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Supplementary table 1. Stratification analysis on the associations of water hardness with CHD.
	
	CaCO3 category (using USGS)
	P for trend
	P for interaction

	
	≤60 mg/L
	>60, ≤120 mg/L
	>120, ≤180 mg/L
	>180 mg/L
	
	

	Sex a
	
	
	
	
	
	

	Women
	Ref.
	0.99 (0.95, 1.04)
	0.78 (0.72, 0.84)
	0.88 (0.85, 0.92)
	<0.001
	<0.001

	Men
	Ref.
	1.01 (0.97, 1.04)
	0.81 (0.76, 0.87)
	0.99 (0.96, 1.02)
	0.092
	

	Age
	
	
	
	
	
	

	<60
	Ref.
	0.98 (0.94, 1.02)
	0.75 (0.69, 0.81)
	0.90 (0.87, 0.94)
	<0.001
	0.002

	≥60
	Ref.
	1.01 (0.98, 1.05)
	0.83 (0.78, 0.89)
	0.98 (0.95, 1.01)
	0.028
	

	Townsend deprivation index
	
	
	
	
	
	

	Tertile 1
	Ref.
	1.01 (0.96, 1.06)
	0.76 (0.70, 0.83)
	0.99 (0.95, 1.04)
	0.129
	<0.001

	Tertile 2
	Ref.
	1.01 (0.96, 1.06)
	0.82 (0.75, 0.89)
	1.03 (0.98, 1.07)
	0.758
	

	Tertile 3
	Ref.
	1.00 (0.95, 1.04)
	0.83 (0.76, 0.91)
	0.88 (0.84, 0.91)
	<0.001
	

	Race a
	
	
	
	
	
	

	White
	Ref.
	1.00 (0.97, 1.03)
	0.80 (0.76, 0.84)
	0.96 (0.93, 0.98)
	<0.001
	0.478

	others
	Ref.
	0.91 (0.79, 1.06)
	0.85 (0.68, 1.07)
	0.89 (0.80, 0.99)
	0.038
	

	Education a
	
	
	
	
	
	

	University or college degree
	Ref.
	1.01 (0.95, 1.07)
	0.80 (0.73, 0.88)
	0.98 (0.93, 1.03)
	0.172
	0.925

	Others
	Ref.
	1.00 (0.97, 1.03)
	0.80 (0.76, 0.85)
	0.95 (0.92, 0.98)
	<0.001
	

	HbA1c a
	
	
	
	
	
	

	Ideal
	Ref.
	1.00 (0.96, 1.03)
	0.81 (0.76, 0.85)
	0.94 (0.91, 0.97)
	<0.001
	0.454

	Nonideal
	Ref.
	1.02 (0.97, 1.08)
	0.79 (0.72, 0.87)
	0.99 (0.94, 1.04)
	0.181
	

	Smoking a
	
	
	
	
	
	

	Ideal
	Ref.
	1.00 (0.97, 1.03)
	0.80 (0.76, 0.85)
	0.95 (0.93, 0.98)
	<0.001
	0.331

	Nonideal
	Ref.
	1.04 (0.97, 1.12)
	0.80 (0.71, 0.91)
	0.94 (0.88, 1.00)
	0.012
	

	Cholesterol
	
	
	
	
	
	

	Ideal
	Ref.
	0.98 (0.93, 1.03)
	0.77 (0.70, 0.84)
	0.94 (0.90, 0.98)
	<0.001
	0.353

	Nonideal
	Ref.
	1.01 (0.98, 1.05)
	0.82 (0.77, 0.87)
	0.96 (0.93, 0.99)
	<0.001
	

	BMI
	
	
	
	
	
	

	Ideal
	Ref.
	0.98 (0.92, 1.04)
	0.79 (0.71, 0.88)
	0.91 (0.86, 0.96)
	<0.001
	0.213

	Nonideal
	Ref.
	1.00 (0.97, 1.04)
	0.80 (0.76, 0.85)
	0.96 (0.93, 0.99)
	<0.001
	

	Blood pressure a
	
	
	
	
	
	

	Ideal
	Ref.
	0.88 (0.77, 1.00)
	0.69 (0.55, 0.86)
	0.77 (0.69, 0.86)
	<0.001
	0.002

	Nonideal
	Ref.
	1.01 (0.98, 1.04)
	0.81 (0.77, 0.85)
	0.96 (0.93, 0.99)
	<0.001
	

	Physical activity a
	
	
	
	
	
	

