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eFigure 1 Flowchart of study participant selection
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efigure 2 Test of the proportional hazards assumption using Schoenfeld Residuals

[image: ]
efigure 3 Dose–response relationship between GGT and cardiovascular disease risk in the NHANES. A: CVD; B: Ischemic heart disease; C: Stroke; D: Heart failure.
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efigure 4 Dose–response relationship between GGT and cardiovascular disease risk in the UKB. A: CVD; B: Ischemic heart disease; C: Stroke; D: Heart failure.





eTable 1 Associations between GGT levels and the incidence of CVD in population with low cardiovascular risk  in the UK Biobank
	Disease
	GGT level
	HR(95%CI)

	
	
	Model1
	P
	Model2
	P
	Model3
	P

	CVD
	Continuous
	1.58 (1.53, 1.62)
	<0.001
	1.42 (1.37, 1.46)
	<0.001
	1.23 (1.19, 1.27)
	<0.001

	
	Q1 [5,16.6]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (16.6,22.6]
	1.38 (1.30, 1.46)
	<0.001
	1.19 (1.13, 1.27)
	<0.001
	1.11 (1.04, 1.18)
	<0.001

	
	Q3 (22.6,34.4]
	1.77 (1.68, 1.88)
	<0.001
	1.46 (1.38, 1.55)
	<0.001
	1.26 (1.18, 1.33)
	<0.001

	
	Q4 (33.4,192]
	2.21 (2.10, 2.34)
	<0.001
	1.79 (1.69, 1.89)
	<0.001
	1.40 (1.32, 1.49)
	<0.001

	IHD
	Continuous
	1.63 (1.58, 1.69)
	<0.001
	1.44 (1.38, 1.49)
	<0.001
	1.23 (1.18, 1.28)
	<0.001

	
	Q1 [5,16.6]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (16.6,22.6]
	1.40 (1.30, 1.50)
	<0.001
	1.20 (1.12, 1.29)
	<0.001
	1.11 (1.03, 1.19)
	0.005

	
	Q3 (22.6,34.4]
	1.88 (1.75, 2.01)
	<0.001
	1.52 (1.41, 1.63)
	<0.001
	1.28 (1.20, 1.38)
	<0.001

	
	Q4 (33.4,192]
	2.40 (2.25, 2.56)
	<0.001
	1.88 (1.75, 2.01)
	<0.001
	1.45 (1.35, 1.55)
	<0.001

	Stroke
	Continuous
	1.39 (1.30, 1.48)
	<0.001
	1.30 (1.22, 1.40)
	<0.001
	1.22 (1.13, 1.31)
	<0.001

	
	Q1 [5,16.6]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (16.6,22.6]
	1.30 (1.15, 1.47)
	<0.001
	1.16 (1.02, 1.31)
	0.021
	1.11 (0.98, 1.25)
	0.107

	
	Q3 (22.6,34.4]
	1.45 (1.29, 1.64)
	<0.001
	1.27 (1.12, 1.43)
	<0.001
	1.17 (1.03, 1.33)
	0.012

	
	Q4 (33.4,192]
	1.69 (1.50, 1.90)
	<0.001
	1.48 (1.31, 1.67)
	<0.001
	1.32 (1.16, 1.49)
	<0.001

	HF
	Continuous
	1.71 (1.61, 1.82)
	<0.001
	1.56 (1.46, 1.66)
	<0.001
	1.30 (1.21, 1.39)
	<0.001

	
	Q1 [5,16.6]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (16.6,22.6]
	1.41 (1.24, 1.62)
	<0.001
	1.21 (1.06, 1.38)
	0.005
	1.09 (0.96, 1.25)
	0.196

	
	Q3 (22.6,34.4]
	1.94 (1.71, 2.19)
	<0.001
	1.59 (1.40, 1.81)
	<0.001
	1.29 (1.13, 1.46)
	<0.001

	　
	Q4 (33.4,192]
	2.52 (2.23, 2.84)
	<0.001
	2.06 (1.82, 2.33)
	<0.001
	1.49 (1.30, 1.69)
	<0.001



eTable 2 Stratification analyses of the associations between GGT levels and the incidence of CVD in the UK Biobank
	
