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Abstract.
Background: The association between Parkinson’s disease and lifestyle exposures such as smoking, coffee and alcohol consumption have been the focus of research for several decades, with varying and often conflicting results.
Objective: This paper reviews the key features of observational studies investigating the relationship between alcohol drinking
and PD risk, to determine potential sources of variability between the results.
Methods: Relevant literature from 2000–2014 was systematically retrieved using three databases. Primary research articles were
included if they reported a measure of association between quantity and frequency of alcohol intake and PD risk, and adjusted
at least for the potential confounding factors of smoking and age.
Results: Sixteen articles were identified. The seven case-control studies were more likely to report a weak protective association
by level of alcohol consumption compared to the studies with prospective designs. Two studies reported the relationship between
heavy (harmful to health) drinking and PD. There was weak evidence that associations varied by type of alcoholic beverage.
Smoking may modify the association between alcohol intake and PD risk, however, the evidence does not support the theory that
a confounder (such as an addiction-avoiding personality trait) produced the inverse associations between smoking, coffee and
alcohol intake and PD risk. Methodological weaknesses of the studies, including selection and recall bias, residual confounding
and lack of statistical power may in part account for their differences.
Conclusion: The weak association between alcohol drinking and PD risk was found in studies at greater risk of selection and
recall bias.
Keywords: Alcohol, alcoholic beverages, alcohol drinking, Parkinson’s disease, review, risk factors, case-control studies, cohort
studies, epidemiologic methods, lifestyle

INTRODUCTION
Parkinson’s disease (PD) is the second most commonly occurring neurodegenerative condition after
Alzheimer’s disease [1]. Global estimates of the ageadjusted incidence rate of PD range from 7.9 to 19 per
100,000 person-years and a prevalence of 57 to 230
per 100,000 population [2]. Various risk and protective
∗ Correspondence to: Dr. Silvana Bettiol, School of Medicine,
University of Tasmania, Medical Sciences Precinct, 17 Liverpool St,
Hobart, Tasmania, 7000, Australia. Tel.: +61 3 62264826; E-mail:
s.bettiol@utas.edu.au.

factors of PD have been extensively investigated over
several decades, however the etiology remains largely
unclear [3]. There is a great interest in identifying
at-risk individuals early, to potentially slow down
or prevent neurodegeneration [4]. While genetic and
familial environmental exposures are often cited to
contribute to PD risk, lifestyle exposures such as smoking, coffee/tea and alcohol consumption have been the
focus of research for several decades with varying and
often conflicting results.
Interest in determining the association between
alcohol consumption and risk of PD has to some extent
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come about from the inverse associations between
smoking, coffee consumption and risk of PD. Risk
reductions have been observed for caffeine consumers
and smokers [5, 6], however causality has yet to be
unequivocally established. Early studies that assessed
alcohol consumption and risk of PD produced equivocal results [7–9]. However more recently, several
meta-analyses have reported an inverse relationship
between alcohol intake and PD risk [10–12]. Whether
these factors are truly biologically protective is still a
matter of debate, and interestingly this inverse relationship is not consistent across studies. The objective
of this systematic review was to update earlier reviews
[10, 11] using a more rigorous approach and to explore
potential sources of variability by critically reviewing the key methodological features of eligible studies,
such as study design, control of confounding and measurement of exposure and outcome.
METHODS
Search strategy
The databases PubMed, TRIP [13] and Web of Science Core Collection were searched systematically for
relevant literature. The two main constituents of the
research question; ‘Parkinson’s disease’ and ‘alcohol’,
were used to develop database search terms. These two
terms were entered into Roget’s Thesaurus online, to
identify as many synonyms as possible [14]. The final
search terms used were: (alcohol∗ OR wine OR beer
OR spirit OR sake OR liquor OR liqueur OR whisky
OR rum OR ethanol) AND (Parkinson∗ OR paralysis
agitans OR shaking palsy). In total, 2619 citations were
retrieved from three databases. Where available, filters
for ‘English language articles’ and ‘primary research
articles’ were applied to reduce the number of nonrelevant citations identified by the search. The numbers
of citations remaining after the filters were applied
were then screened for relevance using inclusion and
exclusion criteria. Following the database searches, the
reference lists of three relevant meta-analytic reviews
[10–12] were hand searched. One extra citation was
identified by this method (Fig. 1).
The inclusion and exclusion criteria were developed
to screen the search results systematically and ensure
that only relevant articles were included in the final
review. Primary research articles were included if they
were published in English language, in peer reviewed
journals between 2000 and May 2014. To be included,
studies also had to include a comparison or control
group consisting of individuals without PD, report

a measure of association between quantity and frequency of alcohol intake and PD risk, and adjust at least
for the potential confounding factors of smoking and
age. Studies which reported an association between
alcoholism and PD risk were also selected for inclusion. Research which measured alcohol exposure as
a binary variable only (drinker versus non-drinker),
or of cross-sectional design measuring alcohol intake
and PD prevalence at the same point in time, were
excluded.
RESULTS
Sixteen articles (reporting on seventeen studies)
were identified (Fig. 1), seven of which utilised a
case-control study design to investigate the association between alcohol consumption and PD risk.
Four articles used a nested case-control design and
the remaining five articles (reporting on six studies)
utilised a cohort study design. Studies were mainly
conducted in the USA (seven), with two from the
United Kingdom and one each from India, Italy,
Finland, Japan, Serbia, Singapore and Sweden. The
characteristics of the included studies are shown in
Tables 1 and 2.
Case ascertainment
Studies used a variety of methods for subject and
case ascertainment, however most used standardized
and validated scales. Reference to the criteria is found
in Tables 1 and 2. The majority of studies indicated that PD diagnosis was accepted if based on a
neurologist diagnosis of several cardinal signs corroborated with clinic notes and screening instrument
for cognitive impairment such as the Minimal Mental
State Examination (MMSE). Research teams indicated
reviewing the medical records. PD evaluation scales
included one or a combination of the following: the
Unified Parkinson’s Disease Rating Scale (UPDRS),
UK Parkinson’s Disease Society Brain Bank Clinic
Diagnostic Criteria, Queen Square Brain Bank Criteria, International Parkinson and Movement Disorder
Society rating scale. Only three studies mentioned
the response to anti-parkinsonian drugs eg. L-dopa.
Other combinations included International Classification of Diseases codes, DNA collection, questionnaires
and hospital discharge registers and death certificates.
Assessment grading using the Hoehn and Yahr scale
was not cited, however a number of studies screened
for cognitive impairment using the Minimal Mental
State Examination.

