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Abstract

BACKGROUND

Multiple system atrophy (MSA) is a serious progressive neurodegenerative
disease. Early diagnosis of MSA is very difficult, and diagnostic biomarkers are
limited. Growth differentiation factor 15 (GDF15) is involved in the
differentiation and progression of the central nervous system, and is widely
distributed in peripheral blood, which may be a novel biomarker for MSA.

AIM

To determine serum GDF15 levels, related factors and their potential diagnostic
value in MSA patients, compared with Parkinson’s disease (PD) patients and
healthy controls.

METHODS

A case-control study was conducted, including 49 MSA patients, 50 PD patients
and 50 healthy controls. Serum GDF15 levels were measured by human enzyme-
linked immunosorbent assay, and the differences between the MSA, PD and
control groups were analyzed. Further investigations were performed in different
MSA subgroups according to age of onset, sex, clinical subtypes, diagnostic
criteria, and disease duration. Receiver-operating characteristic curve analysis
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was used to evaluate the diagnostic value of GDF15, especially for the differential
diagnosis between MSA and PD.

RESULTS

Serum GDF15 levels were significantly higher in MSA patients than in PD
patients and healthy controls (P = 0.000). Males and those with a disease duration
of more than three years showed higher serum GDF15 levels (P = 0.043 and 0.000;
respectively). Serum GDF15 levels may be a potential diagnostic biomarker for
MSA patients compared with healthy controls and PD patients (cutoff: 470.42
pg/mL, sensitivity: 85.7%, specificity: 88.0%; cutoff: 1075.91 pg/mL, sensitivity:
51.0%, specificity: 96.0%; respectively).

CONCLUSION
Serum GDF15 levels are significantly higher in MSA patients and provide
suggestions on the etiology of MSA.

Key words: Multiple system atrophy; Parkinson’s disease; Serum growth differentiation
factor 15; Biomarker; Receiver-operating characteristic curve; Neurodegenerative disease

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: In this case-control study, we determined serum growth differentiation factor 15
(GDF15) levels in multiple system atrophy (MSA) patients, Parkinson’s disease (PD)
patients and healthy controls. We found that serum GDF15 levels in MSA patients were
significantly higher compared with PD patients and healthy controls. These findings
suggest the potential value of serum GDF15 levels as a diagnostic biomarker of MSA,
and serum GDF15 contributes to the differential diagnosis between MSA and PD.

Citation: Yue T, Lu H, Yao XM, Du X, Wang LL, Guo DD, Liu YM. Elevated serum growth
differentiation factor 15 in multiple system atrophy patients: A case control study. World J
Clin Cases 2020; 8(12): 2473-2483

URL: https://www.wjgnet.com/2307-8960/full/v8/i12/2473.htm

DOI: https://dx.doi.org/10.12998/wjcc.v8.112.2473

INTRODUCTION

Multiple system atrophy (MSA) is a rare progressive neurodegenerative disease
characterized by parkinsonism, cerebellar impairment, and autonomic dysfunctionfl.
The degeneration of striatonigral and olivopontocerebellar neurons has commonly
been observed in MSA patients, accompanied by deposition of fibrillized a-synuclein
proteinst“. The mechanisms underlying these pathological changes are not fully
understood. According to the predominance of motor symptoms, patients can be
further divided into the parkinsonian type (MSA-P) and the cerebellar type (MSA-
C)PL. It is difficult to provide an accurate diagnosis of MSA due to the heterogeneity in
clinical manifestations and symptoms that are similar to other neurodegenerative
diseases at the early stage, especially the differential diagnosis between MSA-P and
Parkinson’s disease (PD)P‘l. Thus, there is an urgent need for biomarkers for early
diagnosis, prognostic prediction of disease progression, and monitoring the
therapeutic responsel”.

Growth differentiation factor 15 (GDF15), a member of the transforming growth
factor-p superfamily, is widely expressed in both the central and peripheral nervous
systems(®’). GDF15 is involved in a vast array of physiological processes, including cell
proliferation, differentiation and repair’”, and might participate in the progression of
numerous pathological conditions!''l. Apart from cancer, metabolic diseases,
cardiovascular events, cerebrovascular diseases and mitochondrial disorders!''-'’],
abnormal concentrations of GDF15 are also considered to have a close association
with neurodegenerative diseases and may be a potential biomarker for early
diagnosis, as well as prognostic utility!”*.

