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Abstract

Background: The antioxidant effects of bilirubin in Parkinson’s disease (PD) have recently gained much attention from the reseg
community. However, results from these studies have been conflicting. This meta-analysis is conducted to assess the relationship
between the serum bilirubin concentration and the risk of PD.

Methods: Two reviewers performed a systematic literature search across five databases (MEDLINE, PubMed, EMBASE, Web of
Science, and Cochrane Central Register of Controlled Trials). The case-control studies regarding bilirubin levels in PD patients
published up to April 2020 were included. These studies were subjected to rigorous scrutiny and data extraction to determine the
standard mean difference (SMD) and the 95% confidence interval (CI), which were analyzed using the Stata V.12.0 statistical
software.

Results: A total of eight studies which included 1463 PD cases and 1490 controls were incorporated into our meta-analysis. SMD
analysis showed that there was a higher total bilirubin (TBIL) and direct bilirubin (DBIL) levels in PD patients compared with
controls (for TBIL, SMD: 0.300, 95% CI: 0.050-0.549, P =0.018; for DBIL, SMD: 0.395, 95% CI: 0.102-0.688, P =0.008).
However, no significant relationship was found between the serum indirect bilirubin and PD patients (SMD: —0.223, 95% CL:
—0.952-0.505, P=0.548). A subgroup analysis based on ethnicity indicated that the serum TBIL was higher in PD patients of
Caucasian descent in contrast to matched healthy controls (SMD: 0.511, 95% CI: 0.324-0.698, P =0.000, I*> = 58.0%).
Conclusion: Higher serum bilirubin levels in PD patients suggest that bilirubin might play a role in the pathogenesis of PD and have
the potential to be utilized as a biochemical marker for PD diagnosis and treatment.
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Introduction system (CNS) diseases.'¥! There is increasing evidence
demonstrating the neuroprotective effect of HO in various
diseases and models of CNS injury. Additionally, HO was
found to be significantly over-expressed in dopaminergic
cells damaged by oxidative stress and has been docu-
mented to participate in Lewy body modification in
degenerative dopaminergic neurons of PD.®) Heme is
catabolized to free iron, carbon monoxide (CO), and
biliverdin in the presence of HO, with biliverdin reductase
converting biliverdin into bilirubin.[*” Previous studies
have suggested that total bilirubin (TBIL) can be used as a
marker of HO functional activity.!® Bilirubin has long
been considered to be a potentially cytotoxic metabolite;
however, recent studies have brought to light its potential
antioxidant effects. It has been shown that bilirubin, as the
only natural fat-soluble antioxidant in the human body,
possesses stronger anti-lipid peroxidation capacity in
comparison to vitamin E analogs.!”’ While several studies
have indicated that moderate concentrations of bilirubin
impart neuroprotective effects in PD cell models, the

Parkinson’s disease (PD) is the second most commonly
encountered neurodegenerative disease following Alz-
heimer’s disease with 1% to 2% prevalence in people
over 65 years old." The pathological features found
to correlate with signs and symptoms of PD are the
progressive degeneration of dopaminergic neurons in
the substantia nigra and the formation of Lewy bodies.*!
The clinical features of PD consist of both non-motor and
motor features, with four primary symptoms being:
bradykinesia, static tremor, rigidity, and postural imbal-
ance.!'! Previous studies have shown that oxidative stress is
related to the progression of neuronal damage, highlight-
ing its potential role in the pathogenesis of PD."!

Heme oxygenase (HO) is one of the main antioxidant
enzymes in the oxidative regulation system and is closely
related to the occurrence of mammalian central nervous
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underlying biological mechanisms have yet to be fully
established. Therefore, we conducted a meta-analysis to
explore the relationship between serum bilirubin concen-
tration and PD to determine its utility as a diagnostic and
prognostic marker in PD.

