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[ Abstract)

related to the occurrence and development of various neurodegenerative diseases in recent years, including

Serum uric acid (sUA), a natural antioxidant in human body, has been found to be

Parkinson’s disease (PD), multiple system atrophy (MSA), Alzheimer’s disease (AD) and amyotrophic lateral
sclerosis (ALS). Increasing of sUA level has been found to reduce the incidence of PD and ALS, but the

relationship between sUA and AD, MSA remains largely unknown. The in witro studies and animal

experiments revealed that sUA can enhance the antioxidant capacity of neurons and delay

neurodegeneration and apoptosis. This paper mainly reviews the progress in epidemiological and basic

studies of the relationship between sUA and neurodegenerative diseases in recent years, and aims to provide
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a reference for future novel prevention and treatment strategies for neurodegenerative diseases.
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Table 1.

Epidemiological studies on the association between sUA and the risk of PD

Reference Study design Study objective Study population

Main conclusions

de Lau, etal ™ Prospective

cohort study was related to

follow-up
Davis, etal ¥ Prospective Whether sUA
cohort study was related to

future risk of PD Heart Program)

Whether sUA 4695 persons aged 55 years or older in a

district of Rotterdam, the Netherlands

future risk of PD (free of parkinsonism and dementia at
baseline), on average 9.40 years of

7968 male Japanese residents in Hawaii,
followed up for 30 years (the Honolulu

Higher sUA levels seemed associated with a lower risk of PD in the age- and
sex-adjusted analyses, adjusted HR value for highest (>374 wmol/L)
compared with lowest quartile (<267.80 wmol/L) was 0.420 (95%Cl:
0.180-0.960), no significant difference for men and women

Men with sUA concentrations above the median at enrollment had a 40%
reduction in PD incidence. Reduced PD incidence rates persisted in
analyses restricted to nonsmokers and cases younger than 75 years

The RR value of PD for the highest quartile (>411 wmol/L) of uricemia

Professionals Follow-up Study cohort, with compared to the lowest (<309 pmol/L) was 0.430 (95%CI: 0.180-1.020).

future risk of PD an average age of 67.20 years, on average This association was stronger in analyses excluding cases diagnosed within

Weisskopf, Nested case- Whether sUA 18 018 participants in Health
etal” control study was related to
8 years follow-up
Chen,etal ®  Prospective Whether sUA 14 941 cases of 45-64 years American

cohort study  was related to

OReilly, et al ™ Nested case- Whether sUA
control study was related to
future risk of PD cases matched with 518 controls)

Prospective  Whether sUA
cohort study was related to
future risk of PD collected for 14 years

Jain, et al g

Nested case- Whether sUA
control study was related to
future risk of PD 1267 controls)

Gao, et al

residents (3891 African Americans and
future risk of PD 11 050 Caucasians), followed up once
every 3 years, for 20 years of follow-up
32 826 women in Nurses” Health Study,
followed up for 14 years (105 confirmed

5749 American adults aged 65 years and
older in whom data was prospectively

90 214 participants of 3 ongoing US
cohorts (388 new PD cases matched with urate were 0.630 (95%ClI: 0.350-1.100, P =0.049) in men and 1.040

4 years (median) from blood collection

Plasma urate concentration was inversely associated with PD occurrence.
The OR value between extreme quartiles of plasma urate were 0.400
(95%CI: 0.200-0.800) in the overall analysis, but the association was not
statistically significant among women and African Americans

The adjusted RR value of PD comparing the highest (= 345.10 pmol/L)
with the lowest (<238 pwmol/L) quartile of urate was 1.330 (95%Cl:
0.690-2.570). Plasma urate levels were not significantly associated with
PD risk

With the middle range as reference, the risk of developing PD was
significantly increased for urate < 300 pmol/L (OR =1.690, 95%CI:
1.030-2.780) but not for urate > 500 wmol/L (OR = 1.550, 95%CI:
0.720-3.320) in men. In women no associations between urate and PD risk
were observed

