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Abstract.

Background: The role of blood uric acid as a biomarker in symptomatic motor PD has been increasingly established in the
literature.

Objective: Our present study assessed the role of serum uric acid as a putative biomarker in a prodromal PD cohort [REM
Sleep Behavior disorder (RBD) and Hyposmia] followed longitudinally.

Methods: Longitudinal 5-year serum uric acid measurement data of 39 RBD patients and 26 Hyposmia patients with an
abnormal DATSCAN imaging were downloaded from the Parkinson’s Progression Markers Initiative database. These cohorts
were compared with 423 de novo PD patients and 196 healthy controls enrolled in the same study.

Results: After adjusting for age, sex, body mass index, and concomitant disorders (hypertension/gout), baseline and longi-
tudinal serum uric acid levels were higher in the RBD subgroup as compared to the established PD cohort (p =0.004 and
p=0.001). (Baseline RBD 6.07 &= 1.6 vs. Baseline PD 5.35 4= 1.3 mg/dL and Year-5 RBD 5.7 & 1.3 vs. Year-5 PD 5.26 £ 1.33).
This was also true for longitudinal measurements in the Hyposmic subgroup (p =0.008) (Baseline Hyposmic 5.7 1.6 vs.
PD 5.35 + 1.3 mg/dL and Year-5 Hyposmic 5.58 £ 1.6 vs. PD 5.26 &+ 1.33).

Conclusion: Our results indicate that serum uric acid levels are higher in prodromal PD subjects with ongoing dopaminergic
degeneration compared to those with manifest PD. These data indicate that the well-established decrease in the levels of serum
uric acid occurs with the transition from prodromal to clinical PD. Whether the higher levels of serum uric acid observed in
prodromal PD may provide protection against conversion to full-blown clinical PD will require further study.
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INTRODUCTION

Prodromal Parkinson’s disease (PD) corresponds
to the premotor phase of PD lasting many years.
During this phase the neurodegeneration process is
active and ongoing and typical prodromal non-motor
symptoms like REM sleep behavior disorder (RBD),
depression, hyposmia, and constipation emerge. The
progression to the non-motor and motor manifesta-
tions of PD aligns well with the neuropathological
staging system proposed by Braak [1]. Numerous
risk factors have been thoroughly described in pre-
vious studies and they facilitate the assessment of the
probability to develop motor PD [2]. Such markers
have been incorporated in the recent MDS criteria
for prodromal PD [3].

Oxidative stress is thought to play a vital role in the
pathogenesis of PD [4]. An endogenous antioxidant
molecule, uric acid, is considered to be a buffering
agent and to possibly protect dopaminergic neu-
rons from oxidative stress in PD. Uric acid exerts
its antioxidant function mainly by means of ferrum
chelation, although other mechanisms may also con-
tribute to this effect. In vitro studies have shown that
uric acid could induce autophagy activation and ame-
liorate alpha-synuclein (SNCA) accumulation [5]. In
an in vivo PD model, uric acid demonstrated neu-
roprotective properties for dopaminergic neurons by
means of increased expression of nuclear factor E2-
related factor 2 (Nrf2) and three Nrf2-responsive
genes [6]. In certain PD population studies, PD
patients exhibited lower serum uric level in compari-
son to healthy controls [7, 8] but in other cohorts this
difference was less evident [9].

The Parkinson’s Progression Markers Initiative
(PPMI) study evaluated the 5-year change of clinical,
imaging, and biochemical parameters in de novo PD
patients, in subjects with prodromal PD symptoms
(RBD and hyposmia) and in healthy controls. The
aim of our present study is to determine whether there
are baseline and longitudinal differences in serum
uric acid levels between Prodromal individuals (RBD
and Hyposmic) and PD patients or healthy controls
enrolled in the PPMI study, so as to ascertain the
possible relationship of this emerging biomarker to
the evolution of PD at its earlier stages, before the
emergence of the classical clinical signs.

MATERIALS AND METHODS

Data used in the preparation of this article
were obtained on 04/18/2020 (03/27/2023 last

update) from the PPMI database (http://www.ppmi-
info.org/access-data-specimens/download-data),
RRID:SCR_006431. For up-to-date information
on the study, visit http://www.ppmi-info.org. The
present study was conducted in agreement with the
principles of the Declaration of Helsinki. Signed
informed consent was obtained from all participants
recruited. The study was approved by the Scientific
Board of all PPMI sites involved (including the
Scientific Board of Attikon and Eginition hospitals).
Longitudinal 5-year serum uric acid measurement
data of 39 RBD participants and 26 Hyposmia
participants were downloaded from the PPMI
database. Moreover, we obtained data from 423 de
novo sporadic PD patients and 196 healthy controls
from the same database.

