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Aberrations in Peripheral Inflammatory Cytokine Levels
in Parkinson Disease
A Systematic Review and Meta-analysis
Xiao-Yan Qin, MD; Shu-Ping Zhang, PhD; Chang Cao, BS; Y. Peng Loh, PhD; Yong Cheng, PhD

IMPORTANCE The association of nonmotor features and Parkinson disease (PD) is increasingly
recognized. Evidence suggests that inflammation may play a role in PD pathologic features
and symptoms.

OBJECTIVE To quantitatively summarize the peripheral inflammatory cytokine data available
for patients with PD.

DATA SOURCE A systematic search of peer-reviewed English-language articles from PubMed,
PsycINFO, and the Cochrane Library without year limitation was performed from December 7,
2015, to March 23, 2016. The search terms included inflammation or cytokine or chemokine or
tumor necrosis factor or interleukin or interferon or C-reactive protein AND Parkinson disease.

STUDY SELECTION Studies were included if they provided data on peripheral blood cytokine
concentrations in patients with PD and a healthy control group. Studies were excluded if they
contained in vitro analysis of stimulated or unstimulated levels of cytokines, samples that
overlapped with other studies, patients not diagnosed with PD at blood sampling, or if the
cytokine analyzed was assessed in fewer than 3 studies.

DATA EXTRACTION AND SYNTHESIS Data were extracted from the 25 included studies encom-
passing 1547 unique patients with PD and 1107 unique controls by 2 independent investigators.
Data were pooled using a random-effects model with the Comprehensive Meta-analysis soft-
ware. Effect sizes were generated as standardized mean differences of cytokine concentrations
between patients with PD and healthy controls and converted to the Hedges g statistic.

MAIN OUTCOMES AND MEASURES Blood cytokine concentrations in patients with PD
compared with controls. Aberrations in peripheral cytokine levels were hypothesized to be
related to PD.

RESULTS Among the 2654 study participants, concentrations of interleukin 6 (IL-6) (Hedges
g, 0.325; 95% CI, 0.007-0.643; P = .045) in 13 studies, tumor necrosis factor (Hedges g,
0.354; 95% CI, 0.144-0.563; P = .001) in 9 studies, IL-1β (Hedges g, 0.382; 95% CI,
0.142-0.621; P = .002) in 6 studies, C-reactive protein (Hedges g, 0.323; 95% CI,
0.052-0.593; P = .02) in 6 studies, IL-10 (Hedges g, 0.329; 95% CI, 0.051-0.607; P = .02) in
5 studies, RANTES (regulated on activation, normal T-expressed, and presumably secreted)
(Hedges g, 0.605; 95% CI, 0.111-1.099; P = .02) in 5 studies, and IL-2 (Hedges g, 0.789;
95% CI, 0.105-1.472; P = .02) in 3 studies were significantly higher in patients with PD
compared with healthy controls. No differences were found between patients with PD and
healthy controls for concentrations of interferon-γ (Hedges g, 0.745; 95% CI, −0.192 to 1.682;
P = .12) in 5 studies, IL-4 (Hedges g, 0.031; 95% CI, −0.191 to 0.253; P = .79) in 3 studies, and
IL-8 (Hedges g, 0.072; 95% CI, −0.136 to 0.279; P = .50) in 3 studies.

CONCLUSIONS AND RELEVANCE The findings of the meta-analysis demonstrated higher
peripheral concentrations of IL-6, tumor necrosis factor, IL-1β, IL-2, IL-10, C-reactive protein,
and RANTES in patients with PD, strengthening the clinical evidence that PD is accompanied
by an inflammatory response.
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P arkinson disease (PD) is the second most common neu-
rodegenerative disease after Alzheimer disease, and 7
to 10 million people are estimated to be affected

