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Abstract

Background

Lower serum uric acid (UA) levels have been reported as a risk factor in Parkinson’s disease

(PD). However, the results have been inconsistent so far.

Objectives

The aim of the present study was to clarify the potential relationship of uric acid with PD.

Methods

Comprehensive electronic search in pubmed, web of science, and the Cochrane Library

database to find original articles about the association between PD and serum uric acid lev-

els published before Dec 2015. Literature quality assessment was performed with the New-

castle-Ottawa Scale. Random-effects model was used to estimate the standardized mean

differences (SMDs) with 95% confidence intervals (CIs). Heterogeneity across studies was

assessed using I2 and H2 statistics. Sensitivity analyses to assess the influence of individual

studies on the pooled estimate. Publication bias was investigated using funnel plots and

Egger’s regression test. Analyses were performed by using Review Manager 5.3 and Stata

11.0.

Results

Thirteen studies with a total of 4646 participants (2379 PD patients and 2267 controls) were

included in this meta-analysis. The current results showed that the serum UA levels in PD

patients were significantly lower compared to sex and age-matched healthy controls (SMD:

-0.49, 95% CI: [-0.67, -0.30], Z = 5.20, P < 0.001) and these results showed no geographic

regional (Asia: SMD = −0.65, 95% CI [−0.84, −0.46], Z = 6.75, p <0.001; Non-Asia: SMD =

−0.25, 95% CI [−0.43, −0.07], Z = 2.70, p = 0.007) and sex differences (women: SMD =

−0.53, 95% CI [−0.70, −0.35], z = 5.98, p <0.001; men: SMD = −0.66, 95% CI [−0.87,
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−0.44], z = 6.03, p <0.001). Serum UA levels in middle-late stage PD patients with higher

H&Y scales were significantly lower than early stage PD patients with lower H&Y scales

(SMD = 0.63, 95% CI [0.36,0.89], z = 4.64, p <0.001).

Conclusions

Our study showed that the serum UA levels are significantly lower in PD and the level is fur-

ther decreased as the disease progresses. Thus it might be a potential biomarker to indicate

the risk and progression of PD.

1 Introduction

Parkinson’s disease (PD) is the second most common neurodegenerative disease that affects

approximately 1–2% of the population over 60 years[1]. PD is characterized by an extensive

and progressive loss of dopaminergic neurons in the substantia nigra pars compacta[2]. The

cause and pathogenesis resulting from the loss of selective dopamine neurons in PD remain

elusive. But increasing evidence suggests that an oxidative stress plays an important role in the

degeneration of dopaminergic neurons in PD[3]. Consequently, research efforts have been

directed towards understanding the pathological role of oxidative stress in the pathogenesis

and in the hope of developing more effective therapy approaches for the treatment of PD[4].

Uric acid (UA), one of the end products of purine metabolism is a natural antioxidant in

blood and brain tissue, which has neuroprotective effects on PD by effectively scavenging oxy-

gen radicals and reactive nitrogen[5–6]. Numerous large prospective studies have shown that

the high levels of serum or plasma urate reduced the risk of PD [7–8]. Recently, the association

between serum urate levels and PD has gained intensive interests, but results of these studies

have been inconsistent. Some studies have shown a clear trend of lower serum urate levels in

PD and subgroups based on sex [9–17], while others showed no significant variation of lower

serum urate levels in PD [18–23]. Our previous studies showed that the serum UA levels in PD

patients were significantly lower than sex and age-matched healthy controls and the UA con-

centrations were decreased with the deterioration of the illness[24].

To evaluate the potential relationship between serum urate levels and PD, a meta-analysis

was conducted in this present study by combining all available data together.

2 Materials and methods

2.1 Search strategies

A computerized search of Pubmed, Web of Science, and the Cochrane Library up to Dec 2015

was conducted using the following search strategy: “Parkinson’s disease”, (“blood”, “plasma”

or “serum”), and (“uric acid” or “urate”). The search was restricted to English language. The

reference lists of relevant studies were also searched for possible studies meeting criteria. If

there was an initial disagreement on studies to be included, discussion among researchers

established universal agreement. A flowchart of information pertaining to identification,

screening, eligibility, and final studies included was constructed according to “Preferred

Reporting Items for Systematic Reviews and Meta-analyses” (PRISMA) guidelines [25].
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2.2 Inclusion and exclusion criteria

Studies comparing serum uric acid in patients with PD and control subjects were included.

The inclusion criteria were (1) case-control studies design, only papers showing comparative

analysis of patients with PD against healthy controls were considered; (2) all PD patients met

the UK Brain Bank diagnostic criteria; and (3) the data of the serum uric acid levels were either

available in the report or obtainable from the corresponding author. The exclusion criteria

were studies which only included (1) duplicate of earlier publications; (2) papers focused on

familial PD and cohort design; and (3) the serum uric acid levels were acquired from in vitro,

animal model, and autopsy samples.

2.3 Data extraction

Duplicates were deleted and the title and abstract of each article were scanned for relevance

independently by two researchers. The full texts of potentially relevant studies were then

retrieved and assessed for eligibility by established criteria detailed above.

Data for each individual serum uric acid assessed in eligible studies were extracted into an

Excel spreadsheet (author, year of publication, sample size, mean or median, standard devia-

tion or interquartile range, and method). One author (Bo Zhou) extracted all data. The method

used to extract data was independently verified by another author (Min Wen). Data were then

rechecked for accuracy (Bo Zhou).

