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A B S T R A C T   

Objective: The predictive factors for wheelchair dependence in patients with multiple system atrophy (MSA) are 
unclear. We aimed to explore the predictive factors for early-wheelchair dependence in patients with MSA 
focusing on clinical features and blood biomarkers. 
Methods: This is a prospective cohort study. This study included patients diagnosed with MSA between January 
2014 and December 2019. At the deadline of October 2021, patients met the diagnosis of probable MSA were 
included in the analysis. Random forest (RF) was used to establish a predictive model for early-wheelchair 
dependence. Accuracy, sensitivity, specificity, and area under the receiver operating characteristic curve 
(AUC) were used to evaluate the performance of the model. 
Results: Altogether, 100 patients with MSA including 49 with wheelchair dependence and 51 without wheelchair 
dependence were enrolled in the RF model. Baseline plasma neurofilament light chain (NFL) levels were higher 
in patients with wheelchair dependence than in those without (P = 0.037). According to the Gini index, the five 
major predictive factors were disease duration, age of onset, Unified MSA Rating Scale (UMSARS)-II score, NFL, 
and UMSARS-I score, followed by C-reactive protein (CRP) levels, neutrophil-to-lymphocyte ratio (NLR), 
UMSARS-IV score, symptom onset, orthostatic hypotension, sex, urinary incontinence, and diagnosis subtype. 
The sensitivity, specificity, accuracy, and AUC of the RF model were 70.82 %, 74.55 %, 72.29 %, and 0.72, 
respectively. 
Conclusion: Besides clinical features, baseline features including NFL, CRP, and NLR were potential predictive 
biomarkers of early-wheelchair dependence in MSA. These findings provide new insights into the trials regarding 
early intervention in MSA.   

1. Introduction 

Multiple system atrophy (MSA) is a sporadic, adult-onset, and rare 
neurodegenerative disorder, clinically characterized by parkinsonism, 
cerebellar ataxia, and autonomic dysfunction [1]. MSA has unclear 
etiology and develops gradually. No effective treatment is available for 
MSA. 

Requirement of walking aids, confinement to a wheelchair, and 
bedridden state are important clinical stages of MSA [2]. When MSA 
patients are confined to a wheelchair, many daily activities such as 
dressing, getting on and off the bed, bathing, and going to the toilet 
cannot be performed independently, thus leading to disability. The 
quality of life of patients with MSA gradually declines, leading to 
increased dependency and economic burden on their families. The mean 
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duration of confinement to a wheelchair varied from 3.5 to 7 years in 
different studies [2–7]. Several risk factors for wheelchair confinement 
in patients with MSA have been proposed. These include higher age of 
onset, higher Unified MSA Rating Scale (UMSARS) score, and early 
development of autonomic dysfunction [2,3,6]. However, discussions 
regarding the potential risk factors related to wheelchair confinement 
have mainly focused on clinical features. Additionally, data related to 
Chinese patients with MSA remain largely unknown. 

Systemic inflammation may contribute to the progression of neuro-
degenerative diseases [8]. Previous studies have demonstrated that 
inflammation plays an important role in MSA [9–11].The blood 
neutrophil-to-lymphocyte ratio (NLR) and C-reactive protein (CRP) 
levels are easily available biomarkers indicating peripheral inflamma-
tion. We found that high NLR predicted short survival in MSA [12]. In 
addition, our previous study demonstrated that plasma neurofilament 
light chain (NFL) is a reliable biomarker for monitoring the progression 
of MSA [13]. We hypothesized that these blood biomarkers would pre-
dict wheelchair dependence in patients with MSA. 

Random forest (RF) [14] is a widely used machine learning algo-
rithm in healthcare [15,16]. RF has exhibited important advantages 
over other methodologies, performed well in the classification task, and 
provided an important value to each feature [17]. However, RF has been 
rarely applied in the prediction of wheelchair dependence in patients 
with MSA. 

Thus, the purpose of the present study was to establish a predictive 
model of early-wheelchair dependence in early-stage MSA based on the 
RF, focusing on clinical features and blood biomarkers. 