USA
1992–
2000

UK
Dates
NR

Japan
April 1,
2006 to
March 31,
2008

Evans
et al.
2006 [17]

Fukushima
et al.
2010 [18]

Location &
inception

Checkoway
et al.
2002 [16]

Casecontrol
studies

214 cases recruited within 6
years of PD onset from 11
hospitals, diagnoses based on
UK PD Society Brain Bank
clinical diagnostic criteria by
neurologists. 73 men and 141
women. Mean age 67.9
(SD 8.5) years.

106 consecutive Caucasian
PD outpatients meeting
Queen Square Brain Bank
criteria for PD and MMSE >26,
the unified Parkinson’s disease
rating scale (UPDRS) and daily
L-dopa equivalent unit
(LEU) dose.
65 men and 41 women. Mean
age 65.3 years (range 38–81).
Disease duration 11.1
(no units given).

210 incident PD cases. PD
diagnosis by neurologist
based on cardinal signs plus
response to L-DOPA.
Notes reviewed by authors,
exclusion criteria included use
of certain medications 12
months before diagnosis. 131
men and 79 women. Median
age 70 (range 37–88) years.

Cases

327 hospital-based controls
selected from in- or
out-patients without
neurodegenerative disease.
114 men and 213 women.
Mean age 66.4 (SD 8.6)
years.

106 age and sex matched
healthy controls, partners or
friends of cases without PD
or dementia, outpatients
with minimally disabling
dystonia or hemifacial
spasm, remaining randomly
selected from MRC
Cognition and Brain
Sciences unit healthy
volunteer panel. Mean age
65.3 years (range 39–82).

347 controls matched for
age and gender, without
progressive neurologic
disorders, all eligible in HMO
selected. 225 men and 122
women. Median age 71
(range 44–85) years.

Controls

Self-administered questionnaire,
questionnaire, missing data
obtained by telephone or
direct interview by research
assistant. Peak frequency and
quantity alcohol consumed
during participant’s lifetime,
beverage specific.

Validated FFQ self-completed.
Participants asked how often
on average over past month
they had consumed standard
beverage specific portions.
Alcohol units (8g) per week.

Structured, in-person
questionnaire by trained
research staff. Typical
consumption patterns during
most of adult life. Alcohol
drinks per week.

Measurement of
exposure

Table 1
Case-Control studies reporting associations between alcohol intake and PD risk

Sex, age,
region of
residence,
smoking,
years of
education,
body mass
index,
alcohol
flushing
status,
medication
histories
and several
dietary
factors
including
caffeine

Sensation
seeking,
smoking,
caffeine

Age,
ethnicity,
education,
gender,
smoking,
coffee

Confounders
adjusted
for

(Continued)

Beverage types (g) per day
Beer
0.1–65.9 0.99 (0.61, 1.59)
≥66 2.13 (0.80, 5.82)

Drinking on
<6 days per week 1.29 (0.78, 2.13)
≥6 days per week 0.96 (0.50, 1.81)
Amount ethanol (g) per day
0.1–65.9 1.07 (0.64, 1.80)
≥66.0 1.46 (0.79, 2.71)
Amount ethanol (g) per week
0.1–219.3 0.98 (0.58, 1.65)
≥219.4 1.79 (0.95, 3.39)

All categories (reference =
non-drinker)

(0, 0.1–14, >14) 0.44 (0.26, 0.75) for
each category of intake

Alcohol intake units∗ /week
0 3.00 (0.34, 0.98)
0.1–14 0.89 (0.62, 1.31)
>14 0.58 (0.34, 0.98)

Alcohol (drinks/week) (reference = 0)
1-2 1.1 (0.7, 1.8)
3–9 1.1 (0.6, 1.7)
≥10 0.8 (0.4, 1.4)

Results
OR (95% CI)
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Italy
January to
December 2005

Serbia
January
2001 to
November
2005

India
January
1994 to
December
1998

Nicoletti
et al.
2010 [19]

Sipetic
et al.
2012 [20]

Behari
et al.
2001 [21]

377 incident and prevalent PD
patients attending Movement
Disorders Clinic in New Delhi.
Diagnosis based on a)
presence of > 2 out of

110 incident PD cases.
Diagnosis by neurologist
based on presence of at least
2 cardinal signs plus response
to L-DOPA and the unified
Parkinson’s disease rating
scale(UPDRS)
63 men and 47 women. Mean
age 60.75 (SD 8.64).

492 cases with possible and
probable PD according to
Gelb’s criteria. Participants
with MMSE <24 excluded. 292
men and 200 women. Mean
age 66 (SD 9.8). Mean disease
duration 6.7 (SD 5.3) years.

377 hospital-based controls
matched for age (±3 years)
with other neurological
diseases attending outpatient clinic of Neurology

220 hospital controls were
patients with degenerative
joint or GI disease matched
by sex, age and place of
residence (urban/rural). 126
men and 94 women. Mean
age 60.57 (8.78).

459 controls (274 spouse
controls and 185 generic
controls) Spouse controls
lived in same geographic
area with no PD or other
neurological disorders.
Generic controls were
unrelated healthy people
accompanying non-PD
patients for hospital checkups, matched for age and
area of residence.
Participants with MMSE <24
excluded. 160 men and 299
women. Mean age 63.4
(SD 10.1).

Table 1
(Continued)

Face-to-face interview by
trained investigator using a
standard structured
questionnaire. Duration of
alcohol intake. Alcohol

Face-to-face interview by
physicians using structured
questionnaire. Quantity and
frequency of alcohol
consumption and beverage
type.

Face-to-face interview using
structured questionnaire by
trained neurologists. Alcohol
consumption (wine) reported
as duration and quantity
per day.