The Prodromal cohort in the PPMI study included
premotor subjects with prodromal PD symptoms
(RBD or hyposmia/reduced olfaction) [10, 11]. RBD
was diagnosed based on clinical history and sleep
related scales along with polysomnography, if avail-
able. 34 out of 39 RBD participants in our PPMI
subgroup were PSG-confirmed. The remaining 5
were “probable RBD” based on the medical his-
tory and the RBD-questionnaire but the number of
this group appears too small in order to have any
meaningful comparisons if we consider separately
the 5 “probable RBD” vs. the 34 PSG-confirmed
RBD participants. In the hyposmia cohort, olfaction
was measured using the University of Pennsylva-
nia Smell Identification Test (UPSIT). Hyposmia
was defined as a score of<10th percentile for
age and sex. PPMI inclusion criteria enriched the
RBD and hyposmia cohorts with individuals with
dopamine transporter binding deficit. Most partici-
pants with a normal DATSCAN were excluded from
the study with the exception of 10% of those with-
out a DAT binding deficit with the goal of keeping
site investigators blinded to DAT SPECT results.
A total number of 65 Prodromal subjects (RBD,
n=39 and Hyposmic, n=26) were finally enrolled.
An additional group of 57 RBD and 93 Hypos-
mic individuals with a normal DATSCAN during
the screening visit were excluded from follow up in
PPMI (however serum uric acid measurements from
samples of this cohort collected during the screen-
ing visit were also available in the database of the
study).

Biochemical analyses (including measurements of
uric acid level in serum) have been carried out in
Covance laboratories in a uniform fashion, as per the
study protocol.
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Statistical analysis for baseline comparisons
between the prodromal subjects (RBD and Hypos-
mic subgroups) and the idiopathic PD cohort/healthy
controls was performed using univariate ANCOVA.
Factors that could have an impact on uric acid
[age/sex/body mass index (BMI)/concomitant disor-
ders and medication (hypertension and gout)] were
used as covariates in the analysis. Repeated measures
ANCOVA (tests of within- and between- subjects
effects) was used to examine the 5-year longitudinal
changes of uric acid level (RBD and Hyposmic sub-
groups vs. sporadic PD and healthy controls). Time,
group, or combined Time*Group interactions were
assessed using assessment of within-subjects effects.
Statistical significance was set at p<0.05. Addi-
tionally, a nested ANCOVA model, with conversion
subgroups nested inside RBD and Hyposmia sub-
groups, was used to estimate the differences between
patients converted or not.

Pearson or Spearman correlations (according to the
normality of group values) were calculated between
uric acid level, duration since initiation of RBD
and various baseline parameters (MDS-UPDRS score
part I11, 2-year and 4-year change in MDS UPDRS III
and Montreal Cognitive Assessment (MoCA) score)
in the RBD cohort and the hyposmia cohort.

Finally, in order to assess the putative impact of
uric acid levels on clinical progression of patients in
the prodromal cohort and determine if high and low
uric acid groups follow a different prospective clini-
cal outcome, we compared high serum uric acid level-
and low serum uric acid level- subgroups (at screen-
ing) in terms of motor deterioration (MDS-UPDRS
IIT score at baseline, year 2, year 4 and the 2-year
and 4-year score change) using univariate ANCOVA
with age, sex, and BMI as covariates. We defined
cut-off as the median of baseline uric acid level 5.9
md/dL for the RBD group and 5.75 for the Hyposmia
group (as a result high serum uric acid group was that
with measurements above the median and low serum
acid group below the median respectively). The sta-
tistical analyses were performed using commercially
available software (SPSS, Version 20.0).

RESULTS

After adjusting for age, sex, BMI, and the pres-
ence of hypertension and/or gout, baseline and 5-year
longitudinal serum uric acid measurements were
higher in the RBD cohort as compared to the PD
cohort (p =0.004 and p =0.001, respectively). [Base-

line RBD subgroup uric acid level was 6.07 mg/dL.
(95% CI 5.57 to 6.57) vs. Baseline PD 5.35 mg/dL
(95% CI 5.23 to 5.47)]. There was no significant
effect of Time*Group interaction on uric acid level
(Within subject effects, p =0.752). Baseline and lon-
gitudinal serum uric acid measurements did not differ
statistically between RBD subjects and healthy con-
trols (despite a trend for higher uric acid in the
RBD group) (Between subjects effects, p=0.145 and
p=0.166). [Baseline RBD subgroup uric acid level
was 6.07 mg/dL (95% CI 5.57 to 6.57) vs. Baseline
HC5.41 mg/dL(95% C15.23 t05.59)]. No significant
effect of Time*Group interaction on uric acid level
was evidenced (Within subject effects, p=0.087)
(Fig. 1A, Table 1).