	Ideal
	Ref.
	1.00 (0.96, 1.04)
	0.83 (0.77, 0.89)
	0.99 (0.95, 1.03)
	0.2
	0.029

	Nonideal
	Ref.
	0.98 (0.94, 1.03)
	0.74 (0.68, 0.80)
	0.90 (0.86, 0.94)
	<0.001
	

	Diet a
	
	
	
	
	
	

	Ideal
	Ref.
	1.00 (0.96, 1.04)
	0.81 (0.76, 0.87)
	0.96 (0.93, 1.00)
	0.002
	0.718

	Nonideal
	Ref.
	1.00 (0.96, 1.04)
	0.79 (0.73, 0.85)
	0.94 (0.90, 0.97)
	<0.001
	



Model: adjusted for age, sex, ethnicity, education, the Townsend index, smoking status, ideal physical activity, healthy diet score, BMI, total cholesterol, ideal HbA1c, and ideal blood pressure.
a In the analysis stratified by marked categorical variable, the corresponding variable was excluded from the model.
CHD, coronary heart disease; BMI, body mass index; HbA1c, hemoglobin A; USGS, United States Geological Survey.

Supplementary table 2. Stratification analysis on the associations of water hardness with HF.
	
	CaCO3 category (using USGS)
	P for trend
	P for interaction

	
	≤60 mg/L
	>60, ≤120 mg/L
	>120, ≤180 mg/L
	>180 mg/L
	
	

	Sex a
	
	
	
	
	
	

	Women
	Ref.
	1.10 (1.03, 1.18)
	0.82 (0.72, 0.93)
	1.06 (0.99, 1.13)
	0.364
	0.532

	Men
	Ref.
	1.03 (0.97, 1.09)
	0.81 (0.73, 0.91)
	1.04 (0.98, 1.10)
	0.54
	

	Age 
	
	
	
	
	
	

	<60
	Ref.
	1.05 (0.96, 1.14)
	0.74 (0.63, 0.86)
	1.01 (0.93, 1.09)
	0.579
	0.301

	≥60
	Ref.
	1.06 (1.00, 1.12)
	0.85 (0.77, 0.94)
	1.06 (1.01, 1.12)
	0.107
	

	Townsend deprivation index 
	
	
	
	
	
	

	Tertile 1
	Ref.
	1.09 (1.00, 1.19)
	0.81 (0.70, 0.93)
	1.11 (1.02, 1.20)
	0.102
	0.063

	Tertile 2
	Ref.
	1.02 (0.94, 1.11)
	0.79 (0.69, 0.92)
	1.10 (1.02, 1.18)
	0.066
	

	Tertile 3
	Ref.
	1.07 (0.99, 1.16)
	0.86 (0.75, 0.99)
	0.98 (0.92, 1.05)
	0.342
	

	Race a
	
	
	
	
	
	

	White
	Ref.
	1.06 (1.02, 1.12)
	0.81 (0.75, 0.89)
	1.05 (1.01, 1.10)
	0.234
	0.504

	others
	Ref.
	0.87 (0.66, 1.16)
	0.81 (0.53, 1.25)
	0.97 (0.80, 1.18)
	0.918
	

	Education a
	
	
	
	
	
	

	University or college degree
	Ref.
	1.15 (1.04, 1.28)
	0.78 (0.65, 0.93)
	1.04 (0.95, 1.13)
	0.987
	0.111

	Others
	Ref.
	1.04 (0.98, 1.09)
	0.83 (0.75, 0.91)
	1.06 (1.01, 1.11)
	0.12
	

	HbA1c a
	
	
	
	
	
	

	Ideal
	Ref.
	1.09 (1.03, 1.16)
	0.83 (0.75, 0.92)
	1.04 (0.99, 1.10)
	0.639
	0.424

	Nonideal
	Ref.
	0.98 (0.90, 1.07)
	0.80 (0.69, 0.93)
	1.06 (0.98, 1.14)
	0.293
	

	Smoking a
	
	
	
	
	
	

	Ideal
	Ref.
	1.06 (1.01, 1.12)
	0.83 (0.76, 0.91)
	1.04 (0.99, 1.09)
	0.451
	0.481

	Nonideal
	Ref.
	1.05 (0.93, 1.18)
	0.78 (0.63, 0.96)
	1.11 (1.00, 1.23)
	0.155
	

	Cholesterol 
	
	
	
	
	
	

	Ideal
	Ref.
	1.04 (0.96, 1.12)
	0.79 (0.69, 0.90)
	1.03 (0.96, 1.11)
	0.78
	0.832

