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Abstract. Several studies conducted worldwide report an inverse association between caffeine/coffee consumption and the risk of
developing Parkinson’s disease (PD). However, heterogeneity and conflicting results between studies preclude a correct estimation
of the strength of this association. We conducted a systematic review and meta-analysis of published epidemiological studies to
better estimate the effect of caffeine exposure on the incidence of PD. Data sources searched included Medline, LILACS, Scopus,
Web of Science and reference lists, up to September 2009. Cohort, case-control and cross-sectional studies were included. Three
independent reviewers selected the studies and extracted the data on to standardized forms. Twenty-six studies were included:
7 cohort, 2 nested case-control, 16 case-control, and 1 cross-sectional study. Quantitative data synthesis of the most precise
estimates from each study was accomplished through random effects meta-analysis. Heterogeneity was quantified using the P
statistic. The summary RR for the association between caffeine intake and PD was 0.75 [95% Confidence Interval (95%ClI):
0.68-0.82], with low to moderate heterogeneity (I> = 28.8%). Publication bias for case-control/cross-sectional studies may exist
(Egger’s test, p = 0.053). When considering only the cohort studies, the RR was 0.80 (95%Cl: 0.71-90; I = 8.1%). The
negative association was weaker when only women were considered (RR = 0.86, 95%CI: 0.73-1.02; P = 12.9%). A linear
relation was observed between levels of exposure to caffeine and the RR estimates: RR of 0.76 (95%CI: 0.72-0.80; P = 35.1%)
per 300 mg increase in caffeine intake. This study confirm an inverse association between caffeine intake and the risk of PD,
which can hardly by explained by bias or uncontrolled confounding.
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INTRODUCTION

Parkinson’s disease (PD) is the second most common
neurodegenerative disease with an estimated world-
wide prevalence of 0.5 to 4% among the elderly [1].
The underlying neuropathological lesion is the degen-
eration of the pigmented neurons of the substantia ni-
gra, locus caeruleus, and other brain stem dopaminer-
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gic cell groups, with the subsequent loss of dopaminer-
gic neurons terminals in the striatum. The continuous
depletion of dopamine is responsible for most of the
debilitating motor disturbances of the disease. The car-
dinal signs include bradykinesia, rigidity, rest tremor,
gait disturbances, and postural instability [2].

There is not a single cause of PD, and multiple eti-
ological factors with complex interactions are thought
to be responsible for the development and progression
of the disease [3,4]. The results of genetic and epi-
demiological studies suggest that genetic factors are
particularly important in early-onset cases of PD [5,6]
while the environmental component is probably more
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relevant in the development of PD at older ages (above
50 years) [1].

There is a long list of environmental and lifestyle
factors that have been associated with PD, either as risk
or protective factors for the development of the disease.
Infections, place of birth at early life, drinking well-
water, occupational exposure to welding, heavy metals
or pesticides, and lack of vigorous exercise have all
been referred to in the literature as putative risk fac-
tors [7-12]. On the other hand, smoking and consump-
tion of coffee, tea, or nonsteroidal anti-inflammatory
drugs are thought as possible protective factors [13].
Among all these factors, the most well studied in the
literature are cigarette smoking and lifetime coffee con-
sumption. In fact, the associations between smoking
and coffee and lower risk of PD were first mentioned
in the literature many years ago [14,15]. Since then,
several large epidemiological studies conducted in the
US, Europe, and Asia reported a dose-dependent in-
verse association between exposure to these factors and
the risk of developing PD. These inverse associations
were corroborated in family-based case-control studies,
thus emphasizing smoking and caffeine as important
covariates in any genetic or epidemiological studies of
PD [16].

The strength of the evidence for the described in-
verse associations is weaker for coffee/caffeine than
for smoking, because there are fewer studies and the
magnitude of the effect is lower. A meta-analysis by
Hernan and colleagues, published 8 years ago, found a
polled relative risk of PD of about 60% and 30% lower
among smokers and coffee drinkers in comparison to
nonsmokers and non-coffee drinkers, respectively [17].
These results were based on a large number of studies
(44 case-control and 4 cohort studies) for the smoking
association, but on only 13 studies (8 case-control and
5 cohort studies) for coffee drinking. In addition, there
is heterogeneity between studies results, and some of
the studies published since then failed to show a signif-
icant negative association [18-21] or suggested signif-
icant differences between men and women, especially
postmenopausal women on estrogen replacement ther-
apy [22,23]. There are also conflicting findings in the
few available data about the putative association of caf-
feine and the rate of progression of PD or the age of mo-
tor symptoms onset. Recent studies failed to identify
any consistent relation either with the rate of progres-
sion [24,25] or the age of motor symptoms onset [26,
27].

In view of the results of these more recent studies,
we conducted a systematic review and a meta-analysis
of the literature to quantify the association between
caffeine intake and PD.