The multivariate-adjusted RR value of PD comparing extreme quartiles of

(95%CI: 0.610-1.780, P = 0.440) in women

sUA, serum uric acid, Ifi. 7§ JR & ; PD , Parkinson’s disease, 14 Z% 9%
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Table 2. Clinical studies on the relationship between sUA and motor symptoms and disease progression of PD

Reference  Study design Study objective Study population Main conclusions

Tkeda, Cross-sectional  To elucidate whether serological 119 PD patients with an average course of ~ The level of sUA was negatively related to the severity of

etal " study data are correlated with disease  6.90 years and average age of 73.20 years  disease progression (Hoehn-Yahr stage) and course of
progression in Japan and 120 matched healthy controls disease, and there was no significant gender difference

Sun, etal """ Cross-sectional To evaluate whether sUA levels 411 PD patients with an average course of ~ There was a significantly inverse correlation of sUA

study are associated with Chinese PD  5.73 years and average age of 63.10 years  levels with Hoehn-Yahr stage and disease duration in

patients in China and 396 matched healthy controls  PD patients of both females and males

Zhang, Cross-sectional  To seek the evidence in favor of 534 PD patients with an average course of ~ The sUA levels in PD patients were correlated with PD

etal ™ study using sUA as a PD biomarker 4.13 years and average age of 63.90 years  progression and duration in Chinese population. The

in China and 614 matched healthy controls associations were stronger among men compared to

women and older people compared to younger people

Jesus, et al "' Cross-sectional To investigate whether or not sUA 161 patients with PD and 178 controls from The sUA concentration was lower in patients with PD in

study is related to PD clinical
parameters and disease severity

Southern Spain

Pan, et al " Cross-sectional To assess whether sUA levels in

80 PD patients with an average course of

severe stages than in those in moderate stage, and no
significant association was found between sUA
concentration and age at disease onset or disease
duration

Low sUA levels may be more prone to developing PD
and the inverse relationship between sUA and severity of
PD was robust for men, but weak for women

80 cases of PD patients with an average age PD patients at Hoehn-Yahr stage 3 and over had

significantly lower sUA levels than PD patients at earlier
stages

100 PD patients with an average duration of No significant correlations of sUA levels with those

parameters (disease duration, UPDRSII and Hoehn-
Yahr stage) were observed in PD patients

96 PD patients with an average duration of The sUA levels was no statistical difference in Hoehn-

Yahr stage

123 PD patients with an average duration of The sUA concentration was inversely correlated with
11.20 years and 69.20 years of average age development of wearing-off fluctuation. This inverse

association was significant in men but not in women

321 PD patients with an average duration of Low sUA levels are associated with the occurrence of

FOG in PD

100 PD patients with an average duration of There was statistically significantly lower sUA levels in

non-tremor dominant PD compared to tremor dominant
PD, and no statistically significant difference in sUA
levels between patients with tremor dominant PD and
healthy controls

Non-tremor dominant PD patients had lower levels of
sUA and striatal DAT availability than PD patients with
a predominance of tremor

The sUA levels were significantly correlated with the

study PD is associated with poor motor ~ 4.10 years and average age of 60.25 years

function and levodopa (L-dopa)  in China
dosage

Vieru, Cross-sectional ~ To investigate the association of

etal” study sUA levels with disease of 67.99 years in Turkey and 80 controls
progression and L-dopa treatment
in PD patients

S.alku,talf Cross-sectional ~ To investigate the associations

etal " study among sUA levels and background 5.30 years and average age of 68.50 years
clinical factors in PD in Japan and 100 healthy controls

Wang, Cross-sectional To investigate the correlation

etal study between PD and levels of sUA and 3.78 years and average age of 67.54 years
albumin in China and 108 matched healthy controls

Fukae, Cross-sectional  To estimate the association

etal ™ study between sUA concentration and
the prevalence of wearing-off in Japan
fluctuation

