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 Gene-Environment Interaction in 
Parkinson’s Disease: Coffee,  ADORA2A , 
and  CYP1A2  

 Yu-Hsuan Chuang    a     Christina M. Lill    f     Pei-Chen Lee    h     Johnni Hansen    i     

Christina F. Lassen    i     Lars Bertram    g, j     Naomi Greene    a     

Janet S. Sinsheimer    b, d     Beate Ritz    a, c, e  

  a    Department of Epidemiology,  b    Department of Biostatistics,  c    Department of Environmental Health Sciences, 
Fielding School of Public Health, University of California, Los Angeles (UCLA),  d    Department of Human Genetics 
and Biomathematics, and  e    Department of Neurology, David Geffen School of Medicine at UCLA, Los Angeles, CA, 
USA;  f    Genetic and Molecular Epidemiology Group, Institute of Neurogenetics, and  g    Interdisciplinary Platform 
for Genome Analytics (LIGA), Institutes of Neurogenetics and Integrative and Experimental Genomics, University 
of Lübeck, Lübeck, Germany;  h    Department of Health Care Management, College of Healthcare Administration 
and Management, National Taipei University of Nursing Health Sciences, Taipei, Taiwan;  i    Danish Cancer Society 
Research Center, Danish Cancer Society, Copenhagen, Denmark;  j    School of Public Health, Faculty of Medicine, 
The Imperial College of Science, Technology, and Medicine, London, UK
 

and 3 polymorphisms in  ADORA2A  and  CYP1A2  for all sub-
jects, and incident and prevalent PD cases separately using 
logistic regression models. We also conducted a meta-anal-
ysis combining our results with those from previous studies. 
 Results:  We estimated statistically significant interactions 
for  ADORA2A  rs5760423 and heavy vs. light coffee consump-
tion in incident (OR interaction = 0.66 [95% CI 0.46–0.94],  p  = 
0.02) but not prevalent PD. We did not observe interactions 
for  CYP1A2  rs762551 and rs2472304 in incident or prevalent 
PD. In meta-analyses, PD associations with daily coffee con-
sumption were strongest among carriers of variant alleles in 
both  ADORA2A  and  CYP1A2 .  Conclusion:  We corroborated 
results from a previous report that described interactions be-
tween  ADORA2A  and  CYP1A2  polymorphisms and coffee 
consumption. Our results also suggest that survivor bias may 
affect results of studies that enroll prevalent PD cases. 

 © 2017 S. Karger AG, Basel 
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 Abstract 

  Background and Purpose:  Drinking caffeinated coffee has 
been reported to provide protection against Parkinson’s dis-
ease (PD). Caffeine is an adenosine A2A receptor (encoded 
by the gene  ADORA2A ) antagonist that increases dopami-
nergic neurotransmission and Cytochrome P450 1A2 (gene: 
 CYP1A2 ) metabolizes caffeine; thus, gene polymorphisms in 
 ADORA2A  and  CYP1A2  may influence the effect coffee con-
sumption has on PD risk.  Methods:  In a population-based 
case–control study (PASIDA) in Denmark (1,556 PD patients 
and 1,606 birth year- and gender-matched controls), we as-
sessed interactions between lifetime coffee consumption 
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 Introduction 

 More than 90% of Parkinson’s disease (PD) is consid-
ered to be “idiopathic” – with genetic and environmental 
factors increasing risk of disease. A protective effect of 
coffee on PD has been postulated, since many epidemio-
logic studies reported lower consumption of caffeinated 
coffee among PD patients  [1, 2] . ‘‘Ever’’ vs. ‘‘never’’ drink-
ers have a 30% lower risk of PD and 3 additional cups of 
coffee per day lowered PD risk on average by 25–32%  [3] . 
Caffeinated coffee is a very popular beverage in Northern 
European countries, especially Denmark, and we recent-
ly reported a 55% lower risk of PD among moderate cof-
fee drinkers in Denmark  [4] . A landmark early prospec-
tive cohort study not only reported an inverse association 
for coffee but also for caffeine from non-coffee sources, 
suggesting it might be the protective agent  [5] . This as-
sociation was replicated in many prospective cohort and 
case–control studies and further strengthened by obser-
vations of exposure-response trends  [3, 6, 7] . Animal 
studies lent additional support to the idea that caffeine 
and its metabolites are neuro-protective  [8] . Yet, the bio-
logical mechanisms underlying neuroprotection derived 
from caffeine are yet to be established. Importantly, epi-
demiologic data – even from prospective studies – do not 
preclude reverse causality since those who later develop 
PD may stop drinking caffeinated coffee due to sleep dis-
orders, anxiety, gastro-intestinal problems or simply a 
loss of smell that could make coffee drinking less enjoy-
able in the very long pre-motor stages of PD. Evidence for 
interactions between caffeinated coffee and genes that 
metabolize caffeine or encode brain receptors targeted by 
caffeine, could help strengthen arguments that caffeine 
indeed plays a biological role in reducing PD risk.

  Recently, a large consortium (PEGASUS) combined 
data from 1,325 PD cases and 1,735 controls and reported 
that PD risk was influenced by interactions between the 
single-nucleotide polymorphisms (SNP) rs5751876 and 
rs3032740 in  ADORA2A , which encodes the adenosine 
A2A receptor in dopamine neurons, and caffeinated cof-
fee consumption  [9] ; however, two much smaller studies 
did not find evidence for such interaction  [10, 11] . In ad-
dition, the PEGASUS study also observed stronger cof-
fee-PD associations among carriers of the CC genotype of 
rs762551 in  CYP1A2  compared with CA or AA carriers 
 [9] , a gene that encodes the cytochrome P450, family 1, 
subfamily A, polypeptide 2, the main caffeine-metaboliz-
ing enzyme.