2.4 Study quality assessment

Each study that was included was assessed independently by two reviewers (Yun Gou and

Yun-Hua Chen) using an established form for case-control studies, the Newcastle-Ottawa

Scale (NOS)[26], which is used to assess the quality of observational studies. Discrepancies

were reported to and settled by a third party (Bo Zhou). Three major aspects of study quality

were scored: 1) selection of the study groups (0–4 points); 2) determination of the exposure of

interest in the studies (0–3 points); and 3) the quality of the adjustment for confounding vari-

ables (0–2 points). A study could be scored as a maximum of one star for each item numbered

within the categories of Selection and Exposure, while at most two stars could be allocated to

Comparability. A higher score represented improved greater quality of the study methodology.

A score equal to or higher than six was considered to indicate high study quality.

2.5 Data analysis

All statistical analyses were performed using standardized mean difference (SMD) methodol-

ogy in Review Manager 5.3.3 and STATA 11.0, with user contribute commands for meta-anal-

yses: metan, heterogi, metainf and metabias[27]. All umol/L uric acid concentrations were

converted to conventional units (mg/dl), using a conversion rate of 16.81 (1 mg/dl = 59.48

umol/L). The medians and interquartile range in some studies were converted to means and

standard deviation in accordance with the protocol provided by Hozo[28]. Several papers did

not report the UA levels in total PD patients and controls, the UA levels in total PD patients

and controls were pooled by the subgroup in men and women[29]. We used 95% confidence

interval (CI) to gauge the precision of the summary estimates. Overall heterogeneity was

assessed using I2 and H2 statistic[30]. A random-effects model or fixed-effects model was used

to calculate pooled SMD in the presence or absence of heterogeneity, respectively. We per-

formed sensitivity analyses to assess the influence of individual studies on the pooled estimate.

Publication bias was investigated using funnel plots and Egger’s regression test.
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3 Results

All studies were identified and the number of studies which were subsequently included or

excluded is illustrated as a flow chart (Fig 1). A total of 13 studies, including 2379 patients, met

stringent search criteria and were included in the final review. A summary of data extracted

from these studies is compiled in Table 1.

3.1 Results of quality assessment

Quality assessment of the individual studies showed that the NOS score ranged from six to

eight. These results indicated that the quality of methodology was generally good (Table 2).

Fig 1. Flow diagram of the study selection process in the meta-analysis.

https://doi.org/10.1371/journal.pone.0173731.g001
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Table 1. Summary of studies included in the meta-analysis.

No Author Year Country diagnosed

criteria

PD Control P value Ref

N UA level N UA level

1 Annanmaki 2007 Finland UK 37(Total) 278.5±77.4 umol/L 29(Total) 319.7±76.0 umol/L p = 0.03 [9]

2 Andreadou 2009 Greece UK 43(Total) 5.47±1.40 mg/dl 47(Total) 6.36±4.3 mg/dl p = 0.009 [19]

22(male) 6.16±1.13 mg/dl 25(male) 7.19±2.1 mg/dl p = 0.058

21(Female) 4.63±1.16 mg/dl 22(Female) 5.43±1.58 mg/dl p = 0.08

3 Ikeda 2011 Japan UK 119(Total) 4.42±1.3 mg/dl 120(Total) 5.55±2.06 mg/dl [10]

56(male) 4.9±1.5 mg/dl 60(male) 6.2±2.4 mg/dl p<0.01

63(Female) 4.0±0.9 mg/dl 60(Female) 4.9±1.4 mg/dl p<0.01

4 Maetzler 2011 Germany UK 55(Total) 5.29±1.33mg/dl 76(Total) 5.49±1.87 mg/dl [11]

29(male) 5.3(4.6–7.8) mg/dl 27(male) 6.3(3.7–10.1) mg/dl p<0.01

26(Female) 4.2(2.8–7.9) mg/dl 49(Female) 5.1(1.9–7.4) mg/dl p<0.05

5 Annanmaki 2011 Finland UK 28(Total) 284.5±73.0 umol/L 12(Total) 309.1±87.5 umol/L p>0.05 [20]

6 Sun 2012 Chinese UK 411(Total) 243.38±78.91 umol/L 396(Total) 282.97±90.80

umol/L

p<0.01 [12]

207(male) 252.62±87.75 umol/L 202(male) 295.14±84.18

umol/L

p<0.01

204

(Female)

234.00±67.73 umol/L 194

(Female)

270.30±95.80

umol/L

p<0.01

7 Zhang 2012 Chinese UK 534(Total) 278.10±87.31 umol/L 614(Total) 348.17±86.25

umol/L

p<0.001 [13]

341(male) 294.60±89.21 umol/L 384(male) 376.00±82.55

umol/L

p<0.01

193

(Female)

248.95±75.11 umol/L 230

(Female)

301.71±71.05

umol/L

p<0.01

8 Jesus 2013 Spain UK 161(Total) 4.68±1.66 mg/dl 178(Total) 5.37±1.60 mg/dl p<0.001 [14]

90(male) 5.23±1.38 mg/dl 108(male) 5.82±1.61 mg/dl p<0.05

71(Female) 3.99±1.50 mg/dl 70(Female) 4.68±1.31 mg/dl p<0.05

9 Gonzalez-

Aramburu

2013 Spain UK 365(Total) 5.23±1.43 mg/dl 132(Total) 5.28±1.77 mg/dl [22]

209(male) 5.61±1.37 mg/dl 42(male) 6.27±1.96 mg/dl p = 0.04

156

(Female)

