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Prospective study of plasma urate and risk

of Parkinson disease in men and women

ABSTRACT

Objective: To examine whether higher plasma urate concentrations are associated with a lower
risk of developing Parkinson disease (PD) and whether there is a sex difference in the potential
urate-PD relationship.

Methods: We conducted a nested case-control study based on 90,214 participants of 3 ongoing
US cohorts. We identified 388 new PD cases (202 men and 186 women) since blood collection,
which were then matched to 1,267 controls. PD cases were confirmed by medical record review.
Conditional logistic regression estimated relative risks (RRs) and 95% confidence intervals (95%
Cls), after adjustment for age, smoking, caffeine intake, plasma concentrations of cholesterol and
ferritin, and other covariates. We also conducted a meta-analysis to combine our study with 3 pre-
viously published prospective studies on urate and PD risk.

Results: In the present nested case-control study, the multivariate-adjusted RRs of PD comparing
extreme quartiles of urate were 0.63 (95% CI 0.35, 1.10; ptrend = 0.049) in men and 1.04 (95%
Cl0.61, 1.78; pirena = 0.44) in women (Pheterogeneity = 0.001). In the meta-analysis, the pooled
RRs comparing 2 extreme quartiles of urate were 0.63 (95% Cl 0.42, 0.95) in men and 0.89
(95% C1 0.57, 1.40) in women.

Conclusion: We observed that men, but not women, with higher urate concentrations had a lower
future risk of developing PD, suggesting that urate could be protective against PD risk or could
slow disease progression during the preclinical stage of disease. Neurology® 2016;86:520-526

GLOSSARY

6-OHDA = 6-hydroxydopamine; BMI = body mass index; Cl = confidence interval; CPS-IIN = Cancer Prevention Study I
Nutrition; HPFS = Health Professionals Follow-up Study; LDL = low-density lipoprotein; NHS = Nurses' Health Study; PD =
Parkinson disease; RBD = REM sleep behavior disorder; RR = relative risk.

Urate is a potent antioxidant and contributes to approximately 60% of the free radical scaveng-
ing activity in human serum."” Serum urate concentrations in humans and apes are many-fold
higher than those in other mammals as a consequence of evolutionary urate oxidase gene
mutations." Results from in vitro and in vivo experimental studies suggest that urate could be
a potential neuroprotective agent via its capacity to modify the cerebral damage induced by
reactive nitrogen and oxidative species.”® In most,*® but not all,” prospective observational
studies in humans, higher concentrations of plasma urate were associated with a lower risk of
developing Parkinson disease (PD). Further, patients with PD with higher urate levels have been
found to have a slower disease progression relative to those with lower urate concentrations.'®!!
However, significant associations of higher urate levels with lower PD risk and slower progres-
sion were observed only in men.*” Studies relating blood urate levels to PD risk were limited by
their small sample sizes (PD case number < 160 in all studies) and underrepresentation of
women. Therefore, it remains unclear whether this sex difference reflects a true difference in
underlying biology or is due to lack of statistical power because women generally have lower
urate concentration and lower PD incidence compared with men. Further, only one previous
study” controlled for plasma ferritin and cholesterol levels, which have been found to be
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associated with both urate and altered PD
risk.'*7'¢ To address these questions, we exam-
ined whether plasma urate was related to
future risk of PD among participants in 3
ongoing US cohorts including over 90,000
men and women with blood samples available.

METHODS The current nested case-control study was based
on 3 ongoing US cohorts: the Health Professionals Follow-up
Study (HPES), the Nurses’ Health Study (NHS), and the
Cancer Prevention Study II Nutrition (CPS-IIN). As an
extension of our previous reports based on the HPFS® and
NHS,” we extended the follow-up of PD from 2002 to 2008
in the HPFS and from 2004 to 2010 in the NHS.

In 1986, we recruited 51,529 male health professionals, who
were 40-75 years of age, in the HPFS. These participants re-
turned a detailed mailed questionnaire regarding their diet, life-
style practices, and medical history. The NHS comprises 121,700
female registered nurses, aged 30—55 years, who lived in one of 11
US states at the time of enrollment in 1976. The HPFS and NHS
have been followed via mailed questionnaires every 2 years with
overall response rate above 94%.''* The CPS-IIN began in
1992, comprising 77,048 men and 85,360 women, aged 50—
79 years old, to study the relationship between lifestyles factors
(e.g., dietary habits) and the risk of cancer.'” Questionnaires were
sent in 1992, 1997, and every 2 years thereafter. Similarly, the

follow-up rate was consistently over 90%."