globally.1 The most obvious symptoms of the disease are move-
ment related, including tremor, rigidity, slowness of move-
ment, and postural instability.2 Although PD is characterized
by the significant loss of dopaminergic neurons in the sub-
stantia nigra pars compacta and the presence of intraneuro-
nal proteinacious cytoplasmic inclusions termed Lewy bodies,3

the etiology of the disease is still poorly understood. The typi-
cal treatments for PD are the antiparkinson medications le-
vodopa and dopamine agonists, which have symptomatic ben-
efits during the early stage of the disease. However, these
medications become ineffective as the disease progresses,
and they have adverse effects.4,5 Therefore, the need to bet-
ter understand the etiology of PD and subsequently develop
new therapies to prevent or slow the disease progression is
urgent.

Growing evidence suggests that inflammation plays an im-
portant role in the pathologic features and symptoms of PD.6,7

Inflammatory markers, such as tumor necrosis factors (TNFs)
and interleukins, are critical signaling molecules of immune
activation that exert effects in the brain and in the periphery.8

Meta-analyses have demonstrated elevated levels of these
inflammatory cytokines in patients with depression,9

schizophrenia,10 Alzheimer disease,11 and autism spectrum
disorder.12 In patients with PD, postmortem and in vivo posi-
tron emission tomographic studies showed increased inflam-
matory responses, including microglial activation13,14 and in-
creased levels of the immune markers in the brain.15-18

In addition, peripheral inflammation could contribute to
the etiology and progress of PD.19 The easy access to blood
samples has led to a substantial number of studies analyzing
peripheral inflammatory cytokine levels in patients with PD
compared with healthy control individuals in the hope of bet-
ter understanding the etiology of PD and providing candidate
biomarkers for the disease. Although a number of studies
showed associations between inflammatory cytokine concen-
trations and PD, those associations were inconsistent for in-
dividual cytokines and between studies.20-25 To address the
inconsistency in clinical data, a meta-analysis on this subject
is warranted.

Methods
Search Strategy and Study Selection
Two of us (X.-Y.Q. and S.-P.Z.) performed a systematic review
of peer-reviewed English-language articles from the data-
bases of PubMed, PsycINFO, and the Cochrane Library with no
year limitation from December 7, 2015, to March 23, 2016. The
database search terms included inflammation or cytokine or
chemokine or tumor necrosis factor or interleukin or interferon
or C-reactive protein AND Parkinson disease. Original clinical
studies that reported data on peripheral cytokine concentra-
tions in patients with PD and healthy controls were included.
The following exclusion criteria were applied: (1) in vitro stud-
ies that reported stimulated or unstimulated levels of cyto-

kines; (2) samples overlapped with other studies; (3) patients
were not diagnosed with PD at the time of blood sampling; and
(4) the cytokine analyzed was assessed in fewer than 3 stud-
ies. The meta-analyses performed in this study adhered to the
guidelines that are recommended by the PRISMA statement
(Preferred Reporting Items for Systematic Reviews and
Meta-analysis).26

Data Extraction
Two of us (X.-Y.Q. and S.-P.Z.) extracted the data. Data on
sample size, mean (SD) cytokine concentration, and P values
were extracted as primary outcomes. Data for potential mod-
erator analysis of age, sex, disease duration, disease severity
(Hoehn and Yahr Scale27 and Unified Parkinson’s Disease Rat-
ing Scale28 scores), sampling source, medication status, and
assay type were also extracted (eTable in the Supplement). We
observed some inconsistent reports of data (RANTES [regu-
lated on activation, normal T-expressed, and presumably se-
creted]) in one study,22 and the correct data were obtained from
the authors.