4.73±1.36 mg/dl 90(Female) 4.82±1.47 mg/dl p = 0.09

10 Kim 2014 Pusan UK 30(Total) 4.7±1.4 mg/dl 25(Total) 5.7±1.5 mg/dl p = 0.001 [15]

19(male) 5.3±1.4 mg/dl 12(male) 6.7±1.3 mg/dl p = 0.018

11(Female) 3.8±1.0 mg/dl 13(Female) 4.8±1.2 mg/dl p = 0.011

11 Lolekha 2015 Thailand UK 100(Total) 5.01±1.46 mg/dl 100(Total) 5.54±1.29 mg/dl p = 0.007 [23]

50(male) 5.79±1.21 mg/dl 50(male) 6.20±1.22 mg/dl p = 0.093

50(Female) 4.24±1.26 mg/dl 50(Female) 4.89±1.01 mg/dl p = 0.005

12 Qin 2015 Chinese UK 425(Total) 241.26±59.45 umol/L 459(Total) 300.09±60.06

umol/L

p<0.001 [17]

282(male) 254.97±55.80 umol/L 297(male) 321.37±53.89

umol/L

p<0.05

143

(Female)

215.11±58.00 umol/L 162

(Female)

260.96±50.70

umol/L

p<0.05

13 Current group Chinese UK 71(Total) 265.78±58.55 umol/L 79(Total) 299.04±77.46

umol/L

p<0.05 [24]

38(male) 294.92±56.70 umol/L 42(male) 331.54±70.34

umol/L

p<0.05

33(Female) 232.23±40.16 umol/L 37(Female) 262.15±68.81

umol/L

p<0.05

https://doi.org/10.1371/journal.pone.0173731.t001
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3.2 Serum uric acid in PD versus control group

13 studies (included 2379 PD and 2267 controls) were used in this analysis. These studies had

significant heterogeneity (I2 = 87%, 95% CI: [79%, 92%];H2 = 7.29, 95% CI: [4.84, 12.25]), so a

random-effect model was used to calculate pooled SMD. Forest plot (Fig 2) showed that the

diamond was on the left side of the vertical line and did not intersect with the line, which dem-

onstrates a significantly lower concentration of serum uric acid in patients with PD compared

to control (SMD: -0.49, 95% CI: [-0.67, -0.30], Z = 5.20, P< 0.001).

3.3 Analysis of serum uric acid in PD versus control in different

geographic regions

In total, 1690 patients with PD and 1793 healthy controls were included in Asia group and 689

patients with PD and 474 healthy controls were included in Non-Asia subgroup. Forest plot

(Fig 3) showed that the diamond was on the left side of the vertical line and did not intersect

with the line, which demonstrates a significantly lower mean concentration of serum uric acid

Table 2. Results of quality assessment.

No Author Selection Exposure Comparability Total score

1 Annanmaki 4 3 1 8

2 Andreadou 3 3 1 7

3 Ikeda 3 3 1 7

4 Maetzler 4 3 1 8

5 Annanmaki 4 3 1 7

6 Sun 4 3 1 8

7 Zhang 3 3 1 7

8 Jesus 3 3 1 7

9 Gonzalez-Aramburu 4 3 1 8

10 Kim 3 3 1 7

11 Lolekha 4 3 1 8

12 Qin 4 3 1 8

13 Current group 4 3 1 8

https://doi.org/10.1371/journal.pone.0173731.t002

Fig 2. Forest plot of serum uric acid levels in PD compared to control.

https://doi.org/10.1371/journal.pone.0173731.g002
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in patients with PD compared to healthy controls in Asia (I2 = 83%, 95% CI: [67%, 92%]; H2 =

5.76, 95% CI: [2.89, 11.56], SMD = −0.65, 95% CI [−0.84, −0.46], Z = 6.75, p<0.001) and Non-

Asia (I2 = 43%, 95% CI: [0%, 77%]; H2 = 1.69, 95% CI: [1.00, 4.41], SMD = −0.25, 95% CI

[−0.43, −0.07], Z = 2.70, p = 0.007). In addition, according to the present results this associa-

tion was relatively more significant in Asia group than in Non-Asia group.

3.4 Sex subgroup analysis of serum uric acid in PD versus control

In total, there were 971 patients with PD and 977 healthy controls in women subgroup and

1343 patients with PD and 1249 healthy controls were included in men subgroup. The meta-

analysis results indicated lower uric acid levels in patients with PD compared to healthy con-

trols for women (I2 = 66%, 95% CI: [36%, 82%]; H2 = 2.89, 95% CI: [1.44, 5.76], SMD = −0.53,

95% CI [−0.70, −0.35], z = 5.98, p<0.001). Similar results were also obtained for men (I2 =

81%, 95% CI: [68%, 89%]; H2 = 5.29, 95% CI: [3.24, 9.0], SMD = −0.66, 95% CI [−0.87, −0.44],

z = 6.03, p<0.001). (Fig 4)

3.5 Analysis of serum uric acid in subgroups based on severity of PD

To explore the effect of disease severity on the uric acid levels in patients with PD, H&Y scales

subgroup analysis was performed. Since the H&Y staging criteria was inconsistent in these

studies (Qin’s and zhang’s study according to the old H&Y stages criteria, the others according

to the modified criteria), we divided PD patients into two groups of early and middle-late stage

in order to incorporate more data (early stage, H&Y scale< = 2.5; middle-late stage, H&Y

scale >2.5). Five studies (886 early stage and 655 middle-late stage patients of PD) were

included in this analysis. A summary of data extracted from these studies is compiled in

Table 3. These studies had significant heterogeneity (I2 = 81%, 95% CI: [57%, 92%]; H2 = 5.29,

Fig 3. Forest plot of serum uric acid levels in PD compared to control in Asia and Non-Asia groups.

https://doi.org/10.1371/journal.pone.0173731.g003
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95% CI: [2.25, 12.25]). The heterogeneity is mainly derived from the different standards of

H&Y stages. The meta-analysis results indicated lower uric acid levels in patients with middle-

late stage than early stage (SMD = 0.63, 95% CI [0.36,0.89], z = 4.64, p<0.001) (Fig 5).

