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1 | INTRODUCTION

Neurodegenerative diseases have become a major threat to human
health. The prevalence of age-related disorders was increasing with
the aging population worldwide in recent years (Heemels, 2016). Neu-

rodegenerative diseases included mild cognitive impairment (MCI),
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Abstract

Introduction: GDF 15 may be a potential biomarker for neurodegenerative diseases. In
this analysis, we aimed to quantitative analysis the levels of GDF15 in patients with
neurological diseases and in health control, and then to determine its potential diag-
nostic utility.

Methods: Two researchers separately conducted a systematic search of the relevant
studies up to January 2021 in Embase, PubMed, and Web of Science. Effect sizes were
estimated to use the standardized mean difference (SMD) with 95% confidence inter-
val (Cl). Sensitivity and specificity were calculated by the summary receiver operating
characteristics curve (SROC) method. The sensitivity analysis was performed by the
“one-in/one-out” approach. Considering the considerable heterogeneity among stud-
ies, random-effects model was used for the meta-analysis investigation.

Results: A total of eight articles were included in this meta-analysis and systematic
review. The pooled results of the random effect model indicated GDF15 levels were
significantly higher in patients with neurodegenerative disease than healthy people
(SMD = 0.92, 95% Cl: 0.44-1.40, Z = 3.75, p < 0.001). Sensitivity and specificity of
biomarker of GDF15 were 0.90 (95% Cl: 0.75-0.97), 0.77 (95% Cl: 0.67-0.65), and
AUC = 0.87 (95% Cl: 0.84-0.90), respectively.

Conclusions: GDF15 levels were higher in patients with neurodegenerative disease
than healthy people. And serum levels of GDF15 were a better marker for diagnostic

utility of neurodegenerative disease.
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Alzheimer’s disease (AD), Parkinson’s disease, multiple system atro-
phy (MSA), etc. These diseases are numerous in their pathophysiology,
with some causing memory and cognitive decline, while others affect
a person’s ability to move, speak, and breathe (Abeliovich & Gitler,
2016; Canter et al., 2016; Fanciulli et al., 2019). These diseases were

characterized by neurodegenerative changes and there was currently
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no effective cause-related treatment. Thus, biomarkers are urgently
needed for early diagnosis, prognostic prediction of disease progres-
sion, and monitoring of the treatment response.

Growth differentiation factor 15 (GDF15) is a branch of the
transforming growth factor-g (TGF-B) superfamily. It is also known
as macrophage inhibitory cytokine-1(MIC-1) (Strelau et al., 2000).
These family members play an essential role in development, cell
multiplication, differentiation, and repair. GDF15 was widely existed
in the central nervous system and peripheral nervous system, most
prominent in the choroid plexus, and secreted into the cerebrospinal
fluid (Strelau et al., 2000). GDF15 is mainly generated in the choroid
plexus, damaged neurons, and microglial cells in the central nervous
system (Unsicker et al., 2013). In the peripheral nervous system, the
main source of GDF15 is Schwann cells (Strelau et al., 2009). Because
the concentration of GDF15 protein in the circulation can be easily
measured, serious studies have explored it as a significant plasma
biomarker associated with various diseases. GDF15 is correlated
with cardiovascular diseases such as atrial fibrillation, heart failure,
and coronary artery disease (Emmerson et al., 2018). GDF15 levels
in patients with cancer, diabetes, cognitive impairment, and cachexia
were also identified increasing. Hagstrom et al. (2017) assessed the
levels of GDF15 in 14,577 patients with stable coronary heart disease
and showed that the levels of GDF 15 to be correlated with heart failure
death, cardiovascular death, cancer death, sudden death, and hospital-
ization for heart failure. Brown et al. (2003) determined serum GDF15
levels from 193 patients with colorectal carcinoma or adenomatous
polyps and 260 healthy blood donors. They found that GDF15 levels
increased in patients with adenomatous polyps or colorectal cancer
(Brown et al., 2003).

In additions, abnormal concentrations of GDF15 are also believed
to be closely correlated with neurodegenerative diseases and may be a
potential biomarker for early diagnosis and prognosis (Kimet al., 2015).
According to animal model studies, GDF15 might play a positive role in
stress response and contribute to neurogenesis (Carrillo-Garcia et al.,
2014; Kim et al,, 2015). Yao et al. (2017) concluded that GDF15 lev-
els of the patients with PD were significantly higher than those of the
healthy controls. Meanwhile, increased GDF 15 levels were reported in
patients with MSA, AD, and cognitive impairment (Chai et al., 2016; Yue
et al., 2020). However, a study by Conte et al. (2020) suggested GDF15
levels were similar between AD patients and healthy control.