Statistical Analysis
We used Comprehensive Meta-analysis software (version 2;
Biostat Inc) to perform all the statistical analyses. Effect sizes
(ESs) were primarily generated from sample size and mean (SD)
values or from sample size and P values if mean (SD) data were
not available. Effect sizes were calculated as standardized mean
differences of cytokine concentrations between patients with
PD and healthy controls and converted to the Hedges g
statistic,29 which provides an unbiased ES adjusted for sample
size. An ES estimate was calculated for each cytokine as-
sessed in all included studies. We chose a random-effects model
for the meta-analysis because within-study and between-
study variances were hypothesized to affect the true ES. The
random-effects model is a more conservative approach: if a sig-
nificant heterogeneity is found among analyzed studies, the
random-effects model yields a wider 95% CI than the fixed-
effects model (which estimates study weight based on sample
size).12 Sensitivity analysis was undertaken by removing 1 study
at a time to assess the stability of the outcome of the meta-
analysis.

Between-study heterogeneity was assessed using the Coch-
rane Q test and I2 statistic as described previously.30 Statisti-
cal difference for the Cochrane Q test was set at P < .10; I2 sta-

Key Points
Question Are peripheral blood levels of inflammatory cytokines
altered in patients with Parkinson disease (PD)?

Findings In this meta-analysis of 25 studies with 2654 unique
participants, patients with PD demonstrated significantly higher
blood levels of interleukin 6 (IL-6), tumor necrosis factor, IL-1β,
IL-2, IL-10, C-reactive protein, and RANTES (regulated on
activation, normal T-expressed, and presumably secreted)
compared with healthy control individuals.

Meaning This study provides a novel perspective into the etiology
of PD, and future investigations into the cytokines as biomarkers
and therapeutic targets for PD may be warranted.
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tistics of 0.25, 0.50, and 0.75 denoted small, moderate, and
high levels of heterogeneity, respectively. Unrestricted maxi-
mum-likelihood random-effects meta-regressions of ES31 were
performed to analyze whether the continuous variables, in-
cluding patient mean age and sex distribution (proportion of
male individuals), had moderating effects on the outcomes of
the meta-analysis. Publication bias was determined by the
Egger test,32 which assesses the funnel plot asymmetry. Pub-
lication bias was further evaluated using the classic fail-safe
N method,33 which computes the number of missing studies
(with a mean effect of zero) that would need to be added to
the analysis to yield a statistically nonsignificant overall ef-
fect. All values for significances in this study were set at P < .05
except where noted. P < .10 was not considered statistically
significant.

Results
The initial search identified 2656 records from PubMed, 490
records from PsycINFO, and 50 records from the Cochrane Li-
brary. Scanning of titles and abstracts resulted in identifica-
tion of 59 articles for full-text scrutiny. Several studies were
excluded because they reported cytokine levels in vitro (7 stud-
ies), lacked necessary data (10 studies), lacked a healthy con-
trol group (15 studies), had samples that overlapped with other
studies (1 study), and obtained blood samples before the pa-
tients were diagnosed with PD (1 study). Thus, a total of 25 stud-
ies encompassing 2654 unique study participants, including
1547 patients with PD and 1107 healthy controls, were in-
cluded in the meta-analysis20-25,34-52 (Figure 1).

Main Association of PD With Cytokine Levels
Random-effects meta-analysis demonstrated that patients with
PD had significantly higher peripheral blood cytokine levels

compared with healthy controls for interleukin 6 (IL-6) (Hedges
g, 0.325; 95% CI, 0.007-0.643; P = .045), TNF (Hedges g, 0.354;
95% CI, 0.144-0.563; P = .001), IL-1β (Hedges g, 0.382; 95% CI,
0.142-0.621; P = .002), C-reactive protein (CRP) (Hedges g,
0.323; 95% CI, 0.052-0.593; P = .02), IL-10 (Hedges g, 0.329;
95% CI, 0.051-0.607; P = .02), RANTES (Hedges g, 0.605; 95%
CI, 0.111-1.099; P = .02), and IL-2 (Hedges g, 0.789; 95% CI,
0.105-1.472; P = .02) (Figures 2, 3, and 4 and Table). In con-
trast, concentrations of interferon-γ (IFN-γ) (Hedges g, 0.745;
95% CI, −0.192 to 1.682; P = .12), IL-4 (Hedges g, 0.031; 95%
CI, −0.191 to 0.253; P = .79), and IL-8 (Hedges g, 0.072; 95%
CI, −0.136 to 0.279; P = .50) yielded nonsignificant ES esti-
mates (Table).

