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Abstract
Objective  Improvement of quality-of-life (QoL) has been termed as a primary objective in initiating therapy in both Par-
kinson’s disease (PD) and multiple system atrophy Parkinsonian subtype (MSA-P). We aimed to compare the determinants 
of life quality in drug naïve PD and MSA-P patients.
Methods  Eighty-six drug-naïve PD patients and thirty-five drug-naïve MSA-P patients were included to explore the determi-
nants of QoL. Demographic information, motor deficits, and non-motor symptoms were included in the clinical assessment.
Results  Both motor and non-motor functions were more severely impaired in the drug-naïve MSA-P patients, with higher 
PDQ-39 scores indicating poorer QoL. Physical discomfort and stigma were the main affected sub-domains in PD, while 
mobility and activity of daily life were the main affected ones in MSA-P. BECK depressive scores and UPDRS-III scores 
were independent variables of PDQ-39 in MSA-P patients. Age, depression, disease stages and non-motor scores were 
independent variables of PDQ-39 in PD patients.
Interpretation  Drug-naïve MSA-P patients suffered from more severe motor and non-motor disability, as well as poorer 
QoL. Depression and non-motor symptoms were proved to be the most critical determinants for QoL in PD, while motor 
function was supposed to be the major determinant for MSA-P. When initiating therapy, physicians need to focus more on 
motor functions in drug-naïve MSA-P patients, but on depression in PD patients.
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Introduction

It has been widely discussed when and how to initiate the 
medical treatment in Parkinson’s disease (PD) and related 
neurodegenerative disorders, either start immediately on 
diagnosis or wait until the functional disability occurs [7, 

10]. The quality of life (QoL), one of the major primary out-
comes, has been adopted in a number of double-blind rand-
omized clinical trials, and it is believed that the improvement 
of QoLis one of the primary objectives to initiate medical 
treatment [12, 21]. Therefore, it is of great necessity to clar-
ify the QoL status in untreated PD and related disorders for 
initiating precision therapy for final QoL improvement [11].

To initiate the medication in PD, the motor symptoms, 
which are the core manifestations and response quite well 
to dopaminergic therapy, are currently the first considera-
tion. The Parkinsonian subtype of multiple system atrophy 
(MSA-P) often mimics Parkinson’s disease (PD) in motor 
symptoms including tremor, bradykinesia, rigidity and pos-
tural instability [4, 38, 40]. Therefore, dopaminergic ther-
apy focusing on the shared motor symptoms is empirically 
initiated in MSA-P [20], which was similar to PD. How-
ever, MSA-P patients respond poorly to levodopa, suffer 
severe autonomic failures and degenerate much faster than 
PD patients [31]. Furthermore, QoL is not only influenced 

Shu-Jin He, Zhen-Yang Liu and Yu-Jie Yang contributed equally 
to the manuscript.

 *	 Feng‑Tao Liu 
	 liufengtao@fudan.edu.cn

 *	 Jian Wang 
	 wangjian_hs@fudan.edu.cn; wangjian336@hotmail.com

1	 Department of Neurology and National Clinical Research 
Center for Aging and Medicine, Huashan Hospital, Fudan 
University, 12 Wulumuqi Zhong Road, Jing’an District, 
Shanghai 200040, China

2	 Intensive Care Unit, Huashan Hospital (West Campus), 
Fudan University, Shanghai 201107, China

http://orcid.org/0000-0001-7688-1631
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-019-09545-0&domain=pdf


3120	 Journal of Neurology (2019) 266:3119–3125

1 3

by motor symptoms, but also by non-motor manifesta-
tions. Therefore, to make more precise and individualized 
treatment strategy to improve the QoL, physicians need to 
explore in detail the characteristics and differences in QoL 
of PD and MSA-P, especially in drug-naïve condition.

Herein, we recruited a cohort of drug-naïve PD and 
MSA-P patients to investigate the determinants of their QoL. 
By focusing on the detected determinants, our study might 
offer precise suggestions to initiate the medical therapy 
in MSA-P and PD with better anticipations of final QoL 
improvements.