Furthermore, longitudinal (Between subjects
effects, p=0.008) but not baseline serum uric acid
measurements (p =0.236) were higher in the Hypos-
mic cohort as compared to the PD cohort. [Baseline
Hyposmic subgroup uric acid level was 5.7 mg/dL
(95% CI 5.08 to 6.32) vs. Baseline PD 5.35 mg/dL
(95% C15.23 to 5.47)].

There was no significant effect of Time or
Time*Group interaction on uric acid level (Within
subject effects, p=0.164 and p=0.571). Finally,
baseline and longitudinal serum uric acid measure-
ments did not differ statistically between Hyposmic
subjects and healthy controls (despite a trend for
higher uric acid in the Hyposmic group) (p =0.896
and p=0.327) and no significant effect of Time
or Time*Group interaction on uric acid level was
evidenced (Within subject effects, p=0.745 and
p=0.240) (Fig. 1B). [Baseline Hyposmic subgroup
uric acid level was 5.7 mg/dL (95% CI 5.08 to 6.32)
vs.vs. Baseline HC 5.41 mg/dL (95% CI 5.23 to
5.59)].

No difference in serum uric acid levels was
found between hyposmic patients who converted
to PD compared to those who did not convert
(5.89 mg/dL vs. 5.61 mg/dL, p=0.699). On the other
hand, patients in the RBD subgroup who converted
to PD had a trend for lower uric acid levels com-
pared to those who did not convert (5.56 mg/dL vs.
6.33 mg/dL), although this difference failed to reach
significance (p =0.163).

RBD non converters had significantly higher base-
line serum uric acid as compared to HC (6.33 mg/dL.
vs. 5.41 mg/dL, p=0.002), while there was no dif-
ference between Hyposmic non converters and HC
(5.61 mg/dL vs. 5.41 mg/dL, p=0.548).

No difference could be evidenced in baseline
serum uric acid levels between RBD and Hyposmia
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Fig. 1. Longitudinal measurements of serum uric acid levels in: A) the RBD cohort vs. idiopathic PD and healthy controls, and B) the
Hyposmic cohort vs. idiopathic PD and healthy controls. Statistical analysis has been performed using repeated measures linear ANCOVA
(with age, sex, BMI, and presence of hypertension/gout as covariates). PPMI timepoints of visits SCR, V04, V06, V08, V10 and V12
correspond to Years 0, 1, 2, 3, 4, and 5, respectively. Error bars represent Standard Error of Mean.

Table 1
Baseline demographic, motor, and non-motor characteristics in RBD prodromal, Hyposmic prodromal idiopathic PD and healthy controls
(Mean £ SD)
Feature RBD cohort Hyposmia cohort Idiopathic PD Healthy Controls
(N=39) (N=26) (N=421) (N=195)
Demographics
mean + SD mean & SD mean + SD mean & SD
Age (y) 69.6(£5.5) 68.1(£6.2) 61.63(£9.69) 60.77 (£11.26)
frequencies frequencies frequencies Frequencies

Sex (male / female)
Hypertension History/Medication
Gout History/Medication

33(85%) /16 (15%)
20.5% (8/39)
7.7% (3/39)

18(69%) /8 (31%)  277(65.8%) / 144(34.2%)
50% (13/26) 37.5% (158/421)
3.9% (1/26) 1.4% (6/421)

125 (64.1%) 1 70 (35.9%)
40.5% (79/195)
4.1% (8/195)

mean + SD mean + SD mean + SD mean + SD
Baseline Uric acid level (mg/dL) 6.07(%1.6) 5.7(£1.6) 5.35(%1.3) 5.41(£1.3)
BMI 27.37(+4.1) 28.31(44.9) 27.13(4+4.6) 26.95 (+4.44)
Baseline MDS-UPDRS 11T 4.6(£3.9) 2.72(£3.4) 20.4 (£8.75) 1.2 (£2.2)
Baseline MoCA 25.5 (£4.13) 27.3 (£1.71) 27.14 (£2.32) 28.2 (£1.1)

MDS-UPDRS, Movement Disorder Society-Unified Parkinson’s Disease Rating Scale; MoCA, Montreal Cognitive Assessment test; BMI,

body mass index; SD, standard deviation.

participants mentioned above (6.07 and 5.7) and the
additional group of 57 RBD and 93 Hyposmic indi-
viduals who were excluded from follow up in PPMI
due to a normal DATSCAN (5.98 and 5.65 respec-
tively).