Investigation of Heterogeneity
Significant heterogeneity was found for 7 of 10 cytokines. In-
terleukin 6, CRP, IFN-γ, and IL-2 showed high levels of hetero-
geneity, whereas TNF, IL-1β, and RANTES showed moderate
levels of heterogeneity (Table). We next attempted to adjust
for potential moderators that accounted for the heteroge-
neity in the meta-analysis, which included theoretically rel-
evant categorical variables (sampling source, assay type, and
medication status) and continuous variables (age, sex, dis-
ease duration, and disease severity). As shown in the eTable
in the Supplement, the information on mean disease dura-
tion, disease severity, and medication status were limited. In
terms of the sampling source (serum and plasma), only 3 stud-
ies analyzed plasma cytokine concentrations. Therefore, we
next performed subgroup analysis based on assay type
(enzyme-linked immunoassay [ELISA] and non-ELISA) and
meta-regression analysis on age and sex. Because the num-
bers of studies were limited for most of the cytokines, the sub-
group and meta-regression analyses were mainly performed
for IL-6 and TNF.

For IL-6, the impact of heterogeneity was reduced 26%
(Q5 = 13.202; P = .02; I2 = 62.126), and the significance of the
association between elevated IL-6 levels and PD was
retained for the non-ELISA method (eFigure 1 in the Supple-
ment). For the ELISA method, the impact of heterogeneity
was slightly increased (Q6 = 86.974; P < .001; I2 = 93.101),
and the significant association was lost (eFigure 1 in the
Supplement). For TNF, no significant heterogeneity was
found for the non-ELISA method (Q4 = 5.167; P = .27;
I2 = 22.587), and the impact of heterogeneity was slightly
increased for the ELISA method (Q3 = 10.599; P = .01;
I2 = 71.695). In addition, the significance of the association
between elevated TNF levels and PD was retained for the
non-ELISA method but not the ELISA method (eFigure 2 in
the Supplement).

Meta-regression analyses revealed that sex had no mod-
erating effects on the outcomes of the meta-analysis (eFigure
3 in the Supplement). A significant association was found be-
tween age and ES (eFigure 3A in the Supplement) (regression
coefficient [SE], −0.061 [0.024]; 95% CI, −0.108 to −0.015;
P = .01) for studies measuring TNF levels. In addition, age was
nonsignificantly associated with ES for studies measuring IL-6
levels (eFigure 3B in the Supplement) (regression coefficient
[SE], −0.075 [0.043]; 95% CI, −0.159 to 0.009; P = .08). These

Figure 1. PRISMA Flowchart of the Literature Search

3196 Records identified in 
search through databases
2656
490
50

PubMed
PsyclNFO
Cochrane Library

3196 Records screened

59 Full-text studies
scrutinized for eligibility

25 Studies included in
the meta-analysis

3137 Records excluded

34 Studies excluded
10 No necessary data
15 No healthy control group
1 Samples overlap with other 

studies
7 In vitro data

Blood sample taken before 
patient was diagnosed 
with PD
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PD indicates Parkinson disease.
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results indicated that age had moderating effects on the out-
comes of the meta-analysis.

Sensitivity analysis suggested that a single study could in-
fluence the statistically significant difference in blood IL-6 lev-
els between patients with PD and healthy controls. This find-
ing is not surprising because the P value of the meta-analysis
outcome was slightly less than .05 for IL-6. In contrast, no in-
dividual study significantly influenced the significant differ-
ence for blood TNF levels between patients with PD and healthy
controls. Furthermore, no single study explained the signifi-
cant heterogeneity for IL-6 and TNF.

