Supplementary table 1. Interaction between GRIN2A SNP rs4998386 genotype and total caffeine intake on the risk of PD in the NHS, HPFS, and CPS-IIN
	
	
	GRIN2A SNP genotype
	RRs (95% CI) for genotype within strata
of caffeine

	
	
	CT/TT
	CC
	

	
	
	N cases/controls
	OR (95% CI)
	N cases/controls
	OR (95% CI)
	

	Caffeine level
	Low
	94/258
	1.0 (REF)
	385/1,117
	0.92 (0.70, 1.21)
P=0.55
	0.92 (0.70, 1.21)
P=0.55

	
	High
	78/266
	0.91 (0.63, 1.30)
P=0.60
	272/1,113
	0.74 (0.56, 0.99)
P=0.04
	0.82 (0.61, 1.10)
P=0.18

	RRs (95% CI) for caffeine within strata of genotype
	
	0.91 (0.63, 1.30)
P=0.60
	
	0.81 (0.67, 0.97)
P=0.02
	

	Measure of interaction on additive scale:
	
	

	      RERI (95% CI)
	-0.13 (-0.63, 0.37)
	P=0.61

	      AP (95% CI)
	-0.10 (-0.48, 0.29)
	P=0.62

	Measure of interaction on multiplicative scale: Ratio of RRs (95% CI)
	
	

	      High/low caffeine*GRIN2A
	0.89 (0.59, 1.33)
	P= 0.57

	      Per 100 mg/day*GRIN2A
	0.92 (0.82, 1.03)
	P= 0.13

	RRs are adjusted for matching factors only (i.e., year of birth, race/ethnicity, date of blood collection and source of DNA (blood vs. buccal cells).



[bookmark: _Toc480298582]Supplementary table 2. Interaction between GRIN2A SNP rs4998386 genotype and total caffeine intake in tertiles on the risk of PD in the NHS, HPFS, and CPS-IIN
	
	
	Caffeine tertiles
	RRs (95% CI) for 2nd tertile of caffeine intake within strata
of genotype
	RRs (95% CI) for 3rd  tertile of caffeine intake within strata
of genotype

	
	
	1
	2
	3
	
	

	
	
	N cases/
controls
	OR (95%  CI)
	N cases/
controls
	OR (95% CI)
	N cases/
controls
	OR (95% CI)
	
	

	GRIN2A SNP genotype
	CT/TT
	70/159
	1.0 (REF)
	48/185
	0.75 (0.48, 1.17)
P= 0.20
	54/180
	0.82 (0.53, 1.26)
P=0.36

	0.75 (0.48, 1.17)
P= 0.20

	0.82 (0.53, 1.26)
P=0.36

	
	CC
	292/748
	0.91 (0.65, 1.27)
P=0.58
	198/730
	0.70 (0.50, 0.99)
P=0.05
	167/752
	0.60 (0.42, 0.86)
P <0.01
	0.77 (0.62, 0.96)
P=0.02
	0.66 (0.52, 0.83)
P <0.001

	RRs (95% CI) for genotype within strata caffeine
	
	0.91 (0.65, 1.27)
P=0.58
	
	0.94 (0.65, 1.36)
P=0.75
	
	0.74 (0.51, 1.06)
P=0.10
	
	

	Measure of interaction on additive scale:
	
	
	
	

	RERI (95% CI)
	2 vs. 1: -0.26 (-1.16, 0.64); p=0.57
	3 vs. 1: -0.21 (-1.02, 0.60); p=0.61
	
	

	AP (95% CI)
	2 vs. 1: -0.21 (-0.76, 0.34); p=0.46
	3 vs. 1: -0.12 (-0.57, 0.32); p=0.59
	
	

	Measure of interaction on multiplicative scale
 (95% CI)
	2 vs. 1: 1.04 (0.63, 1.70); 
p= 0.89
	3 vs. 1: 0.81 (0.50, 1.33); p=0.40
	
	

	RRs are adjusted for matching factors only (i.e., year of birth, race/ethnicity, date of blood collection and source of DNA (blood vs. buccal cells).