Therefore, we aimed to quantitative analysis the levels of GDF15 in
patients with neurological diseases and in health control, and then to

determine its potential diagnostic utility.

2 | METHODS

This meta-analysis was performed following the preferred reporting
items for systematic reviews and meta-analysis (PRISMAs) statement
(Moher et al., 2015). All analyses were based on previously published
studies; thus, ethical approval or patient consent was not suitable for

this meta-analysis.
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2.1 | Search strategy and studies selection

Two researchers (Xin-hong Xue and Lin-Lin Tao) separately conducted
a systematic search of the relevant studies up to January 2021 in
Embase, PubMed, and Web of Science. Keywords utilized were “growth
differentiation factor 15”7 OR “GDF-15” OR “Macrophage Inhibitory
Cytokine-1” OR “MIC-1"” OR “MIC1,” in combination with (“neurode-
generative disease”) OR (“Parkinson’s disease” OR “PD”) OR (“MSA” OR
“multiple system atrophy”) OR (“Dementia with Lewy body” OR “DLB”)
OR (“Alzheimer disease” OR “ Dementia” OR “AD” OR “MCI” OR “mild
cognitive impairment”) OR (“Progressive paralysis” OR “PSP”). These
terms can be found everywhere in the text of the manuscript. Further
literature was searched by scanning the reference list of retrieved stud-
ies. To reduce publication bias, peer-reviewed papers and unpublished
(e.g., abstract of posters or oral presentations) studies were consid-

ered. Only English studies were considered appropriate.

2.2 | Eligibility criteria
Two researchers (Xin-hong Xue and Lin-Lin Tao) independently
assessed the title and abstract of the eligible studies, and disagree-
ments were discussed with the third investigator to reach a consen-
sus. Studies were included in the analysis if they satisfied the follow-
ing criteria: (1) the study was a diagnostic study investigating GDF15
in patients with neurodegenerative disease, containing AD, MAS, PSP,
etc.; (2) the control group of study was selected as the healthy control
group; (3) the study reported the serum level of GDF15 and diagnos-
tic validity of neurodegenerative disease and health. We also included
studies without sufficient data in a systematic review but excluded
them from the summary of the key point.

The following exclusion criteria were used: (1) the study reported a
single case study; (2) duplication studies; (3) study subjects were ani-
mals; and (4) the study was systematic review and meta-analysis.

2.3 | Data extraction and study quality

Two researchers independently scanned the full text of included stud-
ies and then extracted data. The extracted data were compared to
make certain that information was correctly assessed. The follow-
ing information were extracted: author’s name, published the year of
study, the number of patients, age of patients, serum level of GDF15,
diagnostic validity, type of disease (e.g., PD, MSA, AD, MCl, etc.). The
quality of the included studies for this analysis was evaluated utiliz-
ing the Newcastle-Ottawa Scale (NOS) (Stang, 2010). This scale con-
tains three section: (1) selection (3 items, maximum score: 3 points); (2)
comparability (1 item, maximum score: 2 points); (3) outcome (2 items,
maximum score: 3 points). The studies were divided into one of the
following categories: very good studies: 7-8 points; good studies: 5-
6 points; satisfactory studies: 3-2 points; unsatisfactory studies: 0-1

points.
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FIGURE 1 Flow chart for the systematic selection of articles

24 | Statistical analysis

Analyses were performed using the STATA15.0 software. Effect sizes
were estimated using the standardized mean difference (SMD) with
95% confidence interval (Cl). I? statistical analysis and Q test were
calculated to explore heterogeneity between studies. Sensitivity and
specificity were calculated by the summary receiver operating charac-
teristics curve (SROC) method. Besides, a summary estimate of the sen-
sitivity and specificity, which includes 95% Cl, was provided. Less than
10 studies were included; a funnel plot was not used to explore publi-
cation bias. The sensitivity analysis was performed by the “one-in/one-
out” approach. Considering the considerable heterogeneity between

studies, a random-effects model was used for the meta-analysis inves-

tigation.
3 | RESULTS
3.1 | Baseline characteristics of studies

Overall, we searched 149 articles, 30 articles were removed because
of duplication, and 94 articles were removed on the basis of their title
and abstract. A total of 25 full-text articles were assessed; 8 articles
were included based on the criteria. The detailed retrieval process was
shown in Figure 1. The baseline characteristics of studies were shown
in Table 1. The eligible studies were published between 2013 and 2020.
The ages of all participants included in the study were over 50 years
old. The disease type of included studies contained PD, MSA, AD, and
cognitive impairment. The quality of studies was assessed by NOS and
the results were presented in Table 1. With NOS quality criteria, all the

studies scored 6 or above and had good qualities.