No significant risk for publication bias was detected in the
included studies as demonstrated by the Egger test (Egger in-
tercept range, −0.44 to 4.11; P > .10 in all analyses) (Table). Fur-
thermore, analyses from the classic fail-safe N method showed
that 88 missing studies were required for IL-6 levels to reach
P > .05 in the meta-analysis; 61 studies, for TNF; 31 studies, for
IL-1β; 21 studies, for IL-2; 9 studies, for IL-10; 29 studies, for
CRP; and 23 studies, for RANTES. These results suggested that
the significant associations in our meta-analyses were un-
likely to be caused by publication bias.

Discussion

To the best of our knowledge, this meta-analysis is the first un-
dertaken to investigate alterations of peripheral inflamma-
tory cytokine levels in patients with PD. We found significant
elevations of peripheral blood proinflammatory cytokine lev-
els for IL-6, TNF, IL-1β, CRP, and IL-2 in patients with PD com-
pared with healthy controls. Levels of the chemokine RANTES
associated with recruitment of inflammatory cells were also
elevated in patients with PD. For those cytokines signifi-
cantly associated with PD, the ESs associated with the results
of IL-2 and RANTES were the largest, and the ESs for other in-
dividual cytokines ranged from small to medium. Although
inconsistent results have been reported for individual cyto-
kines and between studies in the literature, our meta-
analysis provides evidence of a heightened proinflammatory
cytokine profile in PD, strengthening the clinical evidence that
patients with PD have an increased inflammatory response. In
addition to the association between TNF levels and PD found
in this meta-analysis, 2 studies53,54 have consistently demon-

Figure 2. Studies of Peripheral Blood Levels of Interleukin 6 (IL-6) and Tumor Necrosis Factor (TNF)
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Forest plot displays random-effects meta-analysis results of the association between IL-6 and TNF levels and Parkinson disease (PD). The sizes of the squares are
proportional to study weights.
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strated that peripheral blood TNF-receptor levels are in-
creased in patients with PD, providing more clinical evidence
of proinflammatory responses in patients with PD.

This meta-analysis did not find altered levels of proin-
flammatory cytokines IFN-γ and IL-8 in patients with PD com-
pared with healthy controls, although the limited number of
studies with a smaller sample size may have made observa-
tion of significant associations difficult. In addition, the anti-
inflammatory cytokines IL-4 and IL-10 showed distinct pro-
files in peripheral blood samples of patients with PD, with
concentrations in PD significantly increased for IL-10 and no
association between IL-4 and PD. Although IL-10 is generally
considered to oppose the actions of the proinflammatory cy-
tokines, its bioactivity is highly complex, with roles involved
in costimulation of B-cell activation and natural killer cell pro-
liferation, prolonged B-cell survival, contribution to class
switching in B cells, and production of IFN-γ.55,56

The heterogeneity for the individual cytokines in this meta-
analysis varied from zero to high. The strength of this study
is that we used a meta-analytic technique with subgroup and

meta-regression analyses to adjust for potential confound-
ers. The subgroup analyses suggested that different assay types
(ELISA vs non-ELISA) partially explained the heterogeneity.
However, another possible explanation for the lower hetero-
geneity in studies using non-ELISA analysis is the low power
that the test for heterogeneity has in meta-analyses with a
smaller number of studies.57

Meta-regression analyses revealed that age is a confound-
ing factor for the outcome of the meta-analysis. However, we
cannot exclude the possibility that the moderating effect of age
was secondary to other clinical variables, including disease du-
ration, disease severity, and duration of medication use. The
limitation of this meta-analysis is that most of the included
studies did not provide detailed information on these clinical
variables (eTable in the Supplement), which precluded us from
further analysis. Nevertheless, these limits highlight the need
for continued investigation of cytokine levels in patients with
PD, with control for the relevant methodologic and clinical vari-
ables. Another limitation of this study is that the meta-
analysis on peripheral blood cytokine levels in patients with

