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Abstract

Objective—To prospectively examine associations between intakes of antioxidant vitamins,
including vitamins E and C and carotenoids, and PD risk.

Methods—Cases were identified in two large cohorts: the Nurses’ Health Study and the Health
Professionals Follow-up Study. Cohort members completed semi-quantitative food frequency
questionnaires every four years.

Results—1036 PD cases were identified. Dietary intakes of vitamin E and carotenoids were not
associated with PD risk; the multivariable-adjusted relative risk comparing extreme intake
quintiles were 0.93 (95% CI 0.75-1.14) and 0.97 (95% CI 0.69-1.37), respectively. Dietary vitamin
C intake was significantly associated with reduced PD risk (RR 0.81; 95% CI 0.65-1.01; prend
0.01); however, this result was not significant in a four-year lag analysis. For vitamins E and C,
intake from foods and supplements combined were also unrelated to PD risk.
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Conclusions—Our results do not support the hypothesis that intake of antioxidant vitamins
reduces the risk of PD.
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Introduction

Methods

Multiple mechanisms may play a role in neurodegeneration in Parkinson's Disease (PD),
including oxidative stress13. Since dietary antioxidants (e.g., vitamins E, C, and
carotenoids) can prevent oxidative damage?, it has been hypothesized that these nutrients
could protect against PD®. However, previous epidemiologic studies in this area have tended
to be small and results have been inconsistent®-17. Therefore, we prospectively examined
associations between intake of vitamin E, vitamin C, carotenoids, and risk of PD in the
Nurses’ Health Study (NHS) and the Health Professionals Follow-Up Study (HPFS). Results
from these cohorts have been published previouslyl!; however, we now present data after an
additional 12 years of follow-up and over 1000 cases of PD.

Study population

The NHS cohort was established in 1976 when 121,700 female registered nurses aged 30-55
years completed a mailed questionnaire regarding their medical histories and health-related
behaviors. The HPFS cohort was established in 1986 when 51,529 male health professionals
aged 40-75 years responded to a similar questionnaire. Follow-up questionnaires have been
sent to both cohorts every two years. We excluded individuals who reported implausible
total energy intake at baseline (<660 or >3500 kcal/day for women and <800 or >4200
kcal/day for men), had a previous diagnosis of PD, or had missing baseline dietary
information, leaving 80,750 women and 48,672 men for analysis.

Dietary assessment and other covariates

Participants completed validated FFQs18-21 that assessed how often over the past year they
typically consumed a commonly used portion of each food. Responses ranged from “never”
to “six or more times per day”. Nutrient intakes were computed by multiplying the
frequency response by the nutrient content of the specified portion size, using data from the
US Department of Agriculture and manufacturers. Data on supplemental vitamin use were
also collected. For NHS diet was assessed in 1984 (baseline), 1986, and every four years
thereafter. For HPFS, diet was assessed in 1986 (baseline) and every four years thereafter.
Information on other covariates was also collected via self-report questionnaire.

Ascertainment of PD cases

PD cases were identified via biennial self-report questionnaires. We then contacted the

treating neurologists and asked them to confirm the diagnosis or send a copy of the patients
medical records. Prior to 2003, cases were confirmed if the treating neurologist or internist
considered the diagnosis definite or probable, the medical record included a final diagnosis

’
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of PD by a neurologist, or the medical record indicated at least two of three cardinal signs of
PD (resting tremor, rigidity, bradykinesia) in the absence of evidence for other diagnoses.
Since 2003, the above procedure was used with the exception that medical records were
requested from all cases and reviewed by a movement disorders specialist. Only confirmed
cases were included in analyses.

