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Table S1.
  Associations of hemodynamic measurements with baseline blood lead in 206 untreated participants 
	Variable 
	
	Unadjusted 
	
	Adjusted 

	
	
	Estimate (95% CI) 
	p-Value 
	
	Estimate (95% CI) 
	p-Value

	Peripheral blood pressure 
	
	
	
	
	
	

	Systolic pressure, mm Hg 
	
	6.00 (3.42 to 8.58) 
	<.0001 
	
	2.28 (–0.71 to 5.28) 
	.13 

	Diastolic pressure, mm Hg 
	
	2.96 (1.48 to 4.44) 
	.0001 
	
	0.34 (–1.33 to 2.01) 
	.69 

	Pulse pressure, mm Hg 
	
	3.04 (1.03 to 5.05) 
	.003 
	
	1.94 (–0.52 to 4.40) 
	.12 

	Central blood pressure 
	
	
	
	
	
	

	Systolic pressure, mm Hg 
	
	6.40 (3.72 to 9.08) 
	<.0001 
	
	2.27 (–0.74 to 5.29) 
	.14 

	Diastolic pressure, mm Hg 
	
	2.85 (1.33 to 4.37) 
	.0003 
	
	0.21 (–1.50 to 1.92) 
	.81 

	Pulse pressure, mm Hg 
	
	3.56 (1.49 to 5.62) 
	.0008 
	
	2.59 (0.39 to 4.79) 
	.021 

	Time dependent hemodynamics 
	
	
	
	
	
	

	Augmentation ratio, % 
	
	3.06 (2.02 to 4.09) 
	<.0001 
	
	1.64 (0.78 to 2.50) 
	.0002 

	Augmentation index, % 
	
	5.43 (3.56 to 7.30) 
	<.0001 
	
	2.88 (1.15 to 4.61) 
	.001 

	Pressure amplification 
	
	–0.10 (–0.13 to 0.07) 
	<.0001 
	
	–0.06 (–0.09 to –0.03) 
	<.0001 

	Pulse wave velocity, m/s 
	
	0.79 (0.56 to 1.03) 
	<.0001 
	
	0.26 (0.03 to 0.50) 
	.027 

	Forward pulse peak time, ms 
	
	3.04 (–0.89 to 6.98) 
	.13 
	
	4.54 (–0.32 to 9.40) 
	.067 

	Reflected pulse peak time, ms 
	
	–1.62 (–3.84 to 0.61) 
	.15 
	
	1.69 (–0.96 to 3.93) 
	.21 

	Forward pulse pressure amplitude, mm Hg 
	
	–0.23 (–1.73 to 1.27) 
	.76 
	
	–0.47 (–2.20 to 1.26) 
	.59 

	Reflected pulse pressure amplitude, mm Hg
	
	2.63 (1.50 to 3.75) 
	<.0001 
	
	1.16 (0.13 to 2.19) 
	.027 

	Reflection index, % 
	
	7.94 (5.19 to 10.7) 
	<.0001 
	
	4.24 (1.67 to 6.80) 
	.001 


Adjusted models accounted for (i) sex, (ii) enrolment characteristics including age, body mass index, smoking and drinking, serum total-to-HDL cholesterol ratio, plasma glucose, the glomerular filtration rate estimated from serum creatinine, socioeconomic status; (iii) the time interval between measurement of the exposure biomarkers and the hemodynamic assessment.  The time-dependent hemodynamic variables were standardized to a heart rate of 60 beats per minute (population mean) and additionally adjusted for mean arterial pressure, as measured during the hemodynamic examination.  Association sizes, given with 95% confidence interval, reflect a doubling of blood lead concentration. 