Gender,
family
history of
PD,
smoking,

Smoking,
coffee

Family
history, sex,
age, place
of
residence,
smoking,
coffee
consumption

(Continued)

Alcohol consumption
(reference = none)
≤ 20 years 0.45 (0.20, 1.01)
>20 years 1.48 (0.82, 2.65)

Alcohol consumption
Average weekly consumption (dl)
0, 0.1–3.49, 3.5+ 4.68 (2.79, 7.84)

Years of wine drinking
(reference = none)
1–45 years 0.83 (0.55, 1.23)
≥46 years 0.45 (0.29, 0.68)

Wine consumption
Glasses per day (reference = none)
1-2 0.68 (0.47, 0.97)
≥3 0.45 (0.28, 0.74)

Japanese sake
0.1–65.9 2.27 (1.34, 3.89)
≥66 3.39 (1.10, 11.0)
Shochu
0.1–65.9 1.01 (0.50, 1.98)
≥66 1.29 (0.59, 2.78)
Wine
0.1–65.9 1.06 (0.57, 1.95)
≥66 6.11 (0.67, 134)
Whisky
0.1–65.9 1.60 (0.88, 2.93)
≥66 2.25 (0.67, 7.83)
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USA
1996–
2006

893 PD patients from 5 states
of USA referred to Mayo Clinic,
Rochester MN Neurological
diagnosis using previously
reported criteria. Minimal
Mental State examination
(MMSE) and screening with
The Modified Telephone
Interview for Cognitive Status
(TICS-M). 557 men and 336
women. Median age 67.9
(range 32.8–91.4) years.
Median age at onset of PD
62.1 (range 23.3–88) years.

514 controls PD
negative/unaffected
siblings of cases and 379
unrelated population
controls screened for PD by
telephone. Screen positives
underwent clinical
assessment. 490 men and
403 women. Median age
67.2 (range 32–92.8) years.

department New Delhi. 271
men and 106 women.
Mean age 56.62 (range
23–83years).

Telephone interview using
structured questionnaire.
Alcohol Use Disorders using
CAGE defined as score >2,
drinking patterns quantity
frequency measures. Subjects
also asked whether they had
ever received medical
treatment, had liver problems
or been hospitalised because
of their alcohol use.

considered positive if subjects
consumed 30ml of alcohol per
day for at least a year.

Age, sex,
education,
coffee and
smoking

well water
drinking,
pets
exposure,
prior
depression

Medical history 0.52 (0.25, 1.08)

CAGE score 0.63 (0.43, 0.93)

Alcohol use disorders

Abbreviations: CAGE = Cut-down, Annoyed, Guilty, Eye-Opener; DL = decilitre; FFQ = Food Frequency Questionnaire; G = grams; GI = gastrointestinal; HMO = Health Management Organisation;
MMSE = Mini-Mental State Exam; MN = Minnesota; MRC = Medical Research Council; NR = not reported; OR = odds ratio; PD = Parkinson’s disease; SD = standard deviation; ∗ unit = 8 grams.

Brighina
et al.
2009 [34]

bradykinesia, rigidity and rest
tremor, b) chronic progressive
course, c) good response to
L-DOPA, d) no history of possible
causes of parkinsonism, e)
exclusion of atypical features
suggesting forms of
parkinsonism. 301 men and
76 women. Mean age 56.78
(range 24-86 years). Mean
age of onset of symptoms
52.33 ± 11.63 years.

Table 1
(Continued)
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USA
1976

USA
1986

Hernán
et al.
2003 [22]
Health
Professionals’
Follow-up

Location
& study
start

Hernán
et al. 2003 [22]
Nurses’
Health Study

Cohort
studies

Male health
professionals, aged
40–75 years. 47,367
eligible and followedup over 14years.
248 PD cases

Female nurses, aged
30-55 years. 88,722
eligible and followedup over 18 years.
Diagnosis was
confirmed by the
treating neurologist,
review of medical
records and by
treating internist
167 PD cases
identified. Mean age
at PD onset 63.5.

Participants
Participants

At baseline
(1986) and
every 2–4 years
using a
validated semiquantitative

At baseline
(1980) and
every 2–4 years
using a
validated semiquantitative
FFQ. How often,
on average,
participants
had consumed
beer, wine, and
liquor during
the past year.

Measurement
of exposure

PD self-reported on follow-up
questionnaires sent every 2 years
until January 2000. Confirmed
with treating neurologists or
medical records. Cases
confirmed if medical record

PD self-reported on follow-up
questionnaires sent every 2 years
until May 1998. Confirmed with
treating neurologists or medical
records. Cases confirmed if
medical record included a
diagnosis by a neurologist, or
presence of 2 out of 3 cardinal
signs and absence of features
suggesting other diagnoses.
Those with PD symptoms before
study inception excluded.

Measurement
of outcome

Age, sex,
caffeine,
smoking.
Alcoholic
beverages also
adjusted for

Age, sex,
caffeine,
smoking.
Alcoholic
beverages also
adjusted for
other beverage
types.

Confounders
adjusted for

Table 2
Prospective studies reporting associations between alcohol intake and PD risk

(Continued)

Alcohol intake (gm/day) (reference = 0)
>0 to <5 1.0 (0.7, 1.5) 147,674 person/years
f/up
5 to <15 1.1 (0.8, 1.5) 167,216 person/years
f/up
15 to <30 0.9 (0.6, 1.4) 76,956 person/years f/up

Number of drinks (reference = <1/month)
Beer
1–3/month 0.8 (0.5, 1.5) 142,994 person/years
f/up
≥1/week 0.7 (0.4, 1.2) 173,102 person/years
f/up
Wine
1–3/month 1.0 (0.7, 1.6) 357,385 person/years
f/up
1–4/week 1.0 (0.6, 1.6) 327,970 person/years
f/up
≥5/week 1.4 (0.8, 2.3) 133,783 person/years
f/up
Liquor
1–3/month 0.8 (0.5, 1.3) 279,724 person/years
f/up
1–4/week 1.0 (0.6, 1.6) 245,273 person/years
f/up
≥5/week 1.3 (0.7, 2.1) 105,031 person/years
f/up

Alcohol intake (gm/day) (reference = 0)
>0 to <5 0.9 (0.6, 1.3) 518,822 person/years
f/up
5 to <15 1.0 (0.6, 1.5) 344,588 person/years
f/up
15 to <30 1.5 (0.8, 2.6) 105,867 person/years
f/up
≥30 1.0 (0.4, 2.2) 76,285 person/years
f/up

RR (95% CI)
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132,403 recruited from
21 US states with
cancer registries,
Cardinal criteria,
diagnostic
questionnaire/
medical records/
finite diagnosis
confirmed by
neurologist.
Mean age at baseline
63.5 (men) and 61.8
years (women). 605
PD cases identified

Palacios
et al.

