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Abstract

Background Multiple system atrophy (MSA) is an adult onset, fatal neurodegenerative disease. However, no reliable bio-
marker is currently available to guide clinical diagnosis and help to determine the prognosis. Thus, a comprehensive meta-
analysis is warranted to determine effective biomarkers for MSA and provide useful guidance for clinical diagnosis.
Methods A comprehensive literature search was made of the PubMed, Embase, Cochrane and Web of Science databases for
relevant clinical trial articles for 1984-2019. Two review authors examined the full-text records, respectively, and determined
which studies met the inclusion criteria. We estimated the mean difference, standard deviation and 95% confidence intervals.
Results A total of 28 studies and 11 biomarkers were included in our analysis. Several biomarkers were found to be use-
ful to distinguish MSA patients from healthy controls, including the reduction of phosphorylated tau, a-synuclein (a-syn),
42-amino-acid form of A and total tau (t-tau), the elevation of neurofilament light-chain protein (NFL) in cerebrospinal
fluid, the elevation of uric acid and reduction of homocysteine and coenzyme Q10 in plasma. Importantly, a-syn, NFL and
t-tau could be used to distinguish MSA from Parkinson’s disease (PD), indicating that these three biomarkers could be use-
ful biomarkers in MSA diagnosis.

Conclusion The findings of our meta-analysis demonstrated diagnostic biomarkers for MSA. Moreover, three biomarkers
could be used in differential diagnosis of MSA and PD. The results could be helpful for the early diagnosis of MSA and the
accuracy of MSA diagnosis.
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Introduction

Multiple system atrophy (MSA) is an adult-onset fatal neu-
rodegenerative disease, which is characterized by autonomic
failure, pyramidal features, Parkinsonian (MSA-P) and cer-
ebellar features (MSA-C) [1, 2]. In Western countries, more
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Electronic supplementary material The online version of this .

article (https://doi.org/10.1007/s00415-020-09781-9) contains between the number of MSA-P and MSA-C patients [3].

supplementary material, which is available to authorized users. Although MSA is primarily a sporadic disease, familial
MSA has also been reported [4]. The mean survival from
the onset of symptoms is 6-10 years; however, only symp-
tomatic therapy is currently available [5].
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neurodegenerative diseases, synucleinopathies [6, 7]. Due to
the overlapping clinical presentation among synucleinopa-
thies, it can be difficult to distinguish MSA from PD in early
disease. However, no reliable biomarker is currently avail-
able to guide clinical diagnosis and help to determine the
prognosis.

In recent years, several biomarkers, the 42-amino-acid
form of AR (AP42), total tau (t-tau), phosphorylated tau
(p-tau), neurofilament light-chain protein (NFL), YKL-40
(chitinase-3-like protein 1, CHI3L1), FMS-like tyrosine
kinase ligand (FLT3), and a-syn in the cerebrospinal fluid
(CSF), have been identified and assessed in multiple stud-
ies for their diagnostic value of MSA [8-11]. Additionally,
some studies have focused on blood levels of homocysteine
(HCY), C-reactive protein (CRP), uric acid (UA) and coen-
zyme Q10 (CoQ10) in MSA patients [12, 13]; however,
these studies remain controversial.

In this study, we undertook the first systematic review
with meta-analysis of studies measuring CSF and peripheral
blood levels of different biomarkers in patients with MSA
compared with PD and healthy controls (HCs), hoping to
facilitate the early identification of patients at early or even
presymptomatic stages.

Methods

The meta-analyses performed in this study followed the
guidelines recommended by the PRISMA statement (Pre-
ferred Reporting Items for Systematic Reviews and meta-
analysis) [14].