Figure 3. Studies of Peripheral Blood Levels of Interleukin 1β (IL-1β), C-reactive Protein (CRP), and IL-2
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Forest plot displays random-effects meta-analysis results of the association between IL-1β, CRP, and IL-2 levels and Parkinson disease (PD). The sizes of the squares
are proportional to study weights.
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PD compared with healthy controls provides us with pooled
results originating from cross-sectional studies. Therefore,
whether the inflammatory marker changes would predict a
more aggressive disease course remains unclear, and longitu-
dinal studies are necessary to address this question. In fact,
when Sawada et al58 used a longitudinal approach in 375 pa-
tients with PD, they found that the baseline CRP levels were

associated with the risk for death and estimated the life
expectancy of patients with PD.

The central nervous system is generally considered to be
immunologically privileged owing to the existence of the
blood-brain barrier under physiologic conditions. The com-
promise of the blood-brain barrier has been identified as a criti-
cal factor for neurodegenerative diseases, including PD,59,60

Table. Summary of Comparative Outcomes for Measurements of Peripheral Blood Cytokine Levels

Cytokine
No. of
Studies

No. With PD/
Controls

Main Effect Heterogeneity Publication Bias

Hedges g (95% CI) z Score P Value Q Statistic df P Value I2 Statistic Egger Intercept P Value
IL-6 13 898/678 0.325

(0.007 to 0.643)
2.002 .045 100.328 12 <.001 88.039 0.57 .81

TNF 9 809/528 0.354
(0.144 to 0.563)

3.31 .001 21.968 8 .005 63.583 0.83 .63

IL-1β 6 623/339 0.382
(0.142 to 0.621)

3.124 .002 12.098 5 .03 58.670 0.90 .66

CRP 6 696/411 0.323
(0.052 to 0.593)

2.338 .02 22.317 5 <.001 77.595 3.11 .42

IL-10 5 376/181 0.329
(0.051 to 0.607)

2.323 .02 7.193 4 .13 44.390 0.41 .83

RANTES 5 171/154 0.605
(0.111 to 1.099)

2.402 .02 15.361 4 .004 73.961 2.47 .38

IFN-γ 5 432/293 0.745
(−0.192 to 1.682)

1.558 .12 101.479 4 <.001 96.058 4.08 .43

IL-2 3 282/138 0.789
(0.105 to 1.472)

2.261 .02 12.274 2 .002 83.706 4.11 .32

IL-4 3 269/126 0.031
(−0.191 to 0.253)

0.273 .79 2.046 2 .36 2.244 0.03 .99

IL-8 3 298/130 0.072
(−0.136 to 0.279)

0.677 .50 1.078 2 .58 0 −0.44 .79

Abbreviations: CRP, C-reactive protein; df, degrees of freedom; IFN-γ, interferon γ; IL, interleukin; PD, Parkinson disease; RANTES, regulated on activation, normal
T-expressed, and presumably secreted; TNF, tumor necrosis factor.

Figure 4. Studies of Peripheral Blood Levels of RANTES (Regulated on Activation, Normal T-expressed, and Presumably Secreted)
and Interleukin 10 (IL-10)
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Forest plot displays random-effects meta-analysis results of the association between RANTES and IL-10 levels and Parkinson disease (PD). The sizes of the squares
are proportional to study weights.
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which can lead to the increased infiltration of peripheral im-
mune cells, such as T and B lymphocytes, into the central
nervous system. In addition, the peripheral inflammatory cy-
tokines, such as IL-1β, TNF, and IL-6, could also cross the blood-
brain barrier to stimulate neuroinflammatory reactions un-
der pathologic conditions.6 Our present meta-analysis
demonstrates an increased peripheral proinflammatory cyto-
kine profile in patients with PD, with the peripheral measure-
ments limited in that we do not know how much they reflect
the inflammatory activity within the brain. However, several
studies15-18 showed that inflammatory cytokine levels, includ-
ing IL-1β, TNF, and IL-6, were elevated in the brains of pa-
tients with PD. Therefore, changes in peripheral inflamma-
tory markers in PD are likely correlated with changes in
inflammatory markers that occurred in the central nervous sys-
tem, although further studies are necessary to substantiate this
proposal.