Table S2.
  Associations of hemodynamic measurements with the baseline 24‑h urinary cadmium excretion in 267 participants 
	Variable 
	
	Unadjusted 
	
	Adjusted 

	
	
	Estimate (95% CI) 
	p-Value 
	
	Estimate (95% CI) 
	p-Value 

	Peripheral blood pressure 
	
	
	
	
	
	

	Systolic pressure, mm Hg 
	
	7.13 (4.88 to 9.38) 
	<.0001 
	
	2.07 (–1.08 to 5.22) 
	.20 

	Diastolic pressure, mm Hg 
	
	2.42 (1.18 to 3.65) 
	.0001 
	
	0.14 (–1.63 to 1.91) 
	.88 

	Pulse pressure, mm Hg 
	
	4.72 (2.93 to 6.50) 
	<.0001 
	
	1.93 (–0.59 to 4.45) 
	.13 

	Central blood pressure 
	
	
	
	
	
	

	Systolic pressure, mm Hg 
	
	8.46 (6.15 to 10.8) 
	<.0001 
	
	2.40 (–0.78 to 5.59) 
	.14 

	Diastolic pressure, mm Hg 
	
	2.36 (1.10 to 3.62) 
	.0003 
	
	0.05 (–1.76 to 1.86) 
	.96 

	Pulse pressure, mm Hg 
	
	6.10 (4.25 to 7.95) 
	<.0001 
	
	2.35 (–0.19 to 4.90) 
	.07 

	Time dependent hemodynamics 
	
	
	
	
	
	

	Augmentation ratio, % 
	
	3.92 (3.10 to 4.74) 
	<.0001 
	
	1.19 (0.28 to 2.10) 
	.01 

	Augmentation index, % 
	
	6.10 (4.65 to 7.55) 
	<.0001 
	
	1.60 (–0.10 to 3.30) 
	.065 

	Pressure amplification 
	
	–0.11 (–0.14 to –0.09) 
	<.0001 
	
	–0.04 (–0.07 to –0.01) 
	.005 

	Pulse wave velocity, m/s 
	
	0.95 (0.75 to 1.15) 
	<.0001 
	
	0.15 (–0.09 to 0.34) 
	.23 

	Forward pulse peak time, ms 
	
	2.57 (–0.85 to 5.98) 
	.14 
	
	0.62 (–4.42 to 5.66) 
	.81 

	Reflected pulse peak time, ms 
	
	–3.03 (–4.85 to –1.22) 
	.001
	
	–1.07 (–3.69 to 1.56) 
	.42 

	Forward pulse pressure amplitude, mm Hg 
	
	0.95 (–0.34 to 2.25) 
	.15 
	
	0.06 (–1.62 to 1.74) 
	.94 

	Reflected pulse pressure amplitude, mm Hg
	
	4.03 (3.04 to 5.03) 
	<.0001 
	
	1.23 (0.11 to 2.35) 
	.031 

	Reflection index, % 
	
	9.68 (7.56 to 11.8) 
	<.0001 
	
	3.37 (0.80 to 5.95) 
	.01 


Adjusted models accounted for (i) sex, (ii) enrolment characteristics including age, body mass index, smoking and drinking, serum total-to-HDL cholesterol ratio, plasma glucose, the glomerular filtration rate estimated from serum creatinine, socioeconomic status; (iii) the time interval between measurement of the exposure biomarkers and the hemodynamic assessment; (iv) and antihypertensive drug treatment at enrolment and during follow-up.  The time-dependent hemodynamic variables were standardized to a heart rate of 60 beats per minute (population mean) and additionally adjusted for mean arterial pressure, as measured during the hemodynamic examination.  Association sizes, given with 95% confidence interval, reflect a doubling of the 24‑h urinary cadmium excretion.  
Table S3.
  Multivariable adjusted associations of hemodynamic measurements with co-exposure to baseline lead and cadmium 
	Variable 
	
	Blood lead 
	
	24–h Urine cadmium 

	
	
	Estimate (95% CI) 
	p-Value 
	
	Estimate (95% CI) 
	p-Value 

	Peripheral blood pressure 
	
	
	
	
	
	

	Systolic pressure, mm Hg 
	
	2.72 (–0.17 to 5.61) 
	.065 
	
	2.36 (–0.81 to 5.53) 
	.14 

	Diastolic pressure, mm Hg 
	
	0.49 (–1.14 to 2.12) 
	.55 
	
	0.21 (–1.57 to 2.00) 
	.81 

	Pulse pressure, mm Hg 
	
	2.23 (–0.08 to 4.54) 
	.059 
	
	2.15 (–0.39 to 4.68) 
	.097

	Central blood pressure 
	
	
	
