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ABSTRACT

Objective: A significant association between blood lead levels and hypertension has been reported in many
studies. The relationship between cadmium and hypertension has been debated as well. We aimed to study the
association of lead, cadmium, and both with hypertension in the Korean general population.

Methods: We examined 5,967 adult men and 6,074 women who participated in the Korea National Health and
Nutrition Examination Survey I1I-VI (2005, 2008-2013 years). Logistic regression models were used to examine
the relationship between blood lead concentration and blood cadmium concentration and hypertension using log-
transformed blood lead and cadmium concentrations as independent variables after covariate adjustment.

Results: Adjusted for general characteristics, the odds ratio of log-lead to hypertension was 2.71 (1.82-4.03), and
log-cadmium to hypertension was 2.52 (1.83-3.47). Estimates were found to be statistically significant (p<0.001).
When a multiple logistic model was applied, the odds ratio of log-lead and log-cadmium for hypertension were
2.24 (1.50-3.36) and 2.24 (1.62-3.10), respectively. The standardized estimate coefficients of log-lead and log-
cadmium for hypertension were 4.77 and 6.65, respectively.

Conclusion: We observed the association of blood lead concentration, blood cadmium concentration, and both
with hypertension. This study suggests that exposure to lead and exposure to cadmium are both risk factors for
hypertension.
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Fig. 1. Trend of blood lead, cadmium concentration and hypertension prevalence. Pb: lead; Cd: cadmium; HT:

hypertension
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Table 1. Geometric means of the blood lead, cadmium concentration and Odds of hypertension by general characteristics
and life style

Weighted Pb (ug/dL) Cd (ug/L) Hypertension
n percent Adjusted GM Adjusted GM Adjusted Odds
(std err) (95% CI) (95% CI) (95% CI)

Total 12,041 2.32(2.28-2.36) 1.08(1.06-1.11) 0.39(0.36-0.43)
Sex

Male 5,967 49.5(0.35)  2.59(2.54-2.63)*** 0.89(0.87-0.91 )*** 0.50(0.46-0.55)***

Female 6,074 50.5(0.35) 2.08(2.03-2.13) 1.31(1.27-1.35) 0.31(0.27-0.35)
Age (year)

19-29 2,412 19.2(0.38)  1.79(1.75-1.84)"** 0.64(0.62-0.67)™*** 0.07(0.06-0.08)***

30-39 2,416 21.0(0.33) 2.16(2.11-2.21)° 0.94(0.91-0.97)° 0.15(0.13-0.17)°

40-49 2,404 21.9(0.32) 2.41(2.36-2.46)° 1.19(1.16-1.23)° 0.33(0.29-0.37)°

50-59 2,407 17.8(0.28) 2.63(2.57-2.68)¢ 1.30(1.26-1.34)° 0.65(0.59-0.72)¢

60-69 1,853 12.0(0.26) 2.52(2.46-2.59)° 1.29(1.25-1.33)¢ 1.18(1.05-1.33)°

>70 549 8.1(0.44) 2.51(2.39-2.63) 1.33(1.26-1.40)° 1.47(1.20-1.79)°
Residence area

Urban 9,732 80.5(1.13) 2.27(2.24-2.31)* 1.06(1.04-1.08)* 0.41(0.38-0.44)

Rural 2,309 19.5(1.13) 2.36(2.30-2.43) 1.10(1.06-1.14) 0.38(0.34-0.42)
House income

Low 1,848 16.7(0.51) 2.36(2.30-2.43) 1.13(1.10-1.17)** 0.48(0.42-0.54)***

Middle row 3,142 26.5(0.56) 2.30(2.25-2.35) 1.07(1.04-1.10)° 0.39(0.35-0.43)

Middle high 3,397 28.5(0.54) 2.31(2.26-2.36) 1.07(1.04-1.10)° 0.39(0.35-0.44)™

High 3,500 28.3(0.62) 2.30(2.24-2.35) 1.06(1.03-1.09)" 0.33(0.29-0.37)°
Education level

Less than middle school 2,151 19.0(0.48)  2.45(2.39-2.52)"** 1.14(1.10-1.17)*** 0.52(0.46-0.58)****

