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Abstract

Background: Studies have shown that a low serum uric acid (SUA)
level associates with Parkinson’s disease (PD), but many of them did
not exclude patients with impaired renal function. Studies on the as-
sociation between serum bilirubin level and PD also are limited. This
study determined the association between SUA level, SUA/serum
creatinine (SCr) ratio and serum bilirubin levels in PD patients with
normal renal and liver functions.

Methods: The PD patients from a neurological clinic, and the con-
trols from the club for the elderly, were recruited into this study. The
PD stage and motor and non-motor function were determined by the
Hoehn-Yahr (H&Y) scale and unified Parkinson’s disease rating scale
(UPDRS), respectively.

Results: Sixty-one PD patients and 135 controls participated. The
SUA/SCer ratio, but not SUA, was significantly lower in the PD patients
than in the controls (4.12 £0.90 vs. 4.59 + 1.04, P=0.003). Serum total
bilirubin (TB) and indirect bilirubin (IDB) were significantly higher in
the PD patients (7.92 + 3.67 umol/L vs. 6.59 + 2.78 pmol/L, P =0.003
and 4.52 + 2.48 pmol/L vs. 3.26 + 1.82 pumol/L, P < 0.001), respec-
tively. Serum TB and IDB, but not SUA or SUA/SCr ratio, were associ-
ated negatively with PD stages (P=0.010 and P = 0.014, respectively).
There was no association between TB, IDB, SUA or SUA/SCr ratio and
PD disease duration or motor subtypes. No significant correlation was
found between SUA or SUA/SCer ratio, serum TB and IDB.

Conclusion: The SUA/SCr ratio is more sensitive than SUA in de-
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termining their association with PD. The high serum TB and IDB
levels in PD patients compared with the controls suggest that serum
bilirubin might play a role in the pathogenesis of PD. However, the
lack of association between SUA or the SUA/SCr ratio and serum TB
or IDB suggests that these two biomarkers play a different role in the
etiopathogenesis of PD.

Keywords: Uric acid; Serum uric acid to serum creatinine ratio; Se-
rum bilirubin; Parkinson’s disease; Movement disorders

Introduction

Parkinson’s disease (PD) is a common neurodegenerative dis-
ease caused by progressive loss of dopaminergic neurons in
the substantia nigra, together with the presence of lewy bod-
ies [1, 2]. The cardinal clinical features of PD consist of both
motor and non-motor features. The motor symptoms include
bradykinesia, body rigidity, gait instability and resting tremor
[1], whereas non-motor symptoms include sensory symptom
of pain, autonomic nervous system and psychiatric dysfunc-
tion [3]. The pathogenesis of PD remains unclear, but the accu-
mulation of oxidative oxygen species and other free radicals,
or diminished anti-oxidant substance in brain tissues has been
suggested [4, 5].

Both serum uric acid (SUA) and serum bilirubin have been
well recognized as natural bodily anti-oxidants in humans [6,
7]. Many controlled studies and a recent meta-analysis have
shown that low SUA level was associated with PD [8-15].
Two large prospective studies also found that individuals with
a higher SUA level were associated with reduced risk of PD
development [16, 17] and slower decline rate of neurological
function [10, 18]. Postmortem studies also showed that the
uric acid level in the brain tissue of PD patients, particularly
at the cortex, striatal and substantia nigra, was significantly
lower than that in the controls [19, 20]. These findings sup-
port the hypothesis that uric acid is associated with PD devel-
opment, as its decrease in the brain reflects the lack of anti-
oxidant substance in human brain tissue. In contrast to SUA,
studies on the association between serum bilirubin, another
anti-oxidant and PD are limited and have shown conflicting
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results [15, 21-23].

Serum creatinine (SCr) also is used commonly as an in-
dicator for renal impairment [24]. SUA level in patients with
renal impairment is high due to reduced renal clearance of uric
acid. Moreover, SCr is affected by body mass, which makes it
slightly higher in males than females. The SUA/SCr ratio, or
renal-function that normalizes SUA, has been developed and
used to reduce interference on SUA from sex and renal func-
tion.