  Relying on data from a large population-based case–
control study of PD (Parkinson’s Disease in Denmark 

[PASIDA]), here we re-examine interactions of coffee 
consumption with  ADORA2A  and  CYP1A2  polymor-
phisms and also assess whether reliance on prevalent ver-
sus incident PD cases influences results, a distinction that 
may have caused previous study results to disagree  [12] .

  Method 

 The PASIDA study was approved by the Institutional Review 
Boards of the Danish Data Protection Agency and the  Ethics Com-
mittee of Copenhagen. Informed consent was obtained from all 
study participants.

  Study Population 
 The PASIDA study enrolled idiopathic PD patients (ICD-8 342 

and ICD-10 G20) treated at 10 neurological treatment centers and 
identified from the Danish National Hospital Register between 
1996 and mid-2009 with subsequent validation of their diagnoses 
by medical record review. Population controls, free of PD when 
matched cases were diagnosed, were selected from the Danish 
Central Population Registry (individually matched on year of birth 
and gender). Detailed recruitment information was published pre-
viously  [4] . Of 3,700 recruited subjects, 1,575 (87%) PD cases and 
1,607 (85%) controls provided DNA samples (saliva) for genotyp-
ing. We further excluded subjects who were diagnosed with de-
mentia prior to interview, leaving 1,556 PD cases and 1,606 con-
trols for analyses.

  Exposure Assessment and Variable Definition 
 Standardized telephone interviews were conducted between 

2008 and 2010 to obtain participants’ lifetime caffeinated coffee 
consumption history (drip- and instant-coffee) and information 
on other lifestyle factors. Due to the high prevalence (>90%) of caf-
feinated coffee drinking in Denmark, but little tea and caffeinated 
soda consumption during the study period, we omitted the latter 
caffeine sources. We collected lifetime amount and duration of caf-
feinated coffee-drinking, asking participants to report start and 
stop ages and the average number of cups they consumed per day. 
We consider an “ever” coffee drinker someone who consumed at 
least one cup (6 oz) of coffee per week for a year. To obtain the 
amount of caffeine intake, we converted coffee cups per day into 
daily caffeine consumption (mg) using the US Department of 
 Agriculture criteria  [13] . Only consumption before the index date 
contributed to our exposure measures, that is, the date of first mo-
tor symptom recorded on the medical record, or the date of PD 
diagnosis for both cases and their matched controls.

  Genotyping 
 DNA was extracted from saliva using standard protocols. Sam-

ples were genotyped on the QuantStudio TM  12K Flex Real-Time 
PCR System using multiplex Taqman allelic discrimination assays 
(Applied Biosystems) according to the manufacturer’s protocol. 
Each 384-well plate included  ∼ 5% HapMap CEU samples geno-
typed in duplicates across plates to assess genotyping accuracy. To 
control for genotyping quality, we excluded samples with genotyp-
ing efficiency less than 80% and SNPs with low genotyping effi-
ciency (<95%) and accuracy (<99.5%); all 3 SNPs (rs5760423, 
rs762551, and rs2472304) in this study met these criteria.
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  Statistical Analysis 
 We tested for deviation from the Hardy–Weinberg equilibrium 

among controls using Pearson’s chi-square test (all  p   ≥  0.05). We 
broke the matched pairs and conducted unconditional logistic 
 regression analyses adjusting for gender, birth year, and onset/in-
dex age to estimate marginal associations between caffeinated cof-
fee consumption and PD status as well as between the three 
 ADORA2A  or  CYP1A2  polymorphisms and PD status (additive 
genetic model), respectively. We broke the matched sets to avoid 
loss of entire pairs with only one subject when conducting strati-
fied analyses and to increase efficiency since many pairs shared the 
same matching variable values  [4] . However, we compared the 
overall results from conditional with the results from uncondi-
tional logistic regression adjusted for all of the matching variables 
and found them to be identical. Matching variables (i.e., year of 
birth, gender, and onset/index age), potential confounders (i.e., 
any kind of tobacco smoking) and strong predictors of PD (i.e., 
family history) were included in all models. We treated coffee in-
take as a binary variable with light vs. heavy consumption (defined 
as 0 to  ≤ median vs. >median cup-years  [14] ) and also as a con-
tinuous variable (number of cups per day). We further created cat-
egories of caffeine intake in mg per day and years of coffee con-
sumed using category definitions from our previous paper  [15] . 
The Wald test for trend was applied to categorized coffee variables 
testing for a linear relationship with PD. Information about ethnic 
diversity was not available, but based on demographics of the Dan-
ish population provided by Denmark, we are confident that the 
large majority were non-Hispanic Whites  [16] .

  We used multiplicative terms in logistic regression adjusted for 
confounders to assess whether the  ADORA2A  or  CYP1A2  poly-
morphisms modify caffeine-PD associations, and the likelihood 
ratio chi-square tests was used to evaluate statistical significance. 
We also restricted all analyses to incident PD patients and their 
matched controls, that is, those diagnosed close to their date of 
 interview during 2006–2009, to assess whether survival or recall 
bias may have influenced results with prevalent patients. Analyses 
were conducted using SAS version 9.4 (SAS Institute, Inc., Cary, 
NC, USA).

  Lastly, we conducted meta-analyses to aggregate results from 
PASIDA (incident cases only) and non-Hispanic Whites from 
PEGASUS  [9] , based on the type of PD case (i.e., incident), control 
selection (i.e., population-based controls), and ethnicity (i.e., non-
Hispanic Whites) using the metagen package in the R environ-
ment, which allows to fit fixed-effects and random-effects models 
 [17] . In the meta-analysis, results of  ADORA2A  rs5760423 in 
 PASIDA were equated with rs5751876 in PEGASUS because they 
are in high linkage disequilibrium (LD)  [18] ; also, we combined 
our coffee category of “heavy use” with “ever” consumption in 
PEGASUS as well as and “light” consumption in PASIDA with 
“never” in PEGASUS, since less than 10% of PASIDA participants 
reported having never consumed coffee.

