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A B S T R A C T   

Introduction: Motor classifications of Parkinson’s Disease (PD) have been widely used. This paper aims to update a subtype classification using the MDS-UPDRS-III and 
determine if cerebrospinal neurotransmitter profiles (HVA and 5-HIAA) differ between these subtypes in a cohort from the Parkinson’s Progression Marker Initiative 
(PPMI). 
Methods: UPDRS and MDS-UPDRS scores were collected for 20 PD patients. Akinetic-rigid (AR), Tremor-dominant (TD), and Mixed (MX) subtypes were calculated 
using a formula derived from UPDRS, and a new ratio was developed for subtyping patients with the MDS-UPDRS. This new formula was subsequently applied to 95 
PD patients from the PPMI dataset, and subtyping was correlated to neurotransmitter levels. Data were analyzed using receiver operating characteristic models and 
ANOVA. 
Results: Compared to previous UPDRS classifications, the new MDS-UPDRS TD/AR ratios produced significant areas under the curve (AUC) for each subtype. The 
optimal sensitivity and specificity cutoff scores were ≥0.82 for TD, ≤0.71 for AR, and >0.71 and <0.82 for Mixed. Analysis of variance showed that the AR group had 
significantly lower HVA and 5-HIAA levels than the TD and HC groups. A logistic model using neurotransmitter levels and MDS-UPDRS-III could predict the subtype 
classification. 
Conclusions: This MDS-UPDRS motor classification system provides a method to transition from the original UPDRS to the new MDS-UPDRS. It is a reliable and 
quantifiable subtyping tool for monitoring disease progression. The TD subtype is associated with lower motor scores and higher HVA levels, while the AR subtype is 
associated with higher motor scores and lower 5-HIAA levels.   

1. Introduction 

1.1. Background 

Neurological disorders are the leading cause of disability worldwide, 
and Parkinson’s disease (PD) is the fastest-growing [1]. Disease diag-
nosis remains clinical, focusing on motor symptoms using the UK Brain 
Bank criteria or MDS Clinical Diagnostic Criteria for PD. With no known 
biomarker for diagnosis or progression, subtyping has become a tool for 
understanding the rate of progression, medication response, and disease 
pathogenesis. Subtyping aims to enhance patient care and clinical trial 
design. 

Different classifications have been proposed using hypothesis-driven 
empirical categorization or data-driven grouping schemes. Empirical 
classifications are determined by relevant clinical observations, with 
motor symptoms predominance being the most commonly used. The 
leading PD motor subtyping typically splits patients into either tremor- 

dominant or non-tremor dominant [with either bradykinesia, akinesia, 
rigidity, postural instability, and/or gait dysfunction as the prevailing 
symptoms] and intermediate or mixed phenotypes [2,3]. This catego-
rization has been described by our group [4] and others [5] using the 
Unified Parkinson’s Disease Rating Scale (UPDRS) and the Movement 
Disorder Society-Unified Parkinson’s Disease Rating Scale (MDS- 
UPDRS) [6]. The different motor subtyping classifications seem to be 
congruent between them based on Cohen’s kappa coefficient. Among 
these classification systems, the one proposed by our group appears to be 
the most stable [7]; however, these classification systems utilized 
different UPDRS components. 

Our proposed scheme creates distinct groups that are easily and 
rapidly identified in a clinical setting; however, it excludes non-motor 
symptoms. On the other hand, cluster analyses include motor and non- 
motor features. Still, they are limited not only by the number of vari-
ables measured and the number of clusters pursued but also by the 
amount of time and tools needed to collect the data. 

* Corresponding author. 
E-mail address: mya.c.schiess@uth.tmc.edu (M.C. Schiess).  

Contents lists available at ScienceDirect 

Clinical Parkinsonism & Related Disorders 

journal homepage: www.sciencedirect.com/journal/clinical-parkinsonism-and-related-disorders 

https://doi.org/10.1016/j.prdoa.2023.100187 
Received 13 July 2022; Received in revised form 20 December 2022; Accepted 14 January 2023   

mailto:mya.c.schiess@uth.tmc.edu
www.sciencedirect.com/science/journal/25901125
https://www.sciencedirect.com/journal/clinical-parkinsonism-and-related-disorders
https://doi.org/10.1016/j.prdoa.2023.100187
https://doi.org/10.1016/j.prdoa.2023.100187
https://doi.org/10.1016/j.prdoa.2023.100187
http://creativecommons.org/licenses/by-nc-nd/4.0/


Clinical Parkinsonism & Related Disorders 8 (2023) 100187

2

Multiple studies have tried to identify the difference between motor 
subtypes. The presence of akinesia, rigidity, postural instability, and gait 
dysfunction (PIGD) as initial symptoms is usually referred to as a ma-
lignant type describing a more rapid rate of progression [8], cognitive 
decline [9], higher prevalence of non-motor symptoms, and a shorter 
response to levodopa therapy. Additionally, it has been described that 
the non-tremor dominant subgroup has a higher mean of cortical Lewy 
bodies with more severe cell loss in the ventrolateral part of the sub-
stantia nigra pars compacta compared to the tremor-dominant type 
[10]. 