Additionally, it has been demonstrated that elevated levels of GDF15 were found in
patients with Alzheimer’s disease, cognitive impairment, Lewy body dementia and
PDU921 Animal studies have shown that GDF15 might play a protective role in
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response to stress and contribute to neurogenesis!'”?'**’l. Machado et al**! found that
GDF15 deficiency could exacerbate dopaminergic neuron survival and decrease the
inflammatory response in the 6-hydroxydopamine mouse model of PD. Furthermore,
in vitro studies have demonstrated that GDF15 was highly expressed in ventral
tegmental area astrocytes and might selectively protect ventral tegmental area
dopaminergic neurons®l. MSA has shown a similar pathogenesis to PD, however,
whether GDF15 also participates in the progression of MSA is unknown. In this
regard, we hypothesized that GDF15 may be higher in MSA patients than in normal
controls and perhaps higher than in PD patients.

Therefore, in this case-control study, we aimed to determine serum levels of GDF15
in MSA patients and its potential diagnostic utility. Forty-nine MSA patients, 50 PD
patients and 50 healthy controls were enrolled. The serum levels of GDF15 in the
different groups and in different subgroups of MSA patients were analyzed. Receiver-
operating characteristic (ROC) analysis was performed to assess the diagnostic utility.

MATERIALS AND METHODS

Participants

This study was approved by the ethics committee of Qilu Hospital of Shandong
University, and all participants signed a written informed consent. MSA and PD
patients were recruited from the outpatient and inpatient clinics of the Department of
Neurology, Qilu Hospital of Shandong University, from August 2015 to September
2016.

Both MSA and PD patients were diagnosed, by an experienced specialist majoring
in PD and movement disorders, according to the consensus statement by the
American Autonomic Society and the American Academy of Neurology™” and the
Movement Disorders Society™l.

Eleven MSA patients were excluded for the following reasons: Coronary heart
disease; diabetes; hypertension; lung disorders; chronic kidney disease; acute or
chronic infection; cancer; dementia; or psychological disorders. Finally, 49 MSA
patients were enrolled and 50 PD patients and 50 healthy controls that were matched
for age (+ 2 years) were selected. All the PD patients enrolled also fulfilled the
exclusion criteria for MSA patients. All healthy volunteers in the control group were
from the Physical Examination Center of Qilu Hospital.

Basic clinical information, including age, sex, age of onset of the disease, and
duration of the disease was collected for all MSA patients and PD patients. In
addition, the Unified MSA Rating Scale (UMSARS)-II scores and the Unified PD
Rating Scale (UPDRS)-III scores were used to assess the motor severity in MSA and
PD patients, respectively. For the MSA patients, the clinical subtypes (MSA-P/MSA-
C) and diagnostic criteria (probable/ possible) were also recorded according to the
relevant consensus criterial.

Measurement of serum GDF15

Blood samples were collected from all participants. After centrifugation, serum
samples were stored at -80°C. A high-sensitivity human enzyme-linked
immunosorbent assay kit (Abcam, Cambridge, MA, United States) was used to detect
serum levels of GDF15, according to the manufacturer’s instructions.

Statistical analysis

The levels of serum GDF15 were compared among the MSA patients, PD patients and
healthy controls using the Kruskal-Wallis H test. The levels of GDF15 in the MSA
patients with different clinical features, including sex (female/male), clinical subtypes
(MSA-P/MSA-C), and diagnostic certainty (probable/possible MSA), were compared
using the Mann-Whitney test. Data are expressed as the median (interquartile range)
or means * SD. Categorical variables are expressed as numbers (%). The y? test was
used for categorical variables. SPSS 22.0 software (Chicago, IL, United States) was
used for the statistical analyses. P < 0.05 was regarded as statistically significant.

A ROC curve was used to analyze the sensitivity and specificity of GDF15 for
differentiating MSA patients from PD patients and healthy controls, and to evaluate
the diagnostic value of GDF15. The area under the curve (AUC) gives an indication of
predictive values, with AUC = 0.5 for a random association and AUC =1 for perfect
discrimination. The optimum cutoff value was determined by the Youden index.
Statistical significance was accepted at two-tailed P < 0.05.
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RESULTS

Clinical characteristics of MSA patients.

The clinical characteristics of the participants in this study are presented in Table 1.
The ages and the sex composition of the participants in the MSA group, PD group and
healthy control group were similar. In addition, the onset age, and clinical severity
(scores on the clinical rating scales) of the MSA group and PD group are displayed
and showed no differences. The patients in the MSA group were classified as MSA-P
or MSA-C types and probable or possible types. Some common nonmotor symptoms,
motor symptoms and imaging features of the MSA-P and MSA-C patients are
presented and showed no differences between the subgroups (Supplementary Table

1).