  Results 

 Our initial analysis included 3,162 Danish participants 
in the PASIDA study with high-quality genotyping data. 
The average age of PD onset or index age was 61 years for 

all participants ( Table 1 ) and 64 years for incident PD pa-
tients and their matched controls only. Sixty percent of 
participants were male and, compared with population 
controls, PD cases were more likely to have a positive 
family history of PD and smoke less. Ninety-four percent 
of PD cases and 97% of controls were “ever” coffee con-
sumers.

  Heavy coffee drinking in PASIDA is associated with a 
25% lower risk of PD (OR 0.75 [95% CI 0.64–0.88]), and 
each additional cup of coffee consumed per day on aver-
age is associated with a 4% lower PD risk (OR 0.96 [95% 
CI 0.93–0.99]); online suppl. Table S1; for all online suppl. 
material, see www.karger.com/doi/10.1159/000450855); 
inverse coffee-PD associations are estimated for both 
prevalent and incident PD. Of note, the per-cup measure 
of daily coffee consumption was not associated with PD 
among incident cases. OR estimates adjusted solely for 
birth year, gender, and onset/index age did not substan-
tially differ from estimates further adjusted for “ever” 
smoking and PD family history. Finally, marginal associa-
tions of  ADORA2A  rs5760423 as well as of  CYP1A2  
rs762551 and rs2472304 (in LD with rs762551:  r  2  = 0.87, 
D’ = 0.99) with PD status (incident and prevalent) were 
null (online suppl. Table S2).

  Interaction analyses based on all subjects did not show 
statistically and significantly varying effects of caffeine 
across genotypes of  ADORA2A  or  CYP1A2  polymor-
phisms, respectively ( Table 2 ). However, there appeared 
to be a trend in coffee-PD effect estimates across 
 ADORA2A  rs5760423 genotypes: the OR for PD among 
heavy coffee drinkers, relative to light coffee drinkers, was 
0.81 (95% CI 0.62–1.05) for GG carriers compared with 
0.68 (95% CI 0.55–0.86) for GT and 0.54 (95% CI 0.37–
0.78) for TT carriers (OR interaction = 0.85 [95% CI 0.68–
1.06],  p  for interaction = 0.14). Further adjustment for 
smoking and PD family history did not change results 
(data not shown). When we restricted our analyses to in-
cident PD only, we observed a statistically significant in-
teraction for the  ADORA2A  rs5760423 and heavy coffee 
drinking (OR interaction = 0.66 [95% CI 0.46–0.94],  p  for 
interaction = 0.02): the OR for drinking coffee in GG car-
riers was 1.10 (95% CI 0.72–1.68), 0.63 (95% CI 0.44–
0.92) for GT, and 0.58 (95% CI 0.30–1.09) for TT carriers. 
When the duration of caffeine intake was removed 
from the caffeine measure, the interaction of  ADORA2A  
polymorphism and coffee was not statistically significant 
( p  for interaction = 0.28 in cup/day for all cases, and  p  = 
0.55 for incident cases, respectively). There was no evi-
dence for association measure modification for  CYP1A2  
rs762551 and rs2472304 ( p  for interaction = 0.45 and 



 Coffee,  ADORA2A  and  CYP1A2  
Interaction in PD 

Neuroepidemiology 2016;47:192–200
DOI: 10.1159/000450855

195

T
a

b
le

 1
.  C

ha
ra

ct
er

ist
ic

s o
f s

tu
dy

 p
ar

tic
ip

an
ts 

(n
 =

 3
,1

62
)

A
ll

In
ci

de
nt

 ca
se

s o
nl

y
 Pr

ev
al

en
t c

as
es

 o
nl

y

ca
se

s (
n 

= 
1,

55
6)

co
nt

ro
ls 

(n
 =

 1
,6

06
)

ca
se

s (
n 

= 
55

4)
co

nt
ro

ls 
(n

 =
 5

66
)

 ca
se

s (
n 

= 
1,

00
2)

co
nt

ro
ls 

(n
 =

 1
,0

40
)

O
ns

et
/in

de
x 

ag
e, 

m
ea

n 
± 

SD
a

61
.1

±9
.5

61
.3

±9
.7

64
.3

±8
.7

64
.3

±8
.8

59
.7

±9
.7

60
.1

±9
.9

M
al

e, 
%

93
2 

(5
9.

9)
97

5 
(6

0.
7)

33
5 

(6
0.

5)
35

7 
(6

3.
1)

59
7 

(5
9.

6)
61

8 
(5

9.
4)

Ev
er

 sm
ok

in
g,

 %
77

5 
(4

9.
9)

1,
02

6 
(6

4.
2)

27
1 

(4
9.

2)
34

9 
(6

2.
2)

50
4 

(5
0.

4)
67

7 
(6

5.
3)

Pa
ck

ye
ar

s o
f c

ig
ar

et
te

 sm
ok

in
g 

(S
D

)
7.

0 
(1

3.
3)

11
.3

 (1
6.

3)
8.

0 
(1

4.
7)

11
.0

 (1
6.

8)
6.

5 
(1

2.
3)

11
.5

 (1
6.

0)
Fa

m
ily

 h
ist

or
y 

of
 P

D
, %

21
1 

(1
3.

6)
89

 (5
.5

)
74

 (1
3.

36
)

28
 (5

.0
)

13
7 

(1
3.

7)
61

 (5
.9

)

Ca
ffe

in
at

ed
 co

ffe
e c

on
su

m
pt

io
n

Cu
p 

pe
r d

ay
b , %

N
ev

er
85

 (6
.4

)
43

 (3
.0

)
25

 (5
.2

)
18

 (3
.5

)
60

 (7
.1

)
25

 (2
.7

)
1

11
1 

(8
.4

)
79

 (5
.5

)
36

 (7
.5

)
23

 (4
.5

)
75

 (8
.9

)
56

 (6
.1

)
2

24
4 

(1
8.

