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Abstract This study examined the relationships between the blood heavy metal (Pb, Hg and Cd) concentration and
exposure-related factors. The subjects were 2,042 (male: 953, female: 1,089) who were recruited through a National
Health and Nutrition Examination Survey. Differences in the concentrations of mercury were observed in males,
whereas females showed differences in lead and cadmium. Analyses of the blood concentrations according to body
mass index and waist circumference showed significantly higher concentrations of mercury. In males, high-density
lipoprotein cholesterol of dyslipidemia was higher than normal in the blood lead concentration. In females,
low-density lipoprotein cholesterol of dyslipidemia was higher than normal in the blood lead concentration. The blood
lead and cadmium concentrations of male smokers was higher than non-smokers, and cadmium showed the same
results in females. The blood lead levels were higher in male alcohol consumers than non-drinkers. The blood
concentrations of mercury and cadmium showed significant differences according to household income. Blood
concentrations of heavy metals were closely related to exposure-related factors, and age, smoking, drinking alcohols,
obesity, hyperlipidemia, and household income were found to be relevant.
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[Table 1] General characteristics of study population

Total Male Female
variables (n = 2,042) (n = 953) (n = 1,089) p
n (weighted % ) or M+SE
Mean age(y) 53.59+0.29 53.374+0.27 53.81+0.22 0.186
40-49 642 (39.8) 284 (39.2) 358 (40.6) 0.038
50-59 679 (354) 316 (374) 363 (33.3)
60= 721 (24.7) 363 (24.3) 368 (26.0)
Body mass index (kg/m?) 24.09+0.08 24.16+0.11 24.01+0.12 0345
Waist circumference (cm) 82.91+0.26 85.50+0.33 80.16+0.32 <001
Total choesterol (mg/dl) 194.15+1.04 192.78+1.58 19558+1.28 0.164
Triglycerides (mg/dl) 154.62+3.81 179.16+6.81 12875+2.96 <001
HDL choesterol (mg/dl) 51.08+0.33 4862+0.49 5368043 <001
LDL choesterol (mg/dl) 116.86+0.89 115.11+1.34 11871+1.11 <001
Systolic blood pressure (mmlg) 124.49+0.42 126.40+0.60 122.47+0.27 0.036
Diastolic blood pressure (mmHg) 80.81+0.31 8341045 78.08+0.35 <001
Pb (ug/dL) 2.78+0.04 3.21+0.06 2.34+0.05 <001
He (ug/L) 539:0.13 656:021 4162010 <001
Cd (ug/L) 1.34£0.02 1.2240.03 1.46+0.03 <001
City size
Metropolis 927 (47.3) 428 (46.2) 499 (484) 0.3%4
Micropolis 668 (31.6) 315 (323) 353 (30.9)
Rural district 447 (21.1) 210 (21.5) 237 (20.7)
Family income
Low 470 (195) 18 (155) 285 (23.7) <001
Middle-low 515 (26.4) 240 (272) 275 (256)
Middle-high 499 (25.8) 242 (265) 257 (25.0)
High 541 (283) 277 (30.8) 264 (25.7)
Missing 17 9 8
Education level (grauate)
Elementary school 634 (27.9) 219 (19.7) 465 (36.6) <001
Middle school 350 (17.0) 173 (16.7) 177 (17.3)
High school 601 (32.7) 296 (338) 305 (31.5)
College & University 391 (224) 24 (29.8) 137 (14.6)
Missing 16 11 5
Smoking
Smoker 648 (35.1) 532 (62.4) 66 (6.3) <001
Non-smoker 1,388 (64.9) 367 (37.6) 1,021 (93.7)
Missing 6 4 2
Drinking alcohol
Yes 1,663 (84.5) 881 (93.7) 782 (74.8) <001
No 371 (154) 67 (6.1) 34 (25.1)
Non answer 302 2 (0.2) 10D
Missing 5 3 2
Marry
Yes 2,001 (97.3) 926 (96.0) 1,075 (986) 0.003
No 39 (26) 26 (39) 13 (1.3)
Non answer 2 (0.1 1(0.1) 1(0.1)

MH+SE @ MeantStandard Error

p : p-value was calculated by an independent t-test for continues variables and a Chi-square

test for categorical variables
HDL : High Density Lipoprotein,
LDL : Low Density Lipoprotein
Family in come : quartiles
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[Table 2] Blood Pb concentration according to related factors

Variables Male (n = 933) Female (n = 1,089) p2
n LSM (95%CI) G Dl n LSM (95%CI) G Dl

Mean age(y)

40-49 24 307 282 332 0.149 358 217 196 238 A <001 <001

50-59 316 309 287 330 ¥ 266 246 285 B <001

60> H3 311 294 3B 363 259 242 276 B <001
Body mass index (kg/m?)