Standard protocol approvals, registrations, and patient
consents. The study was approved by the Human Research
Committees at the Harvard School of Public Health and the Brig-
ham and Women’s Hospital with receipt of each questionnaire

accepted as participant’s consent.

Case ascertainment and control selection. Confirmation of
PD cases among these 3 cohorts was described elsewhere.'”'52° In
brief, cases were confirmed based on a detailed questionnaire
regarding PD diagnosis that was completed by treating neurolo-
gist/internists or review of medical records, conducted by our
movement disorder specialist (M.A.S.). In the current analysis,
we included only definite or probable PD with at least 2 cardinal
signs of PD (resting tremor, rigidity, bradykinesia) without fea-
tures suggesting other diagnoses in the current study. Overall,
more than 90% of the cases were confirmed by the treating neu-
rologist or movement disorder specialist. Participants were fol-
lowed for incident PD from blood draw until they returned the
2010 (NHS/HPES) or 2007 (CPS-I1IN) questionnaire or died.
For each case, we randomly selected from 2 to 6 controls, who
were alive and had not reported PD at the time of diagnosis, in
the NHS and HPES cohorts, and 1 control in the CPS-IIN
cohort. All controls were matched to the cases based on the
cohort, sex, birth year (1 year), race (white vs other), fasting
status (8 hours vs less/unknown), and year, month, and time of

blood draw (2-hour intervals).

Measurement of plasma urate and potential confounders.
Fasting blood samples were collected from 32,825 women in the
NHS during 1989-1990, 18,018 men in the HPFS during
1993-1995, and 39,371 CPS-IIN members during 1998-
2001, and were stored at approximately —130°C. Plasma urate
concentrations were assessed via a colorimetric enzyme assay on
the Hitachi 911 analyzer (Roche Diagnostics, Indianapolis, IN).
The day-to-day variabilities of the assay at concentrations of 4.86,
7.20, and 9.39 mg/dL are 1.3%, 1.7%, and 1.6%, respectively.

We used questionnaires to collect data on potential con-
founders, including age, smoking status, height, weight, presence
of chronic diseases, and consumption of caffeinated coffee and
alcohol. Body mass index (BMI) was computed as weight in kilo-
grams divided by height in meters squared. Plasma low-density
lipoprotein (LDL) and high-density lipoprotein cholesterol were
determined enzymatically.”! Ferritin concentrations were assessed
using a particle-enhanced immunoturbidimetric assay with the
Hitachi 917 analyzer (Roche Diagnostics) and Kamiya Biomed-
ical reagents (Seattle, WA).

Statistical analyses. Analyses were carried out with SAS soft-
ware (version 9; SAS Institute, Inc., Cary, NC). Because of cor-
relation within each matched set, we compared average plasma
urate levels across groups by using random-effects models. We
used conditional logistic regression to calculate relative risks
(RRs) and 95% confidence intervals (95% Cls). Study- and sex-
specific quartiles were based on the distribution among controls.
Trend test was conducted by treating urate as a continuous
variable. We explored potential interaction between urate and
potential modifiers, including age at blood collection (y), age at
PD onset (y), BMI (kg/m?), alcohol consumption (g/d), and
plasma concentrations of LDL and ferritin, by modeling the
product of urate and the interested factors.

We conducted a meta-analysis to combine our study with
previously published prospective studies on urate and PD risk
in men and women separately. Relevant studies were identified
through searches of PubMed using the keywords (urate or uric
acid) and (Parkinson’s disease or Parkinson) for all published
studies in English by September 1, 2014. In addition, the refer-
ence lists from the relevant publications were used to identify
additional studies. To be included in our meta-analysis, studies
had to (1) be a prospective study, in which blood samples were
collected before PD onset (or diagnosis), and (2) present RRs or
odds ratios for men and women separately. We identified 6 pro-
spective studies (table e-1 on the Neurology® Web site at
Neurology.org). An article based on the Rotterdam study® had
to be excluded because sex-specific RRs were not provided. The
results of 2 previous NHS/HPFS-based studies®” were pooled
with those of the present investigation, so that each cohort is
represented by only one RR estimate that is based on all the
incident PD cases for that cohort. In this meta-analysis, we trea-
ted the CPS-IIN as a separate study and its sex-specific results
were pooled with other relevant studies. The Q-statistic was used
to assess heterogeneity across the studies. We used fixed-effects
models to calculate the pooled hazard ratio as we did not observe
significant heterogeneity across studies (p > 0.1). We used the

Begg test to assess publication bias.