3.6 Publication bias and sensitivity analysis

No publication bias was detected by Egger’s regression test and funnel plot. Sensitivity analysis

suggested that the results were stable and reliable (S1–S18 Figs).

Fig 4. Forest plot of serum uric acid levels in PD compared to control in men and women.

https://doi.org/10.1371/journal.pone.0173731.g004

Table 3. Summary of studies included in the H&Y scale subgroup analysis.

No Author Year Country Diagnosed criteria Early stage PD Middle-Late stage PD Ref

N UA level N UA level

1 Sun 2012 China UK 219 4.56±1.22 192 3.56±1.24 [12]

2 Zhang 2012 China UK 364 5.01±1.35 170 3.97±1.46 [13]

3 Qin 2015 China UK 203 4.18±0.95 222 3.93±1.14 [17]

4 Lolekha 2015 Thailand UK 64 5.28±1.34 36 4.45±1.56 [23]

5 Current group 2015 China UK 36 4.85±0.97 35 4.08±0.84 [24]

https://doi.org/10.1371/journal.pone.0173731.t003

Serum uric acid levels in patients with Parkinson’s disease: A meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0173731 March 20, 2017 8 / 13

https://doi.org/10.1371/journal.pone.0173731.g004
https://doi.org/10.1371/journal.pone.0173731.t003
https://doi.org/10.1371/journal.pone.0173731


4 Discussion

Oxidative damage has been implicated as a core contributor to the neurodegenerative process

in PD[3]. Floor et al. showed an increased level of oxidative stress in postmortem brain of PD

compared to controls[31]. The link between oxidative stress and dopaminergic neuronal

degeneration is further supported by modeling the motor aspects of PD in animals with toxins

that cause oxidative stress including 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP),

rotenone, 1,1’-dimethyl-4,4’-bipyridinium dichloride (paraquat), and 6-hydroxydopamine

(6-OHDA)[32]. Urate is one of the main end products of purine metabolism and is present in

the brain and body fluids[33]. Urate is a natural antioxidant and iron chelator, thus it may play

an important neuroprotective role in PD by its antioxidant and iron chelator activities[34–35].

Cipriani et al. showed that an administration of UA in experimental models of PD was found

to suppress oxidative stress and prevent against nigral cell death[34]. Guerreiro et al. reported

that the urate exhibits antioxidant properties and ameliorates human dopaminergic cell dam-

age in cell culture following exposure to pesticides or iron ions[36], and can reduce the death

of dopaminergic neurons in primary midbrain cultures[37]. Chen et al. observed increased

urate concentrations in the brain tissue of urate oxidase KO mice which attenuated toxic

effects of 6-OHDA on nigral dopaminergic neurons. Conversely, overexpression of urate oxi-

dase has reduced brain urate concentrations and exacerbates the lesions of the dopaminergic

neurons[38]. Hence urate has been considered as a potential therapeutic target of an antioxi-

dant and iron chelator.

For the past few years, much attention has been paid to the relationship of uric acid in PD.

A growing number of studies have correlated higher serum UA levels with both a lower risk of

developing PD and a slower rate of disease progression. However, the results from previous

studies are inconsistent. So a meta-analysis was conducted in this present study to evaluate the

potential relationship between serum urate levels and PD.

Our results from the meta analysis indicated that the serum UA levels in PD patients were

significantly lower than sex and age-matched healthy controls. Subgroup analysis showed that

the results had no geographic regional or sex differences. In order to investigate the relation-

ship between the serum UA levels and the disease progression, the PD patients were divided

into two subgroups according to their H&Y scales. Data showed that the middle-late stage PD

patients with higher H&Y scales (> = 2.5) had significantly lower serum UA levels than early

stage PD patients with lower H&Y scales (<2.5). We could not conduct a meta-analysis to

compare the serum UA levels between before and after the treatment, because of very few

available publications, and only data from Andreadou’s paper[19] were included in our analy-

sis. This paper reported that the lower serum UA levels were observed in treated patients com-

pared to the untreated. So the research about the serum UA levels in before and after the

treatment should be further strengthened in the future.

Fig 5. Forest plot of serum uric acid levels in early stage compared to middle-late stage PD.

https://doi.org/10.1371/journal.pone.0173731.g005
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Many factors might contribute to the discordance of the results of serum UA levels in PD:

the number of recruited studies and sample size in each study was relatively limited; these

studies did not exclude the influence of genetic factors (such as Uric acid transport gene

mutated)[39] and lifestyle factors (diet, diuretics and alcohol consumption) [40], which could

alter UA levels in blood; heterogeneity of patients, such as age, disease duration, disease sever-

ity, diagnosis criteria and treatment status. Most of the studies did not report the H&Y scale,

and the standard of H&Y scale was not unified. These factors could influence the results of

relationship between serum UA levels and progression of PD.