Patients and methods

Patients

Drug-naïve PD patients and drug-naïve MSA-P patients 
were consecutively recruited from January 2011 to Janu-
ary 2016 in Huashan Hospital, Fudan University. All PD 
patients were diagnosed according to the criteria of the 
United Kingdom PD Society Brain Bank [15, 25] by at least 
two specialists on movement disorders, and confirmed by at 
least 2-year follow-up. All MSA-P patients were diagnosed 
according to the probable MSA clinical diagnostic criteria 
[13] and identified as the Parkinsonian subtype (MSA-P) 
according to the predominant motor symptom. All par-
ticipants signed informed consent in accordance with the 
Declaration of Helsinki before participation. The study was 
approved by the Human Studies Institutional Review Board, 
Huashan Hospital, Fudan University.

Clinical assessments

Every patient received a full set of clinical assessment com-
prising of demographic information, motor function, non-
motor disability and health-related life quality. Demographic 
information, including gender, age, age of onset and disease 
duration, was collected over interview and questionnaire. 
Clinical examinations were carried out by at least two move-
ment disorder specialists at Huashan Hospital. The motor 
function was measured by Hoehn and Yahr stage (H&Y) 
and Unified Parkinson’s Disease Rating Scale—part III 
(UPDRS-III). Non-motor symptom was assessed by the 
Non-Motor Symptom Questionnaire (NMSQ) [5], which 
is composed of 30 items classified into 9 sub-domains. 
Other non-motor symptoms including Rapid-eye-move-
ment (REM)-sleep behavior disorder (RBD) and daytime 
somnolence were assessed by specific questionnaire such 
as REM-sleep Behavior Disorder Screening Questionnaire 
(RBDSQ) [36] and Epworth Sleepiness Scale (ESS) [6]. 
The patient’s depression was assessed by Beck Depression 

Inventory (BDI) [24, 32], as well as Geriatric Depression 
Scale (GDS) [9].

The QoL in our study was assessed using Parkinson’s Dis-
ease Quality of Life Questionnaire (PDQ-39) [34]. PDQ-39 
is a most widely used PD-related self-reported questionnaire, 
which comprised 39 items covering eight domains: mobility, 
activity of daily living, emotional well-being, stigma, social 
support, cognition, communication, and bodily discomfort 
[34]. All of the items are scored on a 5-point ordinal scale 
ranging from 0 (“never”) to 4 (“always”). Original PDQ-39 
scores were standardized to summary index (PDQ-39 SI), 
dividing the raw scores by the maximum possible raw score, 
and multiplying by 100 (range from 0 to 100). Higher scores 
indicate worse QoL. All the rating scales were validated in 
Chinese version.

Statistical analysis

Statistical analysis was performed using SPSS software 
(Version 17.0; SPSS, lnc. Chicago, IL). Continuous data 
were examined of normality using Kolmogorov–Smirnov’s 
test. Student’s t test was used for the analysis of the continu-
ous data which was normally distributed and Mann–Whit-
ney’s U test was used for the data which were not. Pearson’s 
Chi-squared was adopted for the analysis of categorical 
variables. Correlations between QoL and baseline clinical 
parameters were assessed using Spearman’s rho correlation 
coefficient. We evaluated the impact of clinical features by 
linear regression model, and multiple stepwise regression 
was used to uncover the main determinants of the life qual-
ity in PD and MSA-P patients respectively. The significance 
level was set at 0.05.

Results

Demographics and clinical characteristics

In our study, 86 de novo PD patients (43 men, 43 women, 
59.05 ± 10.50 years old) and 35 de novo MSA-P patients 
(19 men, 16 women, 57.63 ± 7.72 years old) were finally 
recruited. Demographic information and clinical character-
istics were presented in Table 1. No difference was reported 
between the two groups in demographic information.

