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[bookmark: _Hlk135383918]Supplementary Figure 1. LR analysis of 32 SNPs satisfying MR assumptions 1 and 3
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[bookmark: _Hlk135384706]Supplementary Table 1. Comparisons of sociodemographic factors, lifestyle behaviors, clinical and biochemical markers, and comorbidities according to smoking-related weighted and unweighted genetic risk scores 
	
	Unweighted genetic risk score
	
	Weighted genetic risk score
	

	
	 Q1: <10
	Q2: 10
	Q3: 11-12
	Q4: ≥13
	P value
	Q1: <0.30
	Q2: 0.30–0.33
	Q3: 0.34–0.39
	Q4: ≥0.40
	P value

	Variables
	 (N=21,569) 
	(N=13,928)
	(N=27,323)
	(N=17,252)
	
	(N=20,016)
	(N=20,020)
	(N=20,020)
	(N=20,016)
	

	Sociodemographic factors, n (%)
	
	
	
	
	
	
	
	
	

	Gender
	
	
	
	
	0.02
	
	
	
	
	0.01

	 Men
	7448 (34.53)
	4844 (34.78)
	9427 (34.5)
	6179 (35.82)
	
	6846 (34.20)
	7019 (35.06)
	6897 (34.45)
	7136 (35.65)
	

	 Women
	14121 (65.47)
	9084 (65.22)
	17896 (65.5)
	11073 (64.18)
	
	13170 (65.80)
	13001 (64.94)
	13123 (65.55)
	12880 (64.35)
	

	Age, years, mean±SD
	49.79±10.64
	49.52±10.65
	49.67±10.65
	49.56±10.65
	0.06
	49.79±10.63
	49.54±10.65
	49.68±10.66
	49.59±10.64
	0.16

	Education level (year)
	
	
	
	
	0.81
	
	
	
	
	0.58

	≤6
	1104 (5.12)
	709 (5.09)
	1454 (5.32)
	865 (5.01)
	
	1026 (5.13)
	1039 (5.19)
	1069 (5.34)
	998 (4.99)
	

	7–12
	7940 (36.81)
	5131 (36.84)
	10113 (37.01)
	6364 (36.89)
	
	7345 (36.70)
	7354 (36.73)
	7454 (37.23)
	7395 (36.95)
	

	≥13
	12525 (58.07)
	8088 (58.07)
	15756 (57.67)
	10023 (58.1)
	
	11645 (58.18)
	11627 (58.08)
	11497 (57.43)
	11623 (58.07)
	

	Marriage status
	
	
	
	
	1.00
	
	
	
	
	0.46

	 Unmarried
	2822 (13.08)
	1825 (13.1)
	3573 (13.08)
	2272 (13.17)
	
	2599 (12.98)
	2686 (13.42)
	2568 (12.83)
	2639 (13.18)
	

	 Married
	16001 (74.19)
	10317 (74.07)
	20206 (73.95)
	12747 (73.89)
	
	14877 (74.33)
	14766 (73.76)
	14826 (74.06)
	14802 (73.95)
	

	 Divorce or separation
	1814 (8.41)
	1183 (8.49)
	2341 (8.57)
	1497 (8.68)
	
	1681 (8.40)
	1710 (8.54)
	1706 (8.52)
	1738 (8.68)
	

	 Widowed
	932 (4.32)
	603 (4.33)
	1203 (4.4)
	736 (4.27)
	
	859 (4.29)
	858 (4.29)
	920 (4.60)
	837 (4.18)
	

	Living alone
	
	
	
	
	0.88
	
	
	
	
	0.88

	 No
	19824 (91.91)
	12812 (91.99)
	25075 (91.77)
	15847 (91.86)
	
	18385 (91.85)
	18380 (91.81)
	18418 (92.00)
	18375 (91.80)
	

	 Yes
	1745 (8.09)
	1116 (8.01)
	2248 (8.23)
	1405 (8.14)
	
	1631 (8.15)
	1640 (8.19)
	1602 (8.00)
	1641 (8.20)
	

	Alcohol drinking
	
	
	
	
	0.11
	
	
	
	
	0.12

	 No
	19841 (91.99)
	12764 (91.64)
	25065 (91.74)
	15724 (91.14)
	
	18410 (91.98)
	18364 (91.73)
	18368 (91.75)
	18252 (91.19)
	

	 Quit drinking
	516 (2.39)
	357 (2.56)
	707 (2.59)
	460 (2.67)
	
	482 (2.41)
	506 (2.53)
	523 (2.61)
	529 (2.64)
	