Methods

In the present study, we performed the meta-analysis under
the Preferred Reporting Items for Systematic Review and
Meta-analysis %PRISMA) guidelines (http://www.prisma-
statement.org). ol

Search strategy

Two investigators performed a systemic literature search
on the following databases — MEDLINE, PubMed,
EMBASE, Web of Science, and Cochrane Central Register
of Controlled Trials. The case-control studies published
from database establishment to April 2020 were selected.
The retrieval formula was composed of the following
keywords and terms: (bilirubin OR BIL) AND (Parkin-
son’s Disease OR Parkinson Disease OR Primary
Parkinsonism). In addition, this retrieval included all
article forms with no language restrictions. We also
screened the reference list of the original studies and
conducted a manual review to further obtain potentially
qualified studies.

Inclusion and exclusion criteria

The inclusion criteria encompassed the following: (1) case—
control studies; (2) diagnosis of PD made by an experienced
neurologist following the United Kingdom Parkinson’s
Disease Society Brain Bank clinical diagnostic criteria; (3)
sufficient data of serum TBIL concentration for PD and
healthy controls. Studies were excluded based on the
following criteria: (1) not a case-control study (including
animal experiment, in vitro experiment, pharmacoeco-
nomic research, drug metabolism research); (2) overlapping
samples of the same research center; (3) incomplete data
information; (4) samples taken from patients before a
diagnosis of PD; (5) the article was a case report, meta-
analysis, review, or abstract from the conference.

Data extraction

Based on the inclusion and exclusion standards, two
researchers independently reviewed the full text of all
included studies and extracted the following relevant
information: first author, age, ethnicity, gender, publication
time, the number of samples, and serum TBIL concentration
data of PD and controls (including subgroup analysis data).
The differences between the data extracted by the two
researchers were reviewed by the third researcher.

Quality assessment

We used the Newcastle-Ottawa Scale (NOS) standard to
evaluate the quality of each study.!"" Three aspects were
assessed: subject selection, inter-group comparability, and
exposure factor measurement. The full NOS score is 9
points, with a score > 6 indicating high quality.
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Statistical analysis

Stata version 12.0 statistical software (Stata Corp., College
Station, TX, USA) was used in our article for all data
processing and analysis. The primary data extracted in this
study were sample size, as well as the mean and standard
deviation of serum bilirubin concentration. Due to the
different measurement units of the bilirubin concentration
in the included studies, a significant difference was
observed between the mean and standard deviation of
these results, so the standard mean difference (SMD) and
95% confidence interval (CI) were selected as the effective
size (ES) for statistical analysis for continuous outcomes. A
forest plot was used to show the characteristics of the
results of various studies. P < 0.05 indicated a statlstlcally
significant difference. We used the Q test and I” statistics
to analyze the heterogeneity of the included studies.
The fixed-effect model was employed for data combination
if P> 0.05 and I* < 50% which indicated that there was no
statistical difference in heterogeneity between the studies.
The random-effect model was adopted if the converse was
M2 Eoger test was used to assess publication
I'A P-value of Egger test of < 0.05 indicated the
potentlal of publication bias. To further investigate the
potential influencing factors of heterogeneity, we con-
ducted a subgroup analysis of the whole study based on
gender and ethnicity. In addition, we also performed
statistical analyses for relevant indicators [serum direct
bilirubin (DBIL) and serum indirect bilirubin] when at least
two research outcomes were available for calculation.
Furthermore, a sensitivity analysis was carried out to assess
the stability of the results. Repeated data analyses were
performed, with each done after removing one study at a
time.

Results

Characteristics of eligible studies

A total of 14,977 related records were initially retrieved
through each database. Two hundred and nine documents
were left after screening for title and abstract. A further 201
articles were excluded after a complete review of journal text
based on the following reasons: the main subjects were not
PD patients (7 = 191); no case-control study (7 = 7); lack of
necessary data information (7 =1); case report or review
(m=2). Therefore, eight published clinical case-control
studies were incorporated into our meta-analysis, included
2953 individual research sub]ects con51st1ng of 1463 PD
cases and 1490 healthy controls."">?* Figure 1 shows the
flowchart for the study selection process and reasons for
elimination. The subjects of these eligible studies were
mainly Asian and Caucasian people. Table 1 summarizes
some of the essential characteristics of the included studies.