Baseline characteristic of included studies and quality of studies

TABLE 1

Quality
7

Specificity

Sensitivity

ROC

GDF15 (pg/ml)
200 (67-467)

Age

Sampling

Design

Disease

Authors (year)

75(61-84)
61(38-79)

17

Cross-sectional

Parkinson’s disease dementia

Maetzler et al. (2016)

184 (39-461)

Health control

1472.22 +820.12
1092.83 + 543.97

7244 +8.44
71.39+8.86

36

Case-control

Parkinson’s disease

Miyaue et al. (2020)

30
121
103

Health control

.57

2603.1+192.7

63.6+9.9

Case-control

Parkinson’s disease

Davis et al. (2020)

25427 +205.8

61.4+12

Health control
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Study %
ID SMD (95% Cl) Weight
1
|
PD !
!
Miyaue et al(2019) —_—— 0.54 (0.04, 1.03) 18.89
1
Davis et al(2020) —_—— : 0.30 (0.04, 0.57) 21.99
1
Yao et al(2017Male) ——%——> 144(0.98,1.89) 19.46
1
Yao et al(2017Female) —_— 1.29 (0.85, 1.72) 19.73

Subtotal (I-squared = 88.4%, p = 0.000)

MSA

Yue et al(2020)

Subtotal (l-squared = .%,p=.)

Overall (l-squared = 86.1%, p = 0.000)

NOTE: Weights are from random effects analysis

0.88 (0.29, 1.47) 80.07

1.11 (0.68, 1.53) 19.93

1.11 (0.68, 1.53) 19.93

0.92 (0.44, 1.40) 100.00

-1.89 0

FIGURE 2 Forest plot of GDF15 levels with PD patients and MSA

3.2 | Association between GDF15 and
neurodegenerative disease

Four studies reported the serum level of GDF15 in patients with neu-
rodegenerative disease (three studies for PD, one studies for MSA). The
pooled results of the random effect model indicated GDF 15 levels were
significantly higher in patients with neurodegenerative disease than
healthy people (SMD = 0.92, 95% Cl: 0.44-1.40, Z = 3.75, p < 0.001),
with high heterogeneity among studies (2= 86.1%, p < 0.001). For
patients with PD and MSA, the serum levels of GDF15 were all higher
than healthy people (SMD = 0.88, 95% Cl: 0.29-147, Z = 2.92,
p =0.03), (SMD = 1.11, 95% Cl: 0.68-1.53, Z = 5.13, p < 0.001) (Fig-
ure 2). Sensitivity analysis results were shown in Figure 3; the pooled

effect changed slightly by removing each study.

3.3 | Sensitivity and specificity of GDF15

Yue et al. (2020) suggested that serum GDF 15 levels may be a potential
diagnostic biomarker for multiple system atrophy patients compared
with healthy controls and PD patients. Yao et al. (2017) have shown
that GDF15 may be a potential biomarker for the diagnosis and mon-

1.89

itoring of motor severity in PD. Two studies reported the diagnostic
value of GDF15 for neurodegenerative disease in different genders.
Compared with the healthy control, SROC for sensitivity and specificity
indicated that the serum levels of GDF15 were a better marker for
diagnostic utility of neurodegenerative disease. Sensitivity and speci-
ficity of biomarker of GDF15 were 0.90 (95% CI:0.75-0.97),0.77 (95%
Cl: 0.67-0.65) (Figure 4), and AUC = 0.87 (95% Cl: 0.84-0.90) (Fig-
ure 5), respectively.

3.4 | Systematic review

Four studies did not provide sufficient information for meta-analysis.
The study by Maetzler et al. (2016) indicated that CSF GDF15 had
potential to distinguish Lewy body disorder patients from control.
Also, the study indicated that adjusted GDF15 levels in PDD were
significantly higher than that in PDND patients and intermediate
in DLB patients. In patients with Lewy body disease, the levels of
GDF15 were positively correlated with age at onset of PD and demen-
tia, Hoehn & Yahr stage, and t-Tau and p-Tau levels in cerebrospinal
fluid, and negatively correlated with Mini-Mental State Examination.

Fuchs et al. (2013) explored possible cross-sectional and prospective
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FIGURE 4 SROC curve of GDF15 for the diagnosis of
neurodegenerative diseases

correlations between serum levels of MIC1/GDF15 and cognitive
impairment and decline. The results suggested a significant correlation
between increasing levels of MIC1/GDF15 and cognitive impairment
from normal to MCI or AD. The results also indicated that the serum
levels of MIC1/GDF15 could be utilized as a potential marker to iden-
tify future cognitive impairment. A case-control design by Chai et al.
(2016) demonstrated that higher levels of GDF15 may be a biomarker

for incognitive impairment no dementia (CICD) and AD in individual

with white matter hyperintensities. However, Conte et al. (2020) sug-
gested GDF15 levels were similar between AD patients and healthy
control.