Compared to the previous reports[41], present study had following advantages: the most

recent literature was included, this is the first meta-analysis study to explore the connection of

serum UA levels and the progression of PD and the regional differences of serum uric acid in

PD versus control subjects. However, our research also had some limitations. One is the Publi-

cation biases, which is a fallibility factor of meta-analysis. Publication bias were not found in

our study by funnel plots and Egger’s regression test, but the power of both methods was lower

for meta-analyses based on 10 or fewer studies[42]; the other limitation was the higher hetero-

geneity, which can greatly affect conclusions of meta-analysis. However all statistical tests for

heterogeneity are currently weak[43]. In order to solve this problem, sensitivity analysis (Kon-

topantelis et al. [44]) was adopted. Our sensitivity analysis showed that the higher heterogene-

ity has no effect on our results.

In conclusion, our results show that the serum UA levels are significantly lower in PD and

UA concentrations unceasingly decrease with the deterioration of the illness. These findings

suggest that the serum UA levels might be a potential biomarker to indicate the risk and pro-

gression of PD.

Supporting information

S1 Fig. Funnel plots of serum uric acid levels in PD compared to control.

(TIF)

S2 Fig. Egger’s regression test of serum uric acid levels in PD compared to control.

(TIF)

S3 Fig. Sensitivity analyses of serum uric acid levels in PD compared to control.

(TIF)

S4 Fig. Funnel plots of serum uric acid levels in PD compared to control in Asia.

(TIF)

S5 Fig. Egger’s regression test of serum uric acid levels in PD compared to control in Asia.

(TIF)

S6 Fig. Sensitivity analyses of serum uric acid levels in PD compared to control in Asia.

(TIF)

S7 Fig. Funnel plots of serum uric acid levels in PD compared to control in Non-Asia.

(TIF)

S8 Fig. Egger’s regression test of of serum uric acid levels in PD compared to control in

Non-Asia.

(TIF)

S9 Fig. Sensitivity analyses of serum uric acid levels in PD compared to control in Non-

Asia.

(TIF)

Serum uric acid levels in patients with Parkinson’s disease: A meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0173731 March 20, 2017 10 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s009
https://doi.org/10.1371/journal.pone.0173731


S10 Fig. Funnel plots of serum uric acid levels in PD compared to control in man.

(TIF)

S11 Fig. Egger’s regression test of serum uric acid levels in PD compared to control in

man.

(TIF)

S12 Fig. Sensitivity analyses of serum uric acid levels in PD compared to control in man.

(TIF)

S13 Fig. Funnel plots of serum uric acid levels in PD compared to control in woman.

(TIF)

S14 Fig. Egger’s regression test of serum uric acid levels in PD compared to control in

women.

(TIF)

S15 Fig. Sensitivity analyses of serum uric acid levels in PD compared to control in

woman.

(TIF)

S16 Fig. Funnel plots of serum uric acid levels in early stage compared to middle-late stage

PD.

(TIF)

S17 Fig. Egger’s regression test of serum uric acid levels in early stage compared to middle-

late stage PD.

(TIF)

S18 Fig. Sensitivity analyses of serum uric acid levels in early stage compared to middle-

late stage PD.

(TIF)

S1 File. PRISMA checklist.

(DOC)

Author Contributions

Conceptualization: MW LJ WFY.

Formal analysis: MW BZ WFY.

Funding acquisition: BZ MW.

Investigation: YG YHC ZLM CLZ.

Project administration: MW LJ WFY.

Supervision: MW LJ WFY.

Writing – original draft: MW.

Writing – review & editing: WFY.

References
1. Shulman JM, De Jager PL, Feany MB. Parkinson’s disease: genetics and pathogenesis. Annu Rev

Pathol. 2011; 6: 193–222. https://doi.org/10.1146/annurev-pathol-011110-130242 PMID: 21034221

Serum uric acid levels in patients with Parkinson’s disease: A meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0173731 March 20, 2017 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s011
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s012
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s013
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s014
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s015
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s016
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s017
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s018
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173731.s019
https://doi.org/10.1146/annurev-pathol-011110-130242
http://www.ncbi.nlm.nih.gov/pubmed/21034221
https://doi.org/10.1371/journal.pone.0173731


2. Kalia LV, Lang AE. Parkinson’s disease. Lancet. 2015; 386(9996): 896–912. https://doi.org/10.1016/

S0140-6736(14)61393-3 PMID: 25904081

3. Blesa J, Trigo-Damas I, Quiroga-Varela A, Jackson-Lewis VR. Oxidative stress and Parkinson’s dis-

ease. Front Neuroanat. 2015; 9: 91. https://doi.org/10.3389/fnana.2015.00091 PMID: 26217195

4. Ozsoy O, Yildirim FB, Ogut E, Kaya Y, Tanriover G, Parlak H, et al. Melatonin is protective against 6-

hydroxydopamine-induced oxidative stress in a hemiparkinsonian rat model. Free Radic Res. 2015; 49

(8): 1004–1014. https://doi.org/10.3109/10715762.2015.1027198 PMID: 25791066

5. Glantzounis GK, Tsimoyiannis EC, Kappas AM, Galaris DA. Uric acid and oxidative stress. Curr Pharm

Des. 2005; 11(32): 4145–4151. PMID: 16375736

6. Schlesinger I, Schlesinger N. Uric acid in Parkinson’s disease. Mov Disord. 2008; 23(12):1653–1657.

https://doi.org/10.1002/mds.22139 PMID: 18618666

7. Chen H, Mosley TH, Alonso A, Huang X. Plasma urate and Parkinson’s disease in the Atherosclerosis

Risk in Communities (ARIC) study. Am J Epidemiol. 2009; 169(9): 1064–1069. https://doi.org/10.1093/

aje/kwp033 PMID: 19299404

8. Davis JW, Grandinetti A, Waslien CI, Ross GW, White LR, Morens DM. Observations on serum uric

acid levels and the risk of idiopathic Parkinson’s disease. Am J Epidemiol. 1996; 144(5): 480–484.