	 Yes
	1212 (5.62)
	807 (5.79)
	1551 (5.68)
	1068 (6.19)
	
	1124 (5.62)
	1150 (5.74)
	1129 (5.64)
	1235 (6.17)
	

	Leisure time physical activity
	
	
	
	0.09
	
	
	
	
	0.59

	 No
	12841 (59.53)
	8346 (59.92)
	16428 (60.13)
	10486 (60.78)
	
	11981 (59.86)
	11983 (59.86)
	12041 (60.14)
	12096 (60.43)
	

	 Yes
	8728 (40.47)
	5582 (40.08)
	10895 (39.87)
	6766 (39.22)
	
	8035 (40.14)
	8037 (40.14)
	7979 (39.86)
	7920 (39.57)
	

	Clinical and biochemical markers, mean±SD
	
	
	
	
	
	

	BMI, kg/m2
	24.20±3.75
	24.20±3.77
	24.23±3.81
	24.23±3.76
	0.65
	24.21±3.73
	24.23±3.81
	24.22±3.80
	24.22±3.75
	0.96

	Albumin, g/dL
	4.51±0.23
	4.52±0.23
	4.51±0.23
	4.51±0.23
	0.59
	4.51±0.23
	4.52±0.23
	4.51±0.23
	4.51±0.23
	0.55

	eGFR, mL/min/1.73 m2
	102.48±14.64
	102.56±14.89
	102.61±14.78
	102.51±14.69
	0.82
	102.57±14.67
	102.53±14.78
	102.51±14.90
	102.57±14.62
	0.98

	Comorbidities, n (%)
	
	
	
	
	
	
	
	
	
	

	Stroke
	
	
	
	
	0.97
	
	
	
	
	1.00

	 No
	21435 (99.38)
	13843 (99.39)
	27159 (99.40)
	17151 (99.41)
	
	19896 (99.40)
	19898 (99.39)
	19899 (99.40)
	19895 (99.40)
	

	 Yes
	134 (0.62)
	85 (0.61)
	164 (0.60)
	101 (0.59)
	
	120 (0.60)
	122 (0.61)
	121 (0.60)
	121 (0.60)
	

	Valvular heart disease
	
	
	
	
	0.81
	
	
	
	
	0.58

	 No
	20667 (95.82)
	13318 (95.62)
	26154 (95.72)
	16527 (95.8)
	
	19194 (95.89)
	19148 (95.64)
	19152 (95.66)
	19172 (95.78)
	

	 Yes
	902 (4.18)
	610 (4.38)
	1169 (4.28)
	725 (4.2)
	
	822 (4.11)
	872 (4.36)
	868 (4.34)
	844 (4.22)
	

	Coronary artery disease
	
	
	
	
	0.64
	
	
	
	
	0.37

	 No
	21341 (98.94)
	13771 (98.87)
	27011 (98.86)
	17046 (98.81)
	
	19796 (98.90)
	19811 (98.96)
	19775 (98.78)
	19787 (98.86)
	

	 Yes
	228 (1.06)
	157 (1.13)
	312 (1.14)
	206 (1.19)
	
	220 (1.10)
	209 (1.04)
	245 (1.22)
	229 (1.14)
	

	Arrhythmia
	
	
	
	
	0.96
	
	
	
	
	0.98

	 No
	20607 (95.54)
	13315 (95.60)
	26107 (95.55)
	16471 (95.47)
	
	19122 (95.53)
	19132 (95.56)
	19132 (95.56)
	19114 (95.49)
	

	 Yes
	962 (4.46)
	613 (4.40)
	1216 (4.45)
	781 (4.53)
	
	894 (4.47)
	888 (4.44)
	888 (4.44)
	902 (4.51)
	

	Cardiomyopathy
	
	
	
	
	0.14
	
	
	
	
	0.10

	 No
	21400 (99.22)
	13829 (99.29)
	27135 (99.31)
	17101 (99.12)
	
	19866 (99.25)
	19870 (99.25)
	19888 (99.34)
	19841 (99.13)
	

	 Yes
	169 (0.78)
	99 (0.71)
	188 (0.69)
	151 (0.88)
	
	150 (0.75)
	150 (0.75)
	132 (0.66)
	175 (0.87)
	

	Congenital heart disease
	
	
	
	
	0.50
	
	
	
	
	0.91

	 No
	21528 (99.81)
	13901 (99.81)
	27264 (99.78)
	17226 (99.85)
	
	19980 (99.82)
	19980 (99.80)
	19979 (99.80)
	19980 (99.82)
	