	CVD
	
	IHD
	
	Stroke
	
	HF

	subgroups
	HR (95%CI)
	P
	　
	HR (95%CI)
	P
	　
	HR (95%CI)
	P
	　
	HR (95%CI)
	P

	Age
	
	
	
	
	
	
	
	
	
	
	

	<60 years
	1.17 (1.14, 1.20)
	<0.001
	
	1.18 (1.14, 1.22)
	<0.001
	
	1.13 (1.06, 1.21)
	<0.001
	
	1.21 (1.14, 1.29)
	<0.001

	≥60 years
	1.12 (1.09, 1.14)
	<0.001
	
	1.09 (1.06, 1.12)
	<0.001
	
	1.16 (1.11, 1.22)
	<0.001
	
	1.16 (1.11, 1.21)
	<0.001

	Sex
	
	
	
	
	
	
	
	
	
	
	

	Female
	1.19 (1.16, 1.22)
	<0.001
	
	1.20 (1.16, 1.24)
	<0.001
	
	1.17 (1.11, 1.24)
	<0.001
	
	1.24 (1.17, 1.30)
	<0.001

	Male
	1.10 (1.08, 1.13)
	<0.001
	
	1.09 (1.06, 1.12)
	<0.001
	
	1.13 (1.07, 1.19)
	<0.001
	
	1.12 (1.07, 1.17)
	<0.001

	BMI
	
	
	
	
	
	
	
	
	
	
	

	Normal
	1.19 (1.15, 1.24)
	<0.001
	
	1.19 (1.13, 1.24)
	<0.001
	
	1.15 (1.06, 1.24)
	<0.001
	
	1.29 (1.20, 1.40)
	<0.001

	Over
	1.15 (1.12, 1.18)
	<0.001
	
	1.14 (1.10, 1.17)
	<0.001
	
	1.18 (1.12, 1.25)
	<0.001
	
	1.15 (1.09, 1.21)
	<0.001

	Obese
	1.10 (1.07, 1.14)
	<0.001
	
	1.10 (1.06, 1.14)
	<0.001
	
	1.10 (1.02, 1.18)
	0.010
	
	1.14 (1.08, 1.20)
	<0.001

	Under
	1.70 (1.29, 2.25)
	<0.001
	
	1.40 (0.97, 2.03)
	0.071
	
	1.93 (1.17, 3.17)
	0.010
	
	1.65 (1.00, 2.73)
	0.049

	Smoking status
	
	
	
	
	
	
	
	
	
	
	

	Never
	1.15 (1.12, 1.18)
	<0.001
	
	1.15 (1.11, 1.18)
	<0.001
	
	1.16 (1.09, 1.22)
	<0.001
	
	1.18 (1.12, 1.24)
	<0.001

	Previous
	1.12 (1.09, 1.16)
	<0.001
	
	1.12 (1.09, 1.16)
	<0.001
	
	1.14 (1.07, 1.22)
	<0.001
	
	1.17 (1.11, 1.24)
	<0.001

	Current
	1.18 (1.13, 1.24)
	<0.001
	
	1.16 (1.10, 1.23)
	<0.001
	
	1.15 (1.04, 1.27)
	0.006
	
	1.18 (1.08, 1.29)
	<0.001

	Drinking status
	
	
	
	
	
	
	
	
	
	
	

	Never
	1.21 (1.11, 1.31)
	<0.001
	
	1.21 (1.10, 1.33)
	<0.001
	
	1.33 (1.12, 1.57)
	0.001
	
	1.16 (1.00, 1.35)
	0.048

	Previous
	1.15 (1.06, 1.24)
	<0.001
	
	1.16 (1.06, 1.28)
	0.001
	
	1.00 (0.83, 1.20)
	0.966
	
	1.32 (1.15, 1.52)
	<0.001

	Current
	1.14 (1.12, 1.16)
	<0.001
	
	1.13 (1.11, 1.16)
	<0.001
	
	1.15 (1.11, 1.20)
	<0.001
	
	1.17 (1.12, 1.21)
	<0.001

	Physical activity
	
	
	