Quantitative synthesis

Serum TBIL

Eight research papers provided information on serum
TBIL concentration. After a comprehensive data analysis
of included studies, our meta-analysis indicated that there
was a significant relationship between serum TBIL and PD
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Figure 1: Flowchart of the selection process for studies included in the meta-analysis.
Table 1: Primary characteristics of included studies.
Sample TBIL DBIL IBIL Male-TBIL Female-TBIL
size (n) (wmol/L) (wmol/L) (mol/L) (wmol/L) (mol/L)
Publication
Author year Country Case Control Case Control Case Control Case Control Case Control Case Control NOS
Scigliano et al 1997 Ttaly 255 224 0.69  0.60 - - - - - - - - 8
+0.27 +0.2§
Moccia et al 2015 Ttaly 75 75 0.74 0.51 - - - - 0.79 0.58 0.64 0.42 8
+0.25 +0.29 +0.25 +0.32 +£0.22 +0.20
Qin et al 2015 China 425 460 12.10 12.30 3.73 3.15 8.36 9.15 12.70 13.22 10.96 10.61 8
+3.99 +334 +146 +098 +2.81 +2.57 +4.13 +324 +349 +2.83
Bolner et al 2016 Italy 44 21 0.83 0.64 - - - - - - - - 7
+0.34 +0.20
Macias-Garcia 2019 Spain 420 435 0.56 0.45 - - - - - - - - 8
et al +0.26 +0.22
Lee et al 2019 China 105 62 0.73 0.64 - - - - - - - - 8
+0.25 +0.28
Songsomboon 2020 Thailand 61 135 7.92 6.59 3.39 3.33 4.52 3.26 - - - - 8
et al +3.67 +£2.78 +145 +1.16 +248 +1.82
Li et al 2020 China 78 78 12.94 1545 6.43 4.63 6.51 10.82 13.26 16.46 12.30 13.44 7
+3.87 +6.33 +£337 +197 +4.03 461 +£3.73 +6.85 +4.17 +4.60

Data are presented as 7 or mean + standard deviation. DBIL: Direct bilirubin; IBIL: Indirect bilirubin; NOS: Newcastle-Ottawa Scale; TBIL: Total

bilirubin.

patients. Compared to healthy control subjects, the serum
TBIL concentration was markedly higher in PD patients.
This relationship was of high statistical significance
(SMD: 0.300, 95% CI: 0.050-0.549, P=0.018, Table 2,
Figure 2). However, we detected high heterogeneity between
the included studies through I* statistics (I*=89.5%);
therefore, a random-effect model was selected for a
comprehensive analysis of the data.

657

Serum DBIL and indirect bilirubin

To further explore the causes of elevated serum TBIL
concentration in PD patients, we conducted a meta-
analysis with the random-effect model of the relationship
between serum DBIL and serum indirect bilirubin and PD
patients, only three works of literature provided relevant
data. Interestingly, our meta-analysis found that the
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Table 2: Meta-analysis of the association between serum bilirubin concentration and the risk of Parkinson’s disease.

Random-effect model Heterogeneity Egger test

ltems Study (n) SMD 95% Cl P F (%) P
TBIL 8 0.300 0.050-0.549 0.018 89.5 0.612
DBIL 3 0.395 0.102-0.688 0.008 75.9 0.802
IBIL 3 -0.223 —0.952-0.505 0.548 96.0 0.936
Ethnicity