	 Yes
	41 (0.19)
	27 (0.19)
	59 (0.22)
	26 (0.15)
	
	36 (0.18)
	40 (0.20)
	41 (0.20)
	36 (0.18)
	

	Other heart disease
	
	
	
	
	0.94
	
	
	
	
	0.98

	 No
	21533 (99.83)
	13908 (99.86)
	27280 (99.84)
	17223 (99.83)
	
	19984 (99.84)
	19989 (99.85)
	19986 (99.83)
	19985 (99.85)
	

	 Yes
	36 (0.17)
	20 (0.14)
	43 (0.16)
	29 (0.17)
	
	32 (0.16)
	31 (0.15)
	34 (0.17)
	31 (0.15)
	


Differences in continuous variables were tested using ANOVA. Differences in categorical variables were tested using the chi-square test.
SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose; HbA1c: hemoglobin A1c; TG: triglyceride; TC: total cholesterol; HDL-C: high-density lipoprotein-cholesterol; LDL-C: low-density lipoprotein-cholesterol; SCr: serum creatinine; eGFR: estimated glomerular filtration rate.
Supplementary Table 2. Odds ratios of metabolic syndrome for predictive current smoking derived from unweighted and weighted GRS
	
	 
	Metabolic syndrome

	Variables
	n
	Yes, n (%)
	Crude OR (95% CI)
	Adjusted OR (95%CI)1
	Adjusted OR (95%CI)2

	Phat of smoking derived from unweighted genetic risk score
	
	

	Per 1 standard deviation
	72113
	13372 (18.54)
	1.42 (1.40, 1.44)***
	1.42 (1.40, 1.44)***
	1.31 (1.28, 1.33)***

	Q1: <0.10570
	18028
	2552 (14.16)
	1.00
	1.00
	1.00

	Q2: 0.10570–0.14593
	18029
	2370 (13.15)
	0.92 (0.86, 0.98)**
	0.92 (0.87, 0.98)**
	0.90 (0.84, 0.95)***

	Q3: 0.14593–0.20684
	18028
	3043 (16.88)
	1.23 (1.16, 1.30)***
	1.23 (1.17, 1.31)***
	1.13 (1.07, 1.20)***

	Q4: ≥0.20684
	18028
	5407 (29.99)
	2.60 (2.47, 2.74)***
	2.61 (2.48, 2.75)***
	2.09 (1.98, 2.21)***

	Phat of smoking derived from weighted genetic risk score
	
	

	Per 1 standard deviation
	72113
	13372 (18.54)
	1.42 (1.40, 1.44)***
	1.42 (1.40, 1.44)***
	1.31 (1.28, 1.33)***

	Q1: <0.10577
	18029
	2544 (14.11)
	1.00
	1.00
	1.00

	Q2: 0.10577–0.14591
	18028
	2378 (13.19)
	0.93 (0.87, 0.98)*
	0.93 (0.87, 0.99)*
	0.90 (0.85, 0.96)**

	Q3: 0.14591–0.20682
	18027
	3039 (16.86)
	1.23 (1.17, 1.31)***
	1.24 (1.17, 1.31)***
	1.13 (1.07, 1.20)***

	Q4: ≥0.20682
	18029
	54.11 (30.01)
	2.61 (2.48, 2.75)***
	2.63 (2.49, 2.77)***
	2.10 (1.99, 2.23)***


OR: odds ratio; CI: Confidence interval; Q1: the first quartile; Q2: the second quartile; Q3: the third quartile; Q4: the fourth quartile; *: P<0.05; **: P<0.01; ***: P<0.001.
Adjusted odds ratio1: adjusted for residual and PCA.
Adjusted odds ratio2: adjusted for residual, PCA, and covariates that did not satisfy MR assumption 2.



Supplementary Table 3. Odds ratios of metabolic syndrome for predictive past smoking derived from unweighted and weighted GRS
	
	 
	Metabolic syndrome

	Variables
	n
	Yes, n (%)
	Crude OR (95% CI)
	Adjusted OR (95%CI)1
	Adjusted OR (95%CI)2

	Phat of smoking derived from unweighted genetic risk score
	
	

	Per 1 standard deviation
	66632
	12242 (18.37)
	1.63 (1.60, 1.66)***
	1.63 (1.60, 1.66)***
	1.54 (1.51, 1.57)***