	
	
	
	
	
	
	
	

	No
	1.14 (1.11, 1.17)
	<0.001
	
	1.14 (1.11, 1.18)
	<0.001
	
	1.12 (1.06, 1.19)
	<0.001
	
	1.13 (1.07, 1.19)
	<0.001

	Yes
	1.15 (1.13, 1.18)
	<0.001
	
	1.14 (1.11, 1.17)
	<0.001
	
	1.18 (1.12, 1.24)
	<0.001
	
	1.22 (1.16, 1.28)
	<0.001

	Hyperlipidemia
	
	
	
	
	
	
	
	
	
	
	

	No
	1.17 (1.14, 1.19)
	<0.001
	
	1.16 (1.13, 1.19)
	<0.001
	
	1.17 (1.12, 1.22)
	<0.001
	
	1.21 (1.16, 1.26)
	<0.001

	Yes
	1.06 (1.02, 1.09)
	0.004
	
	1.05 (1.01, 1.10)
	0.026
	
	1.10 (1.01, 1.19)
	0.031
	
	1.08 (1.01, 1.16)
	0.021

	Hypertension
	
	
	
	
	
	
	
	
	
	
	

	No
	1.22 (1.18, 1.26)
	<0.001
	
	1.23 (1.19, 1.28)
	<0.001
	
	1.16 (1.08, 1.25)
	<0.001
	
	1.31 (1.22, 1.41)
	<0.001

	Yes
	1.12 (1.09, 1.14)
	<0.001
	
	1.10 (1.07, 1.13)
	<0.001
	
	1.15 (1.10, 1.20)
	<0.001
	
	1.14 (1.09, 1.18)
	<0.001

	Diabetes
	
	
	
	
	
	
	
	
	
	
	

	No
	1.16 (1.14, 1.18)
	<0.001
	
	1.15 (1.12, 1.18)
	<0.001
	
	1.17 (1.12, 1.22)
	<0.001
	
	1.19 (1.14, 1.23)
	<0.001

	Yes
	1.03 (0.97, 1.08)
	0.319
	　
	1.03 (0.97, 1.09)
	0.377
	　
	1.01 (0.90, 1.13)
	0.865
	　
	1.08 (0.99, 1.18)
	0.075


eTable 3 Associations between GGT levels and the incidence of CVD after excluding individuals with CVD occurring within 2 years of follow-up in the UK Biobank
	Disease
	GGT level
	HR(95%CI)

	
	
	Model1
	P
	Model2
	P
	Model3
	P

	CVD
	Continuous
	1.59 (1.57, 1.62)
	<0.001
	1.31 (1.29, 1.34)
	<0.001
	1.14 (1.12, 1.16)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.63 (1.57, 1.68)
	<0.001
	1.24 (1.20, 1.28)
	<0.001
	1.14 (1.11, 1.18)
	<0.001

	
	Q3 (25.7,39.5]
	2.04 (1.98, 2.11)
	<0.001
	1.39 (1.35, 1.44)
	<0.001
	1.19 (1.15, 1.23)
	<0.001

	
	Q4 (39.5,192]
	2.41 (2.34, 2.49)
	<0.001
	1.60 (1.55, 1.66)
	<0.001
	1.27 (1.23, 1.31)
	<0.001

	IHD
	Continuous
	1.62 (1.59, 1.65)
	<0.001
	1.32 (1.29, 1.34)
	<0.001
	1.14 (1.11, 1.16)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.65 (1.58, 1.72)
	<0.001
	1.25 (1.20, 1.30)
	<0.001
	1.15 (1.10, 1.20)
	<0.001

	
	Q3 (25.7,39.5]
	2.16 (2.08, 2.25)
	<0.001
	1.45 (1.39, 1.51)
	<0.001
	1.23 (1.18, 1.28)
	<0.001

	
	Q4 (39.5,192]
	2.54 (2.45, 2.64)
	<0.001
	1.64 (1.57, 1.70)
	<0.001
	1.28 (1.23, 1.34)
	<0.001

	Stroke
	Continuous
	1.47 (1.42, 1.52)
	<0.001
	1.25 (1.20, 1.30)
	<0.001
	1.15 (1.10, 1.19)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.55 (1.45, 1.66)
	<0.001
	1.20 (1.12, 1.29)
	<0.001
	1.14 (1.06, 1.22)
	<0.001