	[bookmark: _Toc480298585]Supplementary table 3a. Interaction between GRIN2A SNP rs4998386 genotype and total caffeine intake on the risk of PD in the NHS, adjusting for matching factors only


	
	
	GRIN2A SNP genotype
	RRs (95% CI) for genotype within strata
of caffeine

	
	
	CT/TT
	CC
	

	
	
	N cases/controls
	RRs (95% CI)
	N cases/controls
	RRs (95% CI)
	

	Caffeine level
	Low
	42/144
	1.0 (REF)
	152/541
	0.87 (0.60, 1.26)
P=0.46
	0.87 (0.60, 1.26)
P= 0.46

	
	High
	37/139
	0.92 (0.57, 1.47)
P=0.72
	114/555
	0.70 (0.48, 1.02)
P=0.06
	0.76 (0.51, 1.13)
P=0.17

	RRs (95% CI) for caffeine within strata of genotype
	
	0.92 (0.57, 1.47)
P=0.72 
	
	0.80 (0.62, 1.04)
P=0.09
	

	Measure of interaction on additive scale:
	
	

	      RERI (95% CI)
	 -0.11 (-0.83, 0.60)
	P = 0.76

	      AP (95% CI)
	-0.08 (-0.59, 0.43)
	P = 0.76

	Measure of interaction on multiplicative scale (95% CI)
	
	

	      High/low caffeine*GRIN2A
	0.87 (0.51, 1.49)
	P = 0.62

	      Per 100 mg/day*GRIN2A
	0.92 (0.82, 1.05)
	P= 0.22

	







[bookmark: _Toc480298586]Supplementary table 3b. Interaction between GRIN2A SNP rs4998386 genotype and total caffeine intake on the risk of PD in the NHS, adjusting for matching factors, smoking, and physical activity
	
	
	GRIN2A SNP genotype
	RRs (95% CI) for genotype within strata
of caffeine

	
	
	CT/TT
	CC
	

	
	
	N cases/controls
	RRs (95% CI)
	N cases/controls
	RRs (95% CI)
	

	Caffeine level
	Low
	42/144
	1.0 (REF)
	152/541
	0.99 (0.66, 1.48)
P= 0.95
	0.99 (0.66, 1.48)
P=0.95

	
	High
	37/139
	1.10 (0.65, 1.87)
P=0.72
	114/555
	0.77 (0.51, 1.18)
P=0.23
	0.70 (0.45, 1.09)
P=0.11

	RRs (95% CI) for caffeine within strata of genotype
	
	1.10 (0.65, 1.87)
P=0.72
	
	0.78 (0.59, 1.03)
P=0.08
	

	Measure of interaction on additive scale:
	
	

	      RERI (95% CI)
	-0.38 (-1.19, 0.43)
	P = 0.36

	      AP (95% CI)
	-0.29 (-0.96, 0.38)
	P = 0.40

	Measure of interaction on multiplicative scale (95% CI)
	
	

	      High/low caffeine*GRIN2A
	0.71 (0.39, 1.29)
	P=0.26

	      Per 100 mg/day*GRIN2A
	0.89 (0.77, 1.02)
	P= 0.10
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Supplementary table 3c. Interaction between GRIN2A SNP rs4998386 genotype and total caffeine intake on the risk of PD in the HPFS, adjusting for matching factors only 
	
	
	GRIN2A SNP genotype
	RRs (95% CI) for genotype within strata
of caffeine

	
	
	CT/TT
	CC
	

	
	
	N cases/controls
	RRs (95% CI)
	N cases/controls
	RRs (95% CI)
	

	Caffeine level
	Low
	27/77
	1.0 (REF)
	144/417
	0.94 (0.59, 1.50)
P=0.80
	0.94 (0.59, 1.50)
P=0.80

	
	High
	16/59
	0.61 (0.30, 1.26)
P=0.18
	80/303
	0.64 (0.38, 1.07)
P=0.09
	1.04 (0.56, 1.91)
P=0.90