It was interesting that many studies on the association be-
tween SUA level and PD did not provide information on renal
function [8, 12, 13, 25, 26]. Even when renal function was re-
ported or mentioned, cases with significantly impaired renal
function were not excluded [9, 10, 15, 27]. The same was true
for the study on association between serum bilirubin level and
PD [15, 22], where patients with significant liver impairment
were not mentioned or excluded, except for one [23].

The objective of this study was to determine the SUA
level, SUA/SCr ratio and serum bilirubin level (total bilirubin
(TB), direct bilirubin (DB) and indirect bilirubin (IDB)) in el-
derly Thai PD patients with normal renal and liver functions
in comparison with their controls, and also determine their as-
sociation with clinical parameters of PD.

Materials and Methods

Data source and population

This study was performed at the Neurological Clinic, Chiang
Mai University Hospital between September 2015 and Decem-
ber 2016. All of the PD patients were 60 years of age or older,
and taken care of by neurologists at this institution. Controls
were aged over 60 years and without neurological problems,
history of any neurological disease or family PD history. They
also were members of a club for the elderly in the local com-
munity. The ratio of cases/controls was 1:2. All of the PD pa-
tients and controls were of Thai ethnicity and from the north-
ern part of Thailand.

Inclusion and exclusion criteria, data collection and clini-
cal measurement

The diagnosis of PD followed the criteria developed by the UK
Parkinson’s Disease Society Brain Bank [28]. Patients with
secondary PD, including drug-induced, familial and vascular
PD, as well as PD with dementia and inability to communicate
were excluded.

The clinical features of the PD patients were classified
into five subgroups according to Hoehn-Yahr (H&Y) staging
[29]. Severity levels were classified based on H&Y stage into
mild, moderate and severe PD with H&Y stage of I and II,
II1, and IV and V, respectively [30]. The motor and non-motor
symptoms were assessed using the unified Parkinson’s disease
rating scale (UPDRS) [31]. The motor system was classified
further into tremor dominant (TD) and postural instability/
gait difficulty (PIGD), according to the motor symptom sub-
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types described by Stebbins et al [32]. All of the PD patients
were asked to stop any medication that might influence motor
function (such as L-dopa, anti-kinetic drugs, anti-cholinergic
drugs, beta-blockers and benzodiazepines) for a minimum of 6
h before the physical examination.

Demographic data, including age, sex, body mass index
(BMI), medication history, current medication as well as phys-
ical examination, were collected and examined by two inves-
tigators (CS and CW). Participants with prior or current sig-
nificantly impaired liver (serum albumin less than 30.00 g/L,
serum aspartate aminotransferase (AST) and serum alanine
aminotransferase (ALT) more than two times above normal
limits, and serum TB of more than 20.00 umol/L) and renal
functions (SCr > 132.60 umol/L), history or presence of be-
nign or malignant tumors, history of gouty arthritis and current
use of drugs that interfere with SUA such as allopurinol, uri-
cosuric agents, diuretics, anti-tuberculosis, aspirin at over 325
mg/day, etc., were excluded.

On the day of the physical examination, blood samples, in-
cluding complete blood count, blood urea nitrogen, SUA, SCr
and liver function were collected and kept at -20 °C, and ana-
lyzed simultaneously. The estimated glomerular filtration rate
(eGFR) was calculated further from SCr, using the Cockcroft-
Gault formula [33]. Patients who had an eGFR of < 60 mL/min
were considered to have significant renal insufficiency [34],
and were excluded from the analysis.

Ethical approval

This study was performed in accordance with the ethical stand-
ards of the institutional and/or national research committee
and the 1964 Declaration of Helsinki and its later amendments
or comparable ethical standards. It also was approved by the
Ethic Committee of the Faculty of Medicine, Chiang Mai Uni-
versity.

