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— Abstract —

The Effects of Smoking and Drinking on Blood L ead and Cadmium L evels: Data from
the Fourth Korea National Health and Nutrition Examination Survey

Boram Lee, Jachyeok Ha"

Department of Occupational & Environmental Medicine, &. Mary’s Hospital, Samcheok Health Center, Gangwon-DoV

Objectives: The purpose of this study is to assess the effects of smoking and drinking on blood lead
and cadmium levels based on a dose-response relationship in the general Korean adult population.

Methods: The study population consisted of 1,901 Koreans, who took part in the 2008 Korean
National Health and Nutrition Examination Survey, in which blood lead and cadmium levels were mea-
sured. Geometric mean concentrations and their 95% confidence intervals of metals in blood were esti-
mated by analysis of covariance (ANCOVA) adjusting for demographic and lifestyle factors.

Results: We observed a statistically significant dose-response relationship with daily smoking
amount/alcohol intake and blood lead/cadmium levels. While daily smoking amount was more consistent
with blood cadmium level (0.1-0.2 wg/L per 5 cigarettes), blood lead concentrations were higher as daily
acohol intake increased (0.1-0.2 ug/dL per 10 gram of alcohol).

Conclusions: Our findings clearly support arelationship between daily smoking amount/alcohol intake
and blood lead/cadmium levels, suggesting an additional reason towards efforts to reduce smoking and
drinking habits.

Key Words: Blood lead, Blood cadmium, Alcohol, Drinking, Smoking
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Table 1. Estimation of daily alcohol intake on average

Average amount of alcohol consumption per drinking

Drinking frequency

Daily acohol intake

Conversion to gram of alcohol (B)

Survey variable

Conversion to time/month (A)

Survey variable

Og
159
359
559
80g

100g

(A)* (B) /30

O/month
0.5/month

O/month

< 1/month
1/month

1/month
3/month

10/month

2-4/month
2-3/week
> 4/week

>10 glass*

16/month

*Without distinction of acohol beverage including soju, beer, whisky, wine, etc.
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Table 2. Blood lead and cadmium concentrations by general characteristics of the study subjects: men

GM (95% Cl) - Lead (ug/dL)

GM (95% Cl) - Cadmium (ug/L)

Crude*

Adjusted’

Crude*

Adjusted’

Number
Age (years)
20-29 182
30-39 197
40-49 190
50-59 183
60-69 112
>70 83
p for trend
Residence area
Urban 729
Rural 218
p value
Occupational class
Blue collar 366
Others' 581
p value
Family income
1Q (low) 157
2Q 249
3Q 263
4Q (high) 278
p for trend
Educational level
<Middle school 261
High school 277
> College 409
p for trend
Daily smoking amount (cigarets)
Currently none 526
1-5 38
6-10 95
11-15 64
16-20 161
>21 63
p for trend
Daily acohal intake (g)
0 155
0-9 391
10-19 159
20-39 175
>40 67
p for trend

213 (2.01-2.26)
264 (251-2.78)
2.96 (2.82-3.10)
310 (2.92-3.29)
3.26 (3.06-3.48)
3.00 (2.76-3.27)
<0.001

270 (2.63-2.78)
2.95 (2.76-3.15)
0.018

3.05 (2.93-3.16)
259 (2.50-2.68)
<0.001

2.94 (2.71-3.18)
2.90 (2.73-3.09)
2.66 (2.54-2.78)
2.63 (2.51-2.76)
0.021

3.28 (3.15-3.41)

2.92 (2.80-3.05)

242 (2.32-2.52)
<0.001

2.66 (2.57-2.76)
252 (2.22-2.87)
2.68 (2.47-2.92)
2.76 (2.50-3.04)
2.98 (2.82-3.15)
3.17 (2.84-3.54)
0.002

2.63 (2.48-2.78)
2.60 (2.50-2.71)
2.77 (2.60-2.94)
2.95 (2.79-3.11)
346 (3.19-3.74)
<0.001