134 publications identified from electronic
databases search

» | 108 excluded (non-relevant):
5 retrospective studies without control
13 review articles
90 non-epidemiological studies
90 non-epidemiological studies

26 Studies

3 studies identified

through reference
lists search 3 duplicate reports

of included studies

26 studies considered for meta-analysis:
7 cohort studies
2 nested case-control studies
16 case-control studies
1 cross-sectional study

Fig. 1. Systematic review flow-chart.
MATERIALSAND METHODS
Search strategy and selection criteria

Potential eligible studies were identified through an
electronic search of the databases Medline, LILACS
(Latin America and Caribbean), Scopus and Web of
Science (Fig. 1). The latest search of these databases
was performed on September 2009. The search strat-
egy for Medline combined the terms (coffee OR caf-
feine) with (Parkinson or Parkinson disease) together
with a search filter developed for the retrieval of epi-
demiological studies (Cohort Studies OR Case Control
Studies OR Prospective Studies OR Follow-Up Studies
OR Cross-Sectional Studies OR Retrospective studies
OR Epidemiological OR Incidence OR Risk Factors
OR Risk Assessment OR Risk Reduction OR Rela-
tive Risk OR Behavior Regression Analysis OR Mul-
tivariate Analysis OR Proportional Hazards Models).
All terms were searched as MeSH (Medical Subjects
Headings) and free-text words. Moreover, the refer-
ence lists of relevant studies were cross-checked for po-
tential additional studies not identified by the electron-
ic search. We screened titles, keywords, and abstracts
and obtained full copies of potentially suitable reports.
There were no language restrictions and reports pub-
lished as a full paper or abstract were considered as
long as relevant data could be extracted.

The studies with cohort, case-control or cross-
sectional designs that evaluated the relation between
exposure to coffee/caffeine and the risk of PD (all diag-
nostic criteria were considered) or PD mortality were
eligible for the systematic review. We excluded studies
addressing the effects of short-term exposure to coffee
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or caffeine and those that evaluated associations other
than the risk of PD, such as the rate of progression. No
studies were excluded a priori for weakness of design
or data quality.

Data extraction

Three authors independently assessed the identified
studies (JC, JS, and CS). Study details were obtained in-
dependently, written on predefined standardized forms,
and cross checked for accuracy. Disagreements were
resolved by consensus after repeated examination of
the articles.

The information abstracted included the study char-
acteristics (publication year, country of origin, study
period, study design and length of follow-up), partic-
ipant characteristics (number, age and gender), selec-
tion of cases and controls in case-control studies, as-
sessment of coffee/caffeine intake and outcome (crite-
ria for definition of PD or PD mortality), adjustment for
potential confounders, and estimates of the association
between different measures of coffee/caffeine exposure
and PD.

When different risk estimates were available in the
same publication, we opted for those that reflected the
greatest degree of control for potential confounder, to
the largest number of categories of exposure among caf-
feine consumers, or to the most comprehensive assess-
ment of caffeine intake, applying these criteria consec-
utively. If results were provided separately for different
caffeine-containing beverages or food items we opted
for those referring to coffee consumption. Stratum-
specific Relative Risk (RR) estimates [according to
gender, use of Hormonal Replacement Therapy (HRT),
or genetic polymorphisms related to caffeine metabo-
lization] were extracted whenever available. Ross and
colleagues [28] provided adjusted RRs but the highest
category of exposure was used as reference and crude
RR estimates were computed using the lowest expo-
sure as reference. The crude estimates, however, were
not meaningfully different from the adjusted ones. As-
cherio and coworkers [29] provided RR estimates for
both coffee and caffeine intake. The latter was provid-
ed graphically and the former was extracted, but there
were no meaningful differences in the RR estimates per
exposure level for coffee and caffeine.

Three studies [15,30,31] had matched case-control
designs and did not provide Odds Ratio (OR) estimates
for the association between caffeine intake and PD, or
the data necessary for the calculation of valid estimates.
Since the OR for drinkers vs. non-drinkers computed

using information from these studies is available in the
meta-analysis by Hérnan et al. [17], which reported to
have contacted the authors for additional information,
we used the estimates they computed. Haack and col-
laborators [32] provided the OR for drinkers vs. non-
drinkers in their report but it is slightly different from
the provided by Hérnan et al. [17] and we used the latter
in our meta-analyses.

When there was more than one publication for the
same study, we used the one providing more detailed
information on the relation between coffee/caffeine in-
take and PD, using the same criteria applied when more
than one estimate was available from the same study, or
referring to the longer follow-up (for cohort designs).

The samples evaluated by Ascherio and colleagues
in 2001 [29] and in 2003 [33] overlap partially and we
used the results referring to males presented in the study
published in 2001, as these are not available in the 2003
study, and the results referring to females published in
2003.

Data synthesis

Each study is summarized in Table 1 and Fig. 2. The
forest plot corresponding to Fig. 2 represents the RR
estimates provided in each study for the association
between caffeine intake and PD. Several estimates from
the same study may be provided, referring to different
exposure levels or to stratum-specific analyses.

Quantitative data synthesis was accomplished thro-
ugh random effects meta-analysis (DerSimonian and
Laird method) (Fig. 3). Relative risks (cumulative inci-
dence ratios or incidence density ratios) and ORs were
treated the same and are referred to as RR. A cumulative
random effects meta-analysis (Fig. 4) was conducted to
allow a better understanding of the time trends in the
understanding of the relation between caffeine intake
and PD.

Summary estimates for exposure to caffeine were
computed considering the individual RR estimates cor-
responding to coffee, coffee, and tea or caffeine intake
(from caffeinated beverages or caffeinated beverages
and chocolate), as available from each article, under
the assumption that coffee is the main contributor for
caffeine intake.