Statistical analysis

STATA 13.0 computer software (Stata Corporation, Texas,
USA) was used for data processing and statistical analysis.
Continuous variables were presented as mean =+ standard de-
viation (SD), with categorical variables presented as percent.
Non-normal distribution of continuous variables was pre-
sented as geometric mean (GM) with 95% confidence inter-
val (95% CI). The Student’s #-test and Wilcoxon rank sum
test were used to determine the differences between the two
independent samples of continuous variables, with normal
and non-normal distribution, respectively. The Chi-square
test or Fisher’s exact test was used to determine the differ-
ences among the categorical variables, where appropriate.
Correlation and linear regression analysis were determined
by Pearson’s correlation and the F-test, respectively. Analy-
sis of variance (ANOVA) and the Kruskal-Wallis equality-of-
populations rank test were used to determine differences of
more than two samples. Analysis of covariance (ANCOVA)
was used to control the effect of extraneous variables. The
Fisher’s least significant difference (LSD) test was used for
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Table 1. Demographic and Laboratory Findings Among Parkinson’s Disease Patients and Controls

Parkinson’s disease (N = 61) Controls (N = 135) P value

Sex, male, n (%) 34 (55.73) 68 (50.37) 0.486
Age, years 68.90 £ 6.95 66.78 £ 6.51 0.040
Co-morbidities

Hypertension, n (%) 25 (40.98) 2 (1.48) <0.001

Diabetes, n (%) 4 (6.56) 0 0.009

CAD, n (%) 3(4.92) 1(0.74) 0.090

Dyslipidemia, n (%) 14 (22.95) 2 (1.48) <0.001
BMI (kg/m?) 21.52+3.94 21.06 +3.22 0.388
Disease duration (years) 5.62+4.19 - -
H&Y stage, n (%) - -

H&Y I 13 (21.31)

H&Y 1T 23 (37.70)

H&Y 1T 11 (18.03)

H&Y IV 11 (18.03)

H&Y V 3(4.92)
UPDRS score

All 72.82 +47.31 2.04 £2.57 <0.001

Non-motor (part I + II) 27.85+19.36 1.35+£2.11 <0.001

Motor (part IIT) 39.52 +£26.68 0.69+1.10 <0.001

Motor (part IV) 5.44 £6.58 0+0 <0.001
Hemoglobin, g/L 12423 +11.74 123.74 + 15.01 0.806
SCr, pmol/L 74.63 +17.73 71.72 £ 13.76 0.257
SUA, pumol/L 304.22 + 82.55 324.28 +77.66 0.102
SUA/SCr ratio 4.12+0.90 4.59+1.04 0.003
Albumin, g/L 41.75+3.16 4520 +32.58 0.076
AST, IU/L 25.13 +15.46 23.36+7.70 0.853
ALT, IU/L 16.80 + 15.62 18.00 + 11.52 0.039
Total bilirubin, pmol/L 7.92+3.67 6.59 +£2.78 0.003
Direct bilirubin, pmol/L 3.39+145 333+1.16 0.592
Indirect bilirubin, pmol/L 4.52+£2.48 326+1.82 <0.001

Data are expressed as mean + SD unless indicated otherwise. BMI: body mass index; CAD: coronary artery disease; H&Y: Hoehn-Yahr; UPDRS:
unified Parkinson’s disease rating scale; SUA: serum uric acid; SCr: serum creatinine; SUA/SCr: serum uric acid/serum creatinine; AST: aspartate

aminotransferase; ALT: alanine aminotransferase.

pairwise multiple-comparisons. A P <0.05 was considered as
a statistically significant difference.

Results

Demographic and laboratory findings between PD patients
and controls

A total of 224 participants (73 PD and 151 controls) were en-
rolled initially into this study. However, 28 cases (12 PD and
16 controls) were excluded (missing laboratory results in one,

and eGFR < 60 mL/min in 27); therefore, only 196 partici-
pants (61 PD patients and 135 controls) were included for the
analysis.