4)
24

3 
(1

7.
0)

77
 (1

6.
0)

71
 (1

3.
8)

16
7 

(1
9.

8)
17

2 
(1

8.
8)

≥3
88

4 
(6

6.
8)

1,
06

4 
(7

4.
5)

34
2 

(7
1.

3)
40

3 
(7

8.
3)

54
2 

(6
4.

2)
66

1 
(7

2.
3)

M
ea

n 
± 

SD
3.

9±
3.

1
4.

4±
2.

8
4.

2±
2.

9
4.

5±
2.

6
3.

8±
3.

3
4.

4±
2.

9
Cu

p-
ye

ar
sb , %

Li
gh

t (
0,

 ≤
m

ed
ia

n)
80

6 
(6

0.
9)

74
6 

(5
2.

2)
25

3 
(5

2.
7)

23
6 

(4
5.

8)
55

3 
(6

5.
5)

51
0 

(5
5.

8)
H

ea
vy

 (>
m

ed
ia

n)
51

8 
(3

9.
1)

68
3 

(4
7.

8)
22

7 
(4

7.
3)

27
9 

(5
4.

2)
29

1 
(3

4.
5)

40
4 

(4
4.

2)
Ca

ffe
in

e, 
m

g/
da

y,
 m

ed
ia

n 
(q

ua
rt

ile
)b , %

0–
25

42
9 

(3
2.

4)
35

7 
(2

4.
9)

13
6 

(2
8.

3)
10

8 
(2

1.
0)

29
3 

(3
4.

7)
24

9 
(2

7.
2)

>2
5–

50
43

0 
(3

2.
5)

44
5 

(3
1.

1)
15

4 
(3

2.
1)

17
1 

(3
3.

2)
27

6 
(3

2.
7)

27
4 

(3
0.

0)
>5

0–
75

20
4 

(1
5.

4)
26

9 
(1

8.
8)

73
 (1

5.
2)

95
 (1

8.
4)

13
1 

(1
5.

5)
17

4 
(1

9.
1)

>7
5–

10
0

26
1 

(1
9.

7)
35

8 
(2

5.
1)

11
7 

(2
4.

4)
14

1 
(2

7.
4)

14
4 

(1
7.

1)
21

7 
(2

3.
7)

Ye
ar

s o
f c

of
fe

e d
rin

ki
ng

b , %
0–

37
51

9 
(3

8.
9)

46
7 

(3
2.

5)
15

5 
(3

2.
2)

12
3 

(2
3.

8)
36

4 
(4

2.
8)

34
4 

(3
7.

4)
>3

7–
45

31
1 

(2
3.

4)
35

2 
(2

4.
5)

11
1 

(2
3.

1)
13

1 
(2

5.
4)

20
0 

(2
3.

5)
22

1 
(2

4.
0)

>4
5–

53
30

1 
(2

2.
6)

35
4 

(2
4.

6)
12

4 
(2

5.
8)

14
2 

(2
7.

5)
17

7 
(2

0.
8)

21
2 

(2
3.

0)
>5

3
20

1 
(1

5.
1)

26
4 

(1
8.

4)
91

 (1
8.

9)
12

0 
(2

3.
3)

11
0 

(1
2.

9)
14

4 
(1

5.
6)

Po
ly

m
or

ph
ism

s
A

D
O

RA
2A

 rs
57

60
42

3c , %
G

G
53

4 
(3

4.
5)

53
3 

(3
3.

3)
20

1 
(3

6.
4)

19
3 

(3
4.

2)
33

3 
(3

3.
4)

34
0 

(3
2.

9)
G

T
73

5 
(4

7.
5)

78
1 

(4
8.

9)
25

5 
(4

6.
2)

27
0 

(4
7.

8)
48

0 
(4

8.
2)

51
1 

(4
9.

5)
TT

27
9 

(1
8.

0)
28

4 
(1

7.
8)

96
 (1

7.
4)

10
2 

(1
8.

0)
18

3 
(1

8.
4)

18
2 

(1
7.

6)
CY

P1
A

2 
rs

76
25

51
c , %

A
A

87
4 

(5
6.

3)
87

3 
(5

4.
7)

31
2 

(5
6.

4)
32

2 
(5

7.
4)

56
2 

(5
6.

2)
55

1 
(5

3.
3)

CA
56

3 
(3

6.
3)

60
7 

(3
8.

1)
20

5 
(3

7.
1)

20
2 

(3
6.

0)
35

8 
(3

5.
8)

40
5 

(3
9.

2)
CC

11
6 

(7
.4

)
11

5 
(7

.2
)

36
 (6

.5
)

37
 (6

.6
)

80
 (8

.0
)

78
 (7

.5
)

CY
P1

A
2 

rs
24

72
30

4c , %
A

A
75

0 
(4

8.
4)

75
0 

(4
6.

8)
26

0 
(4

7.
1)

28
3 

(5
0.

3)
49

0 
(4

9.
1)

46
6 

(4
4.

9)
G

A
63

0 
(4

0.
7)

68
1 

(4
2.

5)
23

4 
(4

2.
4)

22
9 

(4
0.

7)
39

6 
(3

9.
7)

45
2 

(4
3.

5)
G

G
16

9 
(1

0.
9)

17
1 

(1
0.

7)
 

58
 (1

0.
5)

51
 (9

.0
)

 
11

1 
(1

1.
2)

12
0 

(1
1.

