores, PIGD had a higher SCOPA-AUT
total score than TD (p=0.01, Fig. 2B).

In addition, correlation between total SCOPA-AUT score and PD severity (according to the Hoehn and Yahr
stage) was significant (r=0.202; p <0.001). Exploratory comparison of mean total SCOPA-AUT performance
in patients with different Hoehn and Yahr stages showed that there was a significant increase in the score as PD
progressed (p <0.001).

Discussion

In this cross-sectional study, we systematically assessed the metric properties of AS in a large PD sample from
multiple centers. The highly complex relationship between AS and PD has already been studied for decades.
Notably, this was the first study to identify significant links between AS and PD motor subtypes.
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Extensive autonomic dysfunction performances in PD. SCOPA-AUT data in the current study
showed a good reliability profile, with no obvious test floor or ceiling effect. The mean total SCOPA-AUT score
in PD group was higher than controls, confirming that PD patients experienced significant autonomic dysfunc-
tion. This mean score was lower when comparing to previous studies®*2 It might be due to the absence of the
very advanced PD patients since correlation was found between the severity of PD and total SCOPA-AUT score
(r=0.202). This finding was in agreement with previous studies showing that mean total SCOPA-AUT score
tended to be higher as PD severity increased***.

PD patients reported dysfunction in all domains of SCOPA-AUT, with mean scores ranging from 3.75 to
0.19. In addition, we found a significant overlap in domain autonomic dysfunction. The prevalence of patients
without AS or with a single autonomic dysfunction was very low (Fig. 1). The most common AS emerged in
urinary and gastrointestinal domains. And the most prominent difference between two groups was found in
gastrointestinal domain (2.24 versus 0.68). The peripheral ANS can be divided into sympathetic (cholinergic and
noradrenergic), parasympathetic pathways, and the enteric nervous system (ENS) anatomically, and dysfunction
of any particular component would lead to characteristic symptoms. Parasympathetic cholinergic impairment
would bring about urinary retention, hyposialorrhea, an invariable pulse rate, and erectile failure, while sympa-
thetic cholinergic impairment would bring about decreased sweating. Sympathetic noradrenergic dysfunction
would be responsible for orthostatic hypotension and orthostatic intolerance. And ENS failure would present
as delayed gastric emptying and constipation®. Hence, our results showed that autonomic dysfunction in PD
existed across a broad spectrum of severity with a variety of components of ANS as important clinical entities®.

Heterogeneous pattern of autonomic dysfunction in PD. In the current research, contributing pre-
dictors of the single domain autonomic symptom were firstly discovered. Based on @@, gastrointestinal symp-
tom was closely linked with old age, advanced disease stage, pRBD, and high MDS-UPDRS I and II scores. Old
age, advanced disease stage, depression, and high MDS-UPDRS I and II scores played an important role in
urinary symptom. In addition, TD and PIGD suffering from pRBD with higher MDS-UPDRS I and II scores
tended to have cardiovascular problem. TD and PIGD who scored high in MDS-UPDRS I, III, and IV scores
might be more likely to suffer from thermoregulatory symptom. Moreover, TD and PIGD, high MDS-UPDRS
I and IV scores, and depression might result in pupillomotor symptom. As for sexual symptom, PD onset age,
disease stage, LED, the incidence of depression, MDS-UPDRS I score, and motor subtypes might be its predic-
tors accordingly.

It was of worth that the results derived from logistic models and GBDT models were similar. From a meth-
odological point of view, these two models were fundamentally different, which hinted to the robustness of
the results, highlighting the hypothesis that pathologic involvement in PD was not only of brain dopaminergic
systems but also of non-dopaminergic systems in the brain as well as peripheral and autonomic systems. The
patchy and heterogeneous AS observed here implied that every single component of ANS was involved by the
Lewy pathology of PD#1036-3 Furthermore, according to our study, these widespread pathologies throughout
the autonomic networks tended to follow an erratic rather than a stepwise progression. Thus, the assessment of
the density of the autonomic neurons in the different components of ANS would be an important step toward
verifying the speculation of complex pathophysiology of dysautonomia in PD.