	RRs (95% CI) for caffeine within strata of genotype
	
	0.61 (0.30, 1.25)
P=0.18
	
	0.68 (0.48, 0.96)
P=0.03
	

	Measure of interaction on additive scale:
	
	

	      RERI (95% CI)
	0.28 (-0.62, 1.19)
	P= 0.54

	      AP (95% CI)
	0.18 (-0.34, 0.69)
	P= 0.50

	Measure of interaction on multiplicative scale (95% CI)
	
	

	      High/low caffeine*GRIN2A
	1.10 (0.51, 2.37)
	P=0.80

	      Per 100 mg/day*GRIN2A
	1.07 (0.89, 1.28)
	P= 0.49

	








[bookmark: _Toc480298588]Supplementary table 3d. Interaction between GRIN2A SNP rs4998386 genotype and total caffeine intake on the risk of PD in the HPFS, adjusting for matching factors, smoking, and physical activity
	
	
	GRIN2A SNP genotype
	RRs (95% CI) for genotype within strata
of caffeine

	
	
	CT/TT
	CC
	

	
	
	N cases/controls
	RRs (95% CI)
	N cases/controls
	RRs (95% CI)
	

	Caffeine level
	Low
	27/77
	1.0 (REF)
	144/417
	0.97 (0.59, 1.59)
P=0.90
	0.97 (0.59, 1.58)
P=0.90

	
	High
	16/59
	0.76 (0.36, 1.60)
P=0.46
	80/303
	0.67 (0.38, 1.17)
P=0.16
	0.88 (0.47, 1.67)
P=0.70

	RRs (95% CI) for caffeine within strata of genotype
	
	0.75 (0.36, 1.60)
P=0.46
	
	0.69 (0.47, 1.01)
P=0.06
	

	Measure of interaction on additive scale:
	
	

	      RERI (95% CI)
	0.07 (-0.85, 1.00)
	P=0.88

	      AP (95% CI)
	0.05 (-0.60, 0.70)
	P=0.87

	Measure of interaction on multiplicative scale (95% CI)
	
	

	      High/low caffeine*GRIN2A
	0.91 (0.41, 2.04)
	P=0.82

	      Per 100 mg/day*GRIN2A
	1.04 (0.86, 1.26)
	P= 0.68

	




	[bookmark: _Toc480298589]Supplementary table 4. Genotype and allele frequencies for CYP1A2 rs762551 in Parkinson’s disease
	

	
	
	Allele frequency (%)
	
	Genotype counts (%)

	
	

	
	N
	A
	C
	HWE
P-value
	AA
	AC
	CC
	RR (95% CI)*
	p-value


	HPFS
	
	
	
	
	
	
	
	
	

	    PD
	124
	183 (73.8)
	65 (26.2)
	
	66 (53.2)
	51 (41.1)
	7 (5.7)
	0.89 (0.65, 1.22)
	0.47

	
	
	
	
	
	
	
	
	
	

	    Control
	496
	713 (71.9)
	279 (28.1)
	0.47
	253 (51.0)
	207 (41.7)
	36 (7.3)
	
	

	
	
	
	
	
	
	
	
	
	

	NHS
	
	
	
	
	
	
	
	
	

	    PD
	145
	185 (63.8)
	105 (36.2)
	
	55 (37.9)
	75 (51.7)
	15 (10.3)
	1.42 (1.07, 1.89)
	0.02

	
	
	
	
	
	
	
	
	
	

	    Control
	663
	939 (70.8)
	387 (29.2)
	0.05
	322 (48.6)
	295 (44.5)
	46 (6.9)
	
	

	
	
	
	
	
	
	
	
	
	

	HPFS and NHS

	    PD
	269
	368 (68.4)
	170 (31.6)
	
	121 (45.0)
	126 (46.8)
	22 (8.2)
	1.15 (0.93, 1.41)
	0.21

	
	
	
	
	
	
	
	
	
	

	    Control
	1159
	1652 (71.3)
	666 (28.7)
	0.05
	575 (49.6)
	502 (43.3)
	82 (7.1)
	