2.22 (2.10-2.36)
2,68 (2.54-2.81)
2.94 (2.80-3.08)
2,95 (2.78-3.13)
3.19 (2.97-3.42)
3.04 (2.78-3.33)
<0.001

274 (2.67-2.82)
277 (2.62-2.93)
0.635

2,90 (2.79-3.01)
2,67 (2.58-2.75)
0.012

274 (2.54-2.94)
281 (2.67-2.97)
271 (2.60-2.81)
274 (2.62-2.87)
0.275

2.87 (2.72-3.03)

2.88 (2.76-3.00)

261 (2.50-2.71)
0.002

2,67 (2.58-2.77)
255 (2.26-2.89)
2.84 (2.62-3.08)
2.86 (2.63-3.12)
2.85 (2.71-3.00)
2.98 (2.69-3.30)
0.003

247 (2.32-2.62)
2,68 (2.58-2.78)
277 (2.62-2.93)
2,98 (2.83-3.14)
3.16 (2.92-3.42)
<0.001

0.59 (0.53-0.65)
0.81 (0.73-0.91)
0.85 (0.79-0.92)
1.01 (0.91-1.12)
1.07 (0.95-1.21)
1.11 (1.00-1.25)
<0.001

0.81 (0.76-0.85)
0.99 (0.89-1.12)
0.002

0.99 (0.91-1.07)
0.76 (0.72-0.81)
<0.001

0.98 (0.85-1.13)
0.92 (0.85-1.00)
0.83 (0.76-0.90)
0.73 (0.66-0.79)
<0.001

1.15 (1.07-1.24)

0.89 (0.83-0.96)

0.69 (0.64-0.74)
<0.001

0.69 (0.64-0.74)
0.67 (0.51-0.87)
0.90 (0.82-1.00)
1.01 (0.89-1.15)
1.27 (1.16-1.40)
121 (1.09-1.35)
<0.001

0.82 (0.72-0.93)
0.75 (0.70-0.80)
0.84 (0.74-0.97)
0.95 (0.87-1.04)
1.23 (1.06-1.44)
<0.001

061 (0.56-0.67)
0.81 (0.74-0.89)
0.85 (0.80-0.91)
0.95 (0.86-1.05)
1.05 (0.92-1.20)
121 (1.07-1.39)
<0.001

0.83 (0.79-0.87)
0.89 (0.79-0.99)
0.235

0.89 (0.83-0.95)
0.81 (0.77-0.86)
0.074

0.87 (0.78-0.96)
0.86 (0.80-0.94)
0.86 (0.79-0.92)
0.79 (0.74-0.85)
0.037

091 (0.83-0.98)

0.86 (0.80-0.92)

0.79 (0.74-0.85)
0.023

0.68 (0.64-0.73)
0.68 (0.54-0.85)
0.99 (0.90-1.09)
1.09 (0.97-1.23)
122 (1.11-1.34)
114 (1.02-1.27)
<0.001

0.79 (0.71-0.88)
0.81 (0.76-0.86)
0.83 (0.75-0.93)
0.90 (0.83-0.97)
0.98 (0.84-1.14)
0.006

GM: Geometric mean, Cl: Confidence interval, *By ANOVA, "By ANCOVA adjusted for all demographic, socioeconomic and
lifestyle variables in the table, *Include white collar workers and economically inactive subjects.
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Table 3. Blood lead and cadmium concentrations by general characteristics of the study subjects: women

GM (95% Cl) - Lead (1g/dL) GM (95% Cl) - Cadmium (ug/L)