In the RBD group, we observed a positive corre-
lation between the duration of RBD (time since first
reported RBD symptoms) and the increases in MDS-
UPDRS score part III scores between baseline and
year 2 [Spearman correlation: r=0.467 (p=0.004)]
and between baseline and year 4 [Spearman correla-
tion: ¥r=0.381 (p=0.024)]. There was no significant
correlation between baseline uric acid level or 2-year
and 4-year change in uric acid and the duration of
RBD symptoms.

Furthermore, there was no significant correlation
between baseline uric acid level or 2-year and 4-year
change in uric acid and either yearly MDS-UPDRS
III scores (bl to year 5) or the increases in MDS-
UPDRS score part III scores between baseline-year
2 and between baseline-year 4. No other parameter
including MoCA score correlated to baseline uric
acid level in a statistically significant way. Finally,
we failed to reveal any significant impact of initial
uric acid levels on the severity of motor deterioration
when comparing high and low uric acid subgroups. It
appears that RBD participants with high or low levels
of uric acid in the initial measurement did not differ
statistically regarding UPDRS III score during either
the screening visit or V12 visit (year 5) (p=0.255
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and p =0.54 respectively). The same was true for the
Hyposmic cohort: participants with high or low levels
of uric acid in the initial measurement did not differ
statistically regarding UPDRS III score during either
the screening visit or V12 visit (year 5) (p=0.07 and
p=0.63 respectively).

DISCUSSION

The role of blood uric acid as a biomarker in symp-
tomatic motor PD has been increasingly established
in the literature. Our present report assessed the role
of serum uric acid as a putative biomarker in a pro-
dromal PD cohort followed longitudinally. The RBD
subgroup participants exhibited increased serum uric
acid level as compared to idiopathic PD both at base-
line and during a 5-year follow up, and this was also
true for the hyposmic subgroups regarding follow up.

These data indicate that the well-established low-
ering of serum uric acid observed in PD occurs
with the transition to clinical motor PD, and fur-
thermore hint to the possibility that higher levels
of serum uric acid in prodromal PD, due to inher-
ent antioxidant properties, may provide protection
against conversion to full-blown PD. According to
this notion, the PPMI prodromal subjects studied
here, with evidence of dopaminergic degeneration
as exemplified by abnormal DATSCAN, might not
have progressed to manifest PD due to an adequate
endogenous antioxidant defense system which may
prevent or delay further neurodegeneration. This is
just one interpretation of our results, and alternatives
include that something about the process of PD might
cause low uric acid (reverse causation) or that low
uric acid is a biomarker of some other more relevant
mechanism in manifest PD [12]. Regarding reverse
causation various hypotheses that may explain uric
acid decrease as a consequence of established PD
have been proposed. Alterations in gut microbiota
reported in PD patients may also influence uric acid
levels and therefore represent a putative confounder
[13]. Moreover, in a large hospital database study,
a diagnosis of PD was associated with a significant
decrease in the subsequent risk of gout, implying that
decreased uric acid levels are a feature of PD rather
than a protective factor [14].

Two additional aspects of our results are also worth
considering, although, due to the low numbers, they
present just trends without statistical significance. In
both prodromal subgroups levels of uric acid were
consistently higher than controls, especially at earlier

time points (Fig. 1A, B), This hints to the possibil-
ity that there may even be a compensatory increase
in uric acid levels early on in the PD process, that
is then reversed at later time points of disease pro-
gression. This idea is reinforced by the fact that RBD
non-converters actually did show a statistically sig-
nificant increase of uric acid levels compared to HCs.
We also observed a trend for lower uric acid amongst
RBD participants who phenoconverted compared to
those who did not, supporting again the idea of a
link between the emergence of PD motor symptoms
and lowering of uric acid levels. At this point we
have to highlight the fact that the number of pro-
dromal patients who phenoconverted to PD during
this follow-up period was rather low (13/39 of RBD
and 8/26 of hyposmic group), therefore the lack of
statistical significance is expected.