Motor and non‑motor characteristics

Both H&Y ratings and UPDRS motor scores were signifi-
cantly higher in MSA-P patients than PD patients, at the 
first diagnosis. A higher incidence of rigidity was found in 
MSA-P patients, but PD patients had higher incidence of 
tremor than MSA-P patients (Table 1).
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In general, non-motor dysfunctions detected by NMSQ 
were more severe in MSA-P patients (13.38 ± 5.65 vs. 
7.72 ± 4.59, p < 0.001) in most sub-domains (Table 1). In 
sleep disorders, MSA-P patients might experience more 
severe RBD symptoms, with a trend of higher RBDSQ 
scores, though not reaching statistically significance level 
(p = 0.052). However, they might have similar daytime sleep-
iness problems as PD patients, with similar ESS scores. In 
terms of depression, both BDI scores and GDS scores were 
significantly higher in MSA-P comparing with PD.

Quality of life assessment and reassessment 
after 2‑year follow up

In our population at the first diagnosis, MSA-P patients had 
worse life quality compared with PD patients (38.43 ± 18.37 
vs. 13.73 ± 10.27, p < 0.001) according to the PDQ-39 SI 
score (Table 2). Further analysis indicated that the most 
affected sub-domains in de novo MSA-P were mobility 
(60.64 ± 27.00) and activity of daily living (48.81 ± 33.93), 
while physical discomfort (21.71 ± 20.38), cognitive 
impairment (17.59 ± 15.05) and emotional well-being 
(16.86 ± 16.65) in de novo PD patients.

Determinants of life quality

In de novo PD patients, the ratings in motor functions 
[H&Y stages (r = 0.33, p = 0.002), UPDRS-III scores 
(r = 0.31, p = 0.004)], non-motor functions [NMSQ 

Table 1   Demographics and 
clinical dysfunctions in PD and 
MSA-P patients

PD Parkinson’s disease, MSA-P multiple system atrophy-Parkinsonian subtype, H&Y stage Hoehn and 
Yahr stage, UPDRS-III Unified Parkinson’s Disease Rating Scale part III, NMSQ Non Motor Symptoms 
Questionnaire, RBDSQ Rapid-Eye-Movement Sleep Behavior Disorder Screening Questionnaire, ESS 
Epworth Sleepiness Score, GDS Geriatric Depression Scale, BDI Beck s

PD, N = 86 MSA-P, N = 35 p value

Men/women 43/43 19/16 0.669
Age (mean ± SD) 59.05 ± 10.50 57.63 ± 7.72 0.242
Age of onset (mean ± SD) 56.49 ± 11.52 55.89 ± 7.24 0.455
Disease duration (months) (quartiles) 17(5, 34) 21(7, 29) 0.812
H&Y stage [median (quartiles)] 2.00 (1.00, 2.00) 3.00 (2.00, 4.00) < 0.001
UPDRS-III Score 25.43 ± 10.98 40.67 ± 13.69 < 0.001
 Tremor 76/86 (88%) 15/35 (43%) < 0.001
 Rigidity 46/86 (53%) 26/35 (74%) 0.035
 Bradykinesia 77/86 (90%) 34/35 (97%) 0.168

NMSQ 7.72 ± 4.59 13.38 ± 5.65 < 0.001
 Digestive 1.45 ± 1.36 3.12 ± 1.32 < 0.001
 Urinary 0.92 ± 0.75 1.53 ± 0.71 < 0.001
 Memory 1.01 ± 1.02 1.03 ± 1.00 0.857
 Hallucination/delusions 0.20 ± 0.40 0.35 ± 0.54 0.126
 Depression/anxiety 0.70 ± 0.83 1.00 ± 0.89 0.084
 Sexual 0.58 ± 0.83 1.03 ± 0.87 0.007
 Cardiovascular 0.36 ± 0.57 1.15 ± 0.82 < 0.001
 Sleep disorder 1.49 ± 1.33 2.56 ± 1.65 0.001
 Miscellany 1.05 ± 1.04 1.62 ± 1.46 0.063