IMP-SPECT and PET studies suggested regional cerebral blood flow 
and metabolic pattern differences. Functional MRI demonstrated that 
non-tremor-dominant PD patients have striatal-thalamocortical cir-
cuitry deficits. In contrast, tremor-dominant PD patients tend to have 
more significant cerebellar-thalamocortical circuitry dysfunction [11]. 

The relationship between MDS-UPDRS motor phenotypes and neu-
rotransmitters in cerebrospinal fluid (CSF) is unknown. CSF 5-Hydrox-
yindoleacetic acid (5-HIAA) levels but not Homovanillic acid (HVA) 
could differentiate UPDRS Mixed and AR subgroups from healthy con-
trols (HC) using our previous classification system [4]. However, others 
have shown that CSF’s HVA levels are significantly lower in both PIGD 
and TD groups compared to healthy controls. Additionally, they 
described a negative correlation between PIGD severity and HVA levels 
in CSF [12]. 

This paper updated our previous motor classification by proposing a 
new ratio using the MDS-UPDRS and compared its congruency with the 
UPDRS. We also examined whether 5-HIAA and HVA levels differed 
among the different subtypes and between subtypes and HC. 

2. Methods 

2.1. Study participants 

2.1.1. UTMove 
Twenty immunocompetent patients, 45 to 78 years old, with mild to 

moderate PD, were recruited, Table 1. Critical enrollment criteria 
included: a) UK Brain Bank criteria, b) OFF-state Hoehn and Yahr scale 
(H&Y) of ≤ 3, c) robust response to dopaminergic therapy defined as ≥
33% reduction of the UPDRS motor score in the OFF vs ON state, d) 
stable dose of dopaminergic replacement at baseline (≥60 days), and e) 
onset of motor symptoms of ≥ 4 and ≤ 10 years. Subjects were excluded 
if they had atypical or secondary parkinsonism features, a history of DBS 
or ablative brain surgery, or a Montreal Cognitive Assessment (MoCA) of 
<23. Neurotransmitter information for these patients was unavailable, 
so these patients’ data was utilized to validate the MDS-UPDRS for 
motor subtyping alone. All participants provided written informed 

consent. The study was conducted according to the International 
Council for Harmonization Good Clinical Practice guidelines and the 
principles of the Declaration of Helsinki. 

2.1.2. Ppmi 
The Parkinson’s Progression Markers Initiative (PPMI) is a longitu-

dinal, observational, multi-center natural history study that assesses the 
progression of clinical features, imaging outcomes, biologic and genetic 
markers, and digital outcomes of Parkinson’s across all stages of PD from 
prodromal to moderate disease. Ninety-five naïve PD patients and 56 
Healthy controls (HC) were selected from the PPMI dataset based on the 
availability of Homovanillic acid (HVA) and 5-Hydroxyindoleacetic acid 
(5-HIAA) information, Table 1. PD patient’s criteria were a) age over 30 
years, b) presence of 2 of the following: bradykinesia, rigidity, and 
resting tremor, or presence of asymmetric resting tremor, or asymmetric 
bradykinesia, c) within two years of diagnosis, d) PD drug naivety, and 
e) dopamine transporter deficit in the putamen on the DaTscan by 
central reading. 

HC were required to be > 30 years old without any neurological 
disorder or a first-degree relative with PD. 

CSF levels of HVA and 5-HIAA were measured using high- 
performance liquid chromatography-mass spectrometry [13]. 