6)

 A
ge

 ra
ng

e a
t i

nt
er

vi
ew

: c
as

es
 3

9–
86

 y
ea

rs
, c

on
tr

ol
s 3

9–
88

 y
ea

rs
. A

ge
 at

 P
D

 o
ns

et
: 2

8–
83

 y
ea

rs
; a

ge
 at

 d
ia

gn
os

is:
 3

3–
83

 y
ea

rs
.

a  A
ge

 at
 th

e d
at

e o
f f

irs
t m

ot
or

 sy
m

pt
om

s r
ec

or
de

d 
on

 m
ed

ic
al

 re
co

rd
.

b  M
iss

in
g 

in
fo

rm
at

io
n:

 sm
ok

in
g 

(n
 =

 1
3)

, p
ac

ky
ea

r (
n 

= 
41

6)
, c

of
fe

e c
up

/d
ay

 (n
 =

 4
09

), 
cu

p-
ye

ar
s (

n 
= 

40
9)

, c
af

fe
in

e m
g/

da
y 

(n
 =

 4
09

), 
ye

ar
s o

f c
of

fe
e d

rin
ki

ng
 (n

 =
 3

93
); 

m
ed

ia
n 

va
lu

e w
as

 
de

te
rm

in
ed

 b
as

ed
 o

n 
co

nt
ro

ls 
(e

xc
lu

di
ng

 n
on

-d
rin

ke
rs

 [1
4]

).
c  G

en
ot

yp
in

g 
fa

ilu
re

s: 
rs

57
60

42
3 

(n
 =

 1
6)

, r
s7

62
55

1 
(n

 =
 1

4)
, r

s2
47

23
04

 (n
 =

 1
2)

.



 Chuang/Lill/Lee/Hansen/Lassen/Bertram/
Greene/Sinsheimer/Ritz 

Neuroepidemiology 2016;47:192–200
DOI: 10.1159/000450855

196

T
a

b
le

 2
. A

dj
us

te
d 

O
Rs

 an
d 

95
%

 C
Is

 fo
r c

af
fe

in
at

ed
 co

ffe
e c

on
su

m
pt

io
n 

an
d 

PD
 in

 P
A

SI
D

A
, b

y 
AD

O
RA

2A
 an

d 
CY

P1
A2

 g
en

ot
yp

es

C
af

fe
in

at
ed

 c
of

fe
e

H
om

oz
yg

ou
s m

aj
or

H
et

er
oz

yg
ou

s
 H

om
oz

yg
ou

s m
in

or
O

R 
in

te
ra

ct
io

n 
(9

5%
 C

I)
p va

lu
e

ca
se

s
co

nt
ro

ls
cO

R
95

%
 C

I
ca

se
s

co
nt

ro
ls

cO
R

95
%

 C
I

ca
se

s
co

nt
ro

ls
cO

R
95

%
 C

I

In
cid

en
t a

nd
 p

re
va

len
t c

as
es

: 1
,3

24
 ca

se
s, 

1,
42

9 
co

nt
ro

lsa

AD
O

RA
2A

 rs
57

60
42

3
C

up
s/

da
y,

 m
ea

n 
± 

SD
b

4.
1±

2.
7

4.
5±

2.
8

0.
94

0.
90

–0
.9

9
4.

2±
2.

9
4.

6±
2.

8
0.

95
0.

91
–0

.9
9

4.
4±

4.
1

4.
6±

2.
6

0.
98

0.
92

–1
.0

4
1.

02
 (0

.9
8–

1.
06

)
0.

28
Li

gh
t (

0,
 ≤

m
ed

ia
n 

cu
p-

ye
ar

s)
27

6
26

2
1

38
3

36
2

1
14

3
11

8
1

H
ea

vy
 (>

m
ed

ia
n 

cu
p-

ye
ar

s)
17

9
21

3
0.

81
0.

62
–1

.0
5

24
4

33
4

0.
68

0.
55

–0
.8

6
91

13
2

0.
54

0.
37

–0
.7

8
0.

85
 (0

.6
8–

1.
06

)
0.

14
CY

P1
A2

 rs
76

25
51

C
up

s/
da

y,
 m

ea
n 

± 
SD

b
4.

3±
2.

9
4.

6±
2.

8
0.

96
0.

93
–1

.0
0

4.
2±

3.
5

4.
6±

2.
7

0.
96

0.
92

–1
.0

0
3.

7±
2.

3
4.

1±
2.

7
0.

91
0.

81
–1

.0
3

0.
99

 (0
.9

4–
1.

03
)

0.
62

Li
gh

t (
0,

 ≤
m

ed
ia

n 
cu

p-
ye

ar
s)

44
4

40
4

1
29

9
28

3
1

61
54

1
H

ea
vy

 (>
m

ed
ia

n 
cu

p-
ye

ar
s)

30
6

37
5

0.
74

0.
60

–0
.9

1
17

5
25

3
0.

65
0.

50
–0

.8
4

36
49

0.
58

0.
32

–1
.0

5
0.

91
 (0

.7
1–

1.
16

)
0.

45
CY

P1
A2

 rs
24

72
30

4
C

up
s/

da
y,

 m
ea

n 
± 

SD
b

4.
3±

2.
9

4.
6±

2.
8

0.
96

0.
92

–1
.0

0
4.

2±
3.

5
4.

5±
2.

7
0.

96
0.

93
–1

.0
0

3.
9±

2.
4

4.
3±

2.
7

0.
93

0.
84

–1
.0

2
1.

00
 (0

.9
5–

1.
04

)
0.

85
Li

gh
t (

0,
 ≤

m
ed

ia
n 

cu
p-

ye
ar

s)
38

2
33

9
1

33
3

31
7

1
85

87
1

H
ea

vy
 (>

m
ed

ia
n 

cu
p-

ye
ar

s)
26

6
32

8
0.

71
0.

57
–0

.8
9

19
7

28
7

0.
66

0.
52

–0
.8

4
54

67
0.

77
0.

47
–1

.2
5

1.
01

 (0
.8

0–
1/

27
)

0.
93

In
cid

en
t c

as
es

 o
nl

y:
 4

80
 ca

se
s, 

51
5 

co
nt

ro
lsa

AD
O

RA
2A

 rs
57

60
42

3
C

up
s/

da
y,

 m
ea

n 
± 

SD
b

4.
6±

2.
7

4.
6±

2.
9

0.
99

0.
92

–1
.0

7
4.