RESULTS We identified 388 new incident PD cases
(202 men and 186 women; 162 from the HPFS, 156
from the NHS, and 70 from the CPS-IIN) since blood
collection and matched with 1,267 controls (446 men
and 821 women). The number of incident PD cases
has doubled since our previously published studies
(n = 185) of urate and PD risk in HPES and
NHS.>” Urate concentration in controls was
associated with higher BMI, ferritin, and LDL.
Among men only, correlations were also found
between urate and alcohol consumption (positive) and
lower dairy consumption (negative) (table 1).

Higher baseline urate concentrations were associ-
ated with lower risk of PD in men but not in women
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[ Table 1 Age-adjusted basic characteristics according to urate concentrations among controls ]

Quartile of plasma/serum urate concentrations

Q1
Men
Controls, n 107
Urate, mg/dL <4.9
Age, y 65.6
Body mass index, kg/m? 245
Past smoker, % 35.9
Current smoker, % 2.4
Alcohol intake, g/d 7.8
Caffeine, mg/d 197
Dairy, servings per day 2.4
Ferritin, ng/mL 156
HDL cholesterol, mg/dL 50.5
LDL cholesterol, mg/dL 121
Women
Controls, n 210
Urate, mg/dL <37
Age, y 58.4
Body mass index, kg/m2 231
Past smoker, % 348
Current smoker, % 11.1
Alcohol, g/d 45
Caffeine, mg/d 225
Dairy, servings per day 22
Ferritin, ng/mL 83.0
HDL cholesterol, mg/dL 67.1
LDL cholesterol, mg/dL 130

Q2 Q3 Q4
120 108 111
4.9-5.5 5.6-6.2 6.3-9.0
63.6 63.7 65.7
25.2 26.7 26.8
33.5 26.7 26.8
0.7 0.7 5.2
10.7 12.9 16.0
240 249 279
22 2.0 1.8
142 199 227
51.2 46.8 45.8
125 124 124
204 198 209
3.8-4.4 4.5-52 5.3-8.4
59.1 60.0 61.5
24.8 25.9 28.0
371 50.2 45.0
9.4 101 11.6
6.1 6.7 5.7
267 266 223
21 2.2 2.0
108 100 124
65.5 62.4 57.2
138 138 142

Abbreviations: HDL = high-density lipoprotein; LDL = low-density lipoprotein.
All variables except age are age-adjusted by direct standardization to all controls.

(table 2). The multivariate-adjusted RRs of PD com-
paring 2 extreme quartiles of urate were 0.63 (95%
CI0.35, 1.105 prend = 0.049) in men and 1.04 (95%
CI0.61, 1.78; prrend = 0.44) in women (phecerogencicy =
0.001) (table 2). Further adjustment for cardiovascu-
lar factors, including history of cardiovascular disease
and diabetes, did not materially change the results
(data not shown). Because men have higher levels of
urate, relative to women, we also conducted a second-
ary analysis using the same cutoff points for both men
and women to estimate the effects of similar levels of
serum urate. We observed a similar sex difference for
the urate-PD relationship (table e-2). There were no
significant interactions between urate concentration
and age, age at PD onset, smoking, BMI, caffeine
intake, and plasma concentrations of ferritin and cho-

lesterol (p > 0.05 for all).
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We further pooled the present study with 3 previ-
ously published studies*®® with a total of 325 PD
cases. The pooled RRs comparing 2 extreme catego-
ries of urate were 0.63 (95% CI 0.42, 0.95) in men
and 0.89 (95% CI 0.57, 1.40) in women (figure).
The Begg test did not support existence of publica-
tion bias.