Ou, etal™  Cross-sectional To explore the association

study between FOG and sUA levels in ~ 4.96 years and average age of 62.40 years

Chinese PD patients in China

Lolekha, Cross-sectional To evaluate sUA level in patient

et al'? study with tremor dominant PD 4.40 years and 68.14 years of average age
compared to non-tremor dominant in Thailand and 100 matched healthy
PD and healthy controls controls

Huertas, Cross-sectional ~ To investigate whether tremor and 75 PD patients [disease duration after

etal ™ study non-tremor dominant PD differ in  symptom onset: (12 + 6) years] in Spain
sUA levels and degree of
dopaminergic degeneration

Moccia, Cross-sectional ~ To investigate the relationship 52 early PD patients in Italy, with an

etal ™ study between sUA levels and DAT average age of 58.90 years

availability in newly diagnosed,
drug-naive PD patients

severity of dopaminergic impairment in caudate,
putamen, and striatum. No significant relationships
were found between sUA levels and disease duration,
UPDRSII and Hoehn-Yahr stage

PD, Parkinson’s disease , 142 %54 ;sUA , serum uric acid, Ifl. 75 JR 2 ; UPDRS, Unified Parkinson’s Disease Rating Scale , 5t — W1 4 #89 PF- i 1 2 5

FOG, freezing of gait, #2454 25 ; DAT, dopamine transporter, 2 E Jlig 55 iz 14
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Table 3. Clinical studies on the relationship between sUA and NMS of PD
Reference Study design Study objective Study population Main conclusions
Pan, et al " Cross-sectional  To identify any associations between 80 PD patients with an average disease A significant correlation between sUA and MMSE
study NMSS domains and sUA levels duration of 4.10 years and average age (r.=0.405, P =0.009) in male PD patients but not
of 60.25 years in China in female patients. Significant correlations were
also found between sUA and NMS burden of sleep/
fatigue, and sUA and NMS burden of mood in men
and women
Annanmaki, Cross-sectional ~ To examine the associations of sUA 40 PD patients in Finland, mean age ~ Low sUA level predicted worse performance both
etal ™ study levels and cognitive changes 60.80 years, disease duration not more in the picture completion and similarities subtest
than 10 years of the WAIS-R, which were considered sensitive to
subcortical and frontal regions damage
Wang, etal ™ Cross-sectional  To explore the relation of cognition and 104 Chinese PD patients, mean age 65 The sUA level in the group with cognitive

Chen, et al z

Annanmaki,
28
etal

Gonzalez-

Aramburu,
(9]

et al

. 30
Moccia, et al

Pelle((hla
etal™

. 32
Moccia, et al ™

Picillo, et al ™

study

Cross-sectional
study

Prospective cohort
study

Cross-sectional
study

Cross-sectional

study

Prospective cohort
study

Prospective cohort
study

Prospective cohort
study

sUA in PD

To explore the incidence of cognitive
dysfunction and associated factors in
Chinese PD patients

To examine the association of sUA
levels with cognitive changes in PD
patient cohort over 3 years follow-up

To study whether low sUA levels is
associated with the presence of

years, disease duration 1-22 years

61 Chinese PD patients and 60 normal
controls, mean age 65 years, mean
disease duration 4.70 years

40 PD patients in Finland, mean age
60.30 years, disease duration not more
than 10 years, followed up for 3 years
343 Spanish PD patients, mean age
63.40 years, mean disease duration

dementia in a cohort of patients with PD 8.50 years

To investigate the relationship between
sUA and occurrence of NMS in de novo
PD patients

To assess whether baseline sUA levels
may be related to later development of
MCI in a cohort of early drug-naive PD
patients

To evaluate the usefulness of baseline
sUA as a marker of NMS progression in
newly diagnosed PD patients

To explore the relationship between
sUA levels and pure apathy in early,
drug-naive PD patients

80 de novo drug-naive PD patients,
mean age 59.30 years, disease duration
not more than 2 years

40 de novo drug-naive PD patients
from ltaly, mean age 59.30 years,
disease duration not more than 2 years,
followed up for 4 years