Search strategy

Two investigators, Xiang and Cong, performed a system-
atic review of clinical trial articles on PubMed, Embase,
Cochrane and Web of Science during 1984-2019. Our search
terms were “Multiple system atrophy and (a-synuclein or
amyloid precursor protein or f-amyloid42 or ubiquitin—pro-
teasome system or neuroinflammation or YKL-40 or inter-
feron y or oxidative stress or axonal degeneration or tau or
phospho-tau proteins or neurofilament or neuron-specific
enolase or glial degeneration or myelin basic protein or glial
fibrillary acidic protein or neurotransmitter or dopamine or
serotonin or norepinephrine or hypocretin or growth hor-
mone insulin or insulin-like growth factor or proteomic or
microRNA or amino acid or coenzyme Q10 or homocysteine
acid or CRP or uric acid or cytokine)”.

Study inclusion and exclusion criteria

We included the original observational studies that reported
the biomarkers of MSA and contained HCs or PD controls.
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The exclusion criteria are as follows: (1) biomarkers of
MSA that were measured in animal models; (2) samples
from postmortem body; (3) data in vitro; (4) without PD
or HCs; (5) with other serious disease or caused by serious
complications; (6) without necessary data; (7) total number
of studies for a biomarker was less than two; (8) the samples
were collected before patients were diagnosed with MSA;
and (9) the samples overlapped with other studies.

Data extraction and article quality analysis

Two investigators extracted and verified the data from arti-
cles included in the meta-analysis. If disagreements could
not be resolved through careful discussion by two investi-
gators, a consensus was achieved by the involvement of a
third reviewer (Prof. Cong Shuyan). The main extracted data
included the author and publication year of each article, the
size of each group, the mean concentration of biomarkers
and standard deviation (SD) of each group to generate the
effective significance (ES). Additionally, we extracted data
about age, gender, country, duration of disease, mean Hoehn
and Yahr scale (H and Y scale), mean Unified Parkinson’s
Disease Rating Scale (UPDRS) score, mean International
Cooperative Ataxia Rating Scale (ICARS), mean Mini-men-
tal State Examination (MMSE), follow-up time, body mass
index (BMI) and assay type for potential moderator analy-
sis. Two authors (Cong and Xiang) independently assessed
study quality and risk of bias using the scheme suggested by
the Cochrane collaboration (“Tool to assess risk of bias in
cohort studies”) to evaluate quality of the included literature
and assess the credibility of the conclusions.

Statistical analysis

All meta-analyses were done using Review Manager 5.3
(The Nordic Cochrane Centre, The Cochrane Collabora-
tion 2012, Portland, OR, USA) software. The mean + SD
is used to describe each index in experimental and control
groups. The ES was mainly generated by sample size, mean
concentration and SD. We also used the sample size and P
value to generate ES if the data for mean concentration and
SD were not available. The mean difference (MD) was used
to compare and analyze the numerical data with the same
units. According to the Cochrane Handbook, I is used to
reflect the heterogeneity of the included studies into three
categories of 0.25, 0.50 and 0.75, indicating mild, moder-
ate and high levels of heterogeneity, respectively [15]. We
used a random-effect model when P <0.05 and I?> 50%,
and used a fixed-effect model when P >0.05 and I* < 50%
[16]. The results of the combination of the experimental and
the control groups were expressed by MD and 95% CI (95%
confidence interval). Significance was set as P <0.05. For-
est maps were used to describe the ES and 95% CI included
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in the study. Egger’s test was applied to reflect literature
publication bias, and the hypothesis test used Chi-square
values and P <0.05 was deemed to indicate a publication
bias. We evaluated the stability of the synthesis results by
sensitivity analysis.

Results

We obtained a total 2279 records from the PubMed data-
base and 3472 records from the Web of Science Embase
and Cochrane databases. We screened them by titles and
abstracts. Initial screening provided us with 129 articles for
full-text scrutiny but 94 were excluded, because they did not
meet the inclusion criteria. Finally, we included 28 studies,
which contained 1223 MSA patients, 1600 PD patients and
1868 HCs. A flowchart summarizing the study selection pro-
cess is presented in Fig. 1 [8—13, 17-38]. The article quality
analysis result is shown in Figures S1 and S2. The results
indicate that the overall quality of the included articles is
high, and our conclusions have a high degree of credibility.