	

	
	
	
	
	
	
	
	
	
	

	* With each increasing minor allele









[bookmark: _Toc480298590]Supplementary table 5.  Interaction between CYP1A2 SNP rs762551 genotype and total caffeine intake on the risk of PD in the NHS, adjusting for matching factors, smoking, and physical activity
	
	
	CYP1A2 SNP genotype
	RRs (95% CI) for genotype within strata
of caffeine

	
	
	CA/CC
	AA
	

	
	
	N cases/controls
	RRs (95% CI)
	N cases/controls
	RRs (95% CI)
	

	Caffeine level
	Low
	52/177
	1.0 (REF)
	35/155
	0.75 (0.44, 1.28)
P=0.29
	0.75 (0.43, 1.28)
P=0.29

	
	High
	39/165
	1.03 (0.62, 1.72)
P=0.92
	20/163
	0.44 (0.24, 0.81)
P<0.01
	0.43 (0.23, 0.80)
P<0.01

	RRs (95% CI) for caffeine within strata of genotype
	
	1.03 (0.62, 1.72)
P=0.92
	
	0.59 (0.31, 1.13)
P=0.11
	

	Measure of interaction on additive scale:
	
	

	      RERI (95% CI)
	-0.80 (-2.46, 0.87)
	P= 0.35

	      AP (95% CI)
	-0.35 (-1.07, 0.37)
	P = 0.34

	Measure of interaction on multiplicative scale (95% CI)
	
	

	      High/low caffeine* CYP1A2
	0.57 (0.25, 1.32)
	p = 0.19

	      Per 100 mg/day* CYP1A2
	0.96 (0.82, 1.13)
	P= 0.63

	





	


[bookmark: _Toc480298591]Supplementary table 6. Interaction between CYP1A2 SNP rs762551 genotype and total caffeine intake on the risk of PD in the HPFS, adjusting for matching factors, smoking, and physical activity
	
	
	CYP1A2 SNP genotype
	RRs (95% CI) for genotype within strata
of caffeine

	
	
	CA/CC
	AA
	

	
	
	N cases/controls
	RRs (95% CI)
	N cases/controls
	RRs (95% CI)
	

	Caffeine level
	Low
	40/155
	1.0 (REF)
	43/151
	1.01 (0.62, 1.65)
P=0.96
	1.01 (0.62, 1.65)
P=0.96

	
	High
	13/63
	0.75 (0.36, 1.57)
P=0.44
	18/74
	0.79 (0.40, 1.57)
P=0.51
	1.06 (0.58, 2.38)
P=0.88

	RRs (95% CI) for caffeine within strata of genotype
	
	0.75 (0.35, 1.57)
P=0.44
	
	0.78 (0.38, 1.59)
P=0.50
	

	Measure of interaction on additive scale:
	
	

	      RERI (95% CI)
	-0.26 (-1.24, 0.72)
	P=0.60

	      AP (95% CI)
	-0.24 (-1.15, 0.66)
	P=0.60

	Measure of interaction on multiplicative scale (95% CI)
	
	

	      High/low caffeine* CYP1A2
	1.05 (0.41, 2.70)
	p= 0.92

	      Per 100 mg/day* CYP1A2
	1.03 (0.83, 1.28)
	P= 0.79

	




	Supplementary table 7. Association between caffeine intake and PD risk, by GRIN2A rs4998386 SNP genotype and study

	
	
	RR (high vs. low caffeine intake)

	
	
	Hamza (2011)a
	Yamada-Fowler (2014)b
	Ahmed (2014)c
	Kim (2017)d

	GRIN2A
	CC
	0.82
	0.53
	0.77
	0.81 (0.67, 0.97)

