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Supplementary Table 1.
   Characteristics of 150 workers  
	Average of characteristic 
	Central tendency 
 and spread 
	5th to 95th percentile interval 

	Age (years) 
	27.0 ± 8.4 
	19.0 to 46.9 

	Body height (cm) 
	174.6 ± 6.9 
	163.8 to 188.0 

	Body weight (kg) 
	83.8 ± 18.7 
	58.9 to 121.4 

	Body mass index (kg/m2) 
	27.4 ± 5.3 
	20.3 to 36.1 

	Waist-to-hip ratio 
	0.96 ± 0.07 
	0.86 to 1.08 

	Blood pressure (mm Hg) 
	
	

	Systolic 
	125.9 ± 12.8 
	106.0 to 149.0 

	Diastolic 
	78.0 ± 9.9 
	62 to 94 

	Mean arterial pressure 
	92.0 ± 9.2 
	79 to 108 

	Pulse pressure 
	47.9 ± 13.4 
	28 to 72 

	Heart rate (beats/min) 
	63.3 ± 10.2 
	49 to 83 

	Serum total cholesterol (mg/dL) 
	171.8 ± 35.7 
	121.0 to 236.0 

	Serum HDL-cholesterol (mg/dL) 
	46.2 ± 11.0 
	29.0 to 65.0 

	Total-to-HDL cholesterol ratio 
	3.9 ± 1.3 
	2.3 to 6.4 

	Blood glucose (mg/dL) 
	90.6 ± 10.2 
	74.0 to 110.0 

	Serum insulin (µIU/mL) 
	6.5 (3.5 to 11.2) 
	1.9 to 28.0 

	Serum cystatin C (mg/L) 
	0.69 ± 0.11 
	0.53 to 0.89 

	eGFR (mL/min/1.73 m2) 
	128.4 ± 13.6 
	102.1 to 147.7 

	Blood lead (µg/dL) 
	4.14 (2.50 to 8.00)
	1.00 to 12.10 


Abbreviations: HDL, high-density lipoprotein; eGFR, glomerular filtration rate estimated from serum cystatin C.  Arithmetic mean (±SD) or geometric mean (interquartile range) were used as measures of central tendency and spread depending on the distributions of variables.  Blood pressure and heart rate were measured in the supine position.  Mean arterial pressure was diastolic pressure plus one-third of pulse pressure (the difference between systolic and diastolic pressure).  
Supplementary Table 2.
   Central hemodynamic measurements in 150 workers  
	Central Hemodynamics 
	Mean ± SD 
	5th to 95th percentile interval 

	Systolic pressure (mm Hg) 
	108.1 ± 9.4 
	94 to 125 

	Diastolic pressure (mm Hg) 
	78.8 ± 10.0 
	63 to 95 

	Pulse pressure (mm Hg) 
	29.3 ± 7.2 
	20.0 to 42.0 

	Mean arterial pressure (mm Hg) 
	92.0 ± 9.2 
	79 to 108 

	Time dependent hemodynamics 
	
	

	Augmentation ratio (%) 
	100.2 ± 3.6 
	94.7 to 106.4 

	Augmentation index (%) 
	10.2 ± 7.6 
	–0.09 to 27.0 

	Pressure amplification 
	1.63 ± 0.15 
	1.30 to 1.81 

	Pulse wave velocity (m/s) 
	5.94 ± 1.85 
	3.46 to 9.02 

	Forward pulse peak time (ms) 
	112.2 ± 16.8 
	91.9 to 140.4 

	Reflected pulse peak time (ms) 
	257.5 ± 13.2 
	237.7 to 276.7 

	Forward pulse pressure amplitude (mm Hg) 
	27.4 ± 7.6 
	16.2 to 43.2 

	Reflected pulse pressure amplitude (mm Hg) 
	11.4 ± 2.6 
	7.5 to 15.7 

	Reflection index (%) 
	42.9 ± 11.0 
	29.2 to 64.4 


The central hemodynamic measurements were standardized to a heart rate of 65 beats per minute (median).  