USA
1992

identified. Mean age
at PD onset 69.5.

Study

Alcohol
consumption in
previous year
at baseline
(1992-1993)
and assessed
again in 1999.
Self-completed,
validated Block
FFQ, quantity
and frequency
alcohol
consumed
recorded for

FFQ. How often,
on average,
participants
had consumed
beer, wine, and
liquor during
the past year.

PD self-reported on 2001, 2003 or
2005 follow-up questionnaires.
Confirmed by diagnostic
questionnaire completed by
treating neurologist and medical
record review for diagnosis by
neurologist or presence of at
least 2 out of 4 cardinal signs
(one being rest tremor or
bradykinesia), progressive course,
response to dopaminergic
treatment and absence of
features suggesting alternative
diagnosis. Those with PD

included a diagnosis by a
neurologist, or presence of 2 out
of 3 cardinal signs and absence
of features suggesting other
diagnoses. Those with PD
symptoms before study
inception excluded.

Table 2
(Continued)

Age, smoking,
coffee

other beverage
types

(Continued)

Women
<4.9 0.95 (0.68, 1.31) 252,206 person/years
f/up

Alcohol intake (gm/day) (reference = 0)
Men
>9.9 1.36 (1.06, 1.74) 239,705 person/years
f/up
10-19.9 1.48 (1.09, 2.01) 110,309 person/years
f/up
20-29.9 1.15 (0.69, 1.9) 37,078 person/years
f/up
≥30 1.29 (0.9, 1.86) 85,072 person/years
f/up

Number of drinks (reference = <1/month)
Beer
1–3/month 0.6 (0.4, 0.9) 107,852 person/years
f/up
1–4/week 0.7 (0.5, 1.0) 155,369 person/years
f/up
≥5/week 0.8 (0.5, 1.2) 74,637 person/years
f/up
Wine
1–3/month 1.4 (1.0, 1.9) 153,089 person/years
f/up
1–4/week 1.2 (0.8, 1.8) 162,555 person/years
f/up
≥5/week 0.8 (0.4, 1.5) 47,129 person/years
f/up
Liquor
1–3/month 1.2 (0.8, 1.9) 96,397 person/years
f/up
1–4/week 1.6 (1.0, 2.1) 125,552 person/years
f/up
≥5/week 1.0 (0.7, 1.6) 94,687 person/years
f/up

≥30 0.6 (0.4, 1.1) 70,087 person/years
f/up
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Finland
1973–
1976

USA
1995–
1996

Saaksjarvi
et al. 2014 [24]
Finnish
Mobile
Clinic Health
Examination
Survey

Liu et al.
2013 [26]
NIH-AARP
Diet and
Health Study

306, 895 participants
included (180,235
male and 126, 660
female), ages 50–71
years at baseline.
1,113 PD cases;
305,782 without PD.
Validated diagnosis
with DNA collection
as well as
Physician/neurologist
questionnaire
Follow-up approx.10
years

6,715 participants in
survey aged 50–79
years.
Health Examination
Survey and
Parkinson’s disease
cases (ICD-10 code
G20). Reports and
selected hospital
records reviewed. No
neuropathologic data
available 101 cases
PD identified. followup of,22 years;
average follow-up
time 15.3 years.

(389 men and 216
women). Mean age
at PD diagnosis 72.6
(men) and 72.2 years
(women).
Follow -up from 13
years preceding
diagnosis to 6 years
after diagnosis.

Baseline survey
on diet and
lifestyle in 1995–
1996.
Past year
alcohol
consumption
using validated
selfadministered
124 item FFQ.
Quantity,
frequency
recorded for
separate
beverages.

At baseline selfadministered
health
Ten questions
on amount,
frequency and
beverage type.
Short-term
repeatability
assessed.

separate
beverages.

Self-reported lifetime diagnosis of
PD of survivors in 2004-2006.
Cases reported from 2000 to
present included in analysis. Selfreport validated against treating
physicians completed diagnostic
questionnaire and medical
record review for diagnosis by
neurologist or presence of 2 or
more cardinal signs (one being
rest tremor or bradykinesia),
progressive course, response to
dopaminergic treatment and
absence of features suggesting
alternative diagnosis.

PD cases (ICD-10 code G20)
ascertained through national
registry of Social Insurance
independent neurologist by
medical record review, using
NINDS diagnostic criteria for PD.
First 10 years follow-up excluded.

symptoms before study inception
excluded.

Table 2
(Continued)

Age, sex, race,
education,
marital status,
smoking,
caffeine intake,
physical
activity, selfevaluated
health status.
OR for specific
alcoholic
beverages also
adjusted for
other beverage
types

Age, sex,
education,
community
urban),
occupation,
coffee
consumption,
smoking, BMI
and leisure time
physical activity

(Continued)

Alcohol intake (∗ drinks/day) (reference = 0)
<1 0.91 (0.78, 1.06)
1–1.99 0.82 (0.66, 1.02)
2–2.99 1.13 (0.84, 1.53)
3–3.99 1.15 (0.81, 1.65)
4–4.99 1.06 (0.65, 1.72)
≥5 0.92 (0.66, 1.28)
P for trend = 0.63
Beer
<1 0.79 (0.68, 0.92)
1-1.99 0.73 (0.50, 1.07)
≥2 0.86 (0.60, 1.21)
P for trend = 0.78
Wine
<1 1.07 (0.92, 1.25)
1–1.99 0.74 (0.53, 1.02)
≥2 1.31 (0.89, 1.94)

Alcohol intake gm/day (reference = 0)
<5 1.94 (1.09, 3.47)
≥5 1.12 (0.47, 2.69)

5-9.9 0.95 (0.57, 1.6) 83,315 person/years
f/up
10-14.9 1.67 (1.06, 2.64) 65,984 person/years
f/up
≥15 0.77 (0.41, 1.45) 77,163 person/years
f/up
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Tan et al.
2008 [30]
Singapore
Chinese
Health Study

Singapore
1993–
1998

63,218 Chinese men
and women, aged
45–74 years. 157 PD
cases identified. Most
cases initially
evaluated by either
movement disorder
specialists or
neurologists. All
medical records
reviewed by
movement disorder
specialist using criteria
defined by the
Advisory Council of
the US National
Institute of
Neurological Disorders
and Stroke
Mean age at
diagnosis 67.3 (SD 7.3)
years.
Follow up years
unclear,

Face to face
interview by
trained
interviewers at
baseline, using
validated FFQ.
Quantity,
frequency
recorded for
separate
beverages.