Since more than one RR estimate was available from
several studies, only the most precise measures of asso-
ciation were used from each report (except for stratum-
specific estimates, which were considered separately as
if obtained from different studies). This criterion was
followed for selection of a single estimate per study
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Study
D OR/RR (95% CI) Exposure Levels of exposure
Case-control cross-sectional studies
Nefzger, 1968 (M) —— 0.74(0.58, 0.94) C drinker v s. nor-drinker
Haack, 1981 ’ 0.63(0.29, 1.36) C+T drinker v 5. non-drinker
Jimenez, 1992 o ———— 0. 82E0.50, 1.35} C drinker v 5. non-drinker
I orano, 1994 . 0.18(0.06, 0.54) C+T drinker v 5. non-drinker
Hellenbrand, 1996 —— 0.49 E0.30, O.BO] c quarti\eg 2vs. 1
Hellenbrand, 1996 ——— 053(0.34, 0.84) C quartie§ 3vs. 1
Hellenbrand, 1996 % N 0.27(0.14, 0.52) C quartied 4 vs. 1
Fall, 1999 » U.T4EU.36, 1.53} c 2-5vs. <=1 cupsid
Fall, 1999 > 0.13(0.03,0.50) C ==5 vs. <=1 cupsid
Benedetti, 2000 o 0.56(0.19, 1.66) C 1-3vs. 0 cupsid
Benedetti, 2000 * - 0.18(0. 0.e1) C ==4 yg. 0 cupsid
Preux , 2000 > 0.70(0. 121) C intake vs. no intake
Checkoway, 2002 % U.YUEU. : 1.21} CB+Choc. 77 vs. 16.5mg/d
Checkaway, 2002 * 0.90(0.52, 1.56) CB+Choc. 158.5vs. 16.5 ma/d
Eheckonay 2002 2 . 080(05) 147 CEIGhoE 3043ve 185 maa
Louis, 2003 (F) e P pd 0.85(0.63,1.15) C drinker v s. non-drinker
houis. 20032MU}3 N ———— g E%Eg % agg} 8 glrignker\és. nos%drinker

agonese, - 4 . .08, 0. -3vs. 0 cup
Tonsoos 2 ¢ —— 070000 033 G yvarition per’ cupsiat
Evans, 2006 T— 2 00(0. 97: 4.12) CB+Choc. 0-0.9vs 0 units/d
- @ihia 2 Hiniies

vans, e . .52, 1. +Choc. 2-2.9vs. 0 uni
Evans, 2006 — 0.63(0.28, 1.40) CB+Choc. 3-3.9vs. 0 units/d
Evans, 2006 . 2 0. 53EU.Z3, 1.24} CB+Choc. 4-4.9vs. 0 units/d
Evans, 2006 - # (.75(0.26 216) CB+Choc. ==5vs 0unis/d
Hancock, 2007 o — 0.66(0.32 1.37) CB pastvs. never
Hancock, 2007 = . 4 * 108(0.58 201) CB lowvs. never
Hancock, 2007 o 0 GBED 39,1 19} CcB moderate vs. never
Hancock, 2007 + 0.58(0.34, 0.99) CB high vs. never
Tan, 2007 (Fast Met.) —l——t— 0.72(0.44, 1.18) C+T 201-500 vs. <200 mal/dt
Tan, 2007 (Fast Met ) —_— 045(0.28, 0.73) C+T ==501 vs. =200 mg'df
Tan, 2007 ESID\N I et ; —_—— 071 ED 44 1 14} C+T 201-500 vs. =200 mg/dt
Tan, 2007 (Slow Met e e 0.48(0.31, 0.74) C+T ==501 vs. <200 mg/dt
Facheris, 2008 (F) ——eeipe 1. 26(0.78, 204) CB variation per 1 cup/d
Facheris, 2008él'u1) e e O.YBEU. 51, 1.13] CB variation per 1 cup/d
Powers, 2008 (F) ———— 083(062 111) C ==B0 vs. =60 cups/d®y
Powers, 2008 (M) —_—— 070(054 091) C ==A0 vs. =60 cups/d*y
Subtotal 0.70(0.62, 0.78)
Cohort/nested case-control studies
Ross, 2000 (M) + - 0.52(0.28, 0.97) CB 124-208 vs. 0-123 ma/d
Ross, 2000 EM; v 070 E0.41, 1.20] CB 209-287 vs. 0-123 ma/d
Ross, 2000 (M & 0.35(0.17,0.71) CB 288-420vs. 0-123 mo/d
Ross, 2000 (M) - 0.17(0.07, 0.42) CB 421-2716vs. 0-123 mald
Ascherio, 2001 EM; ———— U.BUEU. 52, 1.24} c =1vs. 0 cups/d
Ascherio, 2001 (M ——— 0.60(0.40,0.90) C 1-3vs. 0 cups/d
Ascherio, 2001 (M} -+ 050(0.21, 1.17) C 4-5vs. 0 cups/d
Ascherio, 2001 (M} - & 050(0.11,229) C ==F vg. 0 cupsid