RBDSQ 3.19 ± 2.53 4.57 ± 3.51 0.052
ESS 4.54 ± 4.21 5.43 ± 5.61 0.705
GDS 8.58 ± 5.75 14.29 ± 8.29 < 0.000
BDI 9.94 ± 7.73 17.00 ± 11.91 0.002

Table 2   Quality of life assessment in drug-naïve PD and MSA-P 
patients

PD Parkinson’s disease, MSA-P multiple system atrophy-Parkinso-
nian subtype, PDQ-39 39-item Parkinson’s disease questionnaire, SI 
summary index

PD, N = 86 MSA-P, N = 35 p value

PDQ-39 SI 13.73 ± 10.27 38.43 ± 18.37 < 0.001
 Mobility SI 13.28 ± 17.13 60.64 ± 27.00 < 0.001
 Activity of daily living 

SI
11.24 ± 14.08 48.81 ± 33.93 < 0.001

 Emotional well-being SI 16.86 ± 16.65 29.17 ± 26.16 0.024
 Stigma SI 16.79 ± 21.57 28.93 ± 27.41 0.012
 Social support SI 3.78 ± 9.10 7.38 ± 12.59 0.088
 Cognitive impairment SI 17.59 ± 15.05 27.32 ± 20.51 0.013
 Communication SI 6.59 ± 11.37 31.19 ± 24.78 < 0.001
 Physical discomfort SI 21.71 ± 20.38 27.86 ± 25.08 0.269
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(r = 0.48, p < 0.001), as well as the NMS subdomains 
of digestive (r = 0.29, p = 0.007), memory (r = 0.36, 
p < 0.001), depression/anxiety (r = 0.55, p < 0.001) and 
miscellany (r = 0.34, p = 0.002)], somnolence (ESS, 
r = 0.40, p < 0.001) and emotional well-beings [BDI 
(r = 0.52, p < 0.001), GDS (r = 0.59, p < 0.001)] corre-
lated significantly with PDQ-39 SI. In MSA-P patients, the 
variables correlated greatly with PDQ-39SI include H&Y 
stages (r = 0.51, p = 0.004), UPDRS-III scores (r = 0.72, 
p < 0.001), BDI (r = 0.63, p < 0.001), GDS (r = 0.58, 
p < 0.001), NMSQ (r = 0.52, p = 0.002), and NMS sub-
domains of digestive (r = 0.43, p = 0.010), depression 
(r = 0.42, p = 0.013) and miscellany (r = 0.50, p = 0.003).

To explore the determinants of life quality in drug-naïve 
PD and MSA-P patients, we conducted the linear regres-
sion model based on the results of correlation analysis. For 
drug-naïve PD patients, depression was the most impor-
tant determinant of life quality (β = 0.468, p < 0.001), fol-
lowed by UPDRS-III (β = 0.230, p = 0.011) and NMSQ 
(β = 0.199, p = 0.042). For MSA-P patients, however, 
UPDRS-III motor score showed the strongest impact on 
PDQ-39 SI (β = 0.502, p = 0.008) (Table 3).

Furthermore, in a multiple stepwise analysis with 
all variables correlated with PDQ-39 SI entered, GDS, 
NMSQ, H&Y ratings and age were the determinants of 
PDQ-39 SI in PD patients; BDI score and UPDRS motor 
score were the determinants of PDQ-39 SI in MSA-P 
patients (Table 4).

Discussion

In this study, we investigated the clinical characteristics and 
compared the determinants of the QoL in drug-naïve PD and 
MSA-P patients. Non-motor symptoms, especially depres-
sion, played a crucial part in the life quality of PD patients. 
Compared with PD, the MSA-P patients suffered from worse 
QoL, where motor function was the most severely injured 
domain. Our findings may contribute to initiate more precise 
therapeutic strategies in drug-naïve PD and MSA-P to finally 
improve QoL.