Links between motor subtypes and autonomic functionin PD. Heterogeneity was also observed in
PD subtypes. Compared with the non-PIGD, PIGD tended to be older and to have more advanced stage, longer
disease duration, and more severe motor complications. In addition, more mood impairment such as depression
and higher doses of levodopa therapy were associated with PIGD. Differences were also observed in cognitive
performance and pRBD among different subtypes. Cognitive deficits seemed to be less severe, while pRBD were
more frequent in TD as compared with non-TD.

It was notable that we found distinctions in autonomic function within TD, PIGD and indeterminate, which
could be helpful in individuating patients at risk of variable AS to initiate possible pharmacological and non-
pharmacological interventions in clinical trials. PIGD and indeterminate were the predominant clinical motor
subtypes in the pupillomotor and thermoregulatory symptoms as compared with TD. Correspondingly, TD
showed significantly lower pupillomotor and thermoregulatory domain scores after correcting for confounding
factors (Fig. 2B). TD and indeterminate were more likely to suffer from cardiovascular problem as compared
with PIGD, although the cardiovascular domain score did not significantly differ among these three subtypes
(Fig. 2B). The odd in sexual dysfunction symptom was significant for PIGD as compared with indeterminate
subtype. In response, PIGD had a lower score in the sexual dysfunction domain (Fig. 2B). Gastrointestinal and
urinary symptoms seemed not to be associated with a specific motor subtype (Table 4 and Fig. 2B), which might
be the reason for their high incidences in PD.

Importantly, the significant relation between subtypes and autonomic dysfunction discovered here has never
been reported. With learning more about PD subtypes, it is becoming abundantly clear that proper subtype-
specific markers might provide insights into mechanisms and improve therapeutic and epidemiologic clinical
study designs in PD. Our findings implied that these AS might occur in association with the degree and distri-
bution of the degeneration of brain dopaminergic/non-dopaminergic neurons, which could determine certain
motor and non-motor phenotypes of PD, which had direct clinical relevance with the potential to be new
subtype-specific markers. In addition, these valuable findings also suggested that dysautonomia might interact
with motor state, adding evidence for the assumption that the initial site of disease in PD might not necessarily
be in the substantia nigra but might be in the nuclei of the caudal brainstem or even in the peripheral organs
and peripheral nervous system*.
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Limitations. One limitation was the lack of ANS histological evaluations. Comorbidities such prostatic
hyperplasia might influence SCOPA-AUT items and could bias some results. The principal reason was that
some of them were considered to be too invasive. Other limitations were the difference in the distribution of PD
subtype in different literature and the small sample size of advanced PD patients, hindering further stratification
of patients into sub-groups with different motor severity. And the impact of symptomatic medications such as
hypotension caused by levodopa remained unknown, which needed to be promoted in larger and longitudinal
studies. Finally, as one could argue that because classification of subtype was done at baseline, this classifica-
tion could anyway change dynamically and there might be a transition and resulting influence on AS during
the course, we tried to control for disease duration. And the transition and resulting influence on AS needed to
be addressed in future analyses. Moreover, our preliminary approach to correlating AS with PD subtypes of a
large sample, which was close to ‘a real-world clinical setting), was potentially valuable. Three subtypes of PD dif-
fered in autonomic performance, further longitudinal studies with objective assessments of autonomic function
would be necessary and shed more light on these differential findings.

Conclusions

In conclusion, this study showed that PD is heterogeneous, both in terms of AS and motor subtypes. Significant
associations of AS with motor subtypes identified here suggested the contribution of peripheral and autonomic
systems change in etiological models of PD, as well as the multi-level interaction between NMS and motor state,
reinforcing and extending the understanding of mechanisms underlying AS and PD motor subtypes.

Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding
author on reasonable request.
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