	Nonideal
	Ref.
	1.07 (1.01, 1.14)
	0.84 (0.75, 0.93)
	1.06 (1.00, 1.12)
	0.225
	

	BMI 
	
	
	
	
	
	

	Ideal
	Ref.
	1.07 (0.97, 1.19)
	0.74 (0.61, 0.90)
	1.05 (0.96, 1.15)
	0.631
	0.661

	Nonideal
	Ref.
	1.05 (1.00, 1.11)
	0.83 (0.76, 0.92)
	1.04 (0.99, 1.09)
	0.428
	

	Blood pressure a
	
	
	
	
	
	

	Ideal
	Ref.
	1.06 (0.85, 1.32)
	0.74 (0.50, 1.10)
	0.89 (0.74, 1.09)
	0.159
	0.087

	Nonideal
	Ref.
	1.06 (1.01, 1.11)
	0.82 (0.75, 0.89)
	1.06 (1.01, 1.11)
	0.123
	

	Physical activity a
	
	
	
	
	
	

	Ideal
	Ref.
	1.06 (0.99, 1.14)
	0.86 (0.75, 0.98)
	1.05 (0.99, 1.13)
	0.325
	0.649

	Nonideal
	Ref.
	1.06 (0.98, 1.14)
	0.75 (0.65, 0.86)
	1.01 (0.94, 1.08)
	0.552
	

	Diet a
	
	
	
	
	
	

	Ideal
	Ref.
	1.04 (0.98, 1.11)
	0.79 (0.70, 0.89)
	1.05 (0.99, 1.12)
	0.406
	0.567

	Nonideal
	Ref.
	1.07 (1.00, 1.14)
	0.84 (0.75, 0.95)
	1.04 (0.98, 1.11)
	0.476
	


Model: adjusted for age, sex, ethnicity, education, the Townsend index, smoking status, ideal physical activity, healthy diet score, BMI, total cholesterol, ideal HbA1c, and ideal blood pressure.
a In the analysis stratified by marked categorical variable, the corresponding variable was excluded from the model.
HF, heart failure; BMI, body mass index; HbA1c, hemoglobin A1c; USGS, United States Geological Survey.

Supplementary table 3. Stratification analysis on the associations of water hardness with stroke.
	
	CaCO3 category (using USGS)
	P for trend
	P for interaction

	
	≤60 mg/L
	>60, ≤120 mg/L
	>120, ≤180 mg/L
	>180 mg/L
	
	

	Sex a
	
	
	
	
	
	

	Women
	Ref.
	0.97 (0.90, 1.05)
	0.90 (0.80, 1.01)
	0.87 (0.81, 0.93)
	<0.001
	0.111

	Men
	Ref.
	0.98 (0.92, 1.05)
	0.86 (0.77, 0.96)
	0.89 (0.84, 0.95)
	<0.001
	

	Age 
	
	
	
	
	
	

	<60
	Ref.
	0.99 (0.91, 1.08)
	0.84 (0.73, 0.96)
	0.88 (0.81, 0.95)
	<0.001
	0.751

	≥60
	Ref.
	0.97 (0.92, 1.03)
	0.90 (0.81, 1.00)
	0.88 (0.83, 0.93)
	<0.001
	

	Townsend deprivation index 
	
	
	
	
	
	

	Tertile 1
	Ref.
	1.02 (0.94, 1.11)
	0.82 (0.71, 0.95)
	0.93 (0.85, 1.01)
	0.022
	0.003

	Tertile 2
	Ref.
	0.90 (0.82, 0.98)
	0.96 (0.84, 1.10)
	0.91 (0.84, 0.99)
	0.043
	

	Tertile 3
	Ref.
	1.03 (0.95, 1.12)
	0.85 (0.73, 0.99)
	0.83 (0.77, 0.90)
	<0.001
	

	Race a
	
	
	
	
	
	

	White
	Ref.
	0.98 (0.93, 1.03)
	0.88 (0.81, 0.96)
	0.87 (0.83, 0.91)
	<0.001
	0.465

	others
	Ref.
	1.01 (0.75, 1.37)
	0.76 (0.46, 1.25)
	1.01 (0.82, 1.25)
	0.954
	

	Education a
	
	
	
	
	
	

	University or college degree
	Ref.
	0.98 (0.88, 1.08)
	0.81 (0.68, 0.95)
	0.89 (0.81, 0.97)
	0.003
	0.837

	Others
	Ref.
	0.98 (0.92, 1.03)
	0.91 (0.82, 1.00)
	0.88 (0.84, 0.93)
	<0.001
	

	HbA1c a
	
	
	