Middle school 1,250 10.5(0.33) 2.44(2.37-2.51)* 1.13(1.09-1.17)" 0.39(0.33-0.44)

High school 4,481 39.5(0.59) 2.24(2.20-2.29)° 1.08(1.05-1.11)° 0.39(0.35-0.43)°

College and more 3,895 31.0(0.57) 2.15(2.09-2.20)° 0.99(0.96-1.02)° 0.31(0.27-0.35)°
Smoking status

Never smoked 2,979 25.8(0.47) 2.47(2.41-2.53)%** 1.47(1.43-1.52)%** 0.35(0.31-0.39)**

Past smoker 2,360 19.4(0.43) 2.29(2.23-2.35) 0.96(0.93-0.99)° 0.42(0.37-0.47)°

Current smoker 6,446 54.8(0.47) 2.20(2.16-2.25)° 0.89(0.87-0.92)° 0.42(0.38-0.46)
Drinking status

No drink 1,216 10.9(0.39)  2.09(2.03-2.16)"*** 1.07(1.03-1.11 ) ** 0.37(0.32-0.43)™***

Mild drink 6,600 55.7(0.53) 2.202.16-2.24) 1.04(1.01-1.06)* 0.28(0.26-0.31)

Moderate drink 1,777 14.9(0.37) 2.44(2.38-2.51)° 1.07(1.03-1.10)* 0.39(0.34-0.44)*

Heavy drink 2,148 18.4(0.42) 2.56(2.50-2.62)¢ 1.16(1.12-1.19)° 0.58(0.51-0.66)°

Pb: lead; Cd: cadmium

Hypertension: BP>140 mmHg or DBP>90 mmHg or current prevalence

Adjusted GM, Odds: adjusted by sex, age, residence area, house income, education level, smoking status, drinking status
Drinking status: Categorization by Alcohol Use Disorders Identification Test (AUDIT) score

No drink

Mild drink: 7 or less AUDIT score

Moderate drink: 8-12 AUDIT score

Heavy drink: 13 or more AUDIT score

e Bonferroni post-hoc; estimates with the same letter are not significantly different

*p<0.05; **p<0.01; ***p<0.001
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Table 2. Hypertension in relation to levels of blood lead and cadmium

Predictor in Univariate (Pb, Cd Individual)

Hypertension type

Multivariate (Pb, Cd Together)

logit model OR (95% CI) p OR (95% CI)  Std. est. p
SBP Log (Pb) 2.80(1.73-4.50) <001  2.35(1.44-3.83) 5.04 0.001
(2140 mmHg) Log (Cd) 2.54(1.67-3.85) <001  2.23(1.46-3.41) 6.63 <.001
DBP Log (Pb) 344(223-528) <001  2.81(1.81-4.38) 6.12 <001
(290 mmHg) Log (Cd) 2.68(1.92-3.74) <001  2.30(1.63-3.23) 6.86 <.001
HBP (SBP=140 or Log (Pb) 2.71(1.82-4.03) <.001 2.24(1.50-3.36) 4.77 <.001
DBP290 mmHg) Log (Cd) 252(1.83-347) <001  2.24(1.62-3.10) 6.65 <.001

Log (Pb) 0.96(0.62-1.49)  0.851  0.89(0.57-1.37) -0.71 0.588
HT current prevalence

Log (Cd) 1.39(0.95-2.03)  0.090  1.42(0.97-2.07) 2.87 0.072
HBP or HT current Log (Pb) 1.67(1.17-2.37)  0.005  1.40(0.98-2.00) 1.97 0.067
prevalence Log (Cd) 2.18(1.65-2.89) <001  2.08(1.57-2.75) 6.03 <001

Pb: lead; Cd: cadmium; SBP: systolic blood pressure; DBP: diastolic blood pressure; HBP: high blood pressure; HT: hypertension

OR (95% CI): Odds ratio (95% confidence interval)
Std. est.: standardized estimate

all model is adjusted by sex, age, residence area, house income, education level, smoking status, drinking status
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