Statistical analysis

Results

Subjects contributed person-time from the age in months at the date of returning the baseline
FFQ to the age in months at the date of first PD symptoms, death, last completed
questionnaire, or end of follow-up (June 2010 for NHS and January 2010 for HPFS),
whichever came first. Analyses were stratified by age in months at start of follow-up and
calendar year of current questionnaire cycle. For nutrient analyses, PD incidence was related
to cumulative updated average intake from all available FFQs up to the start of each two-
year follow-up period, categorized by cohort-specific quintile of intake?2. Secondary
analyses were conducted using baseline nutrient intake levels. Models were fit for each
exposure of interest: dietary vitamin E, dietary vitamin C, and dietary carotenoids. In
addition, total vitamin E and vitamin C intake (including supplements) were investigated.
Nutrients were adjusted for total energy using the residual method so that they would be
uncorrelated with total energy intake?2. Age-adjusted and multivariate-adjusted hazard ratios
were calculated using Cox proportional hazards models. Multivariate models adjusted for
pack years of smoking, coffee intake, body mass index, physical activity, alcohol intake, and
total energy intake. Follow-up analyses separately examined each of five major carotenoids:
lutein, lycopene, alpha-carotene, beta-carotene, and beta-cryptoxanthin. Results were pooled
using random-effects methods. We conducted lagged analyses excluding the first four years
of follow-up to address the possibility that participants could be experiencing PD symptoms
at the time of questionnaire completion. Finally, we evaluated whether the association
between vitamin E intake and PD risk was modified by dairy (high vs lower, based on
median value), BMI (high vs lower), or the dietary urate index23 (comprised of intake of
fructose, vitamin C, alcohol, and dairy protein; high vs lower) by including interaction terms
in the models. We similarly evaluated potential effect modification between all exposures
and caffeine intake (high vs lower). Statistical analyses were conducted using SAS (SAS
Institute, Cary, NC).

A total of 1036 cases (554 in HPFS and 482 in NHS) were observed. Baseline
characteristics of each cohort are presented in Table 1. In pooled analyses, neither total
vitamin E (multivariable-adjusted freng=0.82) nor total vitamin C (multivariable-adjusted
Preng=0.93) were significantly associated with risk of PD (Figure 1). Dietary vitamin E was
also unassociated with risk of PD (multivariable-adjusted frenq=0.93). Dietary vitamin C
was inversely associated with PD risk (pooled RR comparing extreme quintiles=0.81; 95%
Cl 0.65-1.01; preng=0.01); however, this was no longer significant in a four-year lagged
analysis (pooled RR 0.86; 95% CI 0.58-1.28; feng=0.30). We examined associations for
dietary vitamins C and E after excluding supplement users and obtained similar results: the
pooled RR for dietary vitamin C was 0.74 (95% Cl, 0.55-0.98; pireng=0.06) and for dietary
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vitamin E was 0.80 (95% CI, 0.62-1.03; pireng=0.39). Again, results for dietary vitamin C
were non-significant in a lagged analysis (pooled RR 0.85; 95% CI 0.51-1.42; fireng=0.33).

For dietary carotenoids, we found no significant association with PD risk (multivariable-
adjusted feng=0.82). We also found no significant associations for individual carotenoids
(Figure 2). Results were similar when using baseline nutrient intakes, as well as when
restricting to non-smokers and to definite PD cases. Results were not substantially affected
by conducting a lag analysis or after further adjustment for flavonoids, dairy, the Alternate
Healthy Eating Index24 (comprised of fruit, vegetables, nuts, and other dietary components),
the dietary urate index, NSAIDs, or multivitamin use. We also investigated duration of
supplemental vitamin C or E use in relation to PD risk. We found no significant associations
for duration of supplemental vitamin E use (compared with non-users, pooled multivariable-
adjusted RR among users for =15 years=0.96 [95% ClI, .76-1.20; freng=0.59]) or duration of
supplemental vitamin C use (RR for =15 years of use=0.88 [95% Cl, 0.73-1.07; fyeng=0.14).
Finally, we observed no significant interactions between caffeine and any of the exposures,
or between vitamin E and BMI, dairy, or dietary urate index (£>0.05 for all).