Number
Crude* Adjusted’ Crude* Adjusted’
Age (years)
20-29 180 161 (1.48-1.74) 1.68 (1.53-1.83) 0.55 (0.49-0.62) 0.61 (0.54-0.70)
30-39 190 1.81 (1.71-1.92) 1.87 (1.76-2.00) 0.92 (0.83-1.02) 0.99 (0.89-1.09)
40-49 194 196 (1.85-2.08) 1.96 (1.85-2.08) 1.17 (1.08-1.27) 1.17 (1.09-1.26)
50-59 195 246 (2.34-2.58) 2.36 (2.23-2.49) 1.37 (1.27-1.47) 1.27 (1.17-1.37)
60-69 136 211 (1.94-2.30) 2.03 (1.85-2.22) 1.40 (1.28-1.53) 1.27 (1.16-1.39)
>70 59 225 (2.02-2.51) 2.18 (1.94-2.45) 1.36 (1.18-1.57) 1.22 (1.05-1.42)
p for trend <0.001 <0.001 <0.001 <0.001
Residence area
Urban 736 197 (1.89-2.04) 1.98 (1.91-2.05) 1.02 (0.96-1.08) 1.04 (0.99-1.09)
Rural 218 2.01 (1.87-2.15) 1.94 (1.83-2.07) 1.08 (0.96-1.20) 0.99 (0.90-1.10)
p value 0.627 0.587 0.341 0.498
Occupationa class
Blue collar 186 215 (2.00-2.32) 2.01 (1.86-2.16) 1.27 (1.16-1.39) 1.13 (1.02-1.24)
Others* 768 194 (1.87-2.01) 1.97 (1.91-2.03) 0.98 (0.93-1.05) 1.01 (0.96-1.06)
p value 0.016 0.799 <0.001 0.368
Family income
1Q (low) 187 2.2 (2.04-2.38) 2.02 (1.88-2.17) 1.22 (1.09-1.36) 1.00 (0.90-1.10)
2Q 274 198 (1.86-2.11) 1.92 (1.81-2.05) 1.06 (0.97-1.16) 1.00 (0.93-1.08)
3Q 248  1.89 (1.77-2.01) 1.94 (1.84-2.05) 0.97 (0.89-1.06) 1.04 (0.96-1.13)
4Q (high) 245  1.90 (1.81-2.00) 2.03 (1.94-2.13) 0.94 (0.87-1.03) 1.070(0.99-1.15)
p for trend 0.011 0.698 0.002 0.991
Educational level
<Middle school 378 231 (2.20-2.42) 219 (2.07-2.32) 1.37 (1.29-1.47) 1.14 (1.05-1.24)
High school 291 194 (1.85-2.03) 1.94 (1.85-2.04) 1.08 (1.01-1.16) 1.13 (1.05-1.21)
> College 285 166 (1.56-1.76) 1.75 (1.64-1.88) 0.68 (0.63-0.74) 0.82 (0.76-0.90)
p for trend <0.001 0.002 <0.001 <0.001
Daily smoking amount (cigarets)
Currently none 889 195 (1.89-2.02) 1.95 (1.90-2.01) 1.02 (0.97-1.07) 1.01 (0.97-1.06)
1-05 19 235 (1.97-2.82) 2.27 (1.94-2.65) 1.20 (0.97-1.49) 1.27 (1.06-1.52)
6-10 33 218 (1.84-2.60) 217 (1.86-2.52) 1.15 (0.78-1.68) 1.23 (0.94-1.62)
11-15 3 247 (2.19-2.80) 2.65 (2.38-2.95) 1.22 (1.16-1.28) 1.46 (1.39-1.53)
16-20 10 327 (2.74-3.91) 3.04 (2.41-3.84) 1.7 (1.29-2.24) 1.57 (1.01-2.45)
>21 0 - - - -
p for trend <0.001 <0.001 <0.001 <0.001
Daily alcohal intake (g)
0 343 1.96 (1.86-2.05) 1.85 (1.76-1.94) 1.16 (1.08-1.25) 1.02 (0.96-1.10)
0-9 522 1.95 (1.88-2.03) 2.01 (1.94-2.09) 0.95 (0.89-1.03) 1.02 (0.96-1.08)
10-19 51  2.09 (1.80-2.44) 2.22 (1.93-2.56) 0.95 (0.79-1.15) 1.09 (0.92-1.29)
20-39 32 230 (1.93-2.73) 2.31 (1.96-2.71) 1.06 (0.87-1.29) 1.12 (0.94-1.34)
> 40 6 2.61 (1.88-3.61) 2.58 (1.86-3.57) 1.71 (0.58-5.10) 1.87 (0.68-5.17)
p for trend 0.225 0.001 0.002 0.509