PD self-reported at follow-up
interviews on average 7 years
after enrolment, or from hospital
registries. Confirmed by medical
record review by movement
disorder specialist using NINDS
diagnostic criteria. PD before
study inception excluded.
Average time between baseline
and PD diagnosis 5.5 (SD 2.9)
years.

Table 2
(Continued)

Age, year of
interview,
gender,
ethnicity,
education
level, smoking,
caffeine, black
tea

(Continued)

At least weekly consumption vs none or <weekly
RR 0.6 (0.31, 1.16) 594,086 person/years f/up

P for trend = 0.82
Liquor
<1 1.06 (0.91, 1.23)
1–1.99 1.22 (0.94, 1.58)
≥2 1.35 (1.02, 1.80)
P for trend = 0.03
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Sweden
1961
and
1973

USA
1981–
1985

USA
1993–
1997

UK
January
1995–

PaganiniHill
2001 [27]

Kamel
et al.
2007 [28]

Hernán
et al.
2004 [29]

Location &
inception

Wirdefeldt
et al.
2005 [25]

Nested
case
control
studies

Individuals with at
least three years of
continuous medical

Agricultural Health
Study cohort.
Licensed pesticide
applicators (mostly
farmers) and their
spouses, from 2
states, enrolled in
1993–1997. 68%
followed-up.

Leisure World
Cohort.
Homeowners in
retirement
community who
returned a
questionnaire in
1981–1985.
Predominantly
white, well
educated.

Swedish Twin
Registry. Same-sex
twins who
responded to a
questionnaire in
1961 (for those born
between 1886 and
1925) and 1973 (for
those born
between 1926 and
1958).

Cohort

1,019 PD cases identified.
Cases had computerised
diagnosis of PD and ≥2

78 cases (22 were
spouses). Self-reports of
physician-diagnosed PD
at follow-up telephone
interview, 5 years after
enrolment. Prevalent
cases at enrolment were
excluded. (71 cases
included in analysis due to
missing data).

395 PD cases identified by
review of hospital
discharge records, death
certificates and 1992
follow-up questionnaire.
26 cases appeared to
have PD at baseline. (373
cases included in
multivariate analysis due
to missing values).

476 PD cases: twins with
PD identified using ICD
criteria recorded in the
Swedish IDR or the CDR,
after exposure information
collected. 230 men and
246 women. Only 330
cases included in
multivariate analysis due
to missing data (244 in cotwin analysis).

Cases

10,123 randomly
selected controls,
matched on age (±1

55,931 controls who did
not self-report a
diagnosis of PD at
follow-up telephone
interview. (52,945
controls included in
analysis due to missing
data).

2,320 controls
individually matched
to cases on sex, birth
date, vital status and if
dead, death date (± 1
year). (2,243 controls
included in analysis
due to missing values).

Two control groups:
1. External unrelated to
cases selected at
random from cohort
matched for sex and
age (±5 years) (n =
2,380).
2. Same-sex co-twins of
cases discordant for PD
(n = 244).
All controls were
required to be ≥66
years of age.

Controls

Table 2
(Continued)

Diagnosis of alcoholism, or
alcohol-related chronic
disease (for cases before

Questionnaire selfadministered or by
telephone. Number of
alcoholic drinks per month
during year preceding
enrolment.

Self-completion health
survey. Consumption of
alcoholic beverages on
average weekday asked
separately for wine, beer
and hard liquor,
combined to form overall
amount of alcohol
consumed.

Validated questionnaire
self-administered. Alcoho
consumption categorised
into never and ever
drinkers and total alcohol
intake in grams per day,
from beer, wine, or spirits.

Measurement of exposure

Smoking

Age at
enrolment,
state, type
of
participant
(applicator
or spouse),
smoking

Smoking,
blood
pressure
medication,
no.
children,
coffee,
dietary
vitamin C,
vitamin A

Smoking,
coffee,
education

Confounders
adjusted
for

(Continued)

Clinical alcoholism
1.09 (0.67, 1.78)

Drinks per month
(reference = non-drinker)
1–10 1.1 (0.7, 2.0)
11–30 0.8 (0.3, 2.2)
≥31 1.3 (0.5, 3.3)

Alcohol, drinks/day
≤1 1.03 (0.76, 1.38)
2+ 0.77 (0.58, 1.03)

Co-twin controls
0–5 0.61 (0.34, 1.11)
6–15 0.83 (0.44, 1.57)
16–30 0.58 (0.21, 1.57)
>30 0.72 (0.19, 2.65)

Alcohol intake gm/day
(reference=0)
External controls
0–5 0.72 (0.52, 0.99)
6–15 1.05 (0.74, 1.50)
16–30 0.94 (0.52, 1.71)
>30 0.66 (0.34, 1.29)

Results
OR (95% CI)
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history recorded in
the GPRD between
1995–2000. Those
with PD or
prescribed PDrelated drugs at
start of follow-up

prescriptions for PD drugs.
7% PD cases validated by
physicians. Presence of at
least 2 of 4 cardinal signs
in medical records.

year), sex and start
date.
for PD-related drug) which
was not subsequently
withdrawn. Alcohol units
per week self-reported to
GPs.

date of PD symptoms,
diagnosis or prescription

Units∗∗ /week
(reference =0)
0–5 1.10 (0.91, 1.33)
>5–15 1.10 (0.89, 1.36)
>15–30 1.27 (0.96, 1.68)
>30–50 0.57 (0.28, 1.18)
>50 1.46 (0.69, 3.01)

Abbreviations: CDR = Cause of Death Register; FFQ = food frequency questionnaire; F/UP = follow-up; GM = grams; GPRD = General Practice Research Database; GPs = general practitioners;
ICD = International Classification of Disease; IDR = Inpatient Discharge Register; NIH-AARP = National Institute of Health - American Association of Retired Persons; NINDS = National
Institute of Neurological Disorders and Stroke; OR = odds ratio; PD = Parkinson’s disease; RR = relative risk; ∗ drink = 13 grams alcohol; ∗∗ unit = 10ml pure ethanol.