The clinical significance of elevated cytokine levels re-
mains a subject of debate, and whether it is a cause or conse-
quence in the progress of PD is unclear. The hypothesis that
inflammatory cytokines contribute to the progress of PD is
plausible in view of the considerable evidence showing the
toxic effects of inflammatory cytokines, such as IL-6, IL-1, and
TNF, to neurons.61-63 In addition, mice deficient in the genes
involved in the generation of inflammatory markers (such as
cyclooxygenase 264 and TNF receptors65) were found to be pro-
tected against dopaminergic neurotoxicity. The early block-
ade of neuroinflammation by nonsteroidal anti-inflamma-
tory drugs or cytokine inhibitors consistently attenuated
dopaminergic neuron degeneration in the animal models of
PD.66,67 Epidemiologic studies68,69 suggested that the risk for
developing PD was decreased in long-term users of nonste-
roidal anti-inflammatory drugs, although a meta-analysis re-
vealed that only ibuprofen provides significant protection
against PD.70 These results support the idea that inflamma-
tion is important in PD pathogenesis. However, an alternative
explanation for the observed effects in the meta-analysis is that
cytokine elevations are just signs of PD or rather a result of PD,
which is possible if patients with PD are more prone to infec-
tions. In fact, one study21 showed that patients with PD had a
higher infectious burden compared with healthy controls.

Identifying biomarkers in PD holds the promise of remov-
ing roadblocks to therapeutic discovery. One of the leading

efforts to identify biomarkers in the field is the Parkinson Pro-
gression Marker Initiative (PPMI) sponsored by the Michael J.
Fox Foundation.71 The PPMI planned to recruit 400 patients
with PD and 200 healthy controls to be followed up longitu-
dinally for clinical, imaging, and biospecimen (blood, urine,
and cerebrospinal fluid) biomarker assessment.71 Since the
PPMI’s launch in 2010, researchers have already published find-
ings using the PPMI cohort. For example, apolipoprotein A1 was
found to be associated with age at onset and motor severity
in patients with early PD.72 Our present meta-analysis sug-
gests that some blood inflammatory cytokines are potential di-
agnostic biomarkers in PD, and validating the results with the
PPMI cohort would be of interest, thus providing a strong ra-
tionale for researchers to request blood samples from the PPMI.
Moreover, evaluation of the PPMI cohort will also reveal the
potential of the cytokines to serve as biomarkers for disease
progression. One study included in our meta-analysis51 re-
ported that RANTES levels significantly correlated with dis-
ease severity (Hoehn and Yahr scale) and disease duration in
patients with PD. Another study40 showed a significant cor-
relation between blood TNF levels and nonmotor symptoms
in patients with PD. In addition to the PPMI, the COPPADIS-
2015 (Cohort of Patients With Parkinson’s Disease in Spain,
2015) project recently published a proposal.73 As part of this
proposal, the investigators are recruiting patients with PD and
control participants from November 2015 to February 2017,
with follow-up for 5 years. The proposed objectives include
analyses of potential serum biomarkers, such as TNF, IL-1, IL-2,
IL-6, and CRP, at baseline and at the end of follow-up. We hope
that this project will provide valuable information for the as-
sociation between inflammation and PD. After validation of
these cytokines as diagnosis or disease progression biomark-
ers in PD, the next step is to target the biomarkers for poten-
tial new and better treatments for the growing number of in-
dividuals with PD worldwide.

Conclusions
Our meta-analysis findings demonstrated elevated peripheral
concentrations of IL-6, TNF, IL-1β, IL-2, IL-10, CRP, and RANTES
in patients with PD. This finding strengthens the clinical evi-
dence that PD is accompanied by an inflammatory response.
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