Although it can be challenging to distinguish MSA-P 
from PD in the early stage due to the overlapping Parkinson-
ism [17], our study demonstrated that some clinical mani-
festations might be helpful. In the MDS clinical diagnostic 
criteria for PD, the early severe autonomic failure in the 
first 5 years was termed as the red flag for the diagnosis of 
PD [22]. Compared with PD, the MSA-P patients presented 
more severe motor and non-motor dysfunctions. Meanwhile, 
42% of the MSA-P patients reported tremor, but the percent-
age in PD was 88%. According to the existing studies, less 
than 10% of MSA patients present with typical Parkinsonian 
“pill-rolling” rest tremor, suggesting that tremor might be 
an important point for the differentiation between MSA-P 
and PD.

In the current study, physical discomfort and cognitive 
impairment scored higher than motor dysfunction in drug-
naïve PD patients, indicating the non-motor factors probably 
making great influence on the quality of life. Similarly, Gor-
don W. Duncan reported that the physical discomfort scored 
highest, with mobility and activity of daily living being the 
second in early PD (disease duration 6.36 ± 5.9 months) 
[8]. However, that study might have been cofounded by 
medication therapy [8]. In our study, the multiple forward 
stepwise analysis identified GDS, NMSQ, age and H&Y as 

Table 3   Impact of motor, non-motor symptoms on the PDQ-39SI 
based on the linear regression model in drug-naïve PD and MSA-P 
patients

PD Parkinson’s disease, GDS Geriatric Depression Scale, UPDRS-III 
Unified Parkinson’s Disease Rating Scale part III, NMSQ Non-Motor 
Symptoms Questionnaire, MSA-P multiple system atrophy-Parkinso-
nian subtype

Standardized β p value

PD, R2 = 0.718
 Age − 0.158 0.068
 Disease duration 0.085 0.316
 Gender − 0.015 0.862
 GDS 0.468  < 0.001
 UPDRS-III 0.230 0.011
 NMSQ 0.199 0.042

MSA-P, R2 = 0.779
 Age − 0.057 0.752
 Disease duration 0.206 0.284
 Gender − 0.128 0.411
 GDS 0.284 0.150
 UPDRS-III 0.502 0.008
 NMSQ 0.124 0.557

Table 4   Determinants of PDQ-39SI depending on the multiple step-
wise analysis in MSA-P and PD patients

PD Parkinson’s disease, GDS Geriatric Depression Scale, H&Y stage 
Hoehn and Yahr stage, NMSQ Non-Motor Symptoms Questionnaire, 
MSA-P multiple system atrophy-Parkinsonian subtype, BDI Beck 
Depression Inventory, UPDRS-III Unified Parkinson’s Disease Rating 
Scale part III

Standardized β p value

PD, R2 = 0.507
 GDS 0.431 < 0.001
 H&Y stage 0.290 0.001
 Age − 0.192 0.020
 NMSQ 0.218 0.035

MSA-P, R2 = 0.613
 BDI 0.369 0.026
 UPDRS-III 0.569 0.001
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independent factors on PDQ-39 for PD patients, with GDS 
being the strongest determinant of QoL, emphasizing the 
effects of depression. Similar results have been published 
by several studies, claiming that depression was the great-
est contributor to the decline of QoL in PD patients [16, 
26]. Therefore, physicians should pay more attention on 
the depression in drug-naïve PD patients to maximize the 
benefits on QoL. In a recent published update on the treat-
ment of non-motor symptoms of PD [28], the treatment on 
depression has been systemically suggested. However, the 
treatment efficacy of depression in clinical practice is far 
from satisfaction [2], where less than 20% of depressed PD 
patients undertook the anti-depressive treatment [37]. It is 
not only because the importance of depression was underes-
timated by physicians [35], but also the depressive symptom 
in early PD is frequently ignored [29]. Reliable detecting 
tools of depression are highly recommended in the clinical 
practice in order to improve the diagnosis rates, such as the 
self-rating questionnaires.