<185 25 318 217 420 0.986 16 242 094 389 0.815 0.052

185<BMI<25.0 587 303 28 317 705 254 241 267 <001

250= Al 327 306 348 368 228 208 248 <001
Waist circumference (cm)

<90 (80) 660 312 298 326 0434 530 252 236 268 0.932 <001

90 80)= 28 314 292 33 561 236 223 250 <001
Total cholesterol (mg/dl)

<200 307 291 324 0.469 244 221 260 A 0019 <001

200<TC<240 317 297 337 249 233 266 B <001

240= 293 264 322 262 239 28 B <001
Triglycerides (mg/dl)

<150 29% 279 310 0.961 252 240 264 0.604 <001

150=TG<200 319 2% 342 250 225 275 <001

200= 331 305 358 221 181 261 <001
HDL cholesterol (mg/dl)

<40 (50) 221 296 274 318 A 0016 439 236 221 248 0.439 <001

40 (50)= 79 313 29 327 B 642 2571 241 272 <001
LDL cholesterol (mg/dl)

<130 312 2% 327 0.491 243 228 258 A 0027 <001

130=<LDL-C<160 301 281 321 253 238 269 AB <001

160> 311 277 34 2571 228 286 B 0.002
Smoking

Smoker 582 332 320 343 A 0026 66 260 224 295 0.123 <001

Non-smoker 367 308 291 324 B 1,015 234 225 243 <001
Drinking alcohol

Yes &1 314 301 327 A 001 778 252 238 266 0.106 <001

No 67 276 249 303 B 302 228 217 239 <001
Family income

Low 18 320 29 345 0.341 285 255 238 273 0.391 <001

Middle-low 240 306 28 327 275 206 2371 275 <001

Middle-high 242 321 298 343 257 221 206 249 <001

High 277 321 298 343 264 227 206 249 <001
Eat out/a week

3z 662 314 301 327 0.696 518 252 238 266 0.758 <001

<3 42 276 249 303 B 28 217 239 <001

LSM : Least Square Means
95%CI : 95% Confidence Interval

pl, G : Comparisions significant at the 0.05 level by Least Significant Difference
p2 : male vs female, General Linear Model

HDL : High Density Lipoprotein

LDL-C : Low Density Lipoprotein Cholesterol

Family income : quartiles

The values in bracket are for females for HDL-C, WC.

2093



FFAS & =B A6 3B, 2015

[Table 3] Blood Hg concentration according to related factors

Male (n = 953) Female (n = 1089) 2
Variables LSM (95%CD) G LSM (95%CD) G 1 P

Mean age(y)

40-49 6.15 5.5 6.76 A 0.002 448 3% 5.00 0618 <001

50-59 680 56 7% B 58 42 632 <001

60> 568 512 6.24 A 4.40 3.8 49 <001
Body mass index (kg/m?)

<185 1.32 0.80 1.4 A 0.011 163 0.87 2.39 0.104 0.334

185<BMI<25.0 0.9 091 1.06 A 166 1.60 1.73 <001

25.0= 1.08 0.9 118 B 159 150 168 <001
Waist circumference (cm)

<90 (80) 571 5.39 6.03 A <001 440 4.03 478 <001 <001

90 (80)= 771 65 8% B 481 407 55
Total choesterol (mg/dl)

<200 6.18 5.74 6.63 0.130 451 407 49% 0.162 <001

200<TC<240 6.26 564 6.83 472 421 5.23 <001

240= 568 2.3 9.01 598 3.35 862 0.013
Triglycerides (mg/dl)

<150 6.05 561 6.49 0.104 451 418 484 0.83% <001

150<TG<200 6.36 4.38 8.34 566 3 778 0.002

200= 6.37 560 7.09 490 381 599 <001
HDL choesterol (mg/dl)

<40 (50) 584 5.16 6.52 0.204 431 390 472 0519 <001

40 (50)= 6.21 564 6.78 510 448 573 <001
LDL choesterol (mg/dl)

<130 6.28 588 6.69 0485 447 407 486 0.19 <001

130<LDL<160 590 4.29 751 549 4.25 6.73 <001

160= 6.31 5.19 742 417 321 5.14 <001
Smoking

Smoker 6.76 6.11 7.42 0.245 550 344 757 0.9% 0.012

Non-smoker 6.16 577 6.55 4.36 414 457 <001
Drinking alcohol

Yes 6.38 5.89 6.88 0.242 482 4.28 5.37 0.066 <001

No 502 401 6.03 418 377 458 <001
Family income

Low 486 417 54 A 0.005 458 4.07 509 AC 0004 <001

Middle-low 5.9% 5.33 6.58 AC 389 3.32 446 A <001

Middle-high 581 433 729 BC 589 448 7.31 BC

High 757 6.83 825 B 458 3.8 5.30 C <001
Eat out/week

3= 6.38 589 6.88 A 0.029 4382 428 5.37 0.290 <001

<3 5.02 4.01 6.03 B 418 377 458 <001

95%CI 1 95% Confidence Interval

pl, G 1 Comparisions significant at the 0.05 level by Least Significant Differene
p2 : male vs female, General Linear Model

HDL : High Density Lipoprotein

LDL-C : Low Density Lipoprotein Cholesterol

Family income : quartiles

The values in bracket are for females for HDL-C, WC.
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[Table 4] Blood Cd concentration according to related factors

Variables Male (n = 953) Female (n = 1089) p2
LSM (95%CI) G pl LSM (95%CI) G pl

Mean age(y)

40-49 100 089 110 0.060 148 139 156 A <001 <001

50-59 100 089 112 181 171 1% B <001

60> 104 0% 113 166 157 174 C <001
Body mass index (kg/m?)