Serum GDF15 levels in MSA patients were significantly higher than in PD patients
and healthy controls

The serum GDF15 levels in the MSA patients [1105.69 (984.24)] were significantly
higher than those in PD patients [506.70 (346.80); P = 0.000] and healthy controls
[313.85 (247.76); P = 0.000] (Table 1). Further analysis showed that serum GDF15 levels
in MSA-P patients [1121.82 (897.09)] and MSA-C patients [916.14 (1009.59)] were both
significantly higher compared with PD patients [506.70 (346.80); P = 0.000, 0.000,
respectively] (Figure 1).

Serum GDF15 levels in patients in different MSA subgroups

Serum GDF15 levels were significantly higher in male patients with MSA than in
female patients [1311.84 (1214.16) vs 795.31 (698.54), respectively; P = 0.043]. Patients
with disease duration of more than 3 years also showed higher serum GDF15 levels
than those with a shorter disease duration [1393.79 (1021.36) vs 612.31 (527.96),
respectively; P = 0.000]. However, the serum GDF15 levels in patients with different
ages of onset [> 50 years vs < 50 years; 1156.99 (1028.41) vs 795.32 (605.42),
respectively; P = 0.185], clinical subtypes [MSA-P vs MSA-C; 1121.82 (897.09) vs 916.14
(1009.59), respectively; P = 0.622], or diagnostic criteria [probable vs possible; 887.55
(1004.50) s 1182.16 (753.32), respectively; P = 0.561] showed no differences (Table 2).

ROC curve analysis of serum GDF15 as a potential MSA diagnostic biomarker

ROC curve analysis was performed to assess the potential diagnostic value of serum
GDF15 levels in MSA patients. As shown in Figure 2, the best cutoff concentration
was 470.42 pg/mL for all MSA patients, and the AUC was 0.929 (SE: 0.027, 95%CI:
0.876-0.981, P = 0.000), while the sensitivity and specificity were 85.7% and 88.0%,
respectively. For males, the AUC was 0.954 (SE: 0.030, 95%ClI: 0.896-1.000, P = 0.000),
with a sensitivity of 82.6% and specificity of 100.0%, where the optimal cutoff value
for serum GDF15 levels was 552.10 pg/mL. In females, the AUC was 0.905 (SE: 0.044,
95%ClI: 0.820-0.990, P = 0.000), with a sensitivity of 80.8% and specificity of 90.0%,
where the optimal cutoff value for serum GDF15 levels was 470.42 pg/mL (Table 3,
Figure 2).

The potential value of serum GDF15 levels in the differential diagnosis between
MSA and PD was also assessed. The best cutoff concentration was 1075.91 pg/mL for
all MSA patients, and the AUC was 0.765 (SE: 0.0458, 95%CI: 0.671-0.859, P = 0.000),
while the sensitivity and specificity were 51.0% and 95.0%, respectively. For males,
the AUC was 0.772 (SE: 0.072, 95%CI: 0.630-0.914, P = 0.001), with a sensitivity of
65.2% and specificity of 95.8%, where the optimal cutoff value for serum GDF15 levels
was 1075.91 pg/mL. In females, the AUC was 0.783 (SE: 0.066, 95%CI: 0.654-0.911, P =
0.000), with a sensitivity of 65.4% and specificity of 88.5%, where the optimal cutoff
value for serum GDF15 levels was 616.39 pg/mL (Table 3, Figure 2).

DISCUSSION

In this case-control study, we determined the serum GDF15 levels in MSA patients,
PD patients and healthy controls and compared the differences between different
MSA subgroups, which were classified by age of onset, sex, clinical subtype,
diagnostic criteria or disease duration. In addition, the potential value of serum
GDF15 levels as a diagnostic biomarker of MSA was analyzed, especially for the
differential diagnosis between MSA and PD. We found that serum GDF15 levels in
MSA patients were significantly higher compared with PD patients and healthy
controls. Male patients with MSA showed higher serum GDF15 levels than female
patients, and serum GDF15 levels were also higher in those with a disease duration of
more than 3 years.
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Table 1 Clinical characteristics of multiple system atrophy patients, Parkinson disease patients and controls