Although GDS and BDI were the most popular self-report 
measurements of depression, there is a preference to practi-
cal application depending on the target population. It is nota-
ble that the GDS is supposed to have higher sensitivity and 
specificity in PD patients, compared with BDI [14], while 
BDI is more widely used among MSA-P patients [3]. Not 
coincidentally, the multiple stepwise analysis in our study 
has exactly chosen GDS as one independent factors of PDQ-
39 for PD and BDI for MSA-P, supporting the preference 
of depression scale selection in PD and MSA-P. However, 
further exploration will be needed to confirm this idea.

The MSA-P patients experienced of much more severe 
non-motor symptoms than PD patients, which was prob-
ably due to the autonomic failures [18, 19]. However, dif-
ferent from the result that non-motor symptoms played the 
strongest role in QoL of drug-naïve PD patients, motor 
dysfunctions showed the strongest effects on the QoL of 
drug-naïve MSA-P in our study. In the drug-naïve stage, 
both H&Y ratings and UPDRS-III scores were significant 
higher in MSA-P patients than PD, consisting with former 
results in patients with much longer disease duration [33]. 
Meanwhile, mobility and ADL were the most affected sub-
domains with absolutely higher scores in PDQ-39, and the 
UPDRS-III scores were the independent and strongest fac-
tors of QoL in stepwise multiple analysis, emphasizing the 
strongest effects of motor deficits on life quality of MSA-P. 
In advanced MSA-P patients, Schrag reported motor-related 
sub-domains still being the most severely injured domain in 
QoL of MSA-P [27]. In a study with PD and MSA-P patients 
that matched for motor disability on UPDRS-III score, no 
difference was reported in QoL [30], supporting motor dys-
function as a major reason of poorer QoL in MSA-P com-
paring with PD. Taken together, it was indicated that motor 
function plays the most important role in QoL of MSA-P.

In clinical practice, physicians were sometimes misled 
by the impression that the MSA-P patients response poor 
to dopaminergic therapy. Actually, up to 30–40% MSA 
patients once reported of positive, but not excellent response 
to dopaminergic treatment [1, 33, 39], although the medi-
cal response usually declined after few years [23]. Such a 
beneficial levodopa response was also reported in a critique 
of the second criteria for multiple system atrophy [30]. Con-
sidering the central role of motor dysfunction in the QoL of 
MSA-P patients, unreserved dopaminergic treatment with 
extra attention on the motor dysfunction was highly recom-
mended in initiating the medical therapy on those untreated 
patients.

Strength and limitation

As we know, this study is the first attempt to compare the 
determinants of QoL in PD and MSA-P patients without 
the confounders of medication, which will offer more evi-
dence for making strategies on the initiation of medical 
therapy. Based on the results, we found significant differ-
ence in the determinants of QoL and suggested an initial 
treatment strategy with emphasis on depression status in PD 
patients and motor dysfunction in MSA-P patients. Mean-
while, we should admit that there are some limitations in 
our work. Firstly, the PDQ-39 questionnaire is not the most 
proper measure of QoL for MSA patients, after all, many 
specialized features such as cerebellar symptoms cannot be 
reflected in it. Fortunately, the PDQ-39 showed acceptable 
reliability and construct validity when tested in MSA popu-
lation [27], and the cerebellar symptoms are not that obvious 
in the early stage of our MSA-P patients. Secondly, although 
UPDRS-III was also proved to be an accurate measure of 
Parkinsonism severity in MSA [33], we should admit that 
it might be contaminated by the cerebellar and pyramidal 
symptoms of MSA [33]. Therefore, we included only the 
PD patients and MSA-P patients in the drug-naïve status in 
this study, trying to eliminate the confounders as much as 
possible. In the current study, we did not make the diagnosis 
of depression by neuropsychologists at the time of diagnosis, 
which limited the further exploration on the detailed effects 
of depression.

Conclusions

In our study, depression and non-motor symptoms were 
proved to be the most critical factor of the PDQ-39 in PD, 
while motor function was supposed to be the major determi-
nant for QoL in MSA-P according to our study. To achieve 
the best therapeutic efficacy to improve QoL, physicians 
need to focus more on depression in PD patients and motor 
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dysfunction in drug-naïve MSA-P patients when initiating 
the medical therapy.
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