	
	CT/TT
	0.41
	0.90
	0.93
	0.91 (0.63, 1.30)

	amedian intake at 237.8 mg/day; RRH VS. L for CC: 0.82 = 0.82/1.0; RRH VS. L for CT/TT: 0.41 = 0.41/1.0
bmedian intake at 237.8 mg/day; RRH VS. L CC: 0.53 = 0.53/1.0; RRH VS. L for CT/TT:0.90 = 0.38/0.42
cmedian intake not reported; RRH VS. L for CC: 0.77 = 0.77/1.0; RRH VS. L for CT/TT:0.93 = 0.85/0.91 
dmedian intake at 206.9 mg/day
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	Supplementary table 8 Age-standardized characteristics of the NHS cohort at baseline (1980)

	
	Coffee intake in categories, cups/day

	
	Never or <1/month (n=20321)
	5+
(n=7470)

	Age at study baseline, years*
	52.1(7.4)
	52.9(6.6)

	Age at PD diagnosis, years*
	70.2 (7.9)
	[bookmark: _GoBack]70.1 (8.7)

	Pack-years smoked
	8.8(14.8)
	21.9(19.6)

	Body Mass Index, kg/m²
	25.6(5.1)
	25.0(4.5)

	Exercise, met-h/week
	14.4(20.4)
	12.7(18.4)

	Alcohol, g/day
	4.5(9.2)
	6.8(11.5)

	Tea, servings/day
	1.3(1.6)
	0.5(1.2)

	Coca cola, servings/day
	0.3(0.7)
	0.2(0.5)

	Decaffeinated coffee, servings/day
	2.9(2.5)
	3.0(2.8)

	Postmenopausal Hormone Therapy use, %
	27.4
	24.4

	Total energy intake, kcal/day
	1567.4(506.5)
	1615.8(517.8)

	Values are means(SD) or percentages and are standardized to the age distribution of the study population.
* Value is not age adjusted



	Supplementary table 9 Age-standardized characteristics of the HPFS cohort at baseline (1986)

	
	Coffee intake in categories, cups/day

	
	Never or <1/month (n=14159)
	5+
(n=1304)

	Age at study baseline, years*
	54.4(10.0)
	52.1(8.2)

	Age at PD diagnosis, years*
	73.08 (8.7)
	71.5 (6.8)

	Pack-years smoked
	9.8(16.7)
	28.1(25.6)

	Body Mass Index, kg/m²
	24.8(4.9)
	25.1(5.3)

	Exercise, met-h/week
	19.7(26.5)
	15.2(25.2)

	Alcohol, g/day
	7.9(13.5)
	15.5(20.7)

	Tea, servings/day
	0.4(0.9)
	0.4(1.0)

	Coca cola, servings/day
	0.2(0.4)
	0.2(0.4)

	Decaffeinated coffee, servings/day
	0.7(1.2)
	0.3(0.9)

	Total energy intake, kcal/day
	1925.6(604.8)
	2206.4(701.2)

	Values are means(SD) or percentages and are standardized to the age distribution of the study population.

	 * Value is not age adjusted



	Supplementary table 10 Age-standardized characteristics of the CPS-II N cohort at baseline (1999)

	
	Coffee intake, cups/day

	
	Never or <1/month (n=50031)
	4+
(n=6013)

	Male, %
	39.0 (0.49)
	0.55 (0.50)

	Age at study baseline, years*
	69.5(6.2)
	69.4(6.1)

	Age at PD diagnosis, years*
	75.5 (5.6)
	76.8 (3.7)

	Body Mass Index, kg/m²
	26.1(4.8)
	26.0(4.3)

	Caucasian, %
	9.7.7
	99.4

	Pack-years smoked
	10.2(19.2)
	24.1(28.2)

	Alcohol, g/day
	5.3(10.7)
	8.1(12.9)

	Exercise, met-hours/week
	15.9(15.4)
	15.2(14.8)

	Tea, servings/day
	0.58 (0.92)
	0.43 (0.70)

	Coca cola, servings/day
	0.23 (0.50)
	0.33 (0.53)

	Decaffeinated, servings/day
	1.20 (1.23)
	0.37 (0.77)

	Total energy intake, kcal/day
	1652.1(515.3)
	1888.2(566.9)

	Values are means(SD) or percentages and are standardized to the age distribution of the study population.
* Value is not age adjusted