Fixed-effect meta-analysis showed that five biomarkers
were significantly different in the CSF of MSA patients
compared with HCs: a-syn (Hedges g — 183.37; 95% CI
—213.35 to — 153.40; P <0.00001), NFL (Hedges g 3.13;
95% CI1 0.87-5.38; P=0.007), p-tau (Hedges g —7.90; 95%
CI —11.67 to —4.14; P <0.00001), t-tau (Hedges g — 6.89;
95% CI —9.85 to —3.93; P<0.00001) and AB42 (Hedges g
—71.66;95% CI —106.21 to —37.10; P <0.00001). Fixed-
effect meta-analysis showed that blood levels of three bio-
markers in MSA patients also differed compared with HCs:
HCY (Hedges g 3.51; 95% CI 2.63-4.40; P <0.00001), UA
(Hedges g —45.96; 95% CI —63.66 to—28.97; P <0.00001)
and CoQ10 (Hedges g —251.89; 95% CI —361.78 to
—142.01; P<0.0001). These eight biomarkers all showed
low levels of heterogeneity in the two comparisons, indicat-
ing that they could be used to distinguish MSA patients from
HCs. Random-effect meta-analysis showed that compared
with HCs, MSA patients had higher levels of a-syn in plasma
(Hedges g 3.13; 95% CI 0.87-5.38; P=0.007) and lower
levels of FLT3 in CSF (Hedges g —20.23; 95% CI —23.59
to —16.86; P=0.04). However, the levels of FLT3 in the
CSF and a-syn in the plasma showed high levels of hetero-
geneity in the comparison of MSA and HCs, indicating that
further studies related to their roles are needed. Furthermore,
levels of YKL-40 and CRP did not show significant differ-
ences between MSA patients and HCs (Table 1; Figs. 2, 3).
Several potential moderators could account for the hetero-
geneity in the meta-analysis, which includes theoretically
relevant categorical variables (sampling source, assay type,
and medication status) and continuous variables (age, sex,
disease duration, and disease severity). The low levels of
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Fig. 1 Flowchart of article selection

heterogeneity in our results indicate that these variables had
little effect on our results.

Three biomarkers mentioned above also significantly
differed in the CSF of MSA patients compared with PD
patients in fixed-effect meta-analysis: a-syn (Hedges g
—81.29; 95% CI —105.00 to —57.58; P <0.00001), NFL
(Hedges g 805.23; 95% CI 672.37-938.10; P <0.00001) and
t-tau (Hedges g 79.11; 95% CI 50.52-107.70; P <0.00001)
(Table 1; Fig. 4). Additionally, those biomarkers showed
low levels of heterogeneity, thus increasing their diagnostic
value.

We also did gender subgroup analysis for UA in the com-
parison of MSA and HCs in serum (Figure S3), but no sig-
nificant differences were found. Meta-regression analyses
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Fig.2 Forest plots of outcome odds ratio (full adjusted) with 95% CI of a-synuclein (a), NFL (b), p-tau (c), t-tau (d), FLT3 (e), and B-amyloid42

(f) in CSF among MSA patients versus HCs

revealed that age may have no significant moderating effects
on most outcomes of the meta-analysis (Figures S4-S9);
however, a significant association was found between the SD
in a-syn levels and mean control age (Figure S4) [regression
coefficient (SE) 44.3820 (—0.3429); 95% CI —0.0.063621 to
0.16101; P=0.03906], indicating that age may have a nega-
tive impact on a-syn level. Sensitivity analysis suggested
that a single study might influence the significant differences

for p-tau in CSF in the MSA and PD comparison, for UA in
serum in the MSA and PD comparison and for FLT3 in CSF
in the MSA and PD comparison.