2. Methods 

We recruited participants from a prospective cohort of patients with 
MSA (disease duration <3 years) at the Department of Neurology, West 
China Hospital of Sichuan University between January 2014 and 
December 2019. All patients met the probable MSA based on the second 
consensus MSA criteria [1]. Patients underwent brain magnetic reso-
nance imaging to exclude other neurological disorders and were 
screened for spinocerebellar ataxia (SCA) genes including SCA1, 2, 3, 6, 
and 7 to exclude the common forms of SCA. The exclusion criteria at 
baseline were as follows: 1) patients with a disease duration of more 
than 3 years, 2) patients confined to a wheelchair, 3) patients with 
incomplete blood indices, and 4) patients with urinary tract infections, 
bronchopneumonia, or aspiration pneumonia. All patients were fol-
lowed up once a year via telephone or face-to-face interviews by 
neurologists. 

MSA with predominantly cerebellar ataxia features was designated 
as MSA-C and that with predominantly parkinsonian features was 
designated as MSA-P [1]. All patients were independently interviewed 
and examined by a neurologist. Clinical data including age, sex, age of 
onset, disease duration, and symptom onset were collected. Disease 
duration was defined as the time from the date of disease onset to the 
evaluation date. Onset of symptoms was defined as the initial presen-
tation of any motor symptoms (such as parkinsonism or cerebellar 
ataxia) or autonomic features except erectile dysfunction [1]. Disease 
severity was evaluated using the UMSARS, which was rated using a four- 
point scale [18]. Orthostatic hypotension (OH) was defined as a 
decrease in the systolic blood pressure by at least 30 mmHg or a decrease 
in the diastolic blood pressure by at least 15 mmHg after 3 min of 
standing following a previous 10-min interval in the recumbent position. 

Baseline blood samples were obtained after overnight fasting. NFL, 
CRP, and NLR were analyzed in this study. Plasma NFL levels were 
quantified using the ultrasensitive Simoa technology (Quanterix, Bill-
erica, MA, USA) on the automated Simoa HD-X platform according to 
the manufacturer’s instructions. Plasma samples with 1:4 dilution were 
used for the measurements. Calibrators, quality controls, and samples 
were measured in duplicates. The operators were blinded to the par-
ticipants’ disease status. NLR was calculated by dividing the absolute 

number of neutrophils by the absolute number of lymphocytes obtained 
from the complete blood count. 

Wheelchair dependence was defined as permanent confinement to a 
wheelchair. Duration of wheelchair dependence was defined as the in-
terval from the date of symptom onset to the date of confinement to a 
wheelchair. At the deadline of October 2021, 151 patients diagnosed 
with probable MSA were included in the study (Fig. 1). The mean 
duration from symptom onset to wheelchair dependence in 151 patients 
with MSA was 4.318 years (95 % confidence interval: 4.056–4.580) 
according to the Kaplan–Meier curve (Fig. 2). Therefore, the cut-off 
duration for early-wheelchair dependence in the present study was set 
to 4 years. According to the aim of the study, 51 patients with disease 
duration ≤4 years who were not wheelchair dependence at the time of 
set deadline, were excluded from the final analysis, since we did not 
know when the patients would develop wheelchair dependence. Thus, 
100 patients were included in the final analysis. Based on the cut-off 
duration of early-wheelchair dependence of 4 years, patients were 
divided into two groups: 1) patients with wheelchair dependence (pa-
tients confined to a wheelchair at disease duration ≤4 years) and 2) 
patients without wheelchair dependence (patients confined or not 
confined to a wheelchair at disease duration >4 years). 