4 | DISCUSSION

The purpose of this systematic review and meta-analysis was to quanti-
tatively assess the association between the GDF 15 levels and neurode-
generative disease. Our study included neurodegenerative diseases
such as AD, PD, and MSA. We found that GDF15 levels were higher in
patient with neurodegenerative disease than that in the healthy peo-
ple. For patients with PD and MSA, GDF 15 levels were higher than that
in healthy people. The diagnostic utility of GDF15 had a good sensi-
tivity of 0.90 and had a good specificity of 0.77 in distinguishing neu-
rodegenerative disease from health. These results demonstrated that
GDF15 levels could be a potential marker for neurodegenerative dis-
ease. Several studies have reported that increased GDF15 levels were
associated with PD, cognitive decline, AD, and Lewy body dementia
(Chai et al., 2016; Kim et al., 2015; Yao et al., 2017). A review by Jiang
et al. (2016) concluded that MIC-1/GDF15 could be used as a marker
of age-related cognitive impairment and brain structural defects. These
results were coincidence with our findings.

From a mechanistic view, GDF15 secretion response to mitochon-
drial stress was found in skeletal muscle. And mitochondrial dysfunc-
tion was observed in the skeletal muscle of patients with PD (Chung
et al.,, 2017). Mitochondrial DNA defects and mutations caused mito-
chondrial dysfunction, which may play an important role in aging and
neurodegeneration in PD (Bender et al., 2006; Kraytsberg et al., 2006).

The amount of mitochondrial DNA deletions in the striatum of PD
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|
I
I
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I
I
I Q=14.40, df=3.00, p= 0.00
I
I
I
: 12 = 79.17 [58.70 - 99.63]

0.6 1.0
SENSITIVITY

FIGURE 5

patients was significantly higher than that of healthy individuals (Ikebe
et al,, 1990). And mitochondrial dysfunction was associated with the
neurodegenerative process of MSA (Fernagut et al., 2014; Jellinger,
2012). The variable combination of parkinsonism, cerebellar injury,
and autonomic dysfunction were characteristic of MSA (Gilman et al.,
2008). In addition to its role in mitochondrial dysfunction, GDF15 may
play a role in inflammation. GDF15 was important for the neuropro-
tection of dopaminergic neurons in a mouse model of Parkinson’s dis-
ease (Machado et al., 2016). If this protective effect applies to humans,
the increased levels of GDF15 in PD patients may be considered as
a reaction to inflammatory damage. Meanwhile, studies reported that
GDF15 as part of the anti-inflammatory cytokine network was upreg-
ulated in response to lesions and injury in the central nervous sys-
tem (Breit et al., 2011; Johnen et al., 2012). In terms of cognition,
the integrity of white matter was necessary for normal brain func-
tion containing cognition (Fields, 2008). Other studies have shown
cognitive impairment in dementia and aging relation to white mat-
ter hyperintensities (Xu et al., 2015). And a study suggested that the
increase of GDF15 in peripheral blood may be a marker of white mat-
ter hyperintensities-related cognitive decline (Chai et al., 2016).

This meta-analysis has some limitations. First, we only investi-
gated the diagnostic validity using the SROC curve of GDF15 levels

XUE ET AL.
Studyld | SPECIFICITY (95% CI)
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I
I
I
Yao et al(2017Female) — 0.67 [0.53 - 0.78]
I
I
I
Yao et al(2017Male) —7*— 0.77 [0.63 - 0.87]
I
I
I
I
I
I
|
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I Q= 6.03,df=3.00,p= 0.1
I
I
I
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0.5 1.0
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Forest plot of sensitivity and specificity biomarker of GDF15

for total neurodegenerative disease. There were not sufficient stud-
ies for subgroup analysis of different disease types. Second, there
was heterogeneity among the studies included in this meta-analysis.
This issue was balanced by utilizing the random-effects model. How-
ever, a limited number of studies could not perform subgroup meta-
analysis for GDF15 levels in different parts and GDF15 levels in dif-
ferent diseases. Lastly, we cannot exclude the possibility of a pub-
lication bias (e.g., the tendency for studies to be more likely to be
published if their results are positive than if they are negative or
null).

In conclusion, this meta-analysis found GDF 15 as a potential marker
of neurodegenerative disease. Compared with health control, GDF15
levels were significantly higher in PD, MSA, and AD. Higher-quality
studies on the relationship between the levels of GDF15 and neurode-
generative disease were needed aiming to better evaluate its clinical

prognostic and diagnostic value.
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