MSA PD Control P value
All
Subjects, n 49 50 50 -
Age, yr 61777 614+75 585+75 0.077
Female/male, n 26/23 26/24 30/20 0.683
Age of onset, yr 587+74 56.6+7.1 -
MSA-P/MSA-C, n 30/20 - - -
Probable/Possible, n 31/18 - - -
Clinical rate scales (UMSARSII/ UPDRSIII) 19.5 £ 6.4 (UMSARSII) 26.1 +13.2 (UPDRSIII) -- -
GDF15, pg/mL 1105.69 (984.24) 506.70 (346.80) 313.85 (247.76) 0.000

MSA: Multiple system atrophy; MSA-P: Multiple system atrophy-parkinsonian type; MSA-C: Multiple system atrophy-cerebellar type; PD: Parkinson
disease; GDF15: Growth differentiation factor 15.

Studies on blood and cerebrospinal fluid biomarkers for MSA have been carried
out, which have focused on total a-syn, markers of axonal degeneration, or
catecholamines!”). Due to the complexity of the diagnostic process and the lack of
effective treatment for the disorder, the priority is identification of potential and non-
invasive biomarkers, which would facilitate the development of clinical trials®l. The
ideal biomarker would be detectable in easily accessible samples, i.e., blood, urine,
saliva, or exhaled air, as subideal biomarkers such as cerebrospinal fluid, muscle,
liver, or heart require more invasive procedures. A recent study revealed that mean
serum GDF15 levels in PD patients were significantly higher than those in the healthy
control group!”l. Therefore, we investigated serum GDF15 in MSA patients as blood
collection is non-invasive and easily accessed.

GDF15 is a cytokine of the transforming growth factor-p superfamily and is
expressed mainly in the placenta, kidney, liver, lung, pancreas, and prostate. It has an
essential role in regulating the cellular response to stress signals and inflammation
and is involved in the suppression of inflammation in early pregnancy, cancer, and
cardiovascular diseases. Moreover, GDF15 is expressed in the choroid plexus and acts
as a potent neurotrophic factor for motor and sensory neurons!*’..

Serum GDF15 levels were found to be higher in patients with PD, dementia and
Alzheimer’s diseasel'”"**l. Therefore, whether these differences are also present in
other neurodegenerative diseases seemed worthy of study. It has been reported that
peripheral levels of GDF15 were associated with cognitive impairment in patients
with dementia and Alzheimer’s disease patients with white matter hyperintensities”.
Another study suggested that GDF15 could be considered a marker of age-related
cognitive decline and brain structural changes. Similarly, elevated plasma GDF15
was associated with slower gait speed and lower physical performance in very
healthy community-dwelling adults”l, while another study confirmed that baseline
GDF15 values predicted declining physical function in older patients with
hypertension!. However, it has not been previously reported whether serum GDF15
levels are also higher in patients with MSA. In the present study, we found that the
mean GDF15 level in the MSA group was approximately 3-fold higher than those in
the control group.

The clinical history and neurological exam are the basis of the diagnosis of MSA,
which can be assisted by ancillary tests (olfactory testing, autonomic testing,
neuroimaging, urological evaluation), and the diagnosis can only be confirmed
pathologically after the patient’s death. The diagnostic accuracy of MSA varies greatly
between different centers, from as little as 29% to 86% (approximately 62% according
to autopsies), despite well-established diagnostic criterial>*~‘l. There were no
significant imaging abnormalities in the early disease stages and it has been
challenging to study patients with a postmortem diagnosis of MSA. The most
common diseases misdiagnosed as MSA have included PD, progressive supranuclear
paralysis and Lewy body dementia. The large difference in diagnostic accuracy may
be due to the duration and stage of MSA, and to the presence of various pathological
changes in patients with MSA-PI"-l. However, such differentiation is important for
prognosis and treatment.