2000

Table 2
(Continued)
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Fig. 1. Flow Diagram showing the selection process and results during the study screening process.

Case-control studies
In the case-control studies (Table 1), alcohol intake
was summarised in a number of different ways. Studies reported quantity and frequency in drinks, units,
decilitres or grams per day/week, duration of drinking
in years and participants positive for an alcohol use
disorder (AUD). An AUD is a harmful pattern of drinking with serious risks of physical and psychological

harm. A consequence of harmful drinking is alcohol dependence, characterised by a strong desire to
drink and difficulties controlling drinking according
to the Diagnostic and Statistical Manual of Mental
Disorders (DSM IV) [15]. Among the studies which
measured quantity and frequency, the reference period
over which consumption was measured also varied.
Studies asked participants to recall typical consumption patterns across their lifetime [16] average alcohol

S.S. Bettiol et al. / Alcohol Consumption and Parkinson’s Disease Risk

intake over the previous month [17] and drinking habits
during the period when their alcohol consumption was
the highest [18].
The results were inconsistent in case-control studies
that compared different quantities of alcohol intake
in drinkers with non-drinkers: two studies showed a
moderately decreased risk of PD with greater quantity consumed [17, 19], two showed no evidence of an
association [16, 17], and one showed a strong increased
risk of PD with higher consumption [20].
Results were also inconsistent for studies in terms
of duration of drinking. A study conducted in Italy
showed evidence of a decreased risk of PD with ≥46
years of wine drinking (OR 0.45; 95% CI [0.29,
0.68]) [19]. Yet in India, consuming alcohol for >20
years was not associated with PD risk (OR 1.48; 95%
CI [0.82, 2.65]), and consuming alcohol for ≤20 years
was nearly protective (OR 0.45; 95% CI [0.20, 1.01])
[21]. However, only 48 cases and 59 controls consumed
alcohol at all so this finding may be due to a lack of
power in this study [21].
Some of the studies also showed a dose-response
relationship with level of alcohol exposure (quantity
and/or frequency) and risk of PD, albeit in opposing directions [17, 19, 20]. Nicoletti et al. [19], found
reduced risks with greater quantity of wine consumed
per day, and for units consumed per week. Evans et al.
[17], calculated an OR of 0.44; 95% CI [0.26, 0.75]
for each category of intake, while Sipetic et al. [20],
reported an increased risk for average weekly consumption in decilitres (OR 4.68; 95% CI [2.79, 7.84]).
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The largest study found no association between total
alcohol intake and future PD risk, however beverage
specific analyses revealed heavy liquor drinking (at
least two drinks/day) to be associated with an increased
risk (RR 1.35; 95% CI [1.02, 1.80]), and low to moderate beer drinking (less than one drink/day) with a
deceased risk (RR 0.79; 95% CI [0.68, 0.92]) [26].
There was some evidence to suggest that smoking
modified the association between alcohol consumption and PD risk, with greater risk reductions afforded
to ‘never smokers’. Four studies performed stratified
analyses to investigate whether the risk of PD due to
alcohol consumption, differed between ‘ever smokers’ and ‘never smokers’ [22, 23, 25, 26]. All four
observed non-significant associations between total
alcohol intake and risk of PD. However, three of these
studies [22, 25, 26], found that ‘never smokers’ who
consumed alcohol had a greater risk reduction of PD
than ‘ever smokers’. Wirdefeldt et al. [25], found a protective effect of alcohol (OR 0.56; 95% CI [0.39, 0.80])
for ‘ever’ versus ‘never’ drinkers when restricting the
analysis to ‘never smokers’. Hernán et al. [22], found
a marginally reduced risk among male ‘never smokers’ who drank ≥15 grams/day (RR 0.5; 95% CI [0.3,
1.0]), but not for women. Liu et al. [26], observed an
inverse association between beer drinking and PD risk
among ‘never smokers’, however no such association
was found for liquor drinking. Conversely, Palacios
et al. did not find any significant differences when conducting stratified analyses between ‘never’ and ‘ever’
smokers [23]. Further investigations would be required
to confirm these findings.

Prospective studies
DISCUSSION
Most studies reported alcohol intake in grams per
day, [22–25], however drinks per day [26, 27], or month
[28], and units per week [29], were also used (Table 2).
In the prospective studies there was no convincing
evidence of a decreased likelihood of PD according to
different levels of total alcohol consumption [22–30],
Most studies observed non-significant associations
between alcohol and PD risk. A study conducted in Finland found those who consumed <5 grams of alcohol
per day had an increased risk of PD compared to nondrinkers (RR 1.94; 95% CI [1.09, 3.47]) [24]. Another
study from the USA found increased risks of PD among
men who consumed 10 to 19.9 grams/day (RR 1.48;
95% CI [1.09, 2.01]) and women who consumed 10 to
14.9 grams/day (RR 1.67; 95% CI [1.06, 2.64]) compared to non-drinkers, however there was no clear trend
of increasing risk with increasing consumption [23].