Discussion

Our results suggest that greater intake of antioxidant vitamins may not reduce the risk of
Parkinson's disease. Strengths of this study include the prospective design, high follow-up
rates in both cohorts, the use of validated dietary assessment measures, and the large number
of cases, which reduces the risk of false negative results.

Our study has some limitations. First, some degree of misclassification of nutrient intake is
inevitable. Because of the prospective design, we expect that misclassification would be
non-differential and result in bias toward the null, which could explain our findings.
However, previous research suggests that our nutrient assessment method reflects long-term
nutrient intakes reasonably well18-21. 25-27 |n addition, we expect errors to be reduced by the
use of repeated measures. Another limitation is the possibility that early PD symptoms
influenced responses. However, we used first PD symptoms as our outcome to minimize this
possibility. Additionally, the results of our lagged analysis suggest that reverse causation is
unlikely.

The relation between dietary antioxidants and PD risk has been examined in several cross-
sectional and retrospective studies. Vitamin E was inversely associated with PD risk in two
studies® 12, although in one study this association was only significant among women. Beta-
carotene was also inversely associated with PD12. Another cross-sectional study reported an
inverse association between PD risk and vitamin C and a non-significant inverse association
with beta-carotene®. However, a positive association with PD risk has been reported for
lutein13, In other case-control studies no associations were found between PD and vitamin
C8:9.12,14,15,16 yjitamin ES: 9. 14.15.16 and carotenoids® 12:14.15.16 These results,
however, are difficult to interpret because of the potential impact of recall and selection bias.

While few prospective studies have been conducted examining these associations, results
have tended to be null. Investigators from the Honolulu Heart Study Cohort identified 84
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cases over 30 years and found no association between vitamin E and PD risk’. Results from
another study in which 395 cases were identified over 17 years showed no association
between vitamin C and PD riskC. In a Chinese cohort including 157 incident PD cases over
12 years, vitamin E intake was associated with lower PD risk; however, no association was
found for vitamin C or carotenoids!’. In a large, double-blind, placebo-controlled clinical
trial, a daily dose of 2000 1U of alpha-tocopherol, a biologically active component of
vitamin E, was not found to significantly improve the rate of progression of PD28. Previous
results from our cohorts suggested a reduced risk of PD associated with high dietary vitamin
E intake, but no association for supplemental vitamin E or for vitamin C or carotenoids. Our
updated results suggest that the previous finding for dietary vitamin E intake could be due to
chance.

It is important to note that our null findings do not invalidate the role of oxidative stress in
PD. Importantly, urate has been found in prospective studies to be associated with a reduced
risk of PD29-32. 36 and higher serum and cerebrospinal fluid concentrations of urate have
been associated with slower rates of clinical decline33: 34; these associations may be
attributable to urate's antioxidant properties. In addition, our group reported an inverse
association between intake of flavonoids and PD risk, particularly among men, in the NHS
and HPFS cohorts3°. Although various mechanisms could drive this association, including
regulation of mitochondrial function or inflammation, flavonoids may also have antioxidant
properties that could have contributed to these results.

In conclusion, our results from two large prospective cohort studies provide evidence that
intake of vitamin E, vitamin C, and carotenoids, at least at the levels consumed in our
cohorts, does not substantially affect the risk of PD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Associations of total and dietary vitamins E and C with PD according to intake quintiles,
using cumulative average intake levels and adjusted for pack years of smoking, coffee
intake, body mass index, physical activity, alcohol intake, and total energy intake. Median
intake levels for each quintile of nutrients at baseline were as follows: for total vitamin E
6.0, 7.6, 9.3, 14.6, and 176.8 1U/day among women and 7.6, 9.6, 11.8, 18.8, and 193.6
IU/day among men; for total vitamin C 79, 130, 183, 302, and 825 mg/day among women
and 95, 157, 228, 403, and 1159 mg/day among men; for dietary vitamin E 5.8, 6.8, 7.6, 8.5,
and 10.2 1U/day among women, and 7.3, 8.7, 9.8, 11.1, and 13.7 IU/day among men; and for
dietary vitamin C 67, 101, 128, 158, and 215 mg/day among women, and 78, 121, 154, 193,