Demographic data and laboratory findings of the PD pa-
tients and controls are shown in Table 1. Overall, the age of the
PD patients was slightly but significantly higher than that of
the controls. The PD patients had a significantly higher propor-
tion with co-morbidities, including diabetes mellitus, hyper-
tension and dyslipidemia, than the controls.

There was no significant difference in SUA level between
the PD patients and controls. However, the SUA/SCr ratio was
significantly lower in PD patients than in the controls (4.12 +
0.90 vs. 4.59 + 1.04, P = 0.003). A significantly lower SUA/
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Table 2. Serum Uric Acid Level, Serum Uric Acid/Creatinine Ratio and Serum Bilirubin Levels According to Clinical Characteristics

of Parkinson’s Disease

Total cases (N) SUA (umol/L)

SUA/SCr ratio Total bilirubin (umol/L) Indirect bilirubin (umol/L)

PD disease severity (based on H&Y stage)

Mild (1 - 2) 36 315.74 +81.76 4.20+0.88
Moderate (2.5 - 3) 11 269.82 +65.06 3.71+0.80
Severe (4 - 5) 14 301.65+93.94 4.24+0.99
P value 0.222 0.271

PD disease duration (years)

<2 years 9 321.85+56.54 4.10+0.45
> 2 years 52 301.17+86.32 4.12+0.96
P value 0.556 0.936

Motor symptom subtypes

PIGD 44 297.94 +£89.27 3.99+0.89
Tremor 10 321.19 £46.33
P value 0.343 0.079

4.55+0.82

7.65 (6.71 - 8.72) 4.28 (3.68 - 4.97)¢
8.72 (6.89 - 11.04)b 4.93 (3.79 - 6.42)d
5.56 (4.46 - 6.94) 2.96 (2.20 - 4.00)

0.010 0.014

7.70 (6.04 - 9.80) 4.08 (2.89 - 5.77)
7.21 (6.41 - 8.11) 4.03 (3.51 - 4.62)
0.669 0.906

7.09 (6.33 - 7.93) 3.94 (3.44 - 4.50)
8.96 (6.28 - 12.77) 4.81 (3.09 - 7.50)
0.082 0.235

Data are presented as mean + SD and geometric mean (95% CI). The analysis was controlled by age and co-morbidities. PD: Parkinson’s disease;
H&Y: Hoehn-Yahr; PIGD: postural instability/gait difficulty; SUA: serum uric acid; SUA/SCr: serum uric acid/serum creatinine. 2P = 0.009 (total bili-
rubin; mild vs. severe disease); °P = 0.005 (total bilirubin, moderate vs. severe disease); °P = 0.012 (indirect bilirubin, mild vs. severe disease); 9P =
0.008 (indirect bilirubin, moderate vs. severe disease). 9Analyzed by Fisher’s least significant difference (LSD) test.

SCr ratio was observed also in the female PD subgroup (4.08
+0.98 vs. 4.70 £ 1.02, P = 0.009). Male PD patients tended to
have a lower SUA/SCr ratio than the controls, but this did not
reach statistical significance (4.15 + 0.85 vs. 4.48 + 1.06, P =
0.113).

The PD patients had significantly higher serum TB and
IDB levels than the controls (7.92 + 3.67 umol/L vs. 6.59 +
2.78 umol/L, P=10.003 and 4.52 + 2.48 pmol/L vs. 3.26 + 1.82
umol/L, P < 0.001, respectively). Serum TB level also was
significantly higher in the female PD subgroup (7.61 + 3.42
pmol/L vs. 5.88 +2.20 umol/L, P = 0.026), but not in the male
one. Significantly higher serum IDB also was observed in both
the female and male PD subgroups than in their controls (4.44
+2.19 pmol/L vs. 2.91 £+ 1.46 umol/L, P = 0.001 and 4.59 +
2.72 pmol/L vs. 3.61 £2.07 umol/L, P =0.011, respectively).
Serum ALT was slightly, but significantly, lower in the PD pa-
tients than in the controls (P = 0.039).