69 de novo drug-naive PD patients
from ltaly, mean age 59.50 years,
disease duration not more than 2 years,
followed up for 2 years

49 de novo drug-naive PD patients
from Italy, mean age 59 years, mean
disease duration 13 months, followed
up for 2 years

impairment was lower than that without cognitive
impairment, the cognitive scores correlated with
sUA levels, education, age, Hoehn-Yahr stage and
depression levels, but didnt with gender, disease
duration, smoking and BMI

Statistical differences existed in visual space/
execution, naming and delay memory between PD
and controls. In PD patients, cognitive scores were
correlated with levels of sUA, education,
UPDRSII and depression levels, but didn’t with
gender, disease duration

The baseline sUA levels of patients showed no
correlations with follow-up neuropsychological
parameters

The sUA levels were not different between PD
patients with or without dementia (MMSE < 26
or not)

The sUA levels showed a significant negative
correlation with NMSQuest, especially in attention/
memory, cardiovascular and sleep domains of
NMSQuest

Both sUA levels (OR =0.540, 95%ClI:
0.300-0.980; P =0.044) and age (OR = 1.160,
95%CI: 1.030-1.300; P =0.009) were significant
predictors of occurrence of MCI at 4 years follow-up

Patients with NMS absence presented significantly
higher sUA values than patients with NMS
presence with regard to attention/memory,
depression/anxiety and cardiovascular domains

Lower sUA levels were associated with greater
apathy (as assessed with both clinical rating scales
and diagnostic criteria), irrespective of age, gender,
attention/executive functions and LEDD

NMSS, Non-Motor Symptoms Scale, IEiZ i IR it % ; sSUA , serum uric acid, Il 3 FRZ ; PD, Parkinson’s disease , 14 £8 9% ; MMSE , Mini-Mental
State Examination, & 25 & B8R 546 A i 26 ; NMS, non-motor symptoms, 32 s etk ; WAIS-R, Wechsler Adult Intelligence Scale-Revised, F Ik
BN Ty &R BT R BMI, body mass index, 1A T 45 %0 ; UPDRS, Unified Parkinson’s Disease Rating Scale, 45— WA 45 A% B0 i 3R

NMSQuest, Non-Motor Symptoms Questionnaire , 12 2l iE K [7] 4 ; MCI, mild cognitive impairment, £ B A1 7

daily dose, /¢ €2 B H 4500 4

; LEDD, levodopa equivalent
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Table 4. Clinical studies on the relationship between sUA and MSA

Reference  Study design Study objective Study population Main conclusions
Cao, et al ™ Prospective To verify the relationship between 234 Chinese MSA patients (mean age The sUA levels in MSA patients was significantly lower than
cohort study  sUA and MSA was 58.90 years, mean disease that of healthy controls, especially in males. No correlation
duration was 2.60 years) and 240 age- was found between the mean rate of annualized changes of
and gender-matched subjects UMSARS and levels of sUA
Chen, Cross-sectional To compare serum levels of CRP/ 47 Chinese MSA patients and 50 The sUA levels in male MSA patients was significantly lower
etal ™ study Hey/UA between MSA patients and  healthy age-matched controls than that in healthy subjects, but sUA had no significant
normal healthy subjects correlation with severity of both motor and non-motor
dysfunctions in MSA patients
Fukae, Retrospective  To examine whether sUA 53 Japanese MSA patients, mean age ~ MSA patients with a higher sUA concentration had lower
etal ™ cohort study  concentration was linked to disease  was 65.50 years, mean disease disease progression rates, especially in male patients
progression in MSA patients duration was 3.77 years
Lee, etal " Prospective To evaluate whether the 53 Korean MSA patients, mean age  The sUA levels had a significant negative correlation with
cohort study  concentration of sUA influenced was 57.80 years, mean disease the annualized UMSARS changes (r=-0.400, P =0.004)
MSA disease progression duration was 2.72 years

sUA, serum uric acid, Ifl 1 JR B2 ; MSA , multiple system atrophy, 2 & 4t %2 4ii ; UMSARS, Unified Multiple System Atrophy Rating Scale, 4t — % %
G RPN 1 2 5 CRP, C-reactive protien, C- W 5 [1; Hey , homocysteine , [/ 7 2 Ji 220 iR