and 267 mg/day among men.
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Associations of dietary carotenoids with PD according to intake quintiles, using cumulative
average intake levels and adjusted for pack years of smoking, coffee intake, body mass
index, physical activity, alcohol intake, and total energy intake. Median intake levels for
each quintile of nutrients at baseline were as follows: for dietary carotenoids 7502, 10561,
13238, 16567, and 23008 mg/day among women and 7902, 11602, 14854, 18947, and
26940 mg/day among men; for b-cryptoxanthin 62, 115, 170, 228, and 328 mg/day among
women, and 66, 126, 188, 256, and 384 mg/day among men; for acarotene 248, 407, 541,
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837, and 1661 mg/day among women, and 269, 458, 617, 995, and 1933 mg/day among
men; for b-carotene 1712, 2616, 3516, 4759, and 7292 mg/day among women, and 1902,
2935, 3958, 5383, and 8238 mg/day among men; for lutein 1137, 1903, 2576, 3383, 5165
mg/day among women and 1263, 2108, 2866, 3802, and 5838 mg/day among men; and for
lycopene 2783,4302, 5553, 7223, 11001 mg/day among women and 2592, 4534, 6125,
8293, and 13426 mg/day among men.
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Table 1

Age-adjusted characteristics of the study population at baseline by quintile of total vitamin E intake

Quintile of Vitamin E Intake

1duosnuey Joyiny

1duosnuen Joyiny

1 2 3 4 5

Health Professionals Follow-up Study, 1986-2010 n=10003 n=9701 n=9890 n=9794 n=9834
Age, years” 53.1(9.6) 53.7(9.7) 54.8(9.8) 55.4(10.0) 56.9(9.6)
Body mass index, kg/m? 25.7(3.3) 25.7(3.3) 25.7(3.6) 25.4(3.3) 25.2(3.2)
Current smoker, % 13 10 8 9 9
Past smoker, % 42 44 44 46 44
Caucasian, % 95 96 95 96 96
Activity, met-h/week 15.4(22.8) 17.5(24.4) 19.6(26.9) 20.0(26.6) 21.3(29.3)
Coffee, servings/day 1.5(1.7) 1.4(1.6) 1.3(1.6) 1.3(1.5) 1.1(1.5)
Alcohol, g/day 13.6(18.4) 10.7(145) 10.4(14.0) 10.9(14.7) 11.3(15.3)
Total energy intake, kcal/day 1730(529) 1980(575) 2171(634) 2086(648) 1961(614)

Nurses’ Health Study, 1984-2008 n=15553 n=16842 n=16150 n=16072 n=16147
Age, years” 50.1(7.2)  50.4(7.2) 50.9(7.1) 51.3(7.3) 52.1(6.9)
Body mass index, kg/m? 25.8(5.0) 26.1(5.1) 26.3(5.1) 25.7(4.8) 25.4(4.7)
Current smoker, % 32 25 22 22 21
Past smoker, % 27 30 33 34 35
Caucasian, % 98 98 97 98 98
Activity, met-h/week 10.7(16.8) 12.6(18.7) 14.8(21.2) 155(22.1) 16.7(24.2)
Coffee, servings/day 1.9(1.8) 1.9(1.8) 1.8(1.8) 1.7(1.7) 1.6(1.7)
Alcohol, g/day 7.8(13.4)  65(104) 65(10.3)  6.8(11.0)  6.9(11.0)
Total energy intake, kcal/day 1495(447)  1743(478) 1935(534) 1839(545) 1702(528)
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Values are means(SD) or percentages and are standardized to the age distribution of the study population.

8 Metabolic equivalents from recreational and leisure-time activities

*
Value is not age-adjusted
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