Association between SUA, SUA/SCr ratio and serum bili-
rubin level according to the clinical characteristics of PD

The association between SUA level, SUA/SCr ratio, serum TB
and IDB levels, according to the clinical characteristics of PD
patients is shown in Table 2 and Figure 1. TB and IDB levels
were transformed into geometric mean with 95% CI, because
they did not show normal distribution. The analysis also was
controlled by the age and co-morbidities as these two variables
were significantly different between the PD patients and con-
trols. There was no significant difference in mean SUA level
or the SUA/SCr ratio in PD disease severity, disease duration
(early disease determined by duration of less than 2 years) or
motor symptom subtypes among the PD patients. However,
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there was a significant difference in serum TB and IDB levels
among PD disease severity (P =0.010 and P = 0.014, respec-
tively). Further analysis showed that when PD patients with
mild and moderate PD disease severity were compared to those
with severe disease activity, the latter had a significantly lower
TB (GM (95% CI) 5.56 (4.46 - 6.94) umol/L vs. 7.65 (6.71 -
8.72) umol/L and 8.72 (6.89 - 11.04) umol/L, P = 0.009 and
0.005, respectively) and IDB level (2.96 (2.20 - 4.00) umol/L
vs. 4.28 (3.68 - 4.97) pmol/L and 4.93 (3.79 - 6.42) umol/L, P
=0.012 and 0.008, respectively).

Serum levels of TB and IDB in relation to PD disease
severity in PD patients also were compared with the controls
(Table 3). When compared with PD patients with mild and
moderate disease activity, the controls significantly had lower
TB level (GM (95% CI) 6.07 (5.67 - 6.51) umol/L vs. 7.65
(6.71 - 8.72) pmol/L and 8.72 (6.89 - 11.04) umol/L, P=10.025
and 0.018, respectively) and IDB level (GM (95% CI) 2.78
(2.50 - 3.09) umol/L vs. 4.28 (3.68 - 4.97) umol/L and 4.93
(3.79 - 6.42) umol/L, P=0.001 and 0.004, respectively). There
was no significant difference in TB and IDB levels between the
controls and PD patients with severe PD disease.

No significant correlations between SUA level, SUA/SCr
ratio or TB and IDB levels were identified (Table 4).

Discussion

Key findings

This study found that the level of the SUA/SCr ratio, but not
SUA itself, was significantly lower in elderly Thai PD patients
with normal renal function. This observation also was seen in
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Figure 1. Boxplot graph showing distribution of serum uric acid level (a), serum uric acid/creatinine ratio (b), serum total bilirubin
(c) and serum indirect bilirubin (d) in the controls and in patients with Parkinson’s disease (according to Hoehn-Yahr stage). The
analysis was performed by Fisher’s least significant difference (LSD) test and was controlled by age and co-morbidities. Data are
expressed as median, 25-75 percentile and minimum-maximum.

Table 3. Comparison of Serum Total Bilirubin and Indirect Bilirubin Among PD Patients According to PD Disease Severity and Con-

trols
Total cases Total bilirubin (umol/L) P value Indirect bilirubin (umol/L) P value
Control 135 6.07 (5.67 - 6.51) 2.78 (2.50 - 3.09)
PD disease severity (based on H&Y stage)
Mild (1 -2) 36 7.65 (6.71 - 8.72) 0.025 4.28 (3.68 -4.97) 0.001
Moderate (2.5 - 3) 11 8.72 (6.89 - 11.04) 0.018 4.93 (3.79 - 6.42) 0.004
Severe (4 - 5) 14 5.56 (4.46 - 6.94) 0.328 2.96 (2.20 - 4.00) 0.717

Data are expressed as geometric mean (95% CI). All comparison were compared with control. The analysis was controlled by age and co-morbidities.