Supplementary Table 3.
   Central hemodynamic measurements unstandardized for heart rate by median of the blood lead distribution  
	Central hemodynamics 
	<4.30 g/dL 
	≥4.30 g/dL 
	p–value 

	Augmentation ratio (%) 
	99.8 ± 3.9 
	100.8 ± 3.3 
	.091 

	Augmentation index (%) 
	10.4 ± 7.2 
	10.2 ± 8.0 
	.90 

	Pressure amplification 
	1.64 ± 0.15 
	1.62 ± 0.16 
	.45 

	Pulse wave velocity (m/s) 
	6.00 ± 1.77 
	5.83 ± 1.96 
	.56 

	Forward pulse peak time (ms) 
	113.0 ± 17.4 
	112.0 ± 16.3 
	.74 

	Reflected pulse peak time (ms) 
	258.9 ± 15.1 
	259.1 ± 16.7 
	.96 

	Forward pulse pressure height (mm Hg) 
	28.8 ± 7.7 
	26.1 ± 7.2 
	.027 

	Reflected pulse pressure height (mm Hg) 
	11.9 ± 2.7 
	11.3 ± 2.7 
	.19 

	Reflection index (%) 
	42.3 ± 11.3 
	44.6 ± 11.6 
	.23 


Values are mean ± SD. 

Supplementary Table 4.
  Covariables selected by stepwise regression  
	Variables 
	Ar (%)
	Aix (%)
	Pamp (%)
	PWV (m/s)
	Fppt (ms)
	Rppt (ms)
	Fpph (mm Hg)
	Rpph (mm Hg)
	RI (%)

	R2 
	0.34 
	0.24 
	0.41 
	0.16 
	0.02 
	0.03 
	0.21 
	0.11 
	0.40 

	Partial regression coefficient 
	
	
	
	
	
	
	
	
	

	White ethnicity (0,1) 
	…
	…
	…
	…
	…
	…
	…
	0.654* 
	…

	Smoking (0,1) 
	…
	…
	…
	–0.563* 
	…
	…
	…
	…
	…

	Drinking alcohol (0,1) 
	…
	…
	…
	0.582* 
	…
	…
	2.007* 
	1.238‡ 
	…

	Age (years) 
	0.226§
	0.448§
	–0.011§ 
	0.047‡ 
	0.440† 
	
	–0.310§ 
	
	0.723§ 

	Body height (cm)  
	–0.073†
	–0.134*
	0.005‡ 
	…
	…
	…
	0.246‡ 
	…
	–0.343‡ 

	Body weight (kg) 
	…
	…
	–0.001† 
	…
	…
	…
	…
	0.019* 
	…

	Waist-to-hip ratio 
	7.581†
	…
	…
	…
	…
	…
	…
	…
	…

	Mean arterial pressure (mm Hg) 
	…
	…
	…
	0.024* 
	…
	–0.232† 
	–0.147† 
	…
	0.220‡ 

	Total-to-HDL cholesterol ratio 
	…
	–0.878*
	0.012* 
	0.250† 
	…
	…
	…
	…
	…


Abbreviations: Ar, augmentation ratio; Aix, augmentation index; Pamp, amplification pressure; PWV, pulse wave velocity; Fppt, forward pulse peak time; Rppt, reflected pulse peak time; Fpph, forward pulse pressure amplitude; Rpph, reflected pulse pressure amplitude; RI, reflection index.  The variables considered for entry into the models included ethnicity (white vs. non-white), age, history of diabetes, body height, body weight, the waist-to-hip ratio, smoking and drinking, mean arterial pressure, the total-to-HDL cholesterol ratio, serum insulin and the estimated the glomerular filtration rate (eGFR).  p-values for variables to enter and stay in the regression models were set at 0.15.  History of diabetes, serum insulin and eGFR did not enter any model.  Significance of regression coefficients: * .05˂p≤.15; † p≤.05; ‡ p≤.01; § p≤ .001  
Supplementary Table 5.
  Associations of hemodynamic measurements with blood lead in sensitivity analyses additionally accounting for serum insulin and estimated glomerular filtration rate  
	Variable 
	Unadjusted 
	
	Adjusted 

	
	Estimate (95% CI) 
	P–value 
	
	Estimate (95% CI) 
	P–value 

	Blood pressure (mm Hg) 
	
	
	
	
	