RS ML IRIR -5 BT /R S B A 5 I R WF 2
Table 5. Clinical studies on the relationship between sUA and AD

Reference  Study design Study objective Study population Main conclusions
Lu, etal ™ Retrospective  To examine the relationship between 59 224 patients with gout and 238 805  Gout was inversely associated with the risk of
cohort study  gout and the risk of AD matched non-gout individuals in UK developing AD, compared with individuals without gout,
(mean age at baseline was 65 years, the multivariate HR value was 0.760 (95%CI:
mean follow-up time more than 5 years) 0.660-0.870)
Euser, Prospective To assess the relation between sUA 4618 inhabitants aged 55 years and After correcting for several cardiovascular risk factors,
etal " cohort study  levels and the risk of subsequent over of a district of Rotterdam, the higher sUA levels were associated with a decreased risk
dementia in a prospective population-  Netherlands, followed up for more than of dementia [HR value for the highest versus the lowest
based cohort study 10 years quartile of sUA was 0.730 (95%ClI: 0.550-0.970)]
Al-khateeb, Case-control ~ To assess whether sUA levels would be 41 AD patients and 40 healthy controls AD group showed lower sUA level than control subjects,
etal study altered in AD Jordanian patients from the senior homes and Jordan but there was no correlation between level of sUA and
compared to those of healthy controls ~ University Hospital progress of cognitive impairment
Rinaldi, Cross-sectional To assess peripheral levels and 25 subjects with MCI, 63 free-living AD and MCI patients showed lower levels of sUA,
etal ™ study activities of a broad spectrum of non-  subjects with AD, and 56 healthy vitamin C, vitamin E, and red blood cell superoxide
enzymatic and enzymatic antioxidants in elderly community-dwellers in Ttaly dismutase as compared to controls
elderly subjects with MCI and AD (mean age 75.80 years)
Kim, et al ' Cross-sectional To assess whether plasma levels of 101 Korean AD patients and 101 A significant reduction in albumin, bilirubin and sUA
study albumin, bilirubin and UA would be healthy controls levels in AD group was found compared to those of
altered in AD patients compared to control group

those of healthy controls

Irizarry, Prospective To test the hypotheses that high plasma 747 participants from the USA and While sUA levels did not predict the progression of MCI

etal cohort study urate at baseline is associated with: 1) a Canada in a 3-year, randomized, to AD, high urate may be associated with a reduced rate
reduced rate of conversion from MCIto  double-blind, placebo-controlled study of cognitive decline in MCI patients not treated with
AD and 2) a lower rate of cognitive of donepezil, vitamin E or placebo for  donepezil or vitamin E
decline in MCI delaying the progression of MCI to AD

Cervellati, ~ Cross-sectional To evaluate a panel of distinct 101 patients with AD, 134 MCI Compared with controls, high levels (over median value)

etal study indicators of systemic oxidative stress in patients, and 99 normal older of serum hydroperoxides were independently associated
large sample of older patients affected  individuals (controls) from Italy with an increase in the likehood of having MCI or AD
by AD or MCI

Latourte, Prospective To investigate the risk of incident 1578 French people (mean age After multiple adjustments, higher sUA levels were

etal " cohort study  dementia and brain MRI features by 72.40 years), followed up for more associated with a increased risk of dementia, the
sUA level in a large cohort of older than 12 years multivariate HR value with the highest vs. lowest sUA
adults level was 1.790 (95%CI: 1.170-2.730, P =0.007).

