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= Abstract =

Objectives: This study was conducted to evaluate a relationship between the blood concentrations of toxic metals
and the blood pressure in people living near the copper smelter.

Methods: The study included 570 adults living within 4km of the smelter. We compared systolic and diastolic
blood pressure between tertiary groups for blood cadmium, mercury and lead levels, respectively. Multiple
regression analysis was performed to identify risk factors affecting systolic and diastolic blood pressures.

Results: In male subjects, there is a significant difference in the mean of systolic and diastolic blood pressure
between tertiary groups of blood cadmium and mercury levels, but in women, there was no significant difference
in the mean systolic and diastolic blood pressures in all tertiary groups of heavy metals. The results of multiple
regression analysis showed that age, BMI, and cadmium concentration in men were risk factors for blood pressure.
In women, age and BMI, drinking and smoking, and blood mercury were significantly influenced to blood pressure.

Conclusions: Residents living near the Janghang smelter showed high concentrations of blood lead and
cadmium, suggesting that they were exposed to high concentrations of heavy metals released from the smelter in
the past. Such exposure may have caused some blood pressure increase. Especially, the concentration of cadmium
in the case of men and the concentration of mercury in blood in the case of women were found to be significantly
related to the increase of blood pressure. The local population should be advised to make efforts to reduce exposure
to environmental contaminants, in order to minimize cardiovascular disease, and to pay close attention to any health

problems possibly related to toxic metal exposure.
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Table 1. Descriptive characteristics of 570 subjects of this study

Male (n=245) Female (n=325) Total (n=570) ,
p—value®
Mean+SD
Age (yrs) 63.13+11.81 63.24+11.66 63.19+11.71 0.914
BMI 24.15+3.42 24.99+3.49 24.63%3.48 0.004
Systolic BP (mmHg) 137.37£17.89 138.50+£19.53 138.02+£18.83 0.474
Diastolic BP (mmHg) 85.45+11.86 83.32+10.47 84.23+11.12 0,024
Geometric mean (geometric SD)
Blood Cd (ug/L) 2.40 (1.86) 3.02 (1.74) 2.75(1.82) {0,001
Blood Hg (ug/L) 6.17 (1.70) 4,07 (1.74) 4,90 (1.78) {0,001
Blood Pb (ug/dL) 5.37 (1.55) 3.55(1.51) 4.27 (1.58) {0,001
N (%)
Smoke” {0,001
No 164 (66.9) 311 (95.6) 475 (83.3)
Yes 81 (33.1) 14 (4.4 95 (16.7)
Drink {0,001
No 53 (21.6) 222 (68.3) 275 (48.2)
Yes 192 (78.4) 103 (31.7) 295 (51.8)

a; p—value by Student t—test for numerical variables and by Chi—square test for categorical variables
b; Smokers defined person who has smoked more than 20 packs (400 cigarettes) in their lifetime,
BMI; Body Mass Index, BP; Blood pressure, Cd; Cadmium, Hg; Mercury, Pb; Lead
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Table 2. Age, BMI, hypertensive status, smoking and drinking status adjusted systolic and diastolic blood
pressure according to the tertiary groups for blood cadmium, mercury and lead levels in male

subjects
Systolic BP p—value® Diastolic BP p—value®
Blood Cd (ug/L) 0.022 0.007
T1 (1,95 135.03+£2.22 83.30+1.48
T2 (1.95 - 3.19) 134.95+2.00 T2+T3* 83.97+1.31 T1+T3*
T3 () 3.19) 141.45+1.79 88.52+1.18 T2+T3*
Blood Hg (ug/L) 0.220 0.009
T1 ({ 4.88) 136.27+1.,98 82.50+1.30
T2 (4,88 - 7.86) 140.39+1.96 88.08+1.29 T1+T2**
T3 () 7.86) 136.09+2.02 86.39+1.33
Blood Pb (ug/dL) 0.459 0.101
T1 ({4.,31) 135.94+1.98 83.89+1.31
T2 (4.31 - 6.29) 137.30+2.02 85.17+1,33
T3 () 6.28) 139.41+1.95 87.77+1.28

a; p—value by ANCOVA

*#; p—value{0,05 and **; p—value<0.01 in multiple comparison with Bonferoni correction