	Peripheral systolic pressure 
	–2.66 (–8.40 to 3.08) 
	.36 
	
	–1.88 (–7.54 to 3.77) 
	.51 

	Central systolic pressure
	–0.06 (–4.28 to 4.16) 
	.98 
	
	1.68(–2.42 to 5.79) 
	.42 

	Peripheral diastolic pressure
	3.35 (–1.06 to 7.76) 
	.14 
	
	5.29 (0.92 to 9.65) 
	.018 

	Central diastolic pressure
	3.42 (–1.03 to 7.87) 
	.13 
	
	5.43 (1.05 to 9.81) 
	.016 

	Peripheral pulse pressure
	–6.01 (–11.93 to –0.09) 
	.047 
	
	–7.17 (–12.8 to –1.49) 
	.014 

	Central pulse pressure
	–3.48 (–6.66 to –0.30) 
	.032 
	
	–3.74 (–6.90 to –0.59) 
	.020 

	Central hemodynamics 
	
	
	
	
	

	Augmentation ratio (%) 
	0.80 (–0.79 to 2.39) 
	.32 
	
	1.56 (0.18 to 2.94)
	.027 

	Augmentation index (%) 
	–1.08 (–4.48 to 2.32) 
	.53 
	
	0.13 (–3.07 to 3.34)
	.93 

	Pressure amplification 
	0.003 (–0.063 to 0.070) 
	.92 
	
	–0.03 (–0.09 to 0.02) 
	.22 

	Pulse wave velocity (m/s) 
	–0.37 (–1.20 to 0.46) 
	.38 
	
	–0.05 (–0.88 to 0.78) 
	.91 

	Forward pulse peak time (ms) 
	–0.52 (–8.05 to 7.01) 
	.89 
	
	0.81 (–7.20 to 8.80) 
	.84 

	Reflected pulse peak time (ms) 
	–1.97 (–7.88 to 3.93) 
	.51 
	
	–2.22 (–8.57 to 4.13) 
	.49 

	Forward pulse pressure height (mm Hg) 
	–3.08 (–6.44 to 0.28) 
	.072 
	
	–3.34 (–6.51 to –0.16) 
	.040 

	Reflected pulse pressure height (mm Hg)
	–1.19 (–2.35 to –0.026) 
	.045 
	
	–0.89 (–2.06 to 0.28) 
	.14 

	Reflection index (%) 
	0.20 (–4.75 to 5.15) 
	.94 
	
	1.99 (–2.15 to 6.12) 
	.34 


Adjusted models accounted for ethnicity, age, body height, body weight, waist-to-hip ratio, smoking and drinking, total-to HDL cholesterol ratio, serum insulin and the estimated glomerular filtration rate.  The central hemodynamic measurements were standardized to a heart rate of 65 beats per minute (median) and additionally adjusted for mean arterial pressure.  Association sizes, given with 95% confidence interval, are the difference in the outcome variable associated with a 10-fold higher blood lead concentration. 

Supplementary Table 6.
   Associations of selected hemodynamic measurements with blood lead in subgroups limited by age  

	Variable 
	≤ 40 years 
	
	≤ 30 years Adjusted 

	
	Estimate (95% CI) 
	P–value 
	
	Estimate (95% CI) 
	P–value 

	Central diastolic pressure (mm Hg) 
	5.01 (0.40 to 9.62) 
	.033 
	
	5.63 (0.66 to 10.6) 
	.027 

	Central pulse pressure (mm Hg) 
	–3.95 (–7.28 to –0.63) 
	.020 
	
	–4.44 (–8.25 to –0.62) 
	.023 

	Augmentation ratio (%) 
	1.76 (0.31 to 3.21) 
	.018 
	
	1.88 (0.35 to 3.41)
	.027 

	Forward pulse pressure height (mm Hg) 
	–3.84 (–7.20 to –0.48) 
	.025 
	
	–4.18 (–8.13 to –0.24) 
	.038 


Models accounted for ethnicity, age, body height, body weight, waist-to-hip ratio, mean arterial pressure, smoking and drinking, total-to HDL cholesterol ratio, serum insulin and the estimated glomerular filtration rate.  The central hemodynamic measurements were standardized to a heart rate of 65 beats per minute (median).  Association sizes, given with 95% confidence interval, are the difference in the outcome variable associated with a 10-fold higher blood lead concentration.  