Fink, 2001 098 EU.AIS, 209} C+T 0-3vs. 0 cups/d

Fink, 2001 3 077(0.29, 204) C+T =3vs. 0 cups/d
Paganini-Hil, 2001 B — 0.98(0.75, 128) C <=1 ys. 0 cupsid
Paganini-Hill,_2001 —— 071(0.53,0.96) C ==2 vs. 0 cupsid
Ascherio, 2003 (F, HRT 1.00{0. 53, 1.89} CB+Choc. 189vs. 63 mg/d
Ascherio, 2003 (F, HRT, 1.02(0.54, 1.93) CB+Choc. 321vs. 68 mg/d
Ascherio, 2003 (F, HRT) » 0.72(0.35, 1.49) CB+Choc. 421vs 63 mg/dT
Ascherio, 2003 (F, HRT) ———  1.49(0.78, 285) CB+Choc. 638 vs. 62 ma/dt
Ascherio, 2003 EF. no HRTB 4 0.65{0. 3, 1.28} CB+Choc. 189 vs. 68 mgs’d¥
Ascherio, 2003 (F, no HRT . 0.64(0.32, 1.28) CB+Choc. 321vs 68 mg/d
Ascherio, 2003 (F, no HRT) o 0.42(0.13, 1.35) CB+Choc. 421vs. 68 mg/df
Ascherio, 2003 EF. no HRT) + 0.65{0.30, 1.41} CB+Choc. §88 vs. 68 mg/dt
Ascherio, 2004 (F, HRT) —— e 1 43 (0. 76, 268) C 3-6 cupsfwvs. O cupsid
Ascherio, 2004 (F, HRT) —_— > 137(081,233) C 1vs. 0 cups/d
Ascherio, 2004 (F, HRT) —1 ¢ 1.08(0.64, 1.83) C 2vs. 0 cups/d
Ascherio, 2004 EF. HRT; 4 0 92{0.48, 1.72} c 3vs. 0 cups/d
Ascherio, 2004 (F, HRT, ————e e 1 31(0.75,229) C ==4 ys, 0 cups/d
Ascherio, 2004 (F, no HRT) ¥ 042(0.21,0.84) C 3-6 cupsiwvs. 0 cups/d
Ascherio, 2004 EF. no HRT; e . 0.50{0.30, 0.33} C 1vs. 0 cupsid
Ascherio, 2004 (F, no HRT — e 059(0.37,0.94) C 2vs. 0 cupsid
Ascherio, 2004 (F, no HRT) . 4 0.62(0.37, 1.04) C 3vs. 0 cupsid
Ascherio, 2004 EF, no HRT) & 047E0 0 B1} c ==4 ys. 0 cups/d
Ascherio, 2004 (M —— 0.66(0.49,0.88) C 3-6 cupsiwys. 0 cupsid
Ascherio, 2004 (M) —— 0.75(0.60, 0.93) C 1vs. 0 cupsid
Ascheria, 2004 (M) —_—— 0.73(0.60, 0.89) C 2vs. 0 cupsid
Ascherio, 2004 (M —— 0 SBED 53,0 BB} c 3vs. 0 cupsid
Ascherio, 2004 (M e 063(046, 086) C ==4 ys. 0 cups/d
Wirdefeldt 2005 (F) D — S — 1.08(0.68, 1.72) C+T 187-268 vs. =187 mg/d
Wirdefeldt, 2005 EF; & 0. QZEU. 54, 1.58} C+T 269-387 vs. =187 ma/d
Wirdefeldt, 2005 (F & 0.61(0.35 1.07) C+T =387 vs. =187 mg/d
Wirdefeldt 2005 (1) ———— 0.83(0.50, 1.37) C+T 187-268 vs. =187 mg/d
Wirdefeldt 2005 (1) & 0.75(0.42, 1.33) C+T 269-387 vs. <187 mg/d
Wirdefeldgt, 2005 (M) ——— O.SEEO. 51, 1.42] C+T =387 vs. =187 mg/d
Hu, 2007 (F) -+ 0500022, 113) C 1-4vs. 0 cups/d

Hu, 2007 (F) * - 0.39(0.17, 0.89) C ==5 ys. 0 cups/d

Hu, 2007 (M) - + 0.55(0.26, 1.16) C 1-4vs. 0 cups/d

Hu, 2007 (M) > 0.41 EU.‘I U.BB} c ==5 vs. 0 cupsid
Tan, 2008 ——— 1.00(0.65, 1.55) C 64.7vs. 229 mgid
Tan, 2008 —— 0.62(0.39, 0.98) C 112.4vs. 22.9 mald
Tan, 2008 —— 0.64(0.40, 1.03) C 186.4vs. 22.9 ma/d
Subtotal 0.72(0.66, 0.79)