DISCUSSION In this large nested case-control study
with 388 incident PD cases, we found that men with
higher plasma urate concentration at baseline had a
lower future risk of developing PD, independent of
age, smoking, caffeine intake, serum ferritin, and
other potential risk factors for PD. In contrast, we
did not observe an association between urate and
PD risk in women. Consistently, a meta-analysis

summarizing the current study and previously



Table 2 Relative risk (RR) of Parkinson disease according to quartiles of plasma/serum urate in the Health Professionals Follow-up Study,
Nurses' Health Study, and Cancer Prevention Study Il Nutrition cohort
Quartile of serum urate
Q1 Q2 Q3 Q4 Ptrend
Men
Cases/controls, n 58/107 48/120 51/108 45/111
Age- and smoking-adjusted RR 1 (ref) 1.00 (0.62, 1.59) 0.72 (0.24, 2.17) 0.59 (0.35, 0.99) 0.018
Multivariate-adjusted RR 1 (ref) 0.76 (0.21, 2.66) 0.76 (0.20, 2.93) 0.63(0.35, 1.10) 0.049
Women
Cases/controls, n 42/210 48/204 51/198 45/209
Age- and smoking-adjusted RR 1 (ref) 1.03 (0.40, 2.64) 1.28 (0.80, 2.03) 1.06 (0.66, 1.71) 0.38
Multivariate-adjusted RR 1 (ref) 0.62 (0.05, 7.26) 1.29(0.78,2.12) 1.04 (0.61, 1.78) 0.44

Adjusted for age, smoking status (never, past, or current), caffeine (quintiles), body mass index (kg/m?), alcohol (g/d), and serum concentrations of ferritin,
high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol.

published prospective data on this topic generated
similar results.

The notion of urate as a neuroprotective agent has
been supported by previous experimental studies. In a
6-hydroxydopamine (6-OHDA) mouse model of PD,
knocking out urate oxidase resulted in increased brain
urate concentrations and substantially attenuated toxic
effects of 6-OHDA.??> On the other hand, transgenic
urate oxidase, which lowers brain urate, exacerbated
such deleterious effects.”? Administration of urate
directly reduced motor and dopaminergic deficits in
PD models of rodents. In vitro, urate attenuated the
loss of dopaminergic neurons in neuron-enriched cul-
tures induced by diverse neurotoxicants.?**

Neuroprotective effects of urate were also sup-
ported by a series of human PD studies, as listed in
table e-1. In a double-blind, placebo-controlled, ran-
domized trial of urate precursor inosine in 75 patients
with early PD, we observed nonfutility of inosine
treatment for slowing disability.® Further, in a PD
case-control study, participants carrying more genetic
alleles associated with lower serum urate concentra-
tions were more likely to have PD.?® Individuals with
gout, a chronic condition associated with hyperurice-
mia, have been also found to have lower risk of PD in
2 previous studies,””?® but not in a recent one.”

Another possible interpretation for the observed
urate—PD association is that urate may slow disease
progression during the preclinical stage of PD. By the
time of the PD diagnosis, substantial dopaminergic
neurons in the substantia nigra pars compacta have
been lost,* suggesting that PD has a long preclinical
period. Based on recent studies, it has been thought
that the preclinical stage of PD could start at least 20

years before the motor manifestations.”!

Using a
Mendelian randomization approach, we recently

showed that patients in the early stages of PD who

carry the SLC2A9 genotypes associated with lower
urate concentration had faster disease progression rate
than those without the allele. This finding suggests
possible causal protective effects of urate on PD.*
Interestingly, an inverse association between blood
urate and PD was also observed in a small study
among individuals with idiopathic REM sleep behav-
ior disorder (RBD), a common symptom observed in
the preclinical stage of PD. Individuals with more
than 5 years of RBD without a diagnosis of PD had
significantly higher concentrations of urate than pa-
tients with both RBD and PD.*

We observed a clear sex difference in the association
of urate with PD risk in the current nested case-control
study and in the meta-analysis. Similar sex difference
pattern has been consistently observed in studies
regarding urate and PD severity/progression among pa-
tients with PD.'*!3%3> For example, in 2 prospective
studies including approximately 800 US patients with
PD, lower urate concentrations predicted prognosis of
PD and the associations were stronger in men relative
to women.'®"" In a case-control study including 161
individuals with PD living in southern Spain, serum
urate concentration was inversely associated with dis-
ease severity, as assessed by the modified Hoehn &
Yahr scale, in men but not in women.*> Similarly, in
a cross-sectional study including 797 patients with early
and untreated PD, a significant relation between higher
urate concentrations and lower odds of having a scan
without evidence of dopaminergic deficit was observed
in men, but not in women.* In a recent postmortem
study, urate levels in cortical and striatal tissue was
lower in PD compared to controls in men only.””