Supplementary Table 7.
   Central hemodynamic measurements calibrated by form factor 0.40 by median blood lead  

	Central hemodynamics 
	<4.30 µg/dL 
	≥4.30 µg/dL 
	P–value 

	Systolic pressure (mm Hg) 
	114.1 ± 10.0 
	114.0 ± 9.3 
	.94 

	Diastolic pressure (mm Hg) 
	77.2 ± 9.4 
	80.3 ± 10.3 
	.052 

	Pulse pressure (mm Hg) 
	30.9 ± 7.4 
	28.1 ± 6.7 
	.018 

	Mean arterial pressure (mm Hg) 
	93.8 ± 8.8 
	95.5 ± 9.0 
	.23 

	Augmentation ratio (%) 
	99.8 ± 3.8 
	100.6 ± 3.3 
	.15 

	Augmentation index (%) 
	10.4 ± 7.2 
	10.1 ± 8.0 
	.82 

	Pressure amplification 
	1.64 ± 0.14 
	1.63 ± 0.16 
	.74 

	Pulse wave velocity (m/s) 
	6.06 ± 1.74 
	5.88 ± 1.96 
	.56 

	Forward pulse peak time (ms) 
	113.1 ± 17.4 
	111.5 ± 15.8 
	.56 

	Reflected pulse peak time (ms) 
	265.0 ± 36.5 
	262.0 ± 37.0 
	.63 

	Forward pulse pressure height (mm Hg) 
	34.5 ± 9.1 
	31.2 ± 8.8 
	.024 

	Reflected pulse pressure height (mm Hg) 
	14.2 ± 3.0 
	13.3 ± 3.2 
	.11 

	Reflection index (%) 
	42.3 ± 10.8 
	44.1 ± 11.8 
	.32 


Mean arterial pressure = diastolic blood pressure + 0.4 ( pulse pressure. The central hemodynamics were standardized to a heart rate of 65 beats per minute (median).  Values are mean ± SD.  

Supplementary Table 8.
   Associations of central hemodynamic measurements calibrated by form factor 0.40 given by median blood lead 
	Central hemodynamics 
	Unadjusted 
	
	Adjusted 

	
	Estimate (95% CI) 
	P–value 
	
	Estimate (95% CI) 
	P–value 

	Central systolic pressure
	–1.12 (–5.43 to 3.19) 
	.61 
	
	0.56 (–3.68 to 4.81) 
	.79 

	Central diastolic pressure
	3.46 (–0.99 to 7.90) 
	.13 
	
	5.42 (1.08 to 9.76) 
	.015 

	Central pulse pressure
	–3.59 (–6.77 to –0.40) 
	.028 
	
	–3.81 (–6.96 to –0.66) 
	.018 

	Central mean arterial pressure 
	1.43 (–2.57 to 5.43) 
	.48 
	
	3.26 (–0.64 to 7.16) 
	.10 

	Augmentation ratio (%) 
	0.78 (–0.82 to 2.39) 
	.33 
	
	1.55 (0.17 to 2.93)
	.028 

	Augmentation index (%) 
	–1.12 (–4.54 to 2.30) 
	.52 
	
	0.12 (–3.06 to 3.30)
	.94 

	Pressure amplification 
	0.005 (–0.062 to 0.072) 
	.88 
	
	–0.03 (–0.09 to 0.02) 
	.26 

	Pulse wave velocity (m/s) 
	–0.37 (–1.20 to 0.46) 
	.38 
	
	–0.05 (–0.87 to 0.78) 
	.91 

	Forward pulse peak time (ms) 
	–0.80 (–8.24 to 6.63) 
	.83 
	
	0.56 (–7.30 to 8.41) 
	.89 

	Reflected pulse peak time (ms) 
	6.45 (–10.0 to 22.9) 
	.44 
	
	2.40 (–15.1 to 19.9) 
	.79 

	Forward pulse pressure height (mm Hg) 
	–4.03 (–8.06 to –0.01) 
	.049 
	
	–4.52 (–8.33 to –0.70) 
	.021 

	Reflected pulse pressure height (mm Hg)
	–1.48 (–2.88 to –0.09) 
	.037 
	
	–1.17 (–2.62 to 0.28) 
	.11 

	Reflection index (%) 
	0.48 (–4.61 to 5.57) 
	.85 
	
	2.34 (–1.88 to 6.57) 
	.27 


Adjusted models accounted for ethnicity, age, body height, body weight, waist-to-hip ratio, smoking and drinking, and the total-to-HDL cholesterol ratio.  The central hemodynamic measurements were standardized to a heart rate of 65 beats per minute (median) and additionally adjusted for mean arterial pressure.  Association sizes, given with 95% confidence interval, are the difference in the outcome variable associated with a 10-fold higher blood lead concentration.  
Supplementary Table 9.
  Characteristics of workers analyzed and not analyzed 