PMID: 8781463

9. Annanmaki T, Muuronen A, Murros K. Low plasma uric acid level in Parkinson’s disease. Mov Disord.

2007; 22(8): 1133–1137. https://doi.org/10.1002/mds.21502 PMID: 17443703

10. Ikeda K, Nakamura Y, Kiyozuka T, Aoyagi J, Hirayama T, Nagata R, et al. Serological profiles of urate,

paraoxonase-1, ferritin and lipid in Parkinson’s disease: changes linked to disease progression. Neuro-

degener Dis. 2011; 8(4): 252–258. https://doi.org/10.1159/000323265 PMID: 21282940

11. Maetzler W, Stapf AK, Schulte C, Hauser AK, Lerche S, Wurster I, et al. Serum and cerebrospinal fluid

uric acid levels in lewy body disorders: associations with disease occurrence and amyloid-beta path-

way. J Alzheimers Dis. 2011; 27(1): 119–126. https://doi.org/10.3233/JAD-2011-110587 PMID:

21765209

12. Sun CC, Luo FF, Wei L, Lei M, Li GF, Liu ZL, et al. Association of serum uric acid levels with the pro-

gression of Parkinson’s disease in Chinese patients. Chin Med J (Engl). 2012; 125(4): 583–587.

13. Zhang HN, Guo JF, He D, Lei LF, Wang YQ, Wang CY, et al. Lower serum UA levels in Parkinson’s dis-

ease patients in the Chinese population. Neurosci Lett. 2012; 514(2): 152–155. https://doi.org/10.1016/

j.neulet.2012.02.077 PMID: 22405811

14. Jesus S, Perez I, Caceres-Redondo MT, Carrillo F, Carballo M, Gomez-Garre P, et al. Low serum uric

acid concentration in Parkinson’s disease in southern Spain. Eur J Neurol. 2013; 20(1): 208–210.

https://doi.org/10.1111/j.1468-1331.2012.03745.x PMID: 22577816

15. Kim TH, Lee JH. Serum uric acid and nigral iron deposition in Parkinson’s disease: a pilot study. PloS

one. 2014; 9(11): e112512. https://doi.org/10.1371/journal.pone.0112512 PMID: 25386854

16. Yue HY, Huang S, Chang J, Heo C, Yao F, Adhikari S, et al. ZnO nanowire arrays on 3D hierachical gra-

phene foam: biomarker detection of Parkinson’s disease. ACS nano. 2014; 8(2): 1639–1646. https://

doi.org/10.1021/nn405961p PMID: 24405012

17. Qin XL, Zhang QS, Sun L, Hao MW, Hu ZT. Lower Serum Bilirubin and Uric Acid Concentrations in

Patients with Parkinson’s Disease in China. Cell Biochem Biophys. 2015; 72(1): 49–56. https://doi.org/

10.1007/s12013-014-0402-x PMID: 25449297

18. Ahlskog JE, Uitti RJ, Low PA, Tyce GM, Nickander KK, Petersen RC, et al. No evidence for systemic

oxidant stress in Parkinson’s or Alzheimer’s disease. Mov Disord. 1995; 10(5): 566–573. https://doi.

org/10.1002/mds.870100507 PMID: 8552107

19. Andreadou E, Nikolaou C, Gournaras F, Rentzos M, Boufidou F, Tsoutsou A, et al. Serum uric acid

levels in patients with Parkinson’s disease: their relationship to treatment and disease duration. Clin

Neurol Neurosurg. 2009; 111(9): 724–728. https://doi.org/10.1016/j.clineuro.2009.06.012 PMID:

19632030

20. Annanmaki T, Pohja M, Parviainen T, Hakkinen P, Murros K. Uric acid and cognition in Parkinson’s dis-

ease: a follow-up study. Parkinsonism Relat Disord. 2011; 17(5): 333–337. https://doi.org/10.1016/j.

parkreldis.2011.01.013 PMID: 21320793

21. Constantinescu R, Andreasson U, Holmberg B, Zetterberg H. Serum and cerebrospinal fluid urate lev-

els in synucleinopathies versus tauopathies. Acta Neurol Scand. 2013; 127(2): e8–12. https://doi.org/

10.1111/ane.12012 PMID: 22998191

22. Gonzalez-Aramburu I, Sanchez-Juan P, Jesus S, Gorostidi A, Fernandez-Juan E, Carrillo F, et al.

Genetic variability related to serum uric acid concentration and risk of Parkinson’s disease. Mov Disord.

