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Abstract

Two purines, caffeine and urate, have been associated with a reduced risk of idiopathic 

Parkinson’s disease (PD) in multiple cohorts and populations. The Harvard Biomarkers Study 

(HBS) is a longitudinal study designed to accelerate the discovery and validation of molecular 

diagnostic and progression markers of early-stage PD. To investigate whether these ‘reduced risk’ 

factors are associated with PD within this cohort, we conducted a cross-sectional, case-control 

study in 566 subjects consisting of idiopathic PD patients and healthy controls. Caffeine intake as 

assessed by a validated questionnaire was significantly lower in idiopathic PD patients compared 

to healthy controls in males (mean difference −125 mg/day, p <0.001) but not in females (mean 

difference −30 mg/day, p = 0.29). A strong inverse association was also observed with plasma 

urate levels both in males (mean difference −0.46 mg/dL, p = 0.017) and females (mean difference 

−0.45mg/dL, p = 0.001). Both analyses stratified for sex and adjusted for age, body mass index, 

and either urate level or caffeine consumption, respectively. These results highlight the robustness 

of caffeine intake and urate as factors inversely associated with idiopathic PD.
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INTRODUCTION

An increasing number of genes and environmental factors play an important role in onset 

and progression of Parkinson’s disease (PD) [1]. Large-scale epidemiological studies have 

identified several such PD-associated risk factors associated with higher or lower disease 

incidence and faster or slower disease progression [2, 3]. Caffeine and urate are both purines 

and well-established inverse risk factors linked to reduced PD risk, and both possess 

neuroprotective properties via adenosine receptor antagonist and antioxidant actions, 

respectively [4]. Clinically well-characterized cohorts are essential to identify and validate 

gene-environment interactions. Here we have analyzed the association of lower caffeine 

intake and plasma urate in the Harvard Biomarkers Study (HBS), one such well-

characterized longitudinal case-control study.

METHODS

Study population

The present study includes 369 cases with idiopathic PD and 197 healthy controls with 

available plasma urate values from the full Harvard Biomarkers Study cohort. Diagnosis of 

PD was made by Board-certified neurologists with fellowship-training in movement 

disorders as described before [5].

Urate measurements

Urate was measured in plasma samples collected at each participant’s initial HBS visit using 

routine colorimetric testing.

Assessment of caffeine intake

Caffeine intake was assessed at each participant’s initial HBS visit using a semi-quantitative 

questionnaire. The questionnaire queried participants’ usual consumption of caffeinated and 

decaffeinated coffee, tea, and soft drinks during the previous 12 months in standard volumes 

(cups for coffee and tea and cans for soft drinks) with 9 possible frequencies ranging from 

never to 6 or more per day. Mean daily caffeine consumption was calculated using the 

following estimated caffeine content: 137 mg per 8 oz cup of caffeinated coffee, 47 mg per 8 

oz cup of caffeinated tea, and 46 mg per 12 oz can of caffeinated soda, based on U.S. 

Department of Agriculture food composition sources as described elsewhere [6].

Standard protocol approvals and patient consents

Informed consent was obtained from all participants. The study protocol was approved by 

the institutional review boards of Brigham and Women’s Hospital and Massachusetts 

General Hospital.
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Statistical analysis

Idiopathic PD and control subjects were compared by two-sample t-test or Fisher’s exact test 

both overall and stratified by sex. In addition to unadjusted analyses by t-test, associations of 

caffeine consumption and urate level with disease status were tested by multiple linear 

regression of caffeine consumption or urate levels or multiple logistic regression of disease 

status, in each case stratifying by sex and adjusting for age body mass index (BMI) and 

either urate level or caffeine consumption, respectively, given their known associations with 

PD and shared purine structure. Age and BMI were modeled as cubic B-splines with a single 

knot at their respective means. As covariates, caffeine consumption and urate levels were 

also modeled as cubic B-splines. As focal predictors in the logistic regressions, quintiles of 

caffeine consumption and urate levels were used to provide unstructured estimates of their 

pattern of association with disease status. Models with quintiles of both caffeine and urate 

were too sparse to estimate. Analyses were performed using SAS (version 9.4, SAS 

Institute, Cary, NC). Significance was declared for two-tailed p <0.05.

RESULTS

A total of 566 subjects were included in our analysis. An overview of population 

characteristics is shown in Table 1. There was a higher proportion of men among PD cases 

compared to healthy controls (HC, 64% vs. 38%, p <0.001). Caffeine consumption was 

lower overall in PD (mean ± SD: 155 ± 161 mg/day) compared to HC (230 ± 199 mg/day). 