<185 132 080 134 0.517 163 087 239 0.799 0.334
185<BMI<25.0 099 091 106 166 160 173 <001

250= 108 099 118 159 150 168 <001
Waist circumference (cm)

<90 (80) 106 100 113 0434 167 159 174 0.674 <001

90 0= 102 09 113 157 150 164 <001
Total choesterol (mg/dl)

<200 100 092 107 0.94 168 160 17 0.155 <001

200<TC<240 106 094 116 158 149 168 <001

240> 106 04 125 170 153 18 <001
Triglycerides (mg/dl) <001

<150 098 09 106 0.318 160 154 166 0.604 <001

150=TG<200 111 098 125 162 148 177 0.002

200= 107 097 118 1.8 169 201 <001
HDL choesterol (mg/dl)

<40 (50) 094 082 107 0.930 163 15 171 0.519 <001

40 (50)= 104 098 111 166 158 173 <001
LDL choesterol (mg/dl)

<130 099 092 106 0.218 169 162 176 0.440 <001

130<LDL-C<160 105 093 118 154 14 144 <001

160> 113 092 134 169 151 187 0.004
Smoking

Smoker 135 129 141 A <001 182 163 201 A <001 <001

Non-smoker 09% 08 1.03 B 147 143 151 B <001
Drinking alcohol

Yes 103 097 109 0.086 168 162 17 0.769 <001

No 0% 076 114 152 145 160 <001
Family income

Low 120 106 135 A <001 172 161 183 A 0047 0.083

Middle-low 098 087 1.09 B 161 151 171 <001

Midlle-high 097 087 108 B 159 149 169 B <001

High 100 08 111 B 161 149 173 <001
Eat out/week

3= 103 097 109 A 0010 168 162 17 A 004 <001

<3 0% 076 114 B 152 145 160 B <001

LSM @ Least Square Means

95%6CI : 95% Confidence Interval

pl, G Comparisions significant at the 0.05 level by Least Significant Differene
p2 * male vs female, General Linear Model

HDL : High Density Lipoprotein

LDL-C : Low Density Lipoprotein Cholesterol

Family income : quartiles

The values in bracket are for females for HDL-C, WC.
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[Table 5] Multiple regression analysis about related factors with the blood Pb, Hg, Cd concentration

Male Female
Variables
B D B D
Pb Age 40-49 -0.250 0.040 -0.258 0.070
50-59 -0.001 0963 0.066 0.404
>60 0.00 0.00
Drinking alcohol Yes 0.420 0.011 0.206 0.004
No 0.00 0.00
Hg Age 40-49 -0.453 0.263 0.027 0916
50-59 1.170 0.009 0.205 0.327
>60 0.00 0.00
BMI (kg/m?) <185 -0.693 0.555 -1.450 0.020
185<BMI<25.0 -0.637 0.330 -0.151 0.601
25.0= 0.00 0.00
LDL-C (mg/d) <130 -0.098 0.8%9 0.267 0275
130<LDL-C<160 0.246 0.786 0.732 0.019
160> 0.00 0.00
Drinking alcohol Yes 1.005 0.039 0437 0.023
No 0.00 0.00
Family income 1 -2.012 <0.001 -0.400 0.165
2 -1.48 0.003 -0.663 0.005
3 -0.283 0.665 -0.140 0.550
4 0.00 0.00
Cd Age 40-49 -0.176 <0.001 -0.120 0.047
50-59 -0.035 0477 0.081 0.165
>60 0.00 0.00
TG (mg/dl) <150 -0.119 0.031 -0.041 0578
150<TG<200 -0.056 0.422 -0.09% 0.334
200> 0.00 0.00
Drinking alcohol Yes 0.201 0.002 -0.001 0.938
No 0.00 0.00
Smoking Smoker 0418 <0.001 0.374 0.022
Non-smoker 0.00 0.00
Family income 1 0254 0.005 0.133 0.145
2 -0.064 0.331 -0.002 0972
3 0.028 0.657 -0.034 0.627
4 0.00 0.00

BMI : Body Mass Index

LDL-C : Low Density Lipoprotein Cholesterol

TG : Triglycerides
B ¢ Coefficient
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