4±
3.

1
4.

6±
2.

3
0.

97
0.

91
–1

.0
5

4.
2±

2.
3

4.
5±

2.
2

0.
93

0.
81

–1
.0

8
0.

98
 (0

.9
1–

1.
05

)
0.

55
Li

gh
t (

0,
 ≤

m
ed

ia
n 

cu
p-

ye
ar

s)
83

91
1

12
7

11
0

1
42

35
1

H
ea

vy
 (>

m
ed

ia
n 

cu
p-

ye
ar

s)
94

90
1.

10
0.

72
–1

.6
8

95
13

1
0.

63
0.

44
–0

.9
2

37
57

0.
58

0.
30

–1
.0

9
0.

66
 (0

.4
6–

0.
94

)
0.

02
CY

P1
A2

 rs
76

25
51

C
up

s/
da

y,
 m

ea
n 

± 
SD

b
4.

6±
2.

9
4.

5±
2.

5
1.

01
0.

94
–1

.0
7

4.
5±

2.
8

4.
8±

2.
6

0.
95

0.
88

–1
.0

4
3.

3±
1.

8
3.

7±
1.

9
0.

84
0.

62
–1

.1
4

0.
95

 (0
.8

7–
1.

03
)

0.
20

Li
gh

t (
0,

 ≤
m

ed
ia

n 
cu

p-
ye

ar
s)

14
4

13
2

1
91

84
1

17
19

1
H

ea
vy

 (>
m

ed
ia

n 
cu

p-
ye

ar
s)

13
3

15
6

0.
79

0.
57

–1
.1

1
80

10
4

0.
72

0.
47

–1
.1

0
14

15
0.

73
0.

25
–2

.1
2

1.
03

 (0
.6

9–
1.

54
)

0.
89

CY
P1

A2
 rs

24
72

30
4

C
up

s/
da

y,
 m

ea
n 

± 
SD

b
4.

6±
3.

0
4.

6±
2.

6
1.

00
0.

94
–1

.0
7

4.
4±

2.
8

4.
7±

2.
5

0.
97

0.
90

–1
.0

5
3.

7±
2.

0
4.

3±
2.

5
0.

84
0.

69
–1

.0
3

0.
95

 (0
.8

8–
1.

03
)

0.
21

Li
gh

t (
0,

 ≤
m

ed
ia

n 
cu

p-
ye

ar
s)

11
8

10
9

1
11

0
98

1
24

27
1

H
ea

vy
 (>

m
ed

ia
n 

cu
p-

ye
ar

s)
11

6
14

2
0.

76
0.

53
–1

.1
0

86
11

5
0.

68
0.

46
–1

.0
1

24
21

1.
04

0.
44

–2
.4

8
1.

12
 (0

.7
7–

1.
65

)
0.

54

Pr
ev

al
en

t c
as

es
 o

nl
y:

 8
44

 ca
se

s, 
91

4 
co

nt
ro

lsa

AD
O

RA
2A

 rs
57

60
42

3
C

up
s/

da
y,

 m
ea

n 
± 

SD
b

3.
8±

2.
6

4.
4±

2.
7

0.
90

0.
85

–0
.9

7
4.

0±
2.

7
4.

6±
3.

0
0.

94
0.

89
–0

.9
9

4.
5±

4.
9

4.
6±

2.
8

0.
99

0.
93

–1
.0

5
1.

05
 (1

.0
0–

1.
09

)
0.

05
Li

gh
t (

0,
 ≤

m
ed

ia
n 

cu
p-

ye
ar

s)
19

3
17

1
1

22
3

21
9

1
61

60
1

H
ea

vy
 (>

m
ed

ia
n 

cu
p-

ye
ar

s)
85

12
3

0.
63

0.
45

–0
.9

0
11

1
17

2
0.

71
0.

53
–0

.9
5

30
46

0.
53

0.
33

–0
.8

6
1.

01
 (0

.7
6–

1.
34

)
0.

94
CY

P1
A2

 rs
76

25
51

C
up

s/
da

y,
 m

ea
n 

± 
SD

b
4.

1±
2.

8
4.

6±
3.

0
0.

94
0.

89
–0

.9
8

4.
1±

3.
8

4.
4±

2.
8

0.
96

0.
91

–1
.0

2
3.

8±
2.

5
4.

3±
3.

0
0.

93
0.

81
–1

.0
6

1.
01

 (0
.9

6–
1.

07
)

0.
73

Li
gh

t (
0,

 ≤
m

ed
ia

n 
cu

p-
ye

ar
s)

30
0

27
2

1
20

8
19

9
1

44
35

1
H

ea
vy

 (>
m

ed
ia

n 
cu

p-
ye

ar
s)

17
3

21
9

0.
71

0.
54

–0
.9

3
95

14
9

0.
62

0.
44

–0
.8

6
22

34
0.

49
0.

24
–1

.0
1

0.
85

 (0
.6

3–
1.

16
)

0.
31

CY
P1

A2
 rs

24
72

30
4

C
up

s/
da

y,
 m

ea
n 

± 
SD

b
4.

1±
2.

8
4.

6±
3.

0
0.

93
0.

88
–0

.9
8

4.
1±

3.
8

4.
5±

2.
8

0.
96

0.
92

–1
.0

1
4.

0±
2.

5
4.

3±
2.

9
0.

95
0.

86
–1

.0
7

1.
01

 (0
.9

7–
1.

07
)

0.
48

Li
gh

t (
0,

 ≤
m

ed
ia

n 
cu

p-
ye

ar
s)

26
4

23
0

1
22

3
21

9
1

61
60

1
H

ea
vy

 (>
m

ed
ia

n 
cu

p-
ye

ar
s)

15
0

18
6

0.
68

0.
51

–0
.9

1
11

1
17

2
0.

65
0.

48
–0

.8
9

30
46

0.
63

0.
35

–1
.1

5
0.