	Q1: <0.05650
	16658
	998 (5.99)
	1.00
	1.00
	1.00

	Q2: 0.05650–0.08375
	16658
	1582 (9.50)
	1.65 (1.52, 1.79)***
	1.65 (1.52, 1.79)***
	1.64 (1.51, 1.78)***

	Q3: 0.08375–0.12628
	16658
	3356 (20.15)
	3.96 (3.68, 4.26)***
	3.98 (3.69, 4.28)***
	3.92 (3.64, 4.23)***

	Q4: ≥0.12628
	16658
	6306 (37.86)
	9.56 (8.9, 10.26)***
	9.63 (8.96, 10.34)***
	9.34 (8.66, 10.08)***

	Phat of smoking derived from weighted genetic risk score
	
	

	Per 1 standard deviation
	66632
	12242 (18.37)
	1.63 (1.60, 1.66)***
	1.63 (1.60, 1.66)***
	1.54 (1.51, 1.57)***

	Q1: <0.05650
	16658
	1001 (6.01)
	1.00
	1.00
	1.00

	Q2: 0.05650–0.08368
	16658
	1613 (9.68)
	1.68 (1.55, 1.82)***
	1.68 (1.55, 1.83)***
	1.67 (1.54, 1.81)***

	Q3: 0.08368–0.12623
	16658
	3314 (19.89)
	3.89 (3.61, 4.18)***
	3.90 (3.62, 4.20)***
	3.84 (3.57, 4.14)***

	Q4: ≥0.12623
	16658
	6314 (37.90)
	9.55 (8.89, 10.25)***
	9.61 (8.95, 10.32)***
	9.32 (8.65, 10.05)***


OR: odds ratio; CI: Confidence interval; Q1: the first quartile; Q2: the second quartile; Q3: the third quartile; Q4: the fourth quartile; *: P<0.05; **: P<0.01; ***: P<0.001.
Adjusted odds ratio1: adjusted for residual and PCA.
Adjusted odds ratio2: adjusted for residual, PCA, and covariates that did not satisfy MR assumption 2.

[bookmark: _GoBack]Supplementary Table 4. Possible mechanisms linking smoking and components of metabolic syndrome
	Component of Metabolic Syndrome
	Possible Mechanisms Linking Smoking

	central obesity 
	1. Smoking may increase appetite and cravings for high-calorie foods, leading to weight gain.
2. Nicotine has been shown to alter fat distribution, promoting abdominal fat accumulation. Smokers tend to have a higher waist and lower hip circumference compared to non-smokers. Waist circmference is closely related to the visceral adipose tissue distribuion.
3. Smoking impairs insulin sensitivity, contributing to fat storage in the abdominal area.

	Insulin resistance
(high blood sugar)
	1. Smoking impairs insulin sensitivity and glucose metabolism, increasing the risk of insulin resistance. Insulin resistance might underlie the metabolic and homodynamic abnormalities contributing to metabolic syndrome. 
2. Nicotine and other chemicals in cigarettes can affect pancreatic beta-cell function, reducing insulin secretion.
3. Insulin resistance is also associated autonomic dysfunction as reflected in the increased heart rate.
4. Chronic smoking can lead to systemic inflammation, which is associated with insulin resistance and higher blood glucose levels.
5. Decreased insulin sensitivity is associated with high circulating levels of free fatty acids, interfering with insulin that mediate glucose intake.
6. Nicotine and other chemicals in cigarettes can affect pancreatic beta-cell function, reducing insulin secretion.

	Elevated triglycerides
	1. Smoking may increase triglyceride levels by promoting lipolysis and reducing the clearance of triglycerides from the bloodstream.
2. Nicotine and chemicals found in tobacco smoke can disrupt lipid metabolism and lead to increased triglyceride production in the liver.
3. Smoking-induced oxidative stress can lead to dysregulation of lipid metabolism.
4. Smoking reduces HDL cholesterol levels by increasing its degradation and altering lipid metabolism.

	Low HDL cholesterol
	1. Smoking lowers HDL cholesterol levels by accelerating its breakdown and disrupting lipid metabolism.
2. The inflammatory response triggered by smoking can lead to decreased HDL cholesterol synthesis and increased HDL cholesterol catabolism.
3. Smoking impairs the function of enzymes involved in HDL metabolism, reducing HDL levels.

	Elevated blood pressure
	1. Smoking causes release of vasopressin, resulting in endothelial dysfunction and increases arterial stiffness, leading to higher blood pressure.
2. Smoking induces oxidative stress and inflammation, which can damage blood vessels and elevate blood pressure.
3. Nicotine acts as an adrenergic agonists, mediating local and systemic catecholamine release, which increase heart rate and blood pressure.
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