The Egger’s test results showed no apparent publication
bias for a-syn, p-tau, HCY, UA and Ap42, but there was
bias for NFL and t-tau in the comparison of MSA and HCs
(Table 1). In the comparison of MSA and PD, the a-syn,
p-tau and t-tau in CSF showed no obvious publication bias.
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Fig. 3 Forest plots of outcome odds ratio (full adjusted) with 95% CI of a-synuclein (a) and coenzyme Q10 (b) in plasma (a) and HCY (c¢) and

UA (d) in serum among MSA patients versus HCs

However, there was publication bias for NFL in the compari-
son of MSA and PD in CSF.

Discussion

To our knowledge, this is the first meta-analysis investi-
gating alterations of different biomarkers in MSA patients
compared with PD patients and HCs. We included 28
studies with 1223 MSA patients, 1600 PD patients and
1868 HC subjects estimating 11 biomarkers. We found
that compared with PD patients and HCs, the reduction of

@ Springer

a-syn and the elevation of NFL in the CSF were potential
biomarkers for MSA diagnosis. Additionally, the reduc-
tion of t-tau in CSF could distinguish MSA and HCs, and
elevation of t-tau in CSF could differentiate MSA and PD.
Along with a-syn, NFL and t-tau, another seven biomark-
ers are available to distinguish MSA patients from HCs:
p-tau, Ap42 and FLT3 in CSF; and a-syn, UA, HCY and
COQ10 in plasma. Levels of a-syn, NFL and t-tau in CSF
might differentiate MSA from PD patients. It would be
difficult to differentiate MSA from PD patients using UA,
HCY, p-tau, Ap42 and FLT3 in CSF. The COQI10 is a
potential biomarker but more studies are needed to confirm
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Fig.4 Forest plots of outcome odds ratio (full adjusted) with 95% CI of a-synuclein (a), NFL (b) and t-tau (¢) in CSF among MSA patients ver-

sus PD patients

this. It is unlikely that CRP and YKL-40 are suitable for
MSA diagnosis.

In our study, a-syn decreased in the CSF of both MSA
and PD patients, with greater reduction in MSA compared
with PD. A previous study demonstrated that low a-syn lev-
els in the CSF might reflect the decrease of “free” a-syn cir-
culating in the CSF due to a-syn aggregation or mis-metabo-
lism [39]. Thus, the lower level of a-syn in MSA compared
to PD suggests that the neurodegeneration in MSA is wider
and faster than in PD [11]. In addition, the majority of a-syn
is present in red blood cells and a-syn is abundant during
different steps of erythropoiesis [40, 41]. In our study, a-syn
was elevated in the plasma of MSA patients compared with
HCs, possibly due to the residue of a-syn in erythrocytes.

Interestingly, another meta-analysis also found that a-syn
was increased in the plasma of PD patients, consistent with
expression of a-syn in MSA patients [42]. However, more
research is needed to confirm the blood levels of a-syn in
MSA and PD patients.

In our meta-analysis, NFL in CSF for MSA patients was
higher than for PD patients and HCs, which could serve
as a diagnostic marker for MSA. The NFL is important in
forming the neuronal cytoskeleton and is released into the
CSF during axonal damage [43]. Interestingly, the levels
of NFL in blood correlated with the CSF levels for human
synucleinopathies [44]. Other studies also found that serum
NFL was useful to discriminate MSA from PD, and that
the expression level of NFL was correlated with clinical
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parameters in MSA [45, 46]. The NFL could also be used
as a promising biomarker for degenerative ataxias, such as
differentiating of MSA-C from sporadic adult-onset ataxia
[47]. However, it was difficult to distinguish MSA from other
atypical Parkinsonism disorders (APDs), including progres-
sive supranuclear palsy, and it suggested that the combina-
tion of biomarkers might be helpful to solve these problems
[46]. Tau phosphorylation also affected axonal transporta-
tion and impaired intraneuronal signaling with subsequent
cell death [48]. In CSF of MSA patients, t-tau decreased
compared to HCs and increased compared to PD patients.
Interestingly, t-tau in the CSF might correlate with cognitive
decline in Alzheimer’s disease and possibly in PD [49, 50].
Additionally, previous studies found that the tau level was
positively correlated with the severity of ataxia in MSA-C
[51] and might be positively correlated with the motor
changes in PD [52]. However, a study failed to find any
relationship of t-tau with disease severity and the subtype
of MSA [27]. The relationship between t-tau and cognition
decline and disease phase in MSA needs to be confirmed
through further experiments. Additionally, it was difficult
to distinguish MSA from PD using p-tau. Another study
failed to find any differences between MSA and APD [53].
As aresult, combining a-syn with other biomarkers, such as
t-tau and NFL, may be useful for MSA diagnosis but further
confirmation is needed.