Table 4. Correlation Between Serum Uric Acid, Serum Uric Acid/Serum Creatinine Ratio and Serum Total Bilirubin, Indirect Bilirubin

Parkinson’s Controls P-a rkinson’s Controls, r (P P.a rkinson’s Controls, r (P
disease (= 61) " (M=135) disease, r (P i) (i T disease, r (P value) value) for SUA/
value) for SUA for SUA/SCr ratio SCr ratio
Total bilirubin, pmol/L 7.92+3.67 6.59 £2.78 0.112 (0.391) 0.118 (0.171) 0.164 (0.208) 0.025 (0.773)
Indirect bilirubin, pmol/L  4.52 +2.48 326+1.82 0.096 (0.460) 0.125 (0.149) 0.204 (0.114) 0.060 (0.493)
SUA, pumol/L 304.22 +82.55 32428 +77.66
SUA/SCr ratio 4.12+0.90 4.59+1.04

Data are expressed as mean + SD. SUA: serum uric acid; SUA/SCr: serum uric acid/serum creatinine.
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the subgroup of female PD patients. However, there was no
association between levels of SUA or the SUA/SCr ratio and
PD severity based on H&Y stage, PD disease duration or PD
motor symptom subtypes. It is interesting that this study found
the serum level of TB and IDB was significantly higher in PD
patients than in their controls. The level of TB and IDB was
significantly lower in PD patients with severe disease activity
than in those with mild and moderate disease activity. No asso-
ciation between TB or IDB and PD disease duration or motor
subtypes was identified.

SUA, SUA/SCr ratio and PD

This study could not confirm a significantly lower SUA level
in PD patients than in the controls, as shown in many previous
studies [8-13, 16, 17, 27]. This study was in line with two re-
cent studies, which used Mendelian randomization, and found
no association between SUA and the risk of PD development
[35, 36]. However, this study found that PD patients had a
significantly lower SUA/SCr ratio than the controls. This ef-
fect was observed also in the female PD patient subgroup. The
male PD patient subgroup also had a lower SUA/SCr ratio than
the controls, but it did not reach statistical significance. The
reason for this was not clear, but it possibly related to the small
number of patients studied. The significantly lower SUA/SCr
ratio in PD patients than in the controls, as observed in this
study, was similar to that previously reported in Thai and Chi-
nese populations by Lolekha et al and Zhong et al, respectively
[26, 27]. In addition, the SUA/SCr ratio in both studies not
only showed that PD patients had a significantly greater SUA
difference than the controls, but also a significantly negative
association with PD staging, determined by the H&Y scale.
Unfortunately, this study could not confirm the significantly
negative association between the SUA/SCr ratio and PD stag-
ing, which might be due to the small number of patients in the
moderate and severe PD subgroups.

Serum bilirubin and PD

Bilirubin is the end product of hemoglobin catabolism, and has
been shown to have anti-oxidant activity in human brain tissue
[37, 38]. In a review of the literature, only a few studies have
focused on the association between serum bilirubin and PD,
and they showed conflicting results [15, 21-23]. A retrospec-
tive study by Scigliano et al [21], involving 162 PD patients
treated with L-dopa, 93 untreated PD patients and 224 non-PD
controls (other neurological conditions), found that the mean
serum TB was significantly higher among the treated PD group
than in the untreated PD and control groups, but not between
the untreated PD and control groups. The authors concluded
that the reason for the high TB levels in L-dopa treated PD
patients was not clear. A cross-sectional study by Moccia et
al [22] found that the serum TB level was significantly high-
er in 75 newly diagnosed, drug-naive PD patients than in 75
controls (occupational hospital schedule visits). This differ-
ence also was seen in male and female subgroups. The nega-

Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

tive relationships between TB level and UPDRS part III and
the daily dosage of L-dopa treatment were found during the
2-year follow-up. Macias-Garcia et al [23] recently performed
a cross-sectional study determining serum TB level in their
420 PD patients and 434 healthy controls, and found that the
serum TB level in the PD patients was significantly higher than
that in the controls, and the serum TB level showed a mild but
significantly negative correlation with the PD disease duration.
In contrast to the above studies, a large cross-sectional study
by Qin et al [15], involving 425 PD patients and 460 controls,
found no significant difference in serum TB levels between the
PD patients and controls. The patients with PD had significant-
ly higher serum DB, but lower IDB level, than the controls. A
significantly high DB level also was observed in the female
and male PD groups, but a lower IDB level was seen only in
the male subgroup. The high DB and low IDB levels also were
observed in early PD patients (duration < 2 years). However,
there was no correlation between serum IDB and SUA in the
PD patients.