2.1. Statistical analysis 

Student’s t-test was used to compare the continuous variables, fol-
lowed by the chi-squared test to compare the categorical variables be-
tween the groups. The following variables were included in the RF 
model: sex (female: 0, male: 1), age of onset, disease duration, diagnostic 
subtype (MSA-C: 0, MSA-P: 1), onset of symptoms (autonomic onset: 0, 
motor onset: 1, UMSARS-I score, UMSARS-II score, UMSARS-IV score, 
OH, urinary incontinence, and NFL, CRP, and NLR values. The RF al-
gorithm randomly divided the data into two groups: 1) training set that 
included 80 % of the sample, and 2) test set that included the remaining 
20 % of the sample. The training set was used for the construction of the 
early-wheelchair dependence model of MSA and the test set was used for 
internal validation of the model. Fivefold cross-validation was also 
performed. We used accuracy, sensitivity, specificity, and area under the 
receiver operating characteristic curve (AUC) to evaluate the perfor-
mance of the RF model. The predictive power of variables in the RF 
model was measured using the mean decrease of the Gini index [19]. 
Gini index is a powerful measure of the randomness in the values of a 
dataset, which aims to decrease the impurities from the root nodes (at 
the top of decision tree) to the leaf nodes (vertical branches down the 
decision tree) of a decision tree model. The variables with the higher 
mean decrease of the Gini index are considered the most important. IBM 
SPSS Statistics (version 26.0; IBM Corp., Armonk, NY, USA) and R 
(version 4.0.2; The R foundation, Vienna, Austria) were used for sta-
tistical analyses. Statistical significance was set at p < 0.05. 

3. Ethics statement 

Approval was obtained from the Ethics Committee of West China 
Hospital of Sichuan University. Informed consent was obtained from all 
participates. 

4. Results 

Altogether, 100 patients with MSA (49 with wheelchair dependence 
and 51 without wheelchair dependence) were enrolled in the present 
study. The average follow-up period was more than 4 years (rang 2–7 
years). The baseline demographic and clinical information of patients 
with MSA is presented in Table 1. The mean age of onset and mean 
disease duration of all patients with MSA at baseline were 57.82 ± 7.83 
years and 1.90 ± 0.71 years, respectively. Patients with wheelchair 
dependence at baseline had a shorter disease duration, higher propor-
tion of motor onset, and higher baseline UMSARS scores (UMSARS-I, 
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UMSARS-II, and UMSARS-IV) than those without wheelchair depen-
dence (P < 0.05). No significant differences were observed in other 
clinical features at baseline including diagnostic subtype, sex, age of 
onset, incidence of OH, and urinary incontinence between patients with 
and without wheelchair dependence. 

Baseline plasma NFL levels of patients with wheelchair dependence 
were significantly higher than those of patients without wheelchair 
dependence (45.41 ± 27.89 vs 35.73 ± 16.60 pg/ml, P = 0.037). 
Although baseline CRP levels and NLR were higher in patients with 
wheelchair dependence, the difference was not statistically significant. 

The Gini index depicted the predictive power of the variables that 
were included in the RF model (Fig. 3A). The five major predictive 
factors were disease duration, age of onset, UMSARS-II score, NFL, and 
UMSARS-I score; followed by CRP, NLR, UMSARS-IV score, symptom of 
onset, OH, sex, urinary incontinence, and diagnostic subtype. The five-
fold cross-validation of the RF model showed that the sensitivity, 

specificity, and accuracy were 70.82 %, 74.55 %, and 72.29 %, 
respectively (Table 2). The receiver operating characteristic curve for 
the model is depicted in Fig. 3B. The mean AUC was 0.72. 

5. Discussion 

To the best of our knowledge, the novelty of our study is that we 
conducted a prospective cohort study of patients with MSA, combining 
early clinical features and blood biomarkers to predict early-wheelchair 
dependence using a machine learning algorithm. We highlighted five 
major predictive factors for early-wheelchair dependence: disease 
duration, age of onset, UMSARS-II score, NFL, and UMSARS-I score. The 
sensitivity, specificity, accuracy, and AUC of the RF model for predicting 
early-wheelchair dependence were 70.82 %, 74.55 %, 72.29 %, and 
0.72, respectively. 