Due to the heterogeneity of clinical manifestations, it is extremely difficult to make
an exact distinction between MSA and PD patients, especially in the early stagel* .
Although significant differences between MSA, PD, and other parkinsonian disorders
were found for some markers, none provided sufficient sensitivity and specificity for
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Figure 1 The serum levels of growth differentiation factor 15 in multiple system atrophy-parkinsonian type
patients, multiple system atrophy-cerebellar type patients and Parkinson disease patients. Serum growth
differentiation factor 15 levels in multiple system atrophy-parkinsonian type patients and multiple system atrophy-
cerebellar type patients were both significantly higher than those in Parkinson disease patients (P = 0.000, 0.000,
respectively). MSA-P: Multiple system atrophy-parkinsonian type; MSA-C: Multiple system atrophy-cerebellar type;
MSA: Multiple system atrophy; PD: Parkinson disease; GDF15: Growth differentiation factor 15.

a differential diagnosisl’l. This study showed that serum GDF15 levels might
contribute to this effort to some extent. The patients with MSA showed significantly
higher serum GDF15 levels than the PD patients and healthy controls. In addition, the
ROC curve analysis revealed that serum GDF15 levels also had high specificity, while
the sensitivity seemed unsatisfactory in the differential diagnosis between MSA and
PD. According to a recent study, autopsy studies show that approximately 5% of PD
patients diagnosed by community neurologists turn out to have MSA at autopsy!’,
which might be correlated with the sensitivity of serum GDF15 levels which was not
satisfactory for the differential diagnosis between MSA and PD.

Further analysis revealed that sex and disease duration might be correlated with
higher serum levels of GDF15 in MSA patients. Similar to PD patients, male patients
with MSA had a greater elevation in serum GDF15 levels. A previous study found no
influence of sex on overall survival, but males had a shorter duration from diagnosis
to death!!l. In addition, MSA patients with a longer disease duration also had higher
serum GDF15 levels. The mean disease duration for the 46 patients with MSA was 3.0
£ 1.9 years!*l. In addition, in a comprehensive largescale study of 143 Chinese MSA
patients, the mean disease duration was 3.54 £ 1.96 years. Therefore, in this study, we
compared the serum GDF15 levels between patients with disease duration longer
than 3 years and those with disease duration shorter than 3 years. The MSA patients
with a longer disease duration showed higher serum GDF15 levels.

It has been suggested that MSA patients with older age of onset!"*], sex (male or
female)l*4**5%] with a particular subtype of MSA-PI**°'>2, and with early or initial
autonomic symptoms!***1*l were associated with worse survival, while the late
development of autonomic failure has been reported as a favorable prognostic
factort* . Surprisingly, patients with different ages of onset (> 50 years/< 50 years),
clinical subtypes (MSA-P/MSA-C), or diagnostic criteria (probable/possible) showed
no differences in serum levels of GDF15.

After adjusting for disease duration, the MSAP patients showed more severe motor
impairment and disability compared with the MSAC patients, and severe depression,
anxiety, hyposmia, and cognitive deficits were more common among the MSAP
patients than the MSAC patients. On the other hand, there was no difference in
overall survival between the MSA-P and MSA-C patients. Consistent with the clinical
manifestations of MSA-P and MSA-C patients, no differences were found in GDF15
levels.

MSA is a rare and fatal neurodegenerative disorder that is characterized by a
variable combination of parkinsonism, cerebellar impairment, and autonomic
dysfunction, and the exact mechanisms underlying the pathogenesis are not well
understood. Mitochondrial dysfunction (MD) has been connected to the
neurodegenerative process in MSAP*”1,

Serum GDF15 (sGDF15) has been identified in recent years as a potential diagnostic
biomarker for MDs**l. The role of sGDF15 as a biomarker for MDs has been tested in
large patient cohorts with different mitochondrial defects, and showed high
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Table 2 Serum levels of growth differentiation factor 15 in different subgroups of multiple

system atrophy

Subgroups GDF15, pg/mL P value
Age of onset

>50 yr 1156.99 (1028.41) 0.185
<50 yr 795.32 (605.42)

Gender

Female 795.31 (698.54) 0.043
Male 1311.84 (1214.16)

Clinical subtype

MSA-P 1121.82 (897.09) 0.622
MSA-C 916.14 (1009.59)

Diagnosis criteria

Probable 887.55 (1004.50) 0.561
Possible 1182.16 (753.32)

Duration

>3yr 1393.79 (1021.36) 0.000
<3yr 612.31 (527.96)

GDF15: Growth differentiation factor 15; MSA-P: Multiple system atrophy-parkinsonian type; MSA-C:
Multiple system atrophy-cerebellar type.

sensitivity and specificity™. It was shown that sGDF15 does not correlate with disease
severity in a large cohort of adult A3243G mutation carriers, which suggested that
GDF15 seems to be more indicative of MD regardless of clinical phenotypel*l. To
further explore whether serum GDF15 levels are consistent with clinical
manifestations requires studies with larger sample sizes in the future.