2.1.3. PD subtyping 
Based on our previously proposed classification, patients were 

initially classified into TD, AR, or MX motor subgroups using the UPDRS 
[4]. The ratio of the UPDRS tremor subscore (9 items) to the mean 
UPDRS AR subscore (12 items) was used to define TD patients (ratio ≥
0.97), AR patients (ratio ≤ 0.80), and Mixed patients (ratios > 0.80 and 
< 0.97). Afterwards, patients were placed into TD, AR, or MX motor 
subgroups using the MDS-UPDRS. Subsequently, MDS-UPDRS items 
comparable to the TD and AR items on the UPDRS (11 items for TD and 
15 items for AR) were selected and developed TD/AR ratio scores for all 
patients. The items used for each subscore and the equations are shown 
in Table 2. Items included in the MDS-UPDRS were based on the notion 
of representative assessments for bradykinesia, tremor, and muscular 
rigidity. The MDS-UPDRS has considerably more elements for tremor 
details and constancy of tremor, as well as more items assessing lower 
extremities (leg agility and toe-tapping). Additionally, based on corre-
lation analyses, certain items were associated with each other, indi-
cating that if a patient had worse scores on one of the items added to the 
TD or AR group, they also had worse scores on different items in the TD 
or AR group. For example, facial expression correlated with bradyki-
nesia, pronation/supination associated with finger tapping, finger tap-
ping correlates with toe-tapping, and leg agility correlates with finger 
tapping such that facial expression, pronation/supination, toe-tapping, 
and leg agility were items added to the AR group. All assessments 
were done in the conventionally defined “off” state; for the UTMove 
study, it was >12 h after the last dose of dopaminergic medication, and 
for PPMI, it was a baseline assessment with no prior dopaminergic 
treatment. 

2.2. Statistical analysis 

Using the previous UPDRS subtypes (TD, AR, and MX) as labels and 
the new MDS-UPDRS subtypes as predictors, we applied receiver oper-
ating characteristics (ROC) analyses to determine the area under the 
curve (AUC) and ideal cutoff score for each subtype with sensitive and 
specific group identification. We performed ANOVAs to compare 5- 
HIAA and HVA levels among subtypes and HC. Logistic models were 
also used in ROC analyses. All analyses were performed using R ROC 
packages. 

Table 1 
Demographics and baseline characteristics.   

PPMI PD 
patients 

PPMI 
Controls 

UTMOVE PD 
patients 

Number of subjects 95 56 20 
Gender, Male: Female ratio 63:32 36:20 9:11 
Age (yrs) 62.61 (9.78) 73.10 

(10.76) 
66.51 (7.07) 

Disease duration (yrs) 0.65 (0.57) NA 5.6 (1.31) 
Motor subtypes:Akinetic- 

rigid dominant  
(%)Tremor-dominant (%) 
*Mixed  
(%) 

69 (72.63%) 
22  
(23.16%)4  
(4.21%) 

NA 11 (55%)8  
(40%)1  
(5%) 

MDS-UPDRS Total 33.69 (13.47) NA 38.45 (14.7) 
MDS-UPDRS-III 21 (12.73) NA. 67.7 (22.33) 
LEDD 0 NA 669.22 (295.1) 
The table shows the mean and SD for each category. MDS-UPDRS- III, Movement 

disorder society Unified Parkinson’s Disease Rating Scale motor score; MDS-UPDRS- 
T, Movement disorder society Unified Parkinson’s Disease Rating Scale Section I-IV; 
LEDD, Levodopa equivalent daily dosage.  
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3. Results 

3.1. Cutoff scores 

UPDRS and MDS-UPDRS data sets for TD and AR items were avail-
able for 20 PD patients (UTMove dataset). Four (25%) met the criteria for 
TD, 11 (55%) met the criteria for AR, and five (35%) met the criteria for 
MX based on UPDRS definitions. The new MDS-UPDRS TD/AR ratio for 
TD had an AUC of 89% (0.89; p = 0.0057; 95% confidence interval, 
0.75–1), and for AR demonstrated an AUC of 89% (0.89; p = 0.0015; 
95% confidence interval, 0.72–1), Fig. 1. 

Analysis of the ROC curve revealed the optimum cutoff levels for the 
MDS-UPDRS TD/AR ratio of ≥ 0.82 for TD classification (sensitivity = 1; 
specificity = 0.8; positive predictive value = 0.63; negative predictive 
value = 1) and ≤ 0.71 for AR classification (sensitivity = 0.91; speci-
ficity = 0.89; positive predictive value = 0.91; negative predictive value 
= 0.89). 

3.2. Subtypes and neurotransmitters 

Ninety-five PD patients from the PPMI cohort were analyzed. Of this 
cohort, 22 (23.16%) met the criteria for TD, 69 (72.63%) for AR, and 
four (4.21%) for mixed based on MDS-UPDRS definitions. There was a 
significant difference between group levels for HVA (p < 0.0001) and 5- 
HIAA (p = 0.0121), Fig. 2. AR patients had significantly lower HVA 
levels than TD patients (p = 0.010) and HC (p < 0.0001). Additionally, 
AR patients had substantially lower 5-HIAA levels than TD (p = 0.0081) 
and HC (p = 0.0051). 