	
	
	

	Ideal
	Ref.
	0.98 (0.92, 1.04)
	0.89 (0.81, 0.98)
	0.87 (0.83, 0.92)
	<0.001
	0.659

	Nonideal
	Ref.
	1.00 (0.90, 1.10)
	0.84 (0.71, 1.00)
	0.87 (0.79, 0.95)
	0.001
	

	Smoking a
	
	
	
	
	
	

	Ideal
	Ref.
	0.97 (0.92, 1.03)
	0.85 (0.78, 0.93)
	0.88 (0.84, 0.93)
	<0.001
	0.452

	Nonideal
	Ref.
	0.99 (0.87, 1.12)
	1.01 (0.83, 1.24)
	0.85 (0.76, 0.96)
	0.011
	

	Cholesterol 
	
	
	
	
	
	

	Ideal
	Ref.
	0.97 (0.89, 1.06)
	0.85 (0.73, 0.98)
	0.86 (0.79, 0.93)
	<0.001
	0.828

	Nonideal
	Ref.
	0.98 (0.92, 1.04)
	0.89 (0.81, 0.99)
	0.89 (0.84, 0.94)
	<0.001
	

	BMI
	
	
	
	
	
	

	Ideal
	Ref.
	0.92 (0.84, 1.02)
	0.99 (0.85, 1.15)
	0.86 (0.79, 0.93)
	0.001
	0.08

	Nonideal
	Ref.
	1.00 (0.94, 1.06)
	0.83 (0.76, 0.92)
	0.89 (0.84, 0.94)
	<0.001
	

	Blood pressure a
	
	
	
	
	
	

	Ideal
	Ref.
	1.16 (0.94, 1.43)
	0.99 (0.70, 1.39)
	0.85 (0.70, 1.04)
	0.07
	0.541

	Nonideal
	Ref.
	0.97 (0.92, 1.02)
	0.87 (0.80, 0.95)
	0.88 (0.84, 0.92)
	<0.001
	

	Physical activity a
	
	
	
	
	
	

	Ideal
	Ref.
	0.99 (0.92, 1.07)
	0.89 (0.78, 1.01)
	0.93 (0.87, 0.99)
	0.016
	0.596

	Nonideal
	Ref.
	0.96 (0.88, 1.04)
	0.84 (0.74, 0.97)
	0.83 (0.77, 0.90)
	<0.001
	

	Diet a
	
	
	
	
	
	

	Ideal
	Ref.
	1.00 (0.94, 1.07)
	0.91 (0.81, 1.02)
	0.92 (0.86, 0.98)
	0.004
	0.408

	Nonideal
	Ref.
	0.95 (0.88, 1.02)
	0.85 (0.75, 0.96)
	0.84 (0.79, 0.90)
	<0.001
	


Model: adjusted for age, sex, ethnicity, education, the Townsend index, smoking status, ideal physical activity, healthy diet score, BMI, total cholesterol, ideal HbA1c, and ideal blood pressure.
a In the analysis stratified by marked categorical variable, the corresponding variable was excluded from the model.
BMI, body mass index; HbA1c, hemoglobin A1c; USGS, United States Geological Survey.
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Supplementary figure 1 Flowchart of the study participants.
AF, atrial fibrillation; CHD, coronary heart disease; HF, heart failure.
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Supplementary figure 2. Multivariable-adjusted HRs (95%CIs) for genetic risk (continuous and quartiles) and AF and three cardiovascular diseases. HR of (a) AF, (b) CHD, (c) HF, and (d) stroke was adjusted for age, sex, ethnicity, education, the Townsend index, smoking status, ideal physical activity, healthy diet score, BMI, total cholesterol, ideal HbA1c, and ideal blood pressure. HR, hazard ratio; AF, atrial fibrillation; CHD, coronary heart disease; HF, heart failure; PRS, polygenic risk score; BMI, body mass index; HbA1c, hemoglobin A1c.
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Supplementary figure 3. Associations of CaCO3, Ca, and Mg with incident AF and three other cardiovascular phenotypes.
HRs (95%CIs) of (a) AF, (b) CHD, (c) HF, and (d) stroke was adjusted for age, sex, ethnicity, education, the Townsend index, smoking status, ideal physical activity, healthy diet score.
HR, hazard ratio; AF, atrial fibrillation; CHD, coronary heart disease; HF, heart failure; USGS, United States Geological Survey.