MNOTE: Weights are from random effects analysis

1 | |
1 5 1 2

Fig. 2. Relative Risk estimates for the association between caffeine and Parkinson’s disease, according to sources of caffeine intake and levels of
exposure. Legend: ID — Identification; OR/RR — Odds Ratio/Relative Risk; M — Male; F — Female; C — coffee; T — tea; C+T — coffee and tea;
CB - caffeinated beverages; CB+Choc. — caffeinated beverages and chocolate; Fast Met. — Fast metabolizers; Slow Met. — Slow metabolizers;
HRT - Hormonal Replacement Therapy; d — day; w — week; 1 — the exposures correspond to the median of each fifth of the distribution; f —
consumption in mg/day for 10 years; § — levels of exposure not further specified
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Study %
D OR/RR (95% Cl) Weight
Case-control/cross-sectional studies :
Nefzger, 1968 (M) —— 074 (058,094) 629
Haack, 1981 + : 063 (0.29,1.36) 1.15
Jimenez, 1992 —_— 082 (0.50, 1.35) 245
Morano, 1994 < + ! 0.18 (0.06, 0.54) 060
Hellenbrand, 1996 —_—— 1 053 (0.34,084) 277
Fall, 1999 .J, 074 (0.36,153) 130
Benedetti, 2000 * g 056 (0.19, 1.66) 062
Preux , 2000 —OJI—— 070(0.40,1.21) 2.08
Checkoway, 2002 —_— 090 (0.52, 1.56) 2.08
Louis, 2003 (F) —— e 085 (063, 1.15) 4.81
Louis, 2003 (M) —_— 089 (0.53, 1.48) 2.34
Ragonese, 2003 < + : 017 (0.05, 0563) 057
Tan, 2003 —— 078 (066, 093) 803
Evans, 2006 —_— 087 (0.52, 1.46) 2.30
Hancock, 2007 —0—{— 058(034,099) 217
Tan, 2007 (Fast Met.) —_— 045(0.28,0.73) 2.59
Tan, 2007 (Slow Met.) —_— 048 (0.31,074) 3.00
Facheris, 2008 (F) :——0—) 126 (0.78,204) 255
Facheris, 2008 (M) —_— 076 (0.51,1.13) 3.41
Powers, 2008 (F) —_—— 083 (062, 1.11) 517
Powers, 2008 (M) —_— 070(054,091) 571
Subtotal (l-squared = 37.9%, p = 0.041) Clb 0.71 (0.63, 0.80) 61.98
. |
Cohort/nested case-control studies :
Ross , 2000 (M) —_— 070(0.41,1.20) 216
Ascherio, 2001 (M) —— 060 (0.40, 0.90) 3.32
Fink, 2001 : > 098 (0.46,2.09) 1.20
PaganiniHill, 2001 —— 098 (0.75, 1.28) 566
Ascherio, 2003 (F, HRT) T 100 (0.53, 1.89) 161
Ascherio, 2003 (F, no HRT) >— 065(0.33,128) 145
Ascherio, 2004 (F, HRT) _l_'._ 1.08 (0.64, 1.83) 2.22
Ascherio, 2004 (F, no HRT) —_— 059 (0.37,094) 270
Ascherio, 2004 (M) —— 073 (0.60,0.89) 7.30
Wirdefeldt, 2005 (F) —i—-o— 1.08 (0.68,1.72) 2.72
Wirdefeldt, 2005 (M) — 083 (050,137) 244
Hu, 2007 (F) - 050(022,113) 105
Hu, 2007 (M) : 055 (0.26, 1.16) 1.24
Tan, 2008 —_— 100 (065, 1.55) 296
Subtotal (l-squared = 8.1%, p = 0.364) $> 080 (0.71, 0.90) 38.02
Overall (I-squared = 28 8%, p = 0.059) ¢ 075 (069, 082) 100.00
NOTE: Weights are from raindram effecis analysis : |

Al il 2

Fig. 3. Meta-analysis for the association between caffeine and Parkinson’s disease, including the most precise RR estimates from each individual
study. Legend: ID - Identification; OR/RR — Odds Ratio/Relative Risk; M — Male; F — Female; Fast Met. — Fast metabolizers; Slow Met. — Slow

metabolizers; HRT — Hormonal Replacement Therapy.

when RRs were provided for different categories of ex-
posure. If the precision of RR estimates was the same
for more than one category we conservatively chose the
one corresponding to the RR closest to 1.

The dose response relation between caffeine intake
and PD was assessed through visual inspection of a
scatter plot representing the RR estimates from each
study (in a log scale) according to the exposure to caf-
feine (Fig. 5), and quantified by weighted least squares
regression (WLS). All the RR estimates (for each level
of exposure and for each stratum-specific analysis) ob-
tained from studies providing RR estimates for at least
two categories of exposure compared with the refer-
ent were plotted and included in the regression model.

This information was obtained from 15 studies [19,20,
22,23,26,28,29,33-40], corresponding to 69 RR esti-
mates. The exposures corresponding to each RR esti-
mate were those provided by the authors (e.g. median
of each distribution quantile) or assumed to correspond
to the midpoint of each index category range subtracted
by the midpoint of the reference category range. For
this purpose, we assumed that the open-ended upper
category had the amplitude of the preceding stratum.
The caffeine intake corresponding to each category of
exposure or the information to compute it was provid-
ed by most studies. For three studies conducted in the
USA [22,26,36] we assumed that a cup of coffee cor-
responds to 137 mg of caffeine (based on the estimates
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Mefzger, 1968 (M)
Haack, 1981
Jimenez, 1992