Table 3. Age, BMI, hypertensive status, smoking and drinking status adjusted systolic and diastolic blood
pressure according to the tertiary groups for blood cadmium, mercury and lead levels in female

subjects
Systolic BP p—value® Diastolic BP p—value®
Blood Cd (ug/L) 0.424 0.054
T1 ( 2.37) 138.02+£1.77 81.65+1,00
T2 (2.37 - 3.82) 138.53+1.78 84,40+1,00
T3 () 3.82) 141,09+1.76 84.83+0.99
Blood Hg (ng/L) 0.855 0.202
T1 (€ 3.24) 138.47+1,92 82.66+1.08
T2 (3.24 - 5.00) 138.87+1.74 82.94+0,98
T3 () 5.00) 139.91+1.80 85.08+1.02
Blood Pb (ug/dL) 0.522 0,347
T1 (¢ 3.02) 137.71+1.83 82.72+1.04
T2 (3.02 - 4.38) 140.40+1.76 83.33+1.00
T3 () 4.38) 140.01+1.72 84.7540.98

a; p—value by ANCOVA
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Table 4. General linear models for systolic and diastolic blood pressure in male subjects

Systolic BP (mmHg) Diastolic BP (mmHg)

B SE (B) T p—value } SE (B) T p—value
Age (y1) 0,224 0,107 2.106 0,036 -0.111 0,071 -1.575 0,117
BMI 1.360 0.353 3,848 {0,001 0,881 0,231 3,819 {0,001
Drinking status (1: No, 2: Yes) 4,443 2.708 1.641 0,102 1.813 1.765 1.027 0,305
Smoking status (1: No, 2: Yes) -2.658 2.459 -1.081 0,281 -1.992 1611 -1.087 0.278
Hypertension (1: No, 2: Yes) 2.103 2.404 0.875 0,382 1.868 1.567 1.192 0,234
Blood Cd level (ug/L) 1.652 0,668 2.474 0,014 1.377 0,435 3,163 0,002
Blood Hg level (pg/L) -0.097 0,274 -0,355 0,723 0,302 0.179 1.693 0,092
Blood Pb levels (ug/dL) 0,081 0.315 0,258 0,797 0,232 0,206 1.129 0,260

BMI; Body Mass Index, BP; Blood pressure, Cd; Cadmium, Hg; Mercury, Pb; Lead

Table 5. General linear models for systolic and diastolic blood pressure in female subjects

Systolic BP (mmHg) Diastolic BP (mmHg)

B SE (B) T p—value } SE (B) T p-value
Age (y) 0,626 0.091 6,912 {0,001 0,121 0.001 2,385 0,018
BMI 0,909 0.291 3,130 0,002 0,605 0.162 4,039 {0,001
Drinking status (1: No, 2. Yes) 5,099 2.151 2.370 0,018 2.859 1.201 2.379 0,018
Smoking status (1: No, 2: Yes) -10.369 4,582 -2.262 0,024 =7.463  2.559 =2.917 0,004
Hypertension (1: No, 2: Yes) 5,128 2.146 2.390 0,017 1.37 1.198 1.144 0,204
Blood Cd level (ug/L) 0.790 0,498 1,587 0,114 0,662 0.278 2.379 0,018
Blood He level (pg/L) 0,350 0,184 1.904 0,058 0,334 0,103 3.262 0,001
Blood Pb levels (ug/dL) -0.229 0.589 -0.389 0.698 -0.169  0.329 -0.513 0.608

BMI; Body Mass Index, BP; Blood pressure, Cd; Cadmium, Hg; Mercury, Pb; Lead
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