A linear model with HVA (5.3% odds, p = 0.007), MDS-UPDRS 
motor (-16.7% odds, 0.0014), and age (9.5% odds, p = 0.006) was 
used to predict classification for TD. This model associated lower MDS- 
UPDRS motor scores and higher HVA levels with the TD subtype. The 
model had an AUC of 87% (0.87, p = 9.02*10-8, 95% confidence in-
terval, 0.79–0.95), Fig. 3. The cutoff probability was > 0.19 for TD 
classification (sensitivity = 0.86, specificity = 0.74, positive-predictive 
value = 0.5, negative-predictive value = 0.95). 

A linear model with 5-HIAA (− 4.9% odds, p = 0.013), MDS-UPDRS 
motor (12.6% odds, p = 0.003), and age (− 8.8% odds, p = 0.006) was 
used to predict classification for AR. In this model, higher MDS-UPDRS 
scores and lower 5-HIAA were related to the AR subtype. The model had 
an AUC of 85% (0.85, p = 7.76*10-8, 95% confidence interval, 
0.77–0.93), Fig. 3. The cutoff probability was > 0.66 for AR classifica-
tion (sensitivity = 0.83, specificity = 0.77, positive-predictive value =
0.90, negative-predictive value = 0.63). 

Table 2 
Ratio calculation for PD motor subtypes.  

Scale UPDRS MDS-UPDRS 

Formula TD/AR ratio = TD score/ AR 
score 
AR score = sum of rigidity 
items/12 
TD score = sum of tremor 
items/9 

TD/AR ratio = TD score/ AR score 
AR score = sum of rigidity items/ 
15 
TD score = sum of tremor items/ 
11 

Cutoff score Tremor Dominant ≥ 0.97 
Akinetic Rigid ≤ 0.80 
Mixed > 0.80 and < 0.97 

Tremor Dominant ≥ 0.82 
Akinetic Rigid ≤ 0.71 
Mixed > 0.71 and < 0.82 

Tremor 
Items 

Part II 
2.16 Tremor 
Part 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 

Part II 
2.10 Tremor 
Part III 
3.15a. Postural tremor– Right 
hand 
3.15b. Postural tremor– Left 
hand 
3.16a. Kinetic tremor– Right 
hand 
3.16b. Kinetic tremor– Left hand 
3.17a. Rest tremor amplitude– 
RUE 
3.17b. Rest tremor amplitude– 
LUE 
3.17c. Rest tremor amplitude– 
RLE 
3.17d. Rest tremor amplitude– 
LLE 
3.17e. Rest tremor amplitude– 
Lip/jaw 
3.18. Constancy of rest tremor 

Rigidity 
Items 

Part III 
3.22. Rigidity-Neck 
3.22. Rigidity-RUE 
3.22. Rigidity-LUE 
3.22. Rigidity-RLE 
3.22. Rigidity-LLE 
3.23. Finger taps-RUE 
3.23. Finger taps-LUE 
3.24. Hand movements-RUE 
3.24. Hand movements-LUE 
3.27. Arising from Chair 
3.28. Posture 
3.29. Gait 
3.30. Postural instability 
3.31. Body Bradykinesia  

Part III 
3.2. Facial expression 
3.3a. Rigidity-Neck 
3.3b. Rigidity-RUE 
3.3c. Rigidity-LUE 
3.3d. Rigidity-RLE 
3.3e. Rigidity-LLE 
3.4a. Finger tapping-RUE 
3.4b. Finger tapping-LUE 
3.6a. Pronation-supination-RUE 
3.6b. Pronation-supination-LUE 
3.7a. Toe tapping-Right 
3.7b. Toe tapping-Left 
3.8a. Leg agility-Right 
3.8b. Leg agility-Left 
3.14. Global spontaneity of 
movement  

Fig. 1. UTMove ROC. ROC curve using MDS-UPDRS as a predictor and UPDRS as a label. A. ROC curve showing false positive versus true positive rate for clas-
sification into TD subtype using MDS-UPDRS TD subtype as predictor and UPDRS TD subtype as label. B. ROC curve showing false positive versus true positive rate 
for classification into AR subtype. 
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4. Discussion 

A heterogeneous phenotypic expression and pathological underpin-
ning characterize PD. Clinicians, therefore, have widely used motor 
subtyping to identify features that influence the rate of progression, 
dopaminergic response, and prevalence of non-motor symptoms that 
correlate with neural and biochemical substrates of disease pathogen-
esis. In this paper, we update our previously published motor subtyping 
using the MDS-UPDRS and compare the levels of both HVA and 5-HIAA 
between subtypes. 