Caucasian 4 0.511 0.324-0.698 0.000 58.0 0.368

Asian 4 0.057 —0.286-0.399 0.746 86.1 0.717
Gender

Male 3 —0.008 —0.604-0.587 0.978 90.3 0.814

Female 3 0.286 —0.341-0.913 0.371 84.3 0.774

CI: Confidence interval; DBIL: Direct bilirubin; IBIL: Indirect bilirubin; NOS: Newcastle-Ottawa Scale; SMD: Standard Mean Difference; TBIL: Total

bilirubin.
Study %
D SMD (95% CT) Weight
Scigliano G et al (1997) —_— 0.35(0.16, 0.53) 1394
Moceia M et al (2015) | ——— 0850052, 118) 11.84
Qin XL et al (2015) —_— -0.05 (-0.19, 0.08) 14.44
Bolner A et al. (2016) - 0.63 (0.10, 1.16) 893
Macias-Garcia D et al. (2019) |—— 0.46 (0.32, 0.59) 14.40
Lee DY et al (2019) —-o-— 0.34 (0.03, 0.66) 1211
Songsomboon C et al. (2020) —:'—'0_ 0.43(0.13,0.74) 1227
LiJ etal (2020) P — 0.48 (-0.80, -0.16) 12.08
Overall (I-squared = 89.5%, p = 0.000) <> 0.30 (0.05, 0.55) 100.00
NOTE: Weights are from random effects analysis :

T : T

-1.18

118

Figure 2: Forest plot displaying the association between the bilirubin and the risk of Parkinson’s disease in the whole population.

concentration of serum DBIL was significantly higher
in patients who had PD compared with healthy controls
(SMD: 0.395, 95% CI: 0.102-0.688, P=0.008, I*=
75.9%, Table 2). This was consistent with the above serum
TBIL results. In contrast, no significant relationship was
found between the concentration of serum indirect
bilirubin and PD patients (SMD: —0.223, 95% CIL
—0.952-0.505, P =0.548, I* = 96.0%, Table 2).

Subgroup analysis

To further investigate the potential influencing factors of
heterogeneity, we conducted a subgroup analysis of the

658

whole study based on gender and ethnicity. When subgroup
analysis using gender (male and female) as the main
considering factor, no significant statistical difference was
found in the concentration of serum TBIL between the two
groups (for male, SMD: —0.008, 95% CI: —0.604-0.587,
P=0.978, I* = 90.3%; for female, SMD: 0.286, 95% CI:
—0.341-0.913, P=0.371, I* = 84.3%, Table 2). Addition-
ally, the subgroup analysis according to ethnicity (Caucasian
population and Asian population) indicated that the serum
TBIL concentration was notably higher in PD patients in the
Caucasian population than matched healthy controls with
significant statistical significance (SMD: 0.511, 95% CIL:
0.324-0.698, P = 0.000, I* = 58.0%, Table 2, Figure 3). On
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Figure 3: Forest plot displaying the association between the bilirubin and the risk of Parkinson’s disease in the Caucasian and the Asian population.

the contrary, the association between TBIL and PD was not
observed in the Asian population (SMD: 0.057, 95% CI:
—0.286-0.399, P =0.746, I* = 86.1%, Table 2, Figure 3).

Publication bias

The publication bias was tested by Egger test and the P
value of Egger test in each analysis was all >0.05 [Table 2],
which indicated the lack of any significant publication bias
in our meta-analysis.

Sensitivity analysis

Sensitivity analysis showed that there was no substantial
change in the combined SMD and 95% CI [Figure 4], which
suggested that the results of this study possessed high
stability with slight influence affected by each literature.

Discussion

This meta-analysis confirmed that there was a statistically
significant association between the serum bilirubin concen-
tration and the risk of PD. Both serum TBIL and DBIL were
significantly increased in PD patients compared with control
groups. This relationship was not observed between serum
indirect bilirubin and PD, which may be explained by the
small number of the incorporated literature and the lack of
large samples for statistical analysis. In addition, ethnicity
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appeared to play a role in the relationship between serum
bilirubin and PD. In the Caucasian population, a significant
association between serum TBIL and PD patients was
found, which is consistent with the results of the total
population results. Unfortunately, this phenomenon was
not recorded in the Asian population. This difference could
be attributed to the selection criteria of each study, as well as
genetic and environmental differences between different
races. Interestingly, in the two studies,!'®'”! the conclusion
was completely opposite to that of other researchers. We
considered that this may be related to differences in regions,
environments, and lifestyles. Due to the large sample sizes of
the above two studies, they have had an important impact
on the subgroup analysis of the Asian population, so the
relationship between bilirubin and PD in the Asian
population still needs further verification. Further studies
with larger samples are needed to verify this phenomenon.
In addition, another subgroup analysis based on gender
did not reveal a significant statistical difference, which
suggested that gender did not affect bilirubin levels in PD
patients.