2013; 28(12): 1737–1740. https://doi.org/10.1002/mds.25507 PMID: 23712608

Serum uric acid levels in patients with Parkinson’s disease: A meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0173731 March 20, 2017 12 / 13

https://doi.org/10.1016/S0140-6736(14)61393-3
https://doi.org/10.1016/S0140-6736(14)61393-3
http://www.ncbi.nlm.nih.gov/pubmed/25904081
https://doi.org/10.3389/fnana.2015.00091
http://www.ncbi.nlm.nih.gov/pubmed/26217195
https://doi.org/10.3109/10715762.2015.1027198
http://www.ncbi.nlm.nih.gov/pubmed/25791066
http://www.ncbi.nlm.nih.gov/pubmed/16375736
https://doi.org/10.1002/mds.22139
http://www.ncbi.nlm.nih.gov/pubmed/18618666
https://doi.org/10.1093/aje/kwp033
https://doi.org/10.1093/aje/kwp033
http://www.ncbi.nlm.nih.gov/pubmed/19299404
http://www.ncbi.nlm.nih.gov/pubmed/8781463
https://doi.org/10.1002/mds.21502
http://www.ncbi.nlm.nih.gov/pubmed/17443703
https://doi.org/10.1159/000323265
http://www.ncbi.nlm.nih.gov/pubmed/21282940
https://doi.org/10.3233/JAD-2011-110587
http://www.ncbi.nlm.nih.gov/pubmed/21765209
https://doi.org/10.1016/j.neulet.2012.02.077
https://doi.org/10.1016/j.neulet.2012.02.077
http://www.ncbi.nlm.nih.gov/pubmed/22405811
https://doi.org/10.1111/j.1468-1331.2012.03745.x
http://www.ncbi.nlm.nih.gov/pubmed/22577816
https://doi.org/10.1371/journal.pone.0112512
http://www.ncbi.nlm.nih.gov/pubmed/25386854
https://doi.org/10.1021/nn405961p
https://doi.org/10.1021/nn405961p
http://www.ncbi.nlm.nih.gov/pubmed/24405012
https://doi.org/10.1007/s12013-014-0402-x
https://doi.org/10.1007/s12013-014-0402-x
http://www.ncbi.nlm.nih.gov/pubmed/25449297
https://doi.org/10.1002/mds.870100507
https://doi.org/10.1002/mds.870100507
http://www.ncbi.nlm.nih.gov/pubmed/8552107
https://doi.org/10.1016/j.clineuro.2009.06.012
http://www.ncbi.nlm.nih.gov/pubmed/19632030
https://doi.org/10.1016/j.parkreldis.2011.01.013
https://doi.org/10.1016/j.parkreldis.2011.01.013
http://www.ncbi.nlm.nih.gov/pubmed/21320793
https://doi.org/10.1111/ane.12012
https://doi.org/10.1111/ane.12012
http://www.ncbi.nlm.nih.gov/pubmed/22998191
https://doi.org/10.1002/mds.25507
http://www.ncbi.nlm.nih.gov/pubmed/23712608
https://doi.org/10.1371/journal.pone.0173731


23. Lolekha P, Wongwan P, Kulkantrakorn K. Association between serum uric acid and motor subtypes of

Parkinson’s disease. J Clin Neurosci. 2015; 22(8): 1264–1267. https://doi.org/10.1016/j.jocn.2015.02.

015 PMID: 26055955

24. Zhaolei MA, Ling JIAO. The Levels of Blood Uric Acid in Parkinson’s Disease. Journal of Guizhou medi-

cal University. 2015, 4(8):867–869.

25. Moher D, Liberati A, Tetzlaff J, Altman DG, Prisma Group. Preferred reporting items for systematic

reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009; 6(7): e1000097. https://doi.org/

10.1371/journal.pmed.1000097 PMID: 19621072

26. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonran-

domized studies in meta-analyses. Eur J Epidemiol. 2010; 25: 603–605. https://doi.org/10.1007/

s10654-010-9491-z PMID: 20652370

27. Palmer TM, Sterne JAC, Newton HJ, Cox NJ. Meta-Analysis in Stata: An Updated Collection from the

Stata Journal ( Second Edition). College Station, TX, Stata Press, 2016.

28. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the median, range, and the

size of a sample. BMC Med Res Methodol. 2005; 5:13. https://doi.org/10.1186/1471-2288-5-13 PMID:

15840177

29. Borenstein M, Hedges LV, Higgins JP, Rothstein HR. Introduction to Meta-Analysis. Wiley, 2009.

30. Mittlbock M, Heinzl H. A simulation study comparing properties of heterogeneity measures in meta-

analyses. Stat Med. 2006; 25(24):4321–4333. https://doi.org/10.1002/sim.2692 PMID: 16991104

31. Floor E, Wetzel MG. Increased protein oxidation in human substantia nigra pars compacta in compari-

son with basal ganglia and prefrontal cortex measured with an improved dinitrophenylhydrazine assay.

J Neurochem. 1998; 70: 268–275. PMID: 9422371

32. Dias V, Junn E, Mouradian MM. The role of oxidative stress in Parkinson’s disease. J Parkinsons Dis.

2013; 3(4): 461–491. https://doi.org/10.3233/JPD-130230 PMID: 24252804

33. Cipriani S, Chen X, Schwarzschild MA. Urate: a novel biomarker of Parkinson’s disease risk, diagnosis

and prognosis. Biomark Med. 2010; 4: 701–712. https://doi.org/10.2217/bmm.10.94 PMID: 20945982

34. Bowman GL, Shannon J, Frei B, Kaye JA, Quinn JF. Uric Acid as a CNS Antioxidant. J Alzheimers Dis.

2010; 19(4): 1331–1336. https://doi.org/10.3233/JAD-2010-1330 PMID: 20061611

35. Ghio AJ, Kennedy TP, Rao G, Cooke CL, Miller MJ, Hoidal JR. Complexation Of Iron Cation by Sodium

Urate Crystals And Gouty Inflammation. Arch Biochem Biophys. 1994; 313(2): 215–221. https://doi.

org/10.1006/abbi.1994.1379 PMID: 8080265

36. Guerreiro S, Ponceau A, Toulorge D, Martin E, Alvarez-Fischer D, Hirsch EC, et al. Protection of mid-

brain dopaminergic neurons by the end-product of purine metabolism uric acid: potentiation by low-level

depolarization. J Neurochem. 2009; 109(4): 1118–1128. https://doi.org/10.1111/j.1471-4159.2009.