M orano, 1994

L Ly

Hellenbrand, 1996

Fall, 1999

Q

Benedetti, 2000

Preuws , 2000
Ross, 2000 (M)
Ascherio, 2001 (M)
Fink, 2001
Paganini-Hill, 2001
Checkoway, 2002
Ascherio, 2003 (F, HRT)
Ascherio, 2003 (F, no HRT)
Louis, 2003 (F)
Louis, 2003 (M)
Ragoness, 2003
Tan, 2003
Ascherio, 2004 (F, HRT)
Ascherio, 2004 (F, no HRT)
Ascherio, 2004 (M)
VWirdefeldt, 2005 (F)
Wirdefeldt, 2005 (M)
Evans, 2006
Hancock, 2007
Hu, 2007 (F)
Hu, 2007 (M)
Tan, 2007 (Fast Met.)
Tan, 2007 (Slow Met.)
Facheris, 2008 (F)
F acheris, 2008 (M)
Powers, 2008 (F)
Powers 2008 (M)

Tan, 2008 —|

CrE P T

I

f

6
Relative Risk (log scale)

Fig. 4. Cumulative meta-analysis for the association between caffeine and Parkinson’s disease, including the most precise Relative Risk estimates
from each individual study. Legend: M — Male; F — Female; Fast Met. — Fast metabolizers; Slow Met. — Slow metabolizers; HRT — Hormonal

Replacement Therapy.

used in other studies conducted by Ascherio et al.) and
for one Italian study [37] the caffeine contents of a cup
was assumed to be 75 mg (under the assumption that
espresso coffee was more frequently consumed in this
setting).

In all analyses heterogeneity was quantified using
the 12 statistic [41]. Publication and publication-related
biases were examined through visual inspection of the
funnel plot (Fig. 6). The Begg adjusted rank correla-
tion [42] and the Egger’s regression asymmetry test [43]
were used for further assessment of these biases through
hypothesis testing. All analyses were conducted with
STATA®, version 9.2.

RESULTS
Systematic review
The search yielded a total of 134 reports (Fig. 1). A

total of 26 epidemiological studies met criteria for in-
clusion in the systematic review, including 7 cohort [22,

23,28,29,33,35,40,44], 2 nested case-control [20,36],
16 case-control [15,16,18,19,21,26,30-32,34,37-39,
45-47] and one cross-sectional study [48]. The main
characteristics of the studies and the respective results
on the relation between caffeine intake and cognitive
impairment are summarized in Table 1 and Fig. 2.

The publication year ranged from 1968 to 2008.
The studies were conducted mainly in the USA (13
out of 26 [15,16,19,21,22,26,29,32,33,36,47,48], one
of which in an Asian population [28]); in Europe (two
in Spain [30,31], two in Sweden [20,?], one in Fin-
land [23], one in France [18], one in Germany [45], one
in Italy [37], one in the United Kingdom [38]); and in
China [39,40,46].

Among the case-control studies, information on caf-
feine intake obtained from proxies or exclusion of cog-
nitively impaired subjects was referred to in 4 [21,32,
34,46] and 3 reports [19,38,45], respectively. The study
by Louis and colleagues [48] used both these strategies
to minimize information bias. An accurate definition
of the study base is not always possible with the in-
formation provided by the authors, but at least 5 were
hospital based [15,30,31,37,38]. In cohort designs, the
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Relative Risk (RR) - log scale
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Fig. 5. Dose-response relation for the association between caffeine intake and the risk of Parkinson’s disease. Legend: * Summary RR estimated
by weighted least squares regression; 1 RRs for the comparison of each category of exposure with the reference category, obtained from each
individual study; i RRs for the comparison of each category of exposure with the reference category, obtained from the studies providing
stratum-specific estimates for women under Hormonal Replacement Therapy [29,33].
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Fig. 6. Meta-analysis funnel plot, including the most precise Relative Risk estimates from each individual study. Legend: Circles —
case-control/cross-sectional studies; Triangles — cohort/nested case-control studies.

estimated mean age of the participants at the time of
baseline evaluation ranged from 42 to 77 years [33].
Different sources of caffeine were accounted for in
the reports reviewed, and the results used for meta-
analysis refer to coffee consumption in most studies
(n = 15), to coffee and tea consumption in 5 studies,
and 6 studies extended exposure assessment to all caf-
feinated beverages or caffeinated beverages and prod-
ucts containing chocolate. Seventeen out of 25 studies

provided RR estimates for different categories of expo-
sure, with an estimated daily exposure to caffeine rang-
ing from 27.4 mg to 1507 mg, and the reference cat-
egories including different proportions of non-caffeine
consumers and consumers of different amounts of caf-
feine. From one study we used the RR estimate for
the variation in the consumption of one cup of coffee
per day. The remaining studies only compared drinkers
with non-drinkers.
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The clinical diagnosis of PD, based on a set of prede-
fined clinical criteria, was the outcome in most studies.
Information obtained from medical records and nation-
al medication or inpatient databases were occasionally
considered as a complementary source in 6 studies [19,
20,28,29,36,40], as well as from death certificates in 4
studies [20,28,33,36]. In two studies [16,40] some pa-
tients had PD defined by self report and not confirmed
by a clinical diagnosis, death certificates or medical
records. One study [22] assessed PD mortality as the
sole outcome.

Regarding potential confounding factors, smoking
was considered taken into account in 7 studies [15,16,
19,20,31,32,38]. Exposure to heavy metals and use
of pesticides or herbicides was accounted for by 2 au-
thors [18,46]. Age and gender were controlled for in
all studies except that by Ragonese et al. [37], either by
stratified analysis, matching or multiple regression.