A Japanese study analyzed 230 patients with MSA and found that the 
mean duration from symptom onset to confinement to a wheelchair was 
5 years [2]. Recently, a British study reported that the mean duration 
from symptom onset to wheelchair dependence was 5.4 years in 160 
patients with pathologically confirmed MSA [7]. In the present study, 
the mean duration from symptom onset to wheelchair dependence was 
4.3 years in 151 patients with MSA, which was similar to the results of 
previous studies [2,7]. However, it was lower than that reported by 
another British study (6.7 years) with a small sample size of 83 patients 
with MSA [4]. Due to the short duration from symptom onset to 
wheelchair dependence, it is highly important to establish an early 
predictive model for wheelchair dependence using potential 
biomarkers. 

Initially, we established a wheelchair dependence predictive model 
based on RF, combining clinical features and blood biomarkers. Disease 
duration and disease severity (UMSARS-II and UMSARS-I scores) were 
important predictive factors for wheelchair dependence in patients with 
MSA. In addition, we observed that these patients had a shorter disease 
duration and higher UMSARS-I and UMSARS-II scores at baseline. 
Therefore, our findings suggest that faster disease progression in the 
early stages of the disease can predict early occurrence of wheelchair 
dependence in patients with MSA. 

Fig. 1. Study flow diagram.  

Fig. 2. Kaplan–Meier curve of the duration from symptom onset to wheelchair 
dependence in 151 patients with multiple system atrophy. 
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Age of onset was also an important predictive factor for wheelchair 
dependence. Patients with wheelchair dependence had a relatively 
higher age of onset. Thus, our findings indicated that patients with MSA 
having a higher age of onset were more likely to develop wheelchair 

dependence within 4 years. This finding was consistent with that re-
ported in a previous study [2]. 

NFL is essential for radial growth and structural stability of myelin-
ated axons [20], which are released into the cerebrospinal fluid and 
blood during axonal damage [21]. Our previous study and other studies 
found that plasma NFL levels were higher in patients with MSA than in 
healthy controls [13,22–24]. In addition, we found that NFL levels in 
these patients increased with disease progression and this increase could 
predict motor progression of MSA [13]. In the present study, we used a 
RF model to demonstrate that NFL is a valuable predictor of wheelchair 
dependence in MSA. These findings suggest that axonal injury may play 
an important role in the pathological mechanism of MSA. Our study 
highlights that NFL is a good quantitative biomarker for monitoring 
disease progression in future clinical trials. 

Our RF model indicated that the role of CRP and NLR in predicting 
wheelchair dependence in MSA cannot be ignored. CRP and NLR are 
blood biomarkers that represent peripheral inflammation. Reportedly, 
systemic inflammation is related to the progression of neurodegenera-
tive diseases [8]. Previous studies have demonstrated a correlation be-
tween inflammation and MSA [9–11], suggesting that inflammation 
plays an important role in the pathogenesis of MSA. There is a paucity of 
studies on peripheral inflammatory biomarkers in MSA. It has been re-
ported that NLR is a predictive factor for the prognosis of cardiovascular 
diseases [25], cerebrovascular disease [26], and amyotrophic lateral 
sclerosis [27]. Our previous study reported that high NLR predicted 
short survival in MSA [12]. Patients with wheelchair dependence had 
relatively higher CRP levels and NLR at baseline. We hypothesized that 
patients with early wheelchair dependence would have a more severe 
inflammatory reaction in the early stage of MSA. Our study showed that 
both CRP level and NLR were predictive biomarkers for wheelchair 
dependence in MSA, which further supported the important role of pe-
ripheral inflammation in the prognosis of MSA. 

A major strength of our study is that we conducted a prospective 

Table 1 
Demographic and clinical information for MSA with and without wheelchair 
dependence at baseline.  