06040.x PMID: 19302482

37. Zhu TG, Wang XX, Luo WF, Zhang QL, Huang TT, Xu XS, et al. Protective effects of urate against 6-

OHDA-induced cell injury in PC12 cells through antioxidant action. Neurosci Lett. 2012; 506(2): 175–

179. https://doi.org/10.1016/j.neulet.2011.10.075 PMID: 22094380

38. Chen X, Burdett TC, Desjardins CA, Logan R, Cipriani S, Xu Y, et al. Disrupted and transgenic urate oxi-

dase alter urate and dopaminergic neurodegeneration. Proc Natl Acad Sci U S A. 2013; 110(1):300–

305. https://doi.org/10.1073/pnas.1217296110 PMID: 23248282

39. Facheris MF, Hicks AA, Minelli C, Hagenah JM, Kostic V, Campbell S, et al. Variation in the uric acid

transporter gene SLC2A9 and its association with AAO of Parkinson’s disease. J Mol Neurosci. 2011;

43(3): 246–250. https://doi.org/10.1007/s12031-010-9409-y PMID: 20589538

40. Constantinescu R, Zetterberg H. Urate as a marker of development and progression in Parkinson’s dis-

ease. Drugs Today (Barc). 2011; 47(5): 369–380.

41. Shen L, Ji HF. Low uric acid levels in patients with Parkinson’s disease: evidence from meta-analysis.

BMJ open. 2013; 3(11): e003620. https://doi.org/10.1136/bmjopen-2013-003620 PMID: 24247326

42. Sterne JA, Gavaghan D, Egger M. Publication and related bias in meta-analysis: power of statistical

tests and prevalence in the literature. J Clin Epidemiol. 2000; 53 (11): 1119–1129. http://dx.doi.org/10.

1016/S0895-4356(00)00242-0 PMID: 11106885

43. Ioannidis JP, Patsopoulos NA, Evangelou E. Uncertainty in heterogeneity estimates in meta-analyses.

BMJ. 2007; 335(7626): 914–916. https://doi.org/10.1136/bmj.39343.408449.80 PMID: 17974687

44. Kontopantelis E, Springate DA, Reeves D. A Re-Analysis of the Cochrane Library Data: The Dangers of

Unobserved Heterogeneity in Meta-Analyses. PLoS ONE. 2013; 8(7): e69930. https://doi.org/10.1371/

journal.pone.0069930 PMID: 23922860

Serum uric acid levels in patients with Parkinson’s disease: A meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0173731 March 20, 2017 13 / 13

https://doi.org/10.1016/j.jocn.2015.02.015
https://doi.org/10.1016/j.jocn.2015.02.015
http://www.ncbi.nlm.nih.gov/pubmed/26055955
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1007/s10654-010-9491-z
http://www.ncbi.nlm.nih.gov/pubmed/20652370
https://doi.org/10.1186/1471-2288-5-13
http://www.ncbi.nlm.nih.gov/pubmed/15840177
https://doi.org/10.1002/sim.2692
http://www.ncbi.nlm.nih.gov/pubmed/16991104
http://www.ncbi.nlm.nih.gov/pubmed/9422371
https://doi.org/10.3233/JPD-130230
http://www.ncbi.nlm.nih.gov/pubmed/24252804
https://doi.org/10.2217/bmm.10.94
http://www.ncbi.nlm.nih.gov/pubmed/20945982
https://doi.org/10.3233/JAD-2010-1330
http://www.ncbi.nlm.nih.gov/pubmed/20061611
https://doi.org/10.1006/abbi.1994.1379
https://doi.org/10.1006/abbi.1994.1379
http://www.ncbi.nlm.nih.gov/pubmed/8080265
https://doi.org/10.1111/j.1471-4159.2009.06040.x
https://doi.org/10.1111/j.1471-4159.2009.06040.x
http://www.ncbi.nlm.nih.gov/pubmed/19302482
https://doi.org/10.1016/j.neulet.2011.10.075
http://www.ncbi.nlm.nih.gov/pubmed/22094380
https://doi.org/10.1073/pnas.1217296110
http://www.ncbi.nlm.nih.gov/pubmed/23248282
https://doi.org/10.1007/s12031-010-9409-y
http://www.ncbi.nlm.nih.gov/pubmed/20589538
https://doi.org/10.1136/bmjopen-2013-003620
http://www.ncbi.nlm.nih.gov/pubmed/24247326
http://dx.doi.org/10.1016/S0895-4356(00)00242-0
http://dx.doi.org/10.1016/S0895-4356(00)00242-0
http://www.ncbi.nlm.nih.gov/pubmed/11106885
https://doi.org/10.1136/bmj.39343.408449.80
http://www.ncbi.nlm.nih.gov/pubmed/17974687
https://doi.org/10.1371/journal.pone.0069930
https://doi.org/10.1371/journal.pone.0069930
http://www.ncbi.nlm.nih.gov/pubmed/23922860
https://doi.org/10.1371/journal.pone.0173731