The optimal sensitivity and specificity for the MDS-UPDRS cutoff 
scores were ≥ 0.82 for TD and ≤ 0.71 for AR and between 0.71 and 0.82 
for Mixed classifications. Further, these subtypes could be predicted 
based on CSF HVA and 5-HIAA levels. A logistic model consistent with 
previous studies found that lower MDS-UPDRS motor scores and higher 
HVA levels were associated with the TD subtype in the PPMI cohort. 
Furthermore, a second logistic model found that higher MDS-UPDRS 
motor scores and lower 5-HIAA levels were related to the AR subtype 
in this cohort. 

HVA, the primary terminal metabolite of dopamine and product of 
monoamine oxidase and catechol-O-methyltransferase activity, is 
thought to represent dopamine turnover in the brain [14]. HVA was 

elevated in TD compared to AR patients, and it appears to be a more 
specific biomarker for the TD disease subtype. Decreased DA levels in 
the striatum may correlate to reduced levels of HVA in the CSF. Other 
groups have found that TD patients had elevated levels of striatal DA 
compared to AR patients [15], which may be secondary to decreased 
intracerebral connectivity between their STN and putamen, leading to 
suppression of the basal ganglia-thalamocortical feedback loop [16]. In 
contrast to our previous paper, the HVA levels differed significantly 
between groups. A possible explanation for the difference in HVA levels 
may be that the PPMI subjects were naïve to PD medications and early in 
the disease process. In contrast, our initial population, which was used 
to define motor subtypes by the UPDRS, received dopaminergic medi-
cations and represented a more advanced stage of the disease with a 
mean disease duration of 9.2 years [4]. 

Serotonin is known to help mediate DA release and impact GABA and 
glutamate functioning, which are implicated in the basal ganglia and 
motion initiation [17]. It is noteworthy that only 12.6% of the patients 
in the study were on an SSRI or SNRI. Additionally, the proportion of TD 
patients (3.2%) versus AR patients (9.4%) and MX patients (0%) on the 
medications matched with the frequency of each subtype. 

Multiple studies have shown decreased CSF levels of 5-HIAA, the 
primary metabolite of serotonin, in PD patients [18–20] and have linked 

Fig. 2. CSF neurotransmitters. The graph depicts the mean and SD for each motor subtype. HVA, Homovanillic acid; 5-HIAA, 5-hydroxyindoleacetic acid. P-value 
represents a t-test between groups. p-value ** ≤ 0.01, *** ≤ 0.001, **** ≤ 0.0001. 

Fig. 3. PPMI ROC. ROC curve using 
probabilities derived from a logistic 
regression model as predictors (which 
combine neurotransmitter levels) and 
MDS-UPDRS subtypes as labels. A. 
ROC curve showing false positive 
versus true positive rate for classifica-
tion into TD subtype using TD proba-
bilities derived from a logistic 
regression model as predictors and 
MDS-UPDRS TD subtypes as labels. B. 
ROC curve showing false positive 
versus true positive rate for classifica-
tion into AR subtype using AR proba-
bilities derived from a logistic 
regression model as predictors and 
MDS-UPDRS AR subtypes as labels.   
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serotoninergic dysfunction with tremor and non-motor symptoms 
[21–23]. Interestingly, in this study, AR patients had the lowest levels of 
5-HIAA, which goes along with our previously published findings [4]. 
This may be explained by the fact that PPMI patients are recruited 
within two years of diagnosis with a positive DaTscan, so they may 
represent a population characterized beyond a Braak stage 3 (raphe 
complex is affected) [24], and it might be the case that based on the 
more rapid progression in the AR subtype [8], their serotoninergic 
system is more involved, which can also explain the higher prevalence of 
depression in this subtype [25]. Other groups have shown that poor 
levodopa responders have low CSF 5-HIAA levels [19], which is the case 
for AR patients; furthermore, a negative correlation between levels of 5- 
HT and rigidity, akinesia, and gait freezing has been described [26]. 

Some of the study limitations include the sample size used for vali-
dation and the concomitant use of medication that might influence the 
serotonin metabolic pathway, even though this was in a small percent-
age of patients. 

5. Conclusions 

This MDS-UPDRS motor classification system provides a method to 
transition from the original UPDRS to the new MDS-UPDRS and is a 
reliable tool for disease subtyping. The TD subtype is associated with 
lower motor scores and higher HVA levels, while the AR subtype is 
associated with higher motor scores and lower 5-HIAA levels. 
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