[image: ]Supplementary figure 4. Associations of CaCO3 (three methods of classification) with incident AF and three other cardiovascular phenotypes.
HRs (95%CIs) of (a) AF, (b) CHD, (c) HF, and (d) stroke was adjusted for age, sex, ethnicity, education, the Townsend index, smoking status, ideal physical activity, healthy diet score, BMI, total cholesterol, ideal HbA1c, and ideal blood pressure.
HR, hazard ratio; AF, atrial fibrillation; CHD, coronary heart disease; HF, heart failure.
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Mg quartiles, ma/L 0.001 Mg quartiles, mg/L. 0.928
Qi(=2) 3882 130857 ; 1,00 (1.00, 1.00) Q1(=2) 3532 130857 1.00(1.00, 1.00)
Q2(-2,54) 2885 95453 - 1.08(1.03,1.13) Q2(-2:54) 2565 95453 1.03 (098, 1.09)
Q3(>4,5) 2697 99058 0.98(0.93, 1.03) Q3(>4,55) 2377 99058 0.93 (0.8, 0.98)

Q4(>5) 2985 98578 —— 142(1.07,1.18) Q4(>5) 2566 98578 e 1.04(0.98, 1.09)

0.7 1 12 07 111
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AF

Variables

Binary classification
=180 mg/L.
>180 mgiL.

Ternary classification
<100 g
2100,5200 mgiL
>200 g

CaCO3 quarties, mg/L
Qi(s42)
Q2(-42.573)
Q3(>73.5253)
Q4(-253)

HF

Variables

Binary classification
<180 mg/L
>180 mg/L.

Ternary classification
<100 mg/L.
2100,5200 mg/L
>200 mg/L.

©aC03 quartiles, mgilL
Q1(s42)
Q2(-42573)
Q3(>73,2254)
Q4(>254)

Case

21210
9518

18786
2600
2340

8120
8145
7250
721

Case

8520
3009

7579
1012
3838

3281
3252
3158
2738

N HR(95% CI)
300741 . 1,00 (1,00, 1.00)
147200 e 104(102.107)
261408 - 1,00 (1,00, 1.00)
41738 — 0.90 (0.86, 0.94)
144804 ——  1.03(1.00,1085)
114196 . 1,00 (1,00, 1.00)
13122 ——  101(098,104)
108816 ——  1.00(097,103)
111816 —— 1.04(1.01,1.08)
07 1

N HR(95% CI)

282838 * 1.00(1.00, 1.00)
141108 — 105 (1.01,1.09)
245689 . 1.00(1.00., 1.00)
39442 — 0.88(0.82, 0.94)
138815 —-— 1.03(0.99., 1.07)
107114 . 1.00(1.00., 1.00)
106492 —— 1.01(0.97,1.07)
110153 - 1.05(1.00,1.10)
100187 1.03(0.97 ,1.08)

S ———]

07 1

1.2

P for trend

0.131

0032

P for trend

0424

0162

b

CHD
Variables Case
Binary classification
<180 mgiL. 2712
>180 mg/L. 10622
Temary classification
<100 mg/L. 20081
21005200 mgll 2914
>200 mg/L. 10439
CaCO3 quartiles, mgiL
Qi42) 9287
Q2(>42,573) 8911
Q3735254 8701
Qa(>254) 7435
d
Stroke
Variables Case
Binary classification
180 mg/L. 7791
>180 mg/L. 3249
Temary classification
<100 mgfL. 6881
21005200 mglL 974
>200 mgfL. 3185
CaC03 quartiles, mgil
Q1(42) 3054
Q2(-42:£73) 3011
Q3(-73,5254) 2680
Q4(>254) 2205

N

282638
141108

245689
30442
138815

107114
1068492
110153
100187

07

N

282838
141108

245689
39442
138815

107114
106492
110153
100187

07

HR(95% Cl)

1.00 (1,00, 1.00)
0.97 (094, 0.99)

1.00(1.00, 1.00)
0.90 (086, 0.93)
0.95 (093, 0.98)

1.00 (1.00, 1.00)
0.96(0.94, 0.99)
097 (0.94, 0.99)
0.92(0.89, 0.95)

11

HR(95% CI)

1.00(1.00, 1.00)
0.90(0.86, 0.93)

1.00(1.00, 1.00)
0.82(0.85, 0.98)
0.88(0.85,0.92)

1.00(1.00, 1.00)
1.00 (0.95 , 1.05)
0.91(0.88, 0.96)
0.87(0.82,0.91)

1.1

P for trend

<0.001

<0.001

P for trend

<0.001

<0.001