The biological mechanisms underlying such sex
specificity remain unclear. Interestingly, several cardi-
ovascular risk factors, such as hypercholesterolemia®®

9

and hypertension,”® have been reported to be
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Figure Pooled relative risks (RRs) of Parkinson disease (PD) for the highest vs lowest quartiles of plasma/
serum urate concentrations in men and women in the meta-analysis
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(A) Men. (B) Women. Pooled RR was 0.63 (95% confidence interval [CI] 0.42, 0.95; p = 0.03; pheterogeneity = 0.22) in men and
0.89 (95% CI 0.57, 1.40; p = 0.61; Pheterogeneity = 0.52) in women. In the Health Professionals Follow-up Study (HPFS)
cohort, 84 out of 162 PD cases were included in a previous case-control study (reference 5), and in the Nurses' Health Study
(NHS) cohort, 101 out of 156 PD cases were included in a previous case-control study (reference 7). CPS IIN = Cancer

Prevention Study Il Nutrition.

associated with increased risk of PD in women but
not in men. This could play a part in the observed sex
difference in the urate—PD relationship because higher
urate concentrations are associated with these factors,
which in turn might offset the potential neuroprotec-
tive effects of urate. Lack of a significant association
between urate and PD risk in women could also be
due to some potential factors other than urate, such as
estrogen, predominating in determining the lower
PD risk among women. In our study, we did not find
significant interaction between use of hormone
replacement therapy and urate in relation to PD risk;

Neurology 86 February 9, 2016

however, we were underpowered to see an interac-
tion. Interestingly, in a second analysis based on the

1,>> women benefited

aforementioned inosine—PD tria
more regarding urate elevation and slowing disease
progression after inosine administration, relative to
men.“® More studies are warranted to understand
sex differences in the urate-PD relationship.
Strengths of this study include its prospective
design, large sample size, and availability of informa-
tion on several important covariates that may con-
found the potential association between serum urate
and PD risk. However, because of its observational



nature, we cannot exclude the possibility of residual
confounding. Another limitation is that the current
case-control study and all previous studies included
in the meta-analysis were based on a single measure
of plasma urate and thus failed to account for
within-person variability in urate levels. However,
the effects of such within-person variability are likely
to be random and the most likely effect would be a
modest attenuation of any potential association
between urate and PD risk. Generalizability is
another concern for the current case-control study
because the majority of participants were Caucasian
with high educational attainment and socioeconomic
status relative to the general US population. How-
ever, the associations between urate and PD risk were
consistent across published prospective studies, as
suggested by the insignificant heterogeneity test result
in the meta-analysis. Similar observations were also
reported in Chinese and Spanish populations.?**

In this study we observed that men, but not
women, with higher urate concentrations had a lower
future risk developing PD, suggesting that urate could
protect against PD risk or slow the progression of pre-
clinical PD among individuals in a preclinical stage of
PD. Our findings, together with previous observa-
tions that urate can elevated by administration of its
precursor inosine, which is generally safe and tolera-
ble, in early PD,? provide strong evidence supporting
the design of a randomized trial of urate elevation in
patients with early PD or pre-Parkinson syndrome.
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Enjoy Big Savings on NEW 2016 AAN Practice
Management Webinar Subscriptions

The American Academy of Neurology offers 10 cost-effective Practice Management Webinars
which you can attend live or access through posted online recordings. AAN members pay only
$99 per webinar (save $50 each from 2015 fee) or subscribe to the complete 2016 webinar series
for only $189 (save $10 from 2015 subscription). See the full 2016 schedule and register today at

AAN. com/lview/pmw16.

e January 12: Break the Code, or It Will Break Your Practice—Coding for Neurodiagnostic

Procedures

* February 9: What Is MACRA?—Critical Preparation for CMS Reimbursement
* March 8: Get Caught Up: The ICD-10-CM Cross-walk Is Now a Cross-run

e March 22: Documentation into Dollars: Evaluation/Management
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