94
 (0

.7
0–

1.
25

)
0.

66

 cO
R,

 “c
ru

de
” O

R,
 th

at
 is

, a
dj

us
te

d 
on

ly
 fo

r t
he

 co
va

ria
te

s y
ea

r o
f b

irt
h,

 g
en

de
r, 

an
d 

on
se

t/i
nd

ex
 a

ge
 (c

on
tin

uo
us

); 
p 

fo
r i

nt
er

ac
tio

n 
(c

of
fe

e*geno
ty

pe
) b

as
ed

 o
n 

ch
i-s

qu
ar

e t
es

t w
ith

 d
f =

 
1 

(a
dd

iti
ve

 g
en

et
ic

 m
od

el
).

a  S
ub

je
ct

s w
ith

 m
iss

in
g 

co
ffe

e 
in

fo
rm

at
io

n 
or

 S
N

P 
da

ta
 w

er
e 

ex
cl

ud
ed

.
b  C

of
fe

e 
no

n-
dr

in
ke

rs
 w

er
e 

ex
cl

ud
ed

 [9
].



 Coffee,  ADORA2A  and  CYP1A2  
Interaction in PD 

Neuroepidemiology 2016;47:192–200
DOI: 10.1159/000450855

197

0.93, respectively). Similarly, restricting to incident cases 
only did not reveal statistically significant interactions for 
CYP1A2 SNPs. No interactions were found in prevalent 
case analyses. Results of interaction analyses using other 
coffee measures, daily intake of caffeine and years of cof-
fee drinking are presented in online supplemental Table 
S3. We did not observe evidence for effect-measure mod-
ification with these measures and the SNPs we investi-
gated.

  Our meta-analytic results for coffee-PD associations 
did not differ much when we used random-effects versus 
fixed-effects models ( Table  3 ; online suppl. Table S4). 
Based on random effects models, the  ADORA2A  gene 
polymorphisms and daily coffee consumption association 
for PD was strongest among rs5760423 TT carriers, OR 
0.77 (95% CI 0.51–1.16), compared with GT and GG car-
riers (OR 0.96 [95% CI 0.90–1.02] and 0.97 [95% CI 0.91–
1.03], respectively). We saw similar patterns for   CYP1A2  
polymorphisms in both rs762551 and rs24702304, that is, 
the coffee-PD associations were strongest among homo-
zygotes for the variant alleles (OR 0.86 [95% CI 0.69–1.08] 
for rs762551 CC carriers and 0.84 [95% CI 0.71–0.99] for 
rs24702304 GG carriers;  Fig. 1 ).

  Discussion 

 We conducted analyses of gene-environment interac-
tions in a Danish case–control study of PD. Our study 
follows up on the results from a previous consortium 

study (PEGASUS) with an equally large sample size. 
When we include both prevalent and incident PD cases 
in our analysis, we found no evidence for interactions 
with  ADORA2A/CYP1A2  polymorphisms. However, 
when we restricted analyses to incident cases only, we ob-
served interactions between the  ADORA2A  polymor-
phism and coffee drinking. This difference in results sug-
gests that survival or recall bias may affect studies that rely 
on or include prevalent PD cases. Moreover, when we 
combined our results for incident cases with the  PEGASUS 
incident cases of European ancestry in a meta-analytical 
approach, both  ADORA2A  and  CYP1A2  polymorphisms 
modified coffee-PD associations, although the  CYP1A2  
interaction was solely due to the influence of the  PEGASUS 
study.

  Our PASIDA findings are mostly consistent with those 
published by the PEGASUS consortium, which previous-
ly reported ORs for PD risk of each additional cup of cof-
fee consumed per day among coffee drinkers as 0.93 (95% 
CI 0.84–1.03) and 0.92 (95% CI 0.81–1.04) for CC or CT 
carriers of  ADORA2A  rs5751876, respectively, and 0.61 
(95% CI 0.46–0.81) for TT carriers ( p  for interaction = 
0.01) in non-Hispanic Whites  [9] . Yet, two smaller stud-
ies did not find statistically significant interactions for 
 ADORA2A  polymorphisms and coffee in PD  [10, 11] . 
One study was conducted in a mixed-race population that 
did not find the expected inverse main effect for coffee 
consumption on PD, possibly because sibling controls 
were used  [10] . Sibling controls are likely too similar to 
cases in terms of coffee consumption, making it hard to 

Table 3.  Adjusted ORs and 95% CIs for the association between caffeinated coffee consumption and PD in the PEGASUS and PASIDA 
studies, by ADORA2A and CYP1A2 genotypes: meta-analytic results using random-effect models

Caffeinated coffee  Homozygous major Heterozygous Homozygous minor

ORa 95 % CI ORa 95% CI ORa 95% CI

ADORA2A rs5751876 in PEGASUS (LD with rs5760423 in PASIDA) 
Cups/day, mean ± SD 0.97 0.91–1.03 0.96 0.90–1.02 0.77 0.51–1.16
Ever vs. never* 0.85 0.53–1.36 0.66 0.51–0.84 0.65 0.43–0.98

CYP1A2 rs762551
Cups/day, mean ± SD 0.94 0.82–1.09 0.94 0.88–1.00 0.86 0.69–1.08
Ever vs. never* 0.70 0.55–0.89 0.83 0.64–1.08 0.43 0.17–1.10

CYP1A2 rs2472304
Cups/day, mean ± SD 0.99 0.93–1.04 0.88 0.72–1.08 0.84 0.71–0.99
Ever vs. never* 0.75 0.58–0.95 0.71 0.55–0.91 0.67 0.30–1.48 * Heavy vs. light coffee consumption in the PASIDA study. 
a Adjusted for age, gender and site in PEGASUS; adjusted for the covariates year of birth, gender, and onset/index age (continuous) 

in PASIDA.
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estimate effects of coffee consumption on PD risk. The 
second null result was reported for an Asian population 
with a low average coffee consumption (2.9 in cases vs. 
4.7 in controls  [11]  cup-years compared with 161.3 vs. 
186.5 cup-years in PASIDA), such that the exposure lev-
els and contrasts were likely insufficient.