	
	
	

	Systolic pressure, mm Hg 
	
	3.02 (0.10 to 5.94) 
	.043 
	
	2.72 (–0.49 to 5.92) 
	.096 

	Diastolic pressure, mm Hg 
	
	0.39 (–1.27 to 2.06) 
	.64 
	
	0.12 (–1.71 to 1.94) 
	.90 

	Pulse pressure, mm Hg 
	
	2.63 (0.29 to 4.97) 
	.028 
	
	2.60 (0.04 to 5.16) 
	.047 

	Time dependent hemodynamics 
	
	
	
	
	
	

	Augmentation ratio, % 
	
	1.89 (1.06 to 2.71) 
	<.0001 
	
	1.42 (0.52 to 2.32) 
	.002 

	Augmentation index, % 
	
	3.16 (1.63 to 4.69) 
	<.0001 
	
	2.02 (0.34 to 3.69) 
	.018 

	Pressure amplification 
	
	–0.06 (–0.09 to –0.04) 
	<.0001 
	
	–0.05 (–0.07 to –0.02) 
	.0006 

	Pulse wave velocity, m/s 
	
	0.16 (–0.06 to 0.39) 
	.15 
	
	0.16 (–0.08 to 0.41) 
	.19 

	Forward pulse peak time, ms 
	
	6.16 (1.58 to 10.7) 
	.009 
	
	1.67 (–3.34 to 6.68) 
	.51 

	Reflected pulse peak time, ms 
	
	0.65 (–1.77 to 3.06) 
	.60 
	
	–0.85 (–3.50 to 1.80) 
	.53 

	Forward pulse pressure amplitude, mm Hg 
	
	–0.37 (–1.93 to 1.18) 
	.64 
	
	–0.01 (–1.71 to 1.69) 
	.99 

	Reflected pulse pressure amplitude, mm Hg
	
	1.24 (0.21 to 2.28) 
	.018 
	
	1.34 (0.21 to 2.47) 
	.020 

	Reflection index, % 
	
	4.49 (2.14 to 6.83) 
	.0002 
	
	3.87 (1.30 to 6.43) 
	.003 


Adjusted models accounted for (i) sex, (ii) enrolment characteristics including age, body mass index, smoking and drinking, serum total-to-HDL cholesterol ratio, plasma glucose, the glomerular filtration rate estimated from serum creatinine, socioeconomic status; (iii) the time interval between measurement of the exposure biomarkers and the hemodynamic assessment; (iv) antihypertensive drug treatment at enrolment and during follow-up; (v) the residual of 24‑h urinary cadmium regressed on blood lead or the residual of blood lead on 24‑h urinary cadmium.  The time-dependent hemodynamic variables were standardized to a heart rate of 60 beats per minute (population mean) and additionally adjusted for mean arterial pressure, as measured during the hemodynamic examination.  Association sizes, given with 95% confidence interval, reflect a doubling of the 24‑h urinary cadmium excretion. 

[image: image1.png]Central pressure waveform
Estimated flow
Forward wave

Backward wave

500

Time (ms)

1000




Figure S1.
   Flow chart 
Abbreviations: FLEMENGHO, Flemish Study on Environment Genes and Health Outcomes; CadmiBel, Cadmium in Belgium Study; PheeCad, Public Health and Environmental Exposure to Cadmium Study; aPWV, aortic pulse wave velocity; PWA, pulse wave analysis.  

References: FLEMENGHO, JAMA 2011; 305:1777-85; CadmiBel, AJE 1991; 134:257-67; PheeCad, JAMA 1996; 275: 1563-70.  
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Figure S2.
   Pressure-only pulse wave analysis 
The central waveform is derived from the radial waveform by means of a validated transfer function.  P1 and P2 indicate the first and second peak of the central waveform, cPP the central pulse pressure, and Pf and Pb the forward and reflected pulse wave amplitude.  The central pressure waveform can be separated in its forward and backward pulse wave component using a triangular-shaped flow estimate.  Start, peak and end of the estimated flow curve are derived from the ejection period and the first shoulder (P1) of the central pressure curve.  