Urate levels were also lower overall in PD cases (4.56 ± 1.26 mg/dL) compared to HC (4.77 

± 1.29 mg/dL). Stratifying by sex and adjusting for age, BMI, and urate level, caffeine 

consumption was lower among PD vs. HC men (mean difference −125 mg/day, 95% CI 

−172 to −78 mg/day, p <0.001) but not among PD vs. HC women (mean difference −30 mg/

day, 95% CI −86 to 26 mg/day, p = 0.29). Stratifying by sex and adjusting for age, BMI, and 

caffeine consumption, urate levels were lower both among PD vs. HC men (mean difference 

−0.46 mg/dL, 95% CI −0.83 to −0.08 mg/dL, p = 0.017) and among PD vs. HC women 

(mean difference −0.45 mg/dL, 95% CI −0.73 to −0.18 mg/dL, p = 0.001).

The odds of having PD decreased significantly with increasing caffeine consumption in a 

concentration-dependent manner across quintiles of caffeine consumption, adjusting for age, 

sex, BMI and plasma urate. Compared with the lowest caffeine consumption quintile, the 

prevalence of PD was 71% lower in the highest quintile (p <0.001 for trend across all 

quintiles) (Fig. 1).

Similarly, the odds of having PD decreased significantly with increasing urate in a 

concentration-dependent manner across quintiles of plasma urate, adjusting for age, sex, 

BMI and caffeine consumption. Compared with the lowest urate quintile, the prevalence of 

PD was 69% lower in the highest quintile (p <0.001 for trend across all quintiles) (Fig. 1).

DISCUSSION

Higher caffeine consumption and higher plasma urate concentration have been consistently 

associated with reduced risk of idiopathic PD in multiple cohorts and populations [7, 8]. The 

current findings validate the association of these well-established inverse risk factors in a 
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cross-sectional study of the clinically well-characterized group of 369 cases and 197 

controls nested within the HBS cohort. Gender stratified analysis were consistent with the 

overall results. Interestingly, an equally large association between urate and PD risk was 

observed among women, which contrasts with most studies of the association between urate 

and idiopathic PD that stratified by sex [9, 10]. The biological mechanisms underlying such 

sex specificity remain unclear.

Several emerging biomarkers of PD risk/progression (for e.g., SNCA SNP/transcripts, GBA 

mutation types, and plasma Vit D3) have been identified using HBS [5, 11–16]. The 

replication of purine associations with PD in the HBS further illustrate its utility as a 

longitudinal case-control cohort well-suited for deep analysis of relationships between 

dietary factors, genes, established and novel biomarkers, and clinical phenotypes of PD. The 

findings also highlight the strength and consistency of these purines’ inverse associations 

with PD, regardless of whether either purine is simply a marker of reduced PD risk (e.g., 

with reduced caffeine intake potentially reflecting a reduced propensity to form or maintain 

a caffeine habit) or is a protective mediator of reduced risk warranting its targeting in 

therapeutic trials [17, 18]. Although the closure of the SURE-PD3 trial [19] for futility 

argues against urate elevation as a disease-modifying strategy for people with clinically 

manifest idiopathic PD, it does not diminish urate’s well established utility as a prominent 

PD biomarker, predictive of both reduced risk and slower progression of idiopathic PD. 

Accordingly, measurement of serum urate levels in randomized clinical trials targeting PD 

progression may increase their power or reduce their sample size and cost. In addition, the 

reproducible association of low urate levels with increased risk of idiopathic PD supports the 

generalizability of findings in the HBS.

This study has several strengths and limitations. The majority of the PD cases enrolled in 

HBS were confirmed by neurology board-certified, movement disorders fellowship-trained 

neurologists with annual reassessments. Controls were comparable to the PD cases in being 

drawn from the same source population. Relevant confounding factors (age, sex, body mass 

index, caffeine consumption and urate levels) were examined and adjusted for as indicated. 

Collection of questionnaire data and biosamples was standardized and biomarkers analyses 

were performed by staff blinded to diagnosis. However, our cohort represents patients and 

controls receiving care at a single institution, Harvard Medical School, thus may subject to 

selection bias and may not accurately represent the general US population.
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Fig. 1. 
Adjusted odds ratio (OR) of PD in each quintile of urate concentration or quintile of caffeine 

consumption overall as well as stratified by sex shown in (A) with underlying data presented 

in tabular format (B). OR is plotted in the logarithmic scale in the panel A. Error bars 

represent 95% confidence intervals (CI).
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