Variables Total With wheelchair 
dependence 

Without 
wheelchair 
dependence 

P- 
value 

Number 100 49 51 – 
Diagnosis 

subtype     
MSA-P 40 19(38.8 %) 21(41.2 %) 0.806 
MSA-C 60 30(61.2 %) 30(58.8 %) 
Sex     
Male 44 (44.0 

%) 
23 (46.9 %) 21 (41.2 %) 0.562 

Female 56 (56.0 
%) 

26 (53.1 %) 30 (58.8 %) 

Motor onset (%) 60 (60.0 
%) 

35 (71.4 %) 25 (49.0 %) 0.022* 

Age of onset 57.82 ±
7.83 

59.01 ± 6.94 56.68 ± 8.51 0.139 

Disease duration 1.90 ±
0.71 

1.69 ± 0.65 2.10 ± 0.72 0.003* 

UMSARS-I 16.13 ±
6.54 

18.18 ± 6.72 14.16 ± 5.78 0.002* 

UMSARS-II 18.32 ±
7.92 

20.69 ± 8.77 16.04 ± 6.29 0.003* 

UMSARS-IV 2.14 ±
0.90 

2.37 ± 0.76 1.92 ± 0.98 0.012* 

OH (%) 43 (43.0 
%) 

24 (49.0 %) 19 (37.3 %) 0.236 

Urinary 
incontinence 
(%) 

67 (67.0 
%) 

30 (61.2 %) 37 (72.5 %) 0.229 

NFL (pg/ml) 40.47 ±
23.24 

45.41 ± 27.89 35.73 ± 16.60 0.037* 

CRP (mg/L) 2.02 ±
2.42 

2.31 ± 2.72 1.73 ± 2.07 0.234 

NLR 2.21 ±
1.15 

2.36 ± 1.45 2.07 ± 0.77 0.212 

MSA: multiple system atrophy; MSA-P: multiple system atrophy with predomi-
nate parkinsonism; MSA-C: multiple system atrophy with predominate cere-
bellar ataxia; UMSARS: unified multiple system atrophy rating scale; OH: 
orthostatic hypotension; NFL: Neurofilament light chain; CRP: C-reactive pro-
tein; NLR: neutrophil-to-lymphocyte ratio. 
* Significant difference. 

Fig. 3. The Gini index (A) and area under the receiver operating characteristic curve (B) of the random forest model.  

Table 2 
Performances of the random forest model.   

Sensitivity (%) Specificity (%) Accuracy (%) AUC 

Fold 1  63.64  77.78  70.00  0.70 
Fold 2  75.00  66.67  70.00  0.70 
Fold 3  72.73  77.78  75.00  0.75 
Fold 4  70.00  72.73  71.43  0.71 
Fold 5  72.73  77.78  75.00  0.72 
Mean  70.82  74.55  72.29  0.72 

AUC: area under receiver operating characteristic curve. 

L. Zhang et al.                                                                                                                                                                                                                                   



Clinical Parkinsonism & Related Disorders 8 (2023) 100183

5

cohort study of patients with MSA, combining clinical features and 
blood biomarkers to predict wheelchair dependence using a machine 
learning algorithm. We highlighted five major predictive factors for 
wheelchair dependence: disease duration, age of onset, UMSARS-II 
score, NFL, and UMSARS-I score. These findings provide new insights 
into the trials regarding early intervention in MSA. 

The present study has some limitations. First, we enrolled patients 
with MSA who had a disease duration of <3 years and underwent NFL 
measurement at baseline. Therefore, the sample size of MSA patients in 
our study was relatively small, which might have influenced the per-
formance of the RF model. Second, peripheral inflammatory biomarkers 
were not comprehensive. Inflammatory biomarkers such as IL-1, IL-2, IL- 
6, IL-10 and tumor necrosis factor (TNF)-α could be used to improve the 
predictive model in the future. Third, all patients were clinically diag-
nosed without a postmortem diagnosis. However, we confirmed the 
diagnosis of probable MSA through regular annual follow-up. 

6. Conclusion 

This is the first study to construct a predictive model for early- 
wheelchair dependence combining clinical features and blood bio-
markers and using a machine learning algorithm in a prospective MSA 
cohort. The sensitivity, specificity, accuracy, and AUC of the RF model 
for predicting early-wheelchair dependence were 70.82 %, 74.55 %, 
72.29 %, and 0.72, respectively. Besides clinical features, baseline fea-
tures including NFL, CRP, and NLR were potential predictive biomarkers 
of early-wheelchair dependence in MSA. 
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