Amyloid precursor protein can be cleaved by p secretase
to a peptide of 42 amino acids, AB42, which can induce
neurotoxicity and help the diagnosis of Alzheimer’s disease
[54]. Several studies also found changes in MSA. However,
our analysis showed no difference in CSF levels of Ap42
between MSA and PD [11, 31]. The FLT3 ligand can be
found as a transmembrane or soluble protein and has a major
role in activating the immune system [26]. Several studies
have demonstrated its alteration in MSA [38]; however, we
failed to find any diagnostic value for comparing MSA with
PD patients and HCs due to its high heterogeneity.

Although lumbar puncture is inconvenient to monitor dis-
ease progression, we still need blood-based biomarker detec-
tion for at-risk individuals. In our results, UA decreased and
HCY increased in MSA patients compared to HCs. The UA is
an inverse risk factor and may protect neurons from apoptosis
as a natural anti-oxidative stress substance for PD and MSA
[55]. These findings demonstrated that lower UA levels might
correlate with severity of MSA and PD because of their anti-
oxidative protective effect, and might be a modifier in MSA
[56]. Another study demonstrated that gender might influence
UA metabolism [19]; however, we failed to find any difference
in our meta-analysis. The small size of the previous studies
might explain this inconsistency. The HCY, another blood bio-
marker related to neuroinflammation, could activate NMDA
receptors and so, results in neurotoxicity [57]. The NMDA
receptors are closely associated with cognitive function, which
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might explain the relationship between HCY and cognitive sta-
tus for MSA patients in another study [22]. However, HCY and
UA might not be useful to distinguish MSA from PD accord-
ing to our meta-analysis and further studies are needed.

Compared with HCs, CoQ10 increased in MSA patients
but there was a relatively clear publication bias. The function-
ally impaired variant of CoQ2, the gene encoding CoQ10, was
associated with an increased risk of MSA [4]. The enzyme
CoQ10 is involved in the mitochondrial respiratory chain,
takes part in the pathogenesis of MSA and is a potential bio-
marker [13]. However, its diagnostic utility remains to be elu-
cidated using large-scale comparative research.

The duration, severity, and subtype of the diseases may
play roles in the expression of the biomarkers. Some studies
have shown a negative correlation between disease severity
of MSA and levels of a-syn in plasma [34]. A positive cor-
relation between disease severity and NFL was found in the
serum of atypical Parkinsonism disorder [46]. However, other
studies failed to find any correlation of disease duration and
severity and subtypes of MSA with levels of a-syn [8], t-tau
[27], NFL, or other biomarkers [24]. Due to lack of sufficient
data, we were unable to analyze this further. More detailed
investigations on the effects of duration, severity, and subtypes
of disease on the biomarkers are warranted.

In conclusion, the elevation of NFL and the reduction of
a-syn in the CSF might be helpful to discriminate MSA from
PD, APD and HCs. Additionally, t-tau decreased compared
to HCs and increased compared to PD, which might aid in
MSA diagnosis. The joint measurement of a-syn, NFL and
t-tau might increase accuracy of diagnosis and more studies
are needed to determine their roles in blood. The reduction
of p-tau and AP42 in CSF, the elevation of UA, and reduc-
tion of HCY and COQ10 in plasma can only distinguish MSA
patients from HCs. More studies are needed to determine other
biomarkers of MSA.
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