Quality of studies
This review determined several possible methodological weaknesses that could explain the varying and
often conflicting results of studies reporting lifestyle
exposures such as smoking, coffee/tea and alcohol consumption contributing to PD risk.
Among the case-control studies there was a potential for selection bias due to selection or self-selection
of controls [17, 19, 20]. One study found an increased
risk of PD due to alcohol consumption, however they
used hospital controls receiving treatment for chronic
pancreatitis, a condition strongly associated with alcohol consumption [20]. Bias may have been introduced
if these controls consumed alcohol at a different rate
to the general population.
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Few case-control studies used incident cases
[16, 20], and this may have increased the potential
for inaccurate recollection of exposure. The temporal sequence of events was particularly unclear for
one case-control study, where prevalent cases were
questioned about their current alcohol intake over the
past month [17]. This study found a dose-dependent
inverse association between alcohol intake and PD
risk. Whereas a prospective cohort study reported PD
cases significantly reduced their alcohol intake around
the time of their diagnosis and continued to reduce
their alcohol intake thereafter [23]. Thus findings from
case-control studies that indicate protective effects of
alcohol should be interpreted cautiously not only for
their limitations and potential for selection bias but
also retrospective assessment of alcohol intake, since
the recall of past dietary exposures can be affected by
current exposures [31].
In further support of this argument, the studies
with the most certain temporal sequence of events
i.e. those which used cohort and nested case-control
study designs [22, 23, 26, 28, 29, 30], tended to find
non-significant associations, close to unity, between
total alcohol consumption and risk of PD. One nested
case-control study found lower risks when alcohol consumption was reported by prevalent cases, compared
to incident cases who were identified five years after
alcohol exposure information was collected [28].
Two nested case-control studies may have inadvertently included prevalent cases in their baseline sample,
which could potentially explain the non-significant
inverse associations they observed [25, 27]. One of
these studies seemingly made no attempt to exclude
the 26 prevalent cases from their analyses [27].
There was no discernible pattern in the results
according to the length of follow-up in the prospective studies which varied between 10 years to 20 years
(Table 2). For example a nested case-control study followed participants between 1995 and 2001 [29], yet
found very similar results to studies that had much
longer follow-up periods [22, 23, 26]. Three studies
reduced the potential for reverse causality by excluding the first 5 to 10 years of follow-up [23, 24, 26].
Two of these studies observed non-significant associations between total alcohol intake and PD [23, 26],
and one study found increasing PD risk with increasing
duration between exposure and outcome [24].
The cohort studies were more likely to use
validated questionnaires to elicit alcohol exposure
information compared to the case-control and nested
case-control studies. All cohort studies asked participants about their consumption of specific beverages.

These questions have been shown to produce higher
estimates and improved recall of alcohol consumption
compared to questions on overall consumption alone
[32]. For these reasons, the cohort studies may have
been more likely to produce valid results.
Overall, most studies used non-drinkers as the reference category in their analyses, which helped when
comparing the results, however the definition of a
‘non-drinker’ tended to differ between studies. Apart
from the study that measured ‘peak’ alcohol consumption, it was not clear whether any of the studies that
measured quantity and frequency, separated lifetime
abstainers from former drinkers. This can lead to misclassification if former heavy drinkers are classified as
‘non-drinkers’ [33].
Alcohol use disorders
Two studies Brighina et al. and Hernán et al. classified alcohol exposure according to clinical criteria for
drinking that is harmful to health [34, 29]. Brighina
et al. a case-control study, screened subjects for an alcohol use disorder with the CAGE questionnaire and also
with medical records, using an alcohol-related medical problem as a proxy for alcoholism [34]. The CAGE
questionnaire consists of four questions and is used as a
screening tool for alcohol abuse and dependence [35].
Hernán et al. a prospective study, classified subjects as
clinically-defined alcoholics, before their index date,
based on a computerized diagnosis of alcoholism or
alcohol-related chronic disease such as alcohol cirrhosis or alcoholic cardiopathy [29].
Brighina et al. found a statistically significant
inverse association between subjects with a CAGE
score of 2 or more (indicative of an alcohol use disorder) compared with participants with CAGE score
<2 and PD risk: adjusted OR 0.63, 95% CI [0.43,
0.93] [34]. The CAGE questionnaire positively identified 7.2% of cases and 11% of controls (based on 779
case-control pairs) for alcohol use disorders reporting
a weak but statistically significant trend of decreasing
risk of PD with increasing CAGE score [34]. When
the analysis was based on participants with a medical history of an alcohol-related health problem (based
on 843 case-control pairs) the inverse association was
weaker. The report by Hernán et al., indicated that alcoholism was not associated with the risk of PD, however,
the smoking-adjusted OR of 1.09, 95% CI [0.67, 1.78]
was based on eighteen cases and 174 controls (1.72%)
receiving a diagnosis of alcoholism before the index
date [29]. This analysis was based on fewer subjects,
and may have lacked power to detect a significant
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difference. Thus, the methods used to measure alcohol use and the statistical power of the analyses may
explain the contrasting results of the studies.

beer, wine and liquor [22, 23, 26, 34]. This could indicate that ingredients other than ethanol may be driving
the beverage specific associations observed.

Beverage types

Confounding by personality traits

Eight studies measured associations between PD
risk and the beverage types; beer, wine or liquor,
however no specific beverage type was consistently,
significantly associated with PD risk. Of these eight
studies, three found statistically significant inverse
associations. Nicoletti et al. observed a moderate, dosedependent protective effect of wine drinking, with an
OR of 0.45; 95% CI [0.28, 0.74] for ≥3 glasses per day
[19]. Hernán et al. and Liu et al. each found a weak,
inverse association for beer drinking, however there
was little evidence of a dose-dependent trend [22, 26].
Three studies noted that alcohol intake and PD
vary according to different kinds of alcohol suggesting increased risks of PD with consumption of specific
beverages. A case-control study by Fukushima et al.
assessed daily intake separately for each type of alcohol including beer, Japanese sake, Shochu, wine and
whisky. There were no significant associations with
PD, except moderate to strong, dose-dependent effects
of Japanese sake [18]. Additionally, Liu et al. reported
an increased PD risk with ≥2 drinks of liquor per day
(OR 1.35; 95% CI [1.02, 1.80]) [26]. The remaining
study by Sipetic et al. indicated strong associations for
brandy and beer, and very strong associations for liquor
and wine [20]. However, the findings of this latter study
should be interpreted with caution since the authors did
not statistically control for any confounding variables
when calculating beverage specific associations.
In contrast, Palacios et al. and Brighina et al. two
studies which investigated the relationships between
beer, wine and liquor drinking and risk of PD, found
non-significant results with associations close to unity
[23, 34], It would therefore appear that the studies
collectively paint an inconsistent picture of the relationship between PD and different beverage types.
Variance in typical beverage specific consumption patterns among the studied populations could potentially
explain these inconsistencies. Cultural preferences
could result in fewer participants selecting certain beverages, and thus lack of significance could reflect a
lack of power. However, four studies conducted in the
United States of America, observed different results
for the same beverage [22, 23, 26, 34].
In studies that evaluated three different alcoholic
beverage types, there was no evidence of simultaneously reduced or increased risks for all three beverages