Literature data on uric acid level in prodromal PD
are sparse. In a large Chinese study with more than
12,000 individuals followed longitudinally, higher
average uric acid concentrations were associated with
a lower likelihood of having possible RBD (but not
new-onset possible RBD). The observed association
appeared to be unrelated to potential risk factors for a
vascular cause, such as BMI and hypertension, as well
as other putative confounders. However, the authors
admit that confounders might account for such results
due to the observational nature of the study [15]. As
far as prodromal PD is concerned, large retrospective
and prospective studies have demonstrated decreased
serum uric acid in individuals who eventually devel-
oped motor PD during follow up [16]. High serum
uric acid levels have been correlated with lower risk
of PD, a milder disease course and with the more
benign tremor dominant motor subtype [17, 18]. As
far as cognitive outcomes are concerned, lower lev-
els of serum uric acid in the early disease stages were
reported to be associated with the later occurrence
of mild cognitive impairment (MCI) in an early PD
cohort [19]. However, the causal relationship between
high plasma urate and low risk of PD and its puta-
tive prognostic value have been questioned by other
researchers [20, 21].

In accordance with our results, Uribe-San Martin
and co-authors evaluated plasma uric acid levels in
24 patients with RBD and their association to PD.
Patients were divided into 2 groups according to
the presence or absence of PD, and it appeared that
patients without PD and those who had more than
5 years of RBD exhibited higher levels of uric acid
than patients with PD. The authors concluded that
higher levels of plasma uric acid were associated
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with a longer duration of RBD without converting
to PD, exhibiting resistance to the development of
motor symptoms [22]. Moreover, in patients without
PD, there was a positive correlation between years of
evolution of RBD and the levels of uric acid. How-
ever, in our study, no such correlation between level
of uric acid and duration of RBD symptomatology
could be established in the RBD subgroup.

The notion of uric acid homeostasis contribution to
the resistance of prodromal patients to PD could also
apply to non manifesting carriers of pathogenic PD
mutations. Bakshi and co-authors [23] evaluated the
putative role of uric acid as a candidate biomarker of
PD risk modulation in pathogenic LRRK2 mutation
carriers using data from the LRRK2 Cohort Consor-
tium and the PPMI. According to their observations,
non manifesting LRRK2 mutation carriers had signif-
icantly higher levels of uric acid compared to those
who developed PD and this applied to both sexes. The
authors reached the conclusion that uric acid moni-
toring could be used as a biomarker of resistance to
PD among LRRK?2 mutation carriers [23].

Regarding the association of uric acid level in pro-
dromal PD with motor or cognitive outcomes, no
firm correlations could be established in our report.
Past studies had contradictory outcomes regarding
this issue. In an observational study, no clear rela-
tion between serum uric acid levels and motor scores
could be evidenced. Moreover, such levels were neg-
atively associated to non-motor symptoms burden in
PD patients with a specific link to sleep/fatigue and
cardiovascular domains [24]. A systematic review
study evaluated the influence of serum uric acid level
on non-motor symptoms occurrence and severity
in patients with idiopathic PD, including atten-
tion/memory [25]. The authors failed to report any
definite correlation between serum uric acid level
and the occurrence and worsening of non-motor
symptoms in PD. In contrast, another previous study
assessed how levels of serum uric acid affect cogni-
tion in patients with RBD. The low uric acid group
had worse scores in various aspects of cognitive
function, including memory, executive function, and
language, compared to healthy controls, whereas the
scores of the high urate group were either interme-
diate, or similar to healthy controls [26]. In another
study during the motor PD phase, uric acid and uric
acid/creatinine levels in the early and medium stage
PD patients were significantly higher than in the
advanced stage ones [27, 28]. Accordingly, if we con-
sider prodromal and motor PD to be the two edges in
a continuum, higher uric acid could possibly mark the

initial phases of the disorder and a gradual decrease
of uric acid level might simply reflect disease pro-
gression and severity.

An important merit of our report is that data
we used from the PPMI database have been col-
lected and processed uniformly across PPMI centers,
with a thorough standardized clinical and labora-
tory assessment over a prolonged period of time.
On the other hand, a major limitation is the rela-
tively small number of RBD and Hyposmia subjects.
We should also highlight the possibility that with
this data set at 5-year time interval, and with this
small number of patients, it is difficult to comment
on the temporal nature of uric acid over the disease
process. Finally, it appears that RBD and Hypos-
mic group have a larger standard deviation (SD)
concerning uric acid levels than PD and HC. This
could be attributed to the relatively small size of
these subgroups and/or to the heterogeneity in these
populations.

Regarding implications for therapeutic interven-
tions, since a clinical study with inosine, a uric
acid-boosting compound, has failed to demonstrate
a protective effect in established motor PD [29, 30],
a possibility to consider for future trials, given our
results, is to examine such compounds in late prodro-
mal stages just before phenoconversion, if this time
point can be well defined.
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