Meta-analyses

The summary RR for the association between caf-
feine intake and PD was 0.75 (95%Cl: 0.68-0.82), with
low to moderate heterogeneity (12 = 28.8%). The sum-
mary RR estimates were homogeneous (12 = 8.1%) and
slightly higher among the cohort/nested case-control
studies, and the 12 was 37.9% among the case-control
studies (Fig. 3). The negative association was weaker
when only women were considered for analysis (sum-
mary RR = 0.86, 95%Cl: 0.73-1.02, 9 estimates from
7 studies, 12 = 12.9%) than when only men were con-
sidered for analysis (summary RR = 0.72, 95%ClI:
0.65-0.81, 9 estimates from 9 studies, 12 = 0.0%) or
both genders were considered (summary RR = 0.68,
95%Cl: 0.57-0.81, 17 estimates from 16 studies, 12 =
50.3%).

The search date of the previous most recent system-
atic review on the risk of PD and caffeine exposure was
2001 [17]. The results of the cumulative meta-analysis
(Fig. 4) show that since year 2001 the number of studies
on this topic nearly doubled, corresponding to 14 new
published studies (5 cohort/nested case-control and 9
case-control/cross-sectional studies). The results of
these new studies allowed us to calculate a total of 23
RR estimates that were included in the present meta-
analysis and confirmed the observation of a consis-
tent and robust association between caffeine intake and
PD. The summary RR was 0.72 (95%Cl: 0.61-0.84) at
the end of 2001 and is currently 0.75 (95%CI: 0.68-
0.82), with no meaningful variation in heterogeneity
(1%: 26.6% in 2001 vs. 32.6% in 2008).

A linear relation was observed between levels of ex-
posure to caffeine and the RR estimates (Fig. 5), corre-
spondingto a summary RR of 0.76 (95%Cl: 0.72-0.80)
per 300 mg increase in caffeine intake, with moderate
heterogeneity (12 = 35.1%). Excluding the estimates
corresponding to women under HRT from the studies
by Ascherio et al. [22,33], the heterogeneity decreased
(1 = 27.6%).

Publication bias

The visual inspection of the funnel plot (Fig. 6)
suggests that case-control/cross-sectional low precision
studies yielding a positive association between caffeine
intake and PD may be underrepresented in our meta-
analysis, which is confirmed by the Egger’s regression
asymmetry test (p = 0.053) and the Begg adjusted rank
correlation test (p = 0.037). On the other hand, for co-
hort/nested case-control studies, the funnel plot is sym-
metric and there is no evidence of statistically signif-
icant publication bias (Egger’s regression asymmetry
test: p = 0.821; Begg adjusted rank correlation test:
p = 0.412).

DISCUSSION

The present meta-analysis shows a 25% reduction in
risk of PD among caffeine consumers. The results also
indicate a linear dose-response relation, with higher
intakes of caffeine being associated with a lower risk
of PD.

From a biological point of view, caffeine (1,3,7-
trimethylxanthine) and its major metabolite, paraxan-
thine (1,7-dimethylxanthine), are antagonists of the
adenosine A2A receptors. The expression of these re-
ceptors in the brain is particularly prominent in the
striatum, which is the target of the dopaminergic neu-
rons that degenerate in PD. Similar to other more spe-
cific A2A antagonists, caffeine attenuates neurotoxic-
ity in experimental animal models of PD [49,50]. A
recent study by Nakaso and collaborators provided fur-
ther evidence for a possible neuroprotective effect of
caffeine, showing that caffeine activates specific neu-
roprotection signaling pathways and prevents apoptotic
cell death in a PD model using human dopaminergic
neuroblastoma cells [51]. Therefore, there is a plausi-
ble rational biological mechanism based on the phar-
macological actions of caffeine for the inverse associ-
ation between coffee drinking and PD found in several
epidemiological studies.
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The primary candidate component that is believed
to be responsible for the neuroprotective effect of cof-
fee is caffeine. In fact, a negative association has al-
so been reported for other non-coffee sources of caf-
feine, such as tea [46], but not for decaffeinated cof-
fee [28]. However, coffee is a complex chemical mix-
ture reported to contain more than a thousand different
chemicals, including carbohydrates, lipids, nitrogenous
compounds, vitamins, minerals, alkaloids, and pheno-
lic compounds [52]. Thus, the possibility exists that
other components of coffee or tea may also play a role.
However, our systematic review was designed to test
the effect of caffeine on the risk of PD under assump-
tion that coffee is the main contributor to caffeine in-
take, and the specific effect of other caffeine containing
beverages, such as tea, was not evaluated.

The negative association between caffeine intake and
PD was consistent throughout different methodolog-
ical approaches. Unlike those observed for cohort
designs, the results from case-control/cross-sectional
studies were somewhat heterogeneous, but consistent-
ly pointed to a protective effect, despite the observa-
tion that the strength of the association differed sub-
stantially across studies. Publication bias seems to
have occurred for case-control/cross-sectional, but not
for cohort/nested case-control studies, which may con-
tribute to explain the stronger negative association ob-
served among the former. Moreover, the homogene-
ity across results of cohort designs probably reflects a
lower potential for bias with this methodological ap-
proach. Control selection is more likely to be biased
in hospital-based case-control studies. Patients with
PD may have an associated cognitive impairment [53],
especially among older individuals, and this makes in-
formation bias more likely when exposure assessment
is retrospective and exposure information is not col-
lected from proxies. Also, patients with motor disabil-
ity, such as in PD, may be less likely to drink coffee
and this can only be accounted for with prospective
designs or assessing exposure before the occurrence of
the disease.