Ten studies analysed the effects of alcohol consumption alongside smoking and caffeine intake as
risk factors for PD. Two of these studies found statistically significant inverse associations for all three
factors [17, 19]. One of these studies also found a dosedependent trend for the presence of at least one, two or
three of smoking, coffee or wine drinking behaviours,
with the greatest risk reduction for all three [19]. The
other study suggested that personality traits (such as
risky, sensation seeking behaviours) confounded the
associations between each of the three factors and PD
risk [17]. These findings suggest that a confounding
variable common to all three factors may explain or
partially explain their hypothetical protective effects.
However, against this argument is that the remaining
eight studies either did not observe significant associations for all three factors or observed significant effects
but in different directions. The majority of studies did
not find simultaneously protective effects for smoking,
coffee drinking and alcohol consumption, suggesting
that the presence of a confounding variable common
to all three factors, such as an addiction-avoiding personality trait, is unlikely.
Ethnicity
Most of the selected studies examined PD risk in
western countries with predominantly white populations. Two studies recruited participants of East Asian
descent. One case-control study recruited participants
in Japan [18], and a prospective study recruited Singaporean Chinese participants [30]. Both studies found
non-significant associations between total alcohol consumption and PD risk. Fukushima et al. calculated an
association close to unity (OR 0.96; 95% CI [0.50,
1.81]) for those who drank alcohol at least six days per
week compared to non-drinkers, and Tan et al. found a
non-significant decreased risk (RR 0.6, 95% CI [0.31,
1.16]) for at-least-weekly drinkers compared to nonor less-than-weekly drinkers [18, 30]. Fukushima et al
collected data on ‘peak’ alcohol drinking rather than
average consumption, and statistically controlled for
a number of extra potential confounders compared to
Tan et al such as body mass index, medication history,
cholesterol, vitamin E, vitamin B6, iron and dietary
glycemic index, which could potentially explain the
differences in results [18, 30].
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Summary
This study has provided a critical summary of the
epidemiologic literature related to alcohol consumption and PD risk published since 2000. In general,
studies with a prospective design tended to find nonsignificant associations between total alcohol intake
and PD risk, with two studies finding an increased risk
with moderate alcohol consumption. The case-control
studies were more likely to find protective effects of
alcohol on PD risk, however it is unclear to what extent
these observations were the result of selection and
recall bias.
Among the reviewed studies there was some evidence to suggest that smoking modifies the association
between alcohol intake and PD risk. There was also evidence to suggest that beer may be inversely associated
with PD risk, however ethanol is unlikely to be the protective ingredient. The evidence does not support the
theory that a confounder, such as an addiction-avoiding
personality trait, has produced the inverse associations
between smoking, coffee and alcohol intake and PD
risk. Studies examining the relationship between alcohol use disorders and PD have produced inconsistent
results.
We note the lack of uniformity by these primary
studies in the definition of drinking, the inconsistency
of the units used to report quantity and frequency,
and the reference period over which alcohol consumption was measured. We fully appreciate that to obtain
valid estimates of alcohol consumption, researchers
must utilise methods appropriate for the drinking culture [36]. However, these methodological differences
make it difficult to compare results across countries
with accuracy, and may explain some of the heterogeneity observed.
Standard measures such as units and drink portions can differ between countries, therefore converting
these measures into grams of ethanol for analysis
would be beneficial for comparison. Additionally,
since the risk of PD may differ by beverage type,
researchers should aim to measure beverage specific
risks wherever possible. Not only will this help to
improve understanding of beverage specific risks but
recall may be improved compared to combined alcohol questioning. Whilst volume and duration of alcohol
consumption are important to determine cause-effect
associations, frequency of heavy drinking episodes
may be another important consideration [37], which
future research may wish to address.
The subject selection process was determined differently, and did not follow a uniform method across the

studies. Assessment grading using the more current
Hoehn and Yahr scale was not cited though MMSE
was used. This leaves the reader to speculate that
PD patients were selected on a scale where cognitive
decline did not interfere with the ability to recall events,
self-report exposure or complete questionnaires especially in case–control studies, a process that is prone to
recall bias and could lead to false-positive associations.
Alternatively, PD patients may underreport exposure
leading to false-negative associations.
The strengths of our review include the large number
of subjects investigated and the comprehensive picture provided. The decision to exclude studies which
did not control for the potential confounding effects
of smoking was important. Palacios et al. [23], found
smoking to be the biggest confounder of the relationship between alcohol and PD risk, and smoking
reduced the risk of PD in the majority of the reviewed
studies. The conclusions of this study are therefore
more likely to reflect the true relationship between
alcohol and PD.
A limitation to this review was the introduction of
bias. Non-published data and papers published in languages other than English were not included. Studies
which measured alcohol exposure as a binary variable
only were also excluded, however measuring exposure
as ‘ever’ or ‘never’ drinkers would have been inadequate to determine the complexity of alcohol exposure.
Despite identifying cohort studies, the review primarily involved case-control studies and the results should
be interpreted cautiously due to the recall bias of casecontrol studies.

Conclusion and implications and directions of
future research
This study highlights the need for more prospective
studies investigating the relationship between alcohol and PD of adequate sample size. Improvements
to reporting of studies by investigators particularly
with respect to sample size and power would help
others interpret the epidemiological significance of any
findings. We note the lack of uniformity in reporting quantity, duration and frequency of alcohol intake.
Researchers may wish to consider the comparability of
their results when reporting, and the need to be explicit
when presenting the data. Finally, as with any observational study, the possibility of residual confounding
cannot be ruled out. Although authors controlled for a
range of factors, it remains possible that other factors
confound the association between alcohol and PD risk.
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Interpretation of findings from case-control studies
should take into account selection and recall bias. The
association between ingredients in beer and PD risk,
and effect modification by smoking, may be avenues
for future research. The evidence is not strong enough
to recommend prioritising beer over other beverages
to reduce the risk of PD. From researchers’ responses,
most of the studies proved to be preliminary and
improving statistical power to detect joint effects was
encouraged.
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