The HR value of AD with the highest vs. lowest sUA
level was 2.310 (95%CI: 1.050-5.080, P =0.037)

AD, Alzheimer’s disease , BT /R 6 BRG ; sUA , serum uric acid, L7 JR AR ; MCI, mild cognitive impairment, 5% B A HIH5 %

S, 9 R BT IR ok v SR B 2 A IR i AU AR P BRI B KU K (RR = 0.660, 95% CI: 0.520 ~
24% o oy — TN [ N Ah 24 TGS R ER S BT /R % 0.8505P =0.001) o Z 300 i 479 2 U A A 1)
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Table 6. Clinical studies on the relationship between sUA and ALS

Reference  Study design Study objective

Study population

Main conclusions

Zoccolella, Cross-sectional To determine whether sUA levels were lower 132 ALS patients and 337 age- In univariate analysis, high sUA levels were less likely to

etal ™ study in subjects with ALS compared to healthy
controls
Zheng, Cross-sectional To clarify the relationship between level of
etal ™ study sUA and occurrence, progression and survival 501 age- and sex-matched

of ALS healthy controls

and sex-matched controls

be associated with ALS (OR =0.530, 95%CI: 0.290-0.970;
P =0.040), but after adjusting for age, sex and kidney
function, the association was not statistically significant

512 Chinese ALS patients and  Low level of sUA may be associated with increased

occurrence of ALS in Chinese population, and sUA level
may not contribute to the survival or progression of ALS

Oh, et al ™ Cross-sectional To determine levels of sUA in Korean patients 136 Korean ALS patients and ~ ALS patients had lower sUA levels than that of healthy

study with ALS and to search for a correlation
between sUA levels and disease progression

To determine whether sUA predicts ALS
progression

O“Reilly,  Prospective
etal ™ cohort Study

Mandrioli, Retrospective  To evaluate the association between changes 275 ALS patients diagnosed
= in several laboratory tests and tracheostomy-  between 2000 and 2013 in
Modena Italy

etal ” cohort study
free survival in the cohort of ALS patients

Paganoni, Retrospective  To investigate whether sUA levels would
etal ™ cohort study

136 age- and sex-matched
healthy controls

251 subjects from 2 clinical
predict disease progression and survival ina  databases: trial of celecoxib in  study for men with each 1 mg/dl increase in sUA levels,
large cohort of ALS clinical trial participants ~ ALS and trial of arimoclomol
in ALS

individuals. The sUA levels in ALS were negatively
correlated with the rate of disease progression and
positively associated with survival

942 ALS participants of a phase In males, outcomes improved with increasing sUA
Il clinical trial, followed up for (comparing highest to lowest sUA quartile: HR value for
12 months

death was 0.600 with P value for trend was 0.070), but
there was not a significant relation between sUA and
outcomes in females

An increase of sUA was directly associated with the odds
of death or tracheostomy

There was a 39% reduction in risk of death during the

this association was seen not in women

sUA, serum uric acid, Ifil 7§ FRA& ; ALS , amyotrophic lateral sclerosis , [l 25 45 flll 22 fifi 1k fiE
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B A digital subtraction angiography(DSA)
sleep deprivation(SD)
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mitogen-activated protein kinase( MAPK)
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k%  randomized controlled trial(RCT)
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triggering receptor expressed on myeloid cells 2(TREM2)
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glycosylated hemoglobin( HbAlc)

W55 G BB BF-38  glycogen synthase kinase-3B(GSK-3B)
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gradient echo sequence(GRE)
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ERTEFEEC body mass index(BMI)
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aspartate aminotransferase( AST)
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statistical parametric mapping(SPM)
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Unified Multiple System Atrophy Rating Scale(UMSARS)
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Unified Parkinson’s Disease Rating Scale(UPDRS)
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"F-fluoro-2-deoxy-D-glucose(“F-FDG)
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late-onset Alzheimer’s disease(LOAD)

WA G E A

microtubule-associated protein(MAP)

M/NRNA  microRNA(miRNA)
WS WK peak inspiratory pressure(PIP)
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fraction of inspired oxygen(FiO,)
Pediatric Critical Illness Score(PCIS)
signal-to-noise ratio( SNR)