It has been suggested that PD patients may have a
premorbid personality which may be responsible for
particular addictive personality characteristics [54-58].
InPD, the progressive degeneration of the striatum with
low endogenous dopamine and serotonin levels may
lead to a low sensation seeking behavior (cause-effect
bias) [59]. PD patients may therefore be less prone
to smoke and drink coffee and alcohol, all lifestyle
confounders with a potential neuroprotective or symp-
tomatic effect in PD. Evans and coworkers [38] ad-

dressed this issue and raised the possibility of an
existing neurobiological link between low sensation-
seeking trait, which may underlie the parkinsonian per-
sonality, and the hypothetical protective effect of coffee
in Parkinson’s disease.

Cohortdesigns are less prone to information bias, but
also have potential limitations related to the enrollment
of non-inception cohorts and resulting from incomplete
follow-up. Another potential source of bias is the def-
inition of PD cases because of the lack of information
regarding PD diagnoses in medical records and death
certificates. Bias may also arise from exposure classi-
fication and quantification of coffee/caffeine consump-
tion due to the different methods used in the studies,
the low accuracy (recall bias) and reproducibility of the
quantitative questionnaires, and the high variability of
caffeine concentrations in coffee beverages.

It has been recognized that smokers have a lower risk
of PD [17] and confounding by smoking habits is there-
fore an inherent problem when addressing the associa-
tion between caffeine and PD. The majority of results
available, however, were adjusted for smoking and oth-
er potential sources of bias, which makes confounding
unlikely to be responsible for our conclusions.

The methodological options in our meta-analysis al-
so need to be discussed. From studies presenting RRs
for different categories of exposure we selected the
most precise estimates to compute the summary RR
for caffeine consumers vs. non-consumers, which al-
lowed us to include all the available studies in the anal-
ysis. The precision of the individual RR estimates is
not dependent on the direction of the association, and
with this criterion the selection of the exposures cor-
responding to the largest number of participants is the
most likely. However, if the categories of exposure in
each individual study are defined to include a similar
number of participants per group, this criterion leads to
the selection of the estimates reflecting the weaker as-
sociations. This contributed to a slight underestimation
of the summary RR, as well as an overestimation of
homogeneity, especially for the cohort studies among
which the definition of exposure categories with a simi-
lar number of participants was more frequent. The pre-
cision of the summary estimates, however, is underes-
timated by considering only part of the overall sample
from each study in the meta-analysis.

For trend estimation we conducted a weighted linear
regression adjusted through the origin, which implies
the assumption of independence between all categories
of exposure, an assumption that within each study is
not met because all risk estimates depend on a common
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referent group, ultimately leading to an underestima-
tion of the slope variance. This contributes to spurious
precision of our estimates but allows the computation
of point estimates less prone to bias as it allows inclu-
sion of most studies providing information for different
categories of exposure. The use of a method that al-
lows the correction for the lack of independence across
RR estimates for different exposures would lead to the
exclusion of some of the studies, as it requires more
information than is provided by many studies [60].

A meta-analysis conducted by Hernan et al., pub-
lished in 2002, concluded that smoking habits and cof-
fee intake were independently associated with a lower
risk of Parkinson’s disease [17]. Despite the different
options for meta-analysis, our review included nearly
twice more individual studies and reaches robust con-
clusions that confirm the negative association between
caffeine and PD. Also, the present meta-analysis adds to
the previous one by confirming a linear dose-response
relation, as previously suggested by Hernéan and col-
leagues. Recent studies aiming to evaluate interactions
with hormonal replacement therapy in women or hep-
atic caffeine metabolization were included [22,33,39],
contributing to a broader view of the problem.

Ascherio and collaborators suggested gender differ-
ences in the relation of caffeine intake and the risk of
PD: in men, a strong inverse association was found,
whereas in women a U-shaped relationship was ob-
served, with the lowest risk occurring at moderate in-
takes [29]. These authors further investigated this dif-
ference in two different cohorts and found an interac-
tion between the use of postmenopausal hormones and
caffeine intake in the risk of PD, with an increased
risk among women on hormonal replacement therapy
with a high caffeine intake [22,33]. The use of post-
menopausal estrogens seems to modify the effects of
caffeine on the risk of PD, although the reasons for this
interaction are not yet clear.

The individual variability in the metabolism of cof-
fee compounds related to genetic polymorphisms was
also recently addressed [39]. The main endogenous
system responsible for caffeine metabolism in humans
is the cytochrome P450 1A2 (CYP 1A2). The study
conducted by Tan and coworkers stratified the results
for CYP 1A2 genetic polymorphism and demonstrated
a similar dose-dependent PD protective effect of caf-
feine in individuals with fast and slow metabolizing
status [39].

In conclusion, our data confirm an inverse associa-
tion between caffeine intake and the risk of PD, with
a dose-response relation, and more consistency in co-

hort studies and among men, which cannot be fully ex-
plained by bias or uncontrolled confounding. The un-
derstanding of the mechanisms for the protective effect
of caffeine exposure warrants further investigation in
PD.
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