GM: Geometric mean, Cl: Confidence interval, *By ANOVA, "By ANCOVA adjusted for all demographic, socioeconomic and
lifestyle variablesin the table, *Include white collar workers and economically inactive subjects.
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A. Blood lead (ug/dL) B. Blood cadmium (ug/L)
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Fig. 1. Blood lead and cadmium concentrations by daily alcohol intake in male participants.
By ANCOVA adjusted for age(10-year strata), gender, education, occupationa class, family income, residence area, and
current daily smoking amount.

A. Blood lead (ug/dL) B. Blood cadmium (ug/L)
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Fig. 2. Blood lead and cadmium concentrations by current daily smoking amount in male participants.
By ANCOVA adjusted for age(10-year strata), gender, education, occupational class, family income, residence area, and
daily acohol intake.

Table 4. Blood lead and cadmium concentrations by cumulative smoking amount of the study subjects

Number GM (95% Cl) - Lead (ug/dL) GM (95% ClI) - Cadmium (ug/L)
u
Crude* Adjusted’ Crude* Adjusted’
Men
o0PYS' 185 241 (2.24-2.59) 2.56 (2.39-2.74) 0.56 (0.50-0.62) 0.60 (0.55-0.66)
0.1-9.9 PYs' 270 244 (2.33-2.56) 2.63 (2.51-2.76) 0.72 (0.66-0.79) 0.79 (0.73-0.86)
10-19.9 PYs' 172 297 (2.82-3.12) 2.96 (2.82-3.11) 0.94 (0.86-1.04) 0.94 (0.86-1.03)
20-29.9 PYs' 121 312 (2.92-3.34) 292 (2.73-3.13) 111 (1.00-1.24) 1.03 (0.94-1.13)
30-39.9 PYs' 87 3.27 (3.04-3.52) 2.88 (2.66-3.12) 1.18 (1.02-1.35) 1.02 (0.89-1.16)
>40 PYs' 112 3.28 (3.07-3.51) 2.81 (2.60-3.03) 1.26 (1.14-1.40) 1.05 (0.94-1.17)
p for trend <0.001 0.002 <0.001 <0.001
Women
o0PYS' 835 194 (1.88-2.01) 1.94 (1.88-2.00) 1.03 (0.98-1.08) 1.02 (0.98-1.07)
0.1-9.9 PYs' 100 214 (1.96-2.34) 2.25 (2.05-2.46) 0.89 (0.73-1.08) 1.03 (0.88-1.22)
10-19.9 PYs' 11 2.48 (2.07-2.96) 2.16 (1.81-2.57) 1.86 (1.48-2.33) 141 (1.20-1.67)
20-29.9 PYs' 4 3.17 (2.78-3.60) 2.66 (2.22-3.20) 2.75 (2.34-3.23) 192 (1.59-2.32)
30-39.9 PYs' 3 3.65 (3.09-4.32) 3.30 (2.54-4.28) 1.65 (1.23-2.22) 1.36 (1.00-1.85)
>40 PYs' 1 454 - 3.91 (3.53-4.34) 1.77 - 1.22 (1.09-1.38)
p for trend <0.001 <0.001 <0.001 <0.001

GM: Geometric mean, Cl: Confidence interval, *By ANOVA, "By ANCOVA adjusted for age, residence area, occupational class,
family income, educational level, and daily alcohol intake, *Pack Years = (number of cigarettes smoked per day / 20) x (number of
years smoked).
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Fig. 3. Blood lead and cadmium concentrations by cumul ative smoking amount in male participants
By ANCOVA adjusted for age(10-year strata), gender, education, occupationa class, family income, residence area, and

daily alcohal intake.
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