	
	Q3 (25.7,39.5]
	1.77 (1.66, 1.89)
	<0.001
	1.26 (1.17, 1.35)
	<0.001
	1.14 (1.06, 1.22)
	<0.001

	
	Q4 (39.5,192]
	2.05 (1.92, 2.19)
	<0.001
	1.44 (1.35, 1.55)
	<0.001
	1.25 (1.17, 1.34)
	<0.001

	HF
	Continuous
	1.71 (1.66, 1.76)
	<0.001
	1.43 (1.38, 1.47)
	<0.001
	1.17 (1.13, 1.21)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.65 (1.55, 1.76)
	<0.001
	1.23 (1.15, 1.31)
	<0.001
	1.09 (1.02, 1.16)
	0.011

	
	Q3 (25.7,39.5]
	2.10 (1.98, 2.24)
	<0.001
	1.40 (1.32, 1.49)
	<0.001
	1.11 (1.04, 1.18)
	0.002

	　
	Q4 (39.5,192]
	2.68 (2.53, 2.85)
	<0.001
	1.76 (1.66, 1.88)
	<0.001
	1.25 (1.17, 1.33)
	<0.001



eTable 4 Associations between GGT levels and the incidence of CVD after excluding individuals with liver diseases at baseline in the UK Biobank
	Disease
	GGT level
	HR (95%CI)

	
	
	Model1
	P
	Model2
	P
	Model3
	P

	CVD
	Continuous
	1.61 (1.59, 1.64)
	<0.001
	1.31 (1.29, 1.34)
	<0.001
	1.14 (1.12, 1.16)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.64 (1.59, 1.70)
	<0.001
	1.24 (1.20, 1.28)
	<0.001
	1.14 (1.11, 1.18)
	<0.001

	
	Q3 (25.7,39.5]
	2.07 (2.01, 2.14)
	<0.001
	1.39 (1.35, 1.44)
	<0.001
	1.19 (1.15, 1.23)
	<0.001

	
	Q4 (39.5,192]
	2.46 (2.39, 2.54)
	<0.001
	1.60 (1.55, 1.66)
	<0.001
	1.27 (1.23, 1.31)
	<0.001

	IHD
	Continuous
	1.64 (1.61, 1.67)
	<0.001
	1.31 (1.29, 1.34)
	<0.001
	1.13 (1.11, 1.16)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.67 (1.61, 1.74)
	<0.001
	1.25 (1.20, 1.30)
	<0.001
	1.15 (1.11, 1.20)
	<0.001

	
	Q3 (25.7,39.5]
	2.20 (2.12, 2.29)
	<0.001
	1.44 (1.39, 1.50)
	<0.001
	1.23 (1.18, 1.28)
	<0.001

	
	Q4 (39.5,192]
	2.61 (2.51, 2.70)
	<0.001
	1.64 (1.58, 1.70)
	<0.001
	1.29 (1.23, 1.34)
	<0.001

	Stroke
	Continuous
	1.49 (1.44, 1.54)
	<0.001
	1.26 (1.21, 1.31)
	<0.001
	1.15 (1.11, 1.20)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.54 (1.44, 1.65)
	<0.001
	1.19 (1.12, 1.28)
	<0.001
	1.13 (1.06, 1.21)
	<0.001

	
	Q3 (25.7,39.5]
	1.79 (1.67, 1.91)
	<0.001
	1.27 (1.18, 1.36)
	<0.001
	1.15 (1.07, 1.23)
	<0.001

	
	Q4 (39.5,192]
	2.08 (1.95, 2.22)
	<0.001
	1.46 (1.36, 1.56)
	<0.001
	1.26 (1.17, 1.35)
	<0.001

	HF
	Continuous
	1.70 (1.65, 1.75)
	<0.001
	1.41 (1.36, 1.46)
	<0.001
	1.16 (1.12, 1.20)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.67 (1.57, 1.78)
	<0.001
	1.23 (1.15, 1.31)
	<0.001
	1.09 (1.02, 1.17)
	0.008