Both TB and IDB levels in this study were significantly
higher in PD patients than in the controls, and the levels in PD
patients with mild and moderate disease severity were higher
than those with severe disease severity, and the controls. The
higher serum TB level in the PD patients was similar to that
reported by Scigliano et al [21], Moccia et al [22] and Macias-
Garcia et al [23]. The negative association of TB with PD stage
seen in this study was in line with that of Moccia et al [22],
who found that the TB levels showed negative association with
UPDSR part III during their 2-year follow-up, which might in-
dicate the progression of PD disease. Thus, the increased serum
TB and IDB levels in mild and moderate PD disease severity,
which was found to be higher than those in severe PD severity
in this study, supported the postulation proposed by the afore-
mentioned authors, in that the increase in serum TB level at the
carly stage of PD might be related to increase in compensation
of the bodily anti-oxidant system. When the disease progressed
with longer disease duration, the compensation mechanisms
failed, leading to declining serum TB [21-23]. However, the
significant increase in serum IDB level in PD patients in this
study was in contrast to that of Qin et al [15] in which the rea-
son was difficult to explain. Therefore, the role of serum biliru-
bin in association with PD needs further investigation.

Limitations and strength

The small number of patients might affect statistical analysis
in this study; however, the number was not too small when
compared with that in many previous reports [8, 9, 22]. Even
the age of the PD patients was significantly higher than that
of the controls, and the mean age difference of 2 years should
not have had much effect on SUA or serum bilirubin levels. In
addition, the PD patients had significantly higher co-morbid-
ities (hypertension, diabetes mellitus and dyslipidemia) than
the controls, but these co-morbidities per se do not affect the
SUA level. Many previous reports on SUA level and PD used
controls that were healthy individuals or healthy relatives of
the patients, who had no neurological symptoms [8-13], which
was similar to this study. However, factors of the participants’
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lifestyle, particularly dietary intake and alcohol consumption,
which could alter SUA levels, were not included in the analy-
sis. Lastly, the possible association between treatment (L-dopa
equivalent dose) and TB, as previously suggested, was not de-
termined [21, 22], due to treatment for the PD patients studied
not being recorded. Despite several limitations, this study had
some strengths. It included only elderly PD patients and ex-
cluded those with vascular, familial and drug-induced PD, as
well as PD with dementia, in order to ensure uniformed char-
acteristics of the PD patients. Cases with a history of signifi-
cantly abnormal renal and liver function were excluded prior
to the study, and those with such abnormalities identified at
entry to the study were excluded, in order to ensure that their
condition did not affect SUA or serum bilirubin levels. Serum
samples were kept at -20 °C, with all of them analyzed simul-
taneously. This avoided laboratory variation of each measure-
ment. Lastly, the analysis was controlled by age and co-mor-
bidities, which could be another strength.

Conclusions

This study found that the SUA/SCr ratio seems to be more
sensitive than the SUA level as a biomarker for studying the
association between SUA level and PD, even with a small
number of patients. The high serum TB and IDB levels in PD
patients when compared with controls, and the negative as-
sociation between TB and IDB levels and PD severity, suggest
the possible role of serum bilirubin in the pathogenesis of PD.
However, the lack of association between SUA or SUA/SCr
ratio and serum TB or IDB suggests that these two biomarkers
play a different role in the etiopathogenesis of PD. The link-
age between SUA/SCr ratio and TB/IDB needs to be further
investigated in the future.
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