  Animal studies have shown that administration of caf-
feine or other adenosine A2A receptor antagonists before 
dosing the animal with the neurotoxin 1-methyl-4-phe-
nyl-1,2,3,6-tetrahydropyridine reduces loss of dopamine 
and dopaminergic neurons, suggesting that caffeine re-
duces PD risk by deactivating the A2A receptors  [19, 20] . 
Also, the  ADORA2A  rs3032740 variant (in LD with 
rs5751876) has been shown to reduce protein expression 
 [21] , and thus may result in reduced A2A receptor func-
tion that together with further inhibition through coffee 
consumption may exert protective effects  [9] . We would 
thus expect the inverse coffee-PD association to be the 
strongest in those with a TT genotype in  ADORA2A  
rs5760423 (in LD with rs5751876). Adenosine A2A re-
ceptors have also become the latest target for non-dopa-
minergic therapies in PD based on their interaction with 
dopamine D 2  receptors in striatopallidal neurons  [22, 23] .

  Cytochrome P450 1A2 is the main caffeine-metaboliz-
ing enzyme that converts over 90% of caffeine in the liv-
er to paraxanthine, and its activity depends on age, gen-

der, smoking, and  CYP1A2  polymorphisms  [24–26] . 
Thus, we would expect neuroprotection due to caffeine 
to be stronger in slow metabolizers who carry the variant 
alleles we investigated. The PEGASUS consortium pool-
ing incident case–control studies ( n  = 3,060), found evi-
dence for coffee- CYP1A2  interactions with inverse PD 
associations for coffee drinking being strongest in CC 
genotype carriers at rs762551 and GG genotype carriers 
at rs2472304  [9] . The NeuroGenetic Research Consor-
tium ( n  = 2,389) did not find interactions with  CYP1A2  
but included prevalent cases and some studies used spou-
sal controls  [12] .

  Previously, concerns were raised that confounding by 
population structure in PEGASUS produced spurious re-
sults  [12, 27]  since allele frequencies for  CYP1A2  SNPs 
vary strongly across ethnicities and in PEGASUS the cof-
fee- CYP1A2  interactions did not reach statistical signifi-
cance in non-Hispanic Whites alone  [9] . However, com-
bining PEGASUS and PASIDA non-Hispanic Whites, our 
meta-analysis produced a decreasing trend across   CYP1A2  
rs762551 genotypes (green/middle line;  Fig. 1 b) and sug-
gested an interaction with cups per day of consumption. 
Interestingly, “ever” (vs. “never”) coffee consumption 
produced an inverted-U shape for the  CYP1A2  rs762551 
polymorphisms, but “ever (vs. “never”) coffee consump-
tion is a poor measure of average caffeine intake ( Table 3 ).

  Fig. 1.   a–c  ORs for cups of coffee consumed per day and PD across  ADORA2A/CYP1A2  gene polymorphisms. 
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  Smoking is positively associated with coffee drinking 
and negatively with PD risk, which we have previously 
interpreted as a consequence of pre-motor prodromal PD 
 [3] . Moreover, a study reported that the metabolic activ-
ity did not differ between AC or CC and AA carriers at 
rs762551 in non-smokers suggesting that  CYP1A2  geno-
types may influence enzyme activity only in smokers  [26] . 
In our study, adjustment for smoking did not change the 
interaction estimates for either of the  CYP1A2  SNPs. 
Complicating the matter further, both caffeine and its 
CYP1A2 metabolite paraxanthine may non-selectively 
bind to adenosine receptor and act as a neuroprotector 
diminishing somewhat the potential importance of 
 CYP1A2 enzyme activity  [8] . The average Danish study 
participants drank as much as 4 cups per day over 40 years 
implying that levels of caffeine and its metabolites might 
be chronically higher than in other populations consum-
ing less coffee possibly rendering the contributions of the 
metabolizing enzyme less important.

  Our study has several strengths. We have a large sam-
ple size with a homogenous ancestry; we selected popula-
tion controls from Danish registers, assessed confound-
ing (including smoking) extensively, and were able to dis-
tinguish between incident and prevalent cases. High 
coffee consumption in Denmark allowed us to assess 
dose-response relationships for coffee and PD with great 
statistical power and since we collected detailed informa-
tion on lifetime coffee consumption, we were able to de-
fine exposures in various ways.

  Limitations to this study are that very few (<10%) par-
ticipants reported not drinking coffee such that CYP1A2 
enzyme activity may not affect caffeine levels in the blood 
more than minimally making it hard to assess the influ-
ence of  CYP1A2  polymorphisms. PD-prevalent cases 
tend to have more memory loss, and therefore lifetime 
coffee consumption could be misreported or reflect 
changes in drinking habits after diagnosis such as due to 
sleep problems common in PD patients. Also, recall 
might also be impaired in all cases and controls as the 
population was on average 68 years of age at the time of 
interview, which could cause non-differential exposure 
misclassification.

  In conclusion, our study corroborates previous find-
ings that interactions between  ADORA2A  rs5760423, 
 CYP1A2  rs762551 and rs2472304 variants and coffee 
consumption affect PD risk. However, since our study 
only found interaction between  ADORA2A  rs5760423 
and coffee for a measure of “total cup-years of coffee con-
sumed” but not “average number of coffee cups per day,” 
which is a measure used in the previous study, we cannot 

exclude the possibility that reverse causation contributed 
to these results. The lack of a cup-per-day association 
may, however, also be explained by the generally very 
high coffee consumption levels among Danes, that is, that 
few Danes consumed so little coffee that each additional 
cup would make a difference  [9] . Therefore, additional 
data and studies are still needed in support of the hypoth-
esis that a biological effect of caffeine protects against PD.
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