	Characteristic 
	Analyzed  
	Not Analyzed 
	P–value 

	Number in category 
	150 
	298 
	

	Number (%) with characteristic 
	
	
	

	Smoking 
	54 (36.2) 
	80 (26.8) 
	.044 

	Drinking alcohol 
	67 (45.0) 
	132 (44.2) 
	.92 

	Hypertension 
	9 (8.0) 
	34 (11.9) 
	.056 

	Diabetes mellitus 
	2 (1.3) 
	6 (2.0) 
	.60 

	Average of characteristic 
	
	
	

	Age (years) 
	27.0 ± 8.4 
	29.5 ± 10.6 
	.012 

	Body height (cm) 
	174.6 ± 6.9 
	175.1 ± 7.1 
	.44 

	Body weight (kg) 
	83.8 ± 18.8 
	91.2 ± 22.7 
	.0007 

	Body mass index (kg/m2) 
	27.4 ± 5.3  
	29.7 ± 7.0 
	.0004 

	Waist-to-hip ratio 
	0.96 ± 0.07 
	0.096 ± 0.08 
	.64 

	Blood pressure (mm Hg) 
	
	
	

	Systolic 
	120.8 ± 9.9 
	120.9 ± 10.0 
	.95 

	Diastolic 
	81.0 ± 8.9 
	80.9 ± 8.4 
	.83 

	Heart rate (beats per minute) 
	74.5 ± 11.8 
	74.4 ± 12.3 
	.89 

	Serum total cholesterol (mg/dL) 
	171.8 ± 35.7  
	172.8 ± 40.0 
	.80 

	Serum HDL-cholesterol (mg/dL) 
	44.8 ± 10.4 
	46.2 ± 11.8 
	.99 

	Blood glucose (mg/dL) 
	90.0 ± 9.7 
	95.2 ± 14.0 
	.002 

	Serum insulin (µIU/mL) 
	6.5 (3.5 to 11.2) 
	7.1 (3.8 to 12.9) 
	.30 

	Serum cystatin C (mg/L) 
	0.70 ± 0.10 
	0.69 ± 0.11 
	.89 

	eGFR (mL/min/1.73 m2) 
	128.4 ± 13.6 
	127.5 ± 14.3 
	.49 

	Blood lead (g/dL) 
	4.14 (2.50 to 8.00) 
	4.42 (2.50 to 9.00) 
	.45 


Abbreviations: HDL, high-density lipoprotein; eGFR, glomerular filtration rate estimated from serum cystatin C.  For continuously distributed variables, values are arithmetic (± SD) or geometric means (interquartile range).  Blood pressure (average of five consecutive readings) and heart rate were measured in the sitting position.  Hypertension was a blood pressure of ≥140 mm Hg systolic or ≥90 mm Hg diastolic. 
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Supplementary Figure 1.
   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.  

[image: image2.jpg]A 3001 \=150

P=0.017
r=-0.20 .
B=-0.31£0.13

2804

‘e
. e eeecoco0e e °

-
-~ [ ]
~

T

‘.
‘-Q.....  EEEREERXEX)

260 *=emramrnnnn.. s

en
..
-
.,
-
-~y
-
e

Reflected Pulse Peak Time (ms)
N
S
Q

220

L]

50 70 90

B 300

2804

220/

N=150 .
P=0.013

r=-0.20 ‘
B=-0.32 0.1.3.

50 70

Diastolic Pressure (mm Hg)

90 110




Supplementary Figure 2.
   Age dependency of the time-dependent central hemodynamic measurement 
The augmentation ratio (A), augmentation index (B), aortic pulse wave velocity (C), the forward pulse pressure amplitude (D), the reflected pulse pressure amplitude (E), and reflection index (F) were plotted for four age groups.  Measurements were standardized to a heart rate of 65 beats per minute.  The augmentation ratio is the quotient of the second over the first peak of the central blood pressure wave.  The augmentation index is the absolute difference between the second and first peak over central pulse pressure.  The reflection index was the ratio of the reflected to the forward pulse pressure amplitude.  Plotted values are means and 95% CI for each age group.  Numbers next to the plotted points in panel A indicate the number of participants contributing to the group means.  

Supplementary Figure 3.
   Association of reflected pulse peak time with peripheral (A) and central (B) diastolic pressure. For each association the regression line with 95% confidence interval was given. 
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