Bilirubin is the only endogenous lipid-soluble antioxidant
in the human body, with recent evidence highlighting its
antioxidant effect.”) In a trial on patients with silent
cerebral infarction (SCI), it was found that the increase in
bilirubin levels was positively correlated with the lower
risk of SCL**! In neurodegenerative diseases, the reduction
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Meta-analysis estimates, given named study is omitted
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Figure 4: Sensitivity analysis of the studies on bilirubin and Parkinson’s disease.

of bilirubin levels in patients with amyotrophic lateral
sclerosis and Alzheimer’s disease was associated with an
increased risk of disease.***°! However, the results of
studies on the neuroprotectlve effect of blllrubm in PD are
conflicting. Scigliano et al**! conducted the first retrospec-
tive study on the relationship between PD and bilirubin
and showed that the PD patients receiving levodopa
treatment had significantly higher levels of bilirubin in
contrast to untreated PD patients and control groups, but
there was no significant difference between the treatment
group and the control group. This difference was
considered to be related to dopamine replacement thera e
Nevertheless, in a small sample study, Moccia et all*!

suggested that newly diagnosed and untreated PD patients
also possessed higher bilirubin levels, and after 2 years of
follow-up, they found that bilirubin levels were negatively
correlated with the levodopa daily dose (LEDD). Similarly,
Macias-Garcia et al'”! performed a larger sample study of
PD patients at different disease stages and found that PD
patients had higher bilirubin levels and the concentration
of serum TBIL was negatively related to the severity of PD.
Similar conclusions were determined from two studies in
Finland and Thailand, but three cross-sectional studies
conducted in the Chinese Han population were in
disagreement. Through this meta-analysis, we consider
that the increased bilirubin concentration in PD patients
might be related to the overexpression of heme oxygenase
1 (HO-1) in the CNS in the early stages of PD. HO-1 is a
stress-responsive enzyme of heme and had a neuro-
protective effect in the CNS. Some studies confirmed that
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HO-1 played an important role in regulating the ox1dat1ve
balance of neurodegeneratlve disease brain.!**2%! HO-1
was the main enzyme that regulated the productlon of
bilirubin, and its overexpression could increase the
concentration of bilirubin, thus exerting an antioxidant
role in the brain.

Our meta-analysis comprehensively screened all the studies
related to bilirubin and PD in existing published articles,
rigorously extracted and processed the data to be analyzed
using standardized statistical methods. We believe that
these data form a foundation for future-related studies.
The outcomes obtained suggested that bilirubin may play
an important role in the pathogenesis of PD, which may
prompt future researchers to increase attention on this
subject matter. Additionally, further investigations regard-
ing the utility of bilirubin as a biomarker in diagnosing PD
may be performed based on the outcomes of this study.

This study contains several limitations. First of all, we
detected high heterogeneity among the included studies,
which suggested that the results obtained should be
interpreted with caution. Our meta-analysis also includes
studies published in English, thus the language bias needs
to be taken into account. The current study was not
registered, but we strictly followed the guidelines for meta-
analysis to minimize the selection bias. In addition, since all
included works of literature are retrospective studies, the
differences in case selection and environmental resources
between different research centers give rise to inevitable
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selection bias in this research. Due to the possible
limitations mentioned above, large-scale studies on a
larger and more diverse population are needed to reassess
the relationship between the bilirubin and PD, and more
biological trials are needed to explore the underlying
biological function of bilirubin in PD.

In the present meta-analysis, a higher concentration of
serum TBIL and DBIL was found in PD patients. Our
results can provide a reference for high-quality experi-
ments to further explore the role of bilirubin in PD.
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