Taken together, this study revealed that serum GDF15 may be a potential
diagnostic biomarker in MSA. However, some limitations also exist and need to be
improved upon in subsequent studies. Firstly, the sample size was limited, and it was
difficult to obtain better insight into the relevant risk factors for the elevated serum
GDF15 levels in MSA patients. More importantly, patients covering the broad range
of disease stages are necessary, especially those in the prodromal stage, and this might
contribute greatly to the early diagnosis of MSA.

In summary, serum GDF15 levels are significantly higher in MSA patients and
might be a potential diagnostic biomarker and provide some suggestions regarding
the etiology of MSA.
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Table 3 Receiver-operating characteristic curve analysis of serum growth differentiation factor 15 levels as a potential multiple system

atrophy diagnostic biomarker

Group Subtype AUC SE 95%Cl Pvalue  Cutoff, pg/mL Sensitivity, % Specificity, %
MSA vs Control ~ Overall 0929  0.027 0.876-0.981  0.000 470.42 85.7 88.0

Male 0954  0.030 0.896-1.000  0.000 552.10 82.6 100.0

Female 0905  0.044 0.820-0.990  0.000 470.42 80.8 90.0
MSA vs PD Overall 0765  0.048 0.671-0.859  0.000 1075.91 51.0 96.0

Male 0772 0.072 0.630-0914  0.001 1075.91 65.2 95.8

Female 0783  0.066 0.654-0.911  0.000 616.39 65.4 88.5

MSA: Multiple system atrophy; PD: Parkinson disease; AUC: Area under the receiver-operating characteristic curve.
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Figure 2 Receiver-operating characteristic curve analysis of growth differentiation factor 15 for the diagnosis of multiple system atrophy. A: Total multiple
system atrophy (MSA) patients vs total controls; B: Male MSA patients vs male controls; C: Female MSA patients vs female controls; D: Total MSA patients vs total
Parkinson disease patients; E: Male MSA patients vs male Parkinson disease patients; F: Female MSA patients vs female controls. AUC: Area under the receiver-
operating characteristic curve.

ARTICLE HIGHLIGHTS

Research background

Multiple system atrophy (MSA) is a serious progressive neurodegenerative disease. The early
diagnosis of MSA is very difficult, and diagnostic biomarkers are limited. There is an urgent
need for biomarkers for early diagnosis, prognostic prediction of disease progression, and
monitoring the therapeutic response.

Research motivation

Growth differentiation factor 15 (GDF15) is a member of the transforming growth factor-f
superfamily. Abnormal concentrations of GDF15 are considered to have a close association with
neurodegenerative diseases and might be a potential biomarker for early diagnosis. It has not
been previously reported whether serum GDF15 levels are also higher in patients with MSA.

Research objectives
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This study aimed to determine serum GDF15 levels, related factors and their potential diagnostic
value in MSA patients.

Research methods

A case-control study was conducted, which included 49 MSA patients, 50 Parkinson’s disease
(PD) patients and 50 healthy controls. Serum GDF15 levels were measured by human enzyme-
linked immunosorbent assay and the differences between the MSA, PD and control groups were
analyzed.

Research results

Serum GDF15 levels were significantly higher in MSA patients than in PD patients and healthy
controls (P = 0.000). Males and those with a disease duration of more than three years showed
higher serum GDF15 levels (P = 0.043 and 0.000; respectively). Serum GDF15 levels might be a
potential diagnostic biomarker for MSA patients compared with healthy controls and PD
patients (cutoff: 470.42 pg/mL, sensitivity: 85.7%, specificity: 88.0%; cutoff: 1075.91 pg/mL,
sensitivity: 51.0%, specificity: 96.0%; respectively).

Research conclusions

We found that serum GDF15 levels in MSA patients were significantly higher compared with PD
patients and healthy controls. Male patients with MSA had higher serum GDF15 levels than
female patients, and serum GDF15 levels were also higher in those with disease duration of more
than 3 years. The receiver-operating characteristic curve analysis revealed that serum GDF15
levels had high specificity, while the sensitivity seemed unsatisfactory in the differential
diagnosis between MSA and PD. Serum GDF15 levels might be a potential diagnostic biomarker
for MSA patients.

Research perspectives

This study revealed that serum GDF15 might be a potential diagnostic biomarker in MSA. To
further explore whether serum GDF15 levels are consistent with clinical manifestations requires
studies with larger sample sizes in the future. The difference between serum GDF15 and
cerebrospinal fluid GDF15 should be considered.
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