	
	Q3 (25.7,39.5]
	2.12 (1.99, 2.25)
	<0.001
	1.39 (1.30, 1.48)
	<0.001
	1.11 (1.04, 1.18)
	0.003

	　
	Q4 (39.5,192]
	2.69 (2.53, 2.85)
	<0.001
	1.74 (1.63, 1.85)
	<0.001
	1.24 (1.16, 1.32)
	<0.001



eTable 5 Associations between GGT levels and the incidence of CVD using first occurrences data in the UK Biobank
	Disease
	GGT level
	HR(95%CI)

	
	
	Model1
	P
	Model2
	P
	Model3
	P

	CVD
	Continuous
	1.62 (1.59, 1.64)
	<0.001
	1.33 (1.31, 1.35)
	<0.001
	1.15 (1.13, 1.17)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.63 (1.58, 1.68)
	<0.001
	1.23 (1.20, 1.27)
	<0.001
	1.14 (1.10, 1.17)
	<0.001

	
	Q3 (25.7,39.5]
	2.07 (2.01, 2.13)
	<0.001
	1.40 (1.36, 1.44)
	<0.001
	1.20 (1.16, 1.23)
	<0.001

	
	Q4 (39.5,192]
	2.47 (2.40, 2.54)
	<0.001
	1.62 (1.58, 1.67)
	<0.001
	1.28 (1.24, 1.33)
	<0.001

	IHD
	Continuous
	1.66 (1.63, 1.69)
	<0.001
	1.33 (1.31, 1.36)
	<0.001
	1.15 (1.13, 1.18)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.68 (1.61, 1.74)
	<0.001
	1.25 (1.20, 1.30)
	<0.001
	1.15 (1.11, 1.19)
	<0.001

	
	Q3 (25.7,39.5]
	2.22 (2.14, 2.30)
	<0.001
	1.45 (1.40, 1.51)
	<0.001
	1.23 (1.19, 1.28)
	<0.001

	
	Q4 (39.5,192]
	2.66 (2.57, 2.75)
	<0.001
	1.68 (1.62, 1.74)
	<0.001
	1.31 (1.26, 1.36)
	<0.001

	Stroke
	Continuous
	1.47 (1.42, 1.51)
	<0.001
	1.25 (1.21, 1.29)
	<0.001
	1.15 (1.11, 1.19)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.48 (1.39, 1.58)
	<0.001
	1.15 (1.08, 1.23)
	<0.001
	1.10 (1.03, 1.17)
	0.004

	
	Q3 (25.7,39.5]
	1.73 (1.63, 1.84)
	<0.001
	1.24 (1.17, 1.32)
	<0.001
	1.13 (1.06, 1.20)
	<0.001

	
	Q4 (39.5,192]
	2.00 (1.88, 2.12)
	<0.001
	1.42 (1.33, 1.51)
	<0.001
	1.23 (1.15, 1.31)
	<0.001

	HF
	Continuous
	1.70 (1.66, 1.75)
	<0.001
	1.42 (1.38, 1.47)
	<0.001
	1.17 (1.13, 1.21)
	<0.001

	
	Q1 [5,18.2]
	Ref
	
	Ref
	
	Ref
	

	
	Q2 (18.2,25.7]
	1.68 (1.58, 1.78)
	<0.001
	1.25 (1.17, 1.32)
	<0.001
	1.11 (1.04, 1.18)
	<0.001

	
	Q3 (25.7,39.5]
	2.12 (2.00, 2.25)
	<0.001
	1.42 (1.34, 1.51)
	<0.001
	1.13 (1.06, 1.20)
	<0.001

	　
	Q4 (39.5,192]
	2.70 (2.55, 2.85)
	<0.001
	1.77 (1.67, 1.88)
	<0.001
	1.26 (1.19, 1.34)
	<0.001
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