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Association of Bone Lead with Neurobehavioral Test Scores in Lead Workers

Sung-Soo Lee - Nam-Soo Kim - Hwa-Sung Kim . Kyu-Dong Ahn - Byung-Kook Lee'

Department of Preventive Medicine, Medical College and Institute of Industrial Medicine,
Soonchunhyang University

To evaluate the effect of lead biomarkers including
bone lead on neurobehavioral test in lead workers, 652
lead workers without any occupational exposure to
organic solvent, mercury and arsenic were agreed to
participate this study. For the control subjects 102 non-
occupationally lead exposed blue collar workers in
general manufacturing industries were also joined this
study. All study subjects joined this study with written
informed consent. .

The study variables of lead exposure were blood and
patella lead. For the general characteristics of study
subjects, standardized questionnaire regarding age, sex.
past disease history, job duration, body mass index (BMI),
drinking and smoking habit were provided. For the past
history of neurotoxicity related diseases, all study
subjects were interviewed by qualified occupational
health physician.

The results obtained were as follows:

1. Compared with controls without occupational lead
exposure, lead exposed subjects had worse performance
on all tests(p<0.05).

2. After adjustment for covariates (age, sex, job
duration, education level, BMI, smoking and drinking

status), the signs of the regression coefficients for blood
lead were negative for 13 of the 14 tests. Blood lead was
a significant predictor of poorer scores on 8 tests
(simple reaction time(ms & root MSD), Trail-Making
Test B, Digit Symbol Substitution, Purdue Peghoard
assembly, Digit Span Test, Benton Visual Retention, and
Purdue pegboard both hand).

3. After adjustment for covariates (age, sex, job
duration, education level, BMI, smoking and drinking
status), the signs of the regression coefficients for
patella lead were negative for 12 of the 14 tests. Patella
lead was a significant predictor of poorer scores on 8
tests (simple reaction time(ms). Purdue Pegboard
assembly, Digit Span Test, Benton Visual Retention,
Pursuit Aiming Test (no. of correct & no. of incorrect),
Purdue pegboard non—donminant hand and both hand).

With above resuits, blood lead and patella lead were
associated with poorer performance of neurobehavioral
tests. In addition, patella lead was confirmed to be better
predictor of manual dexterity test in neurobehavioral test
battery in lead workers.

Key Words : Lead exposure, Bone lead, Neurobehavioral
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Exposed  (N=652) Non-exposed  (N=102)
Variables X X
Mean SD. Min Max Mean SD. Min Max

Age(yrs) 433 9.7 200 67.7 378 94 252 633
Job duration(yrs) 9.8 58 04 326 - - - -
Height(cm) 164.7 82 128.3 186.8 1674 7.0 147.6 183.8
Weight(kg) 63.6 9.1 41.0 98.0 66.1 89 432 88.5
PbB( yg/dL) 308 16.7 40 89.2 59 1.6 24 13.1
Patella (ppm) 750 101.0 -11.8 946.1 10.0 104 -8.8 368
Gender -

Male 503(77.2) 92(90.2)

Female 149 (22.8) 10(9.8)
Smoking

Current 430(65.9) 72 (70.6)

Never & Ex 222(34.1) 30(294)
Drinking

Current 454(69.6) 75(73.5)

Never & Ex 198 (304) 27(26.5)
Education

High school & over 275(42.2) 70 (68.6)

Middle school & low 377(57.8) 32(314)
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Variables — .
Mean S.D. Min  Max

Pychomotor speed

Simple reaction time (ms)** 286.1 547 1840 7750

Simple reaction time SD* 70.1 477 210 4290
Executive abilities

Trail-Making Test A (seconds)** 470 236 160 2630

Trail-Making Test B (seconds)** 98.1 420 260 3500

Digit Symbol Substitution (no. of correct}** 48.8 17.7 60 91.0

Purdue Pegboard, assembly (no. ot pieces)** 34.1 6.66 136 543
Verbal memory and learning

Digit Span Test, total (no. of correct)** 104 403 0 240
Visual memory

Benton Visual Retention (no. of correct)** 79 1.62 0 100
Nonverbal intelligence

Colored Progressive Matrices (no. correct)** 246 549 500 36.0
Manual dexterity

Persuit Aiming Test (no. cotrect)** 72.5 255 200 1335

Persuit Aiming Test (no. incorrect)™ 259 204 0 1230

Purdue Pegboard, dominant hand (no. of piecesy™*  14.7 1.84 700 200

Purdue Pegboard, nondominant hand (no. of pieces)**  14.2 1.78 567 203

113 1.64 433 156

Purdue Pegboard, both hand (no. of pieces)**

122

1.29

4.63

223
162
1.50
1.55
1.38

2.00

3.00

13.0

350

11.6

12.0
8.67

10.0

360

148.0
79.0
19.6
200
163

<0 %1 p<00B
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Table 3. Linear regression modeling of relations of neurobehavioral test scores with blood lead levels

Model 1* Model 2#*
Neurobehavioral test
beta SE p value beta SE p value

Pychomotor speed

Simple reaction time (ms) 00473 0.0157 0.0027 00510 0.0162 0.0017

Simple reaction time SD 00232 0.0095 0.0150 0.0253 0.0099 00112
Executive abilities

Trail-Making Test A (seconds) -0.0044 0.0038 0.2491 -0.0051 0.0039 0.1918

Trail-Making Test B (seconds) -0.0257 0.0125 0.0399 -0.0286 0.0128 0.0255

Digit Symbol Substitution

(no of correct) 0.1619 0.0536 0.0026 -0.1801 0.0547 0.0011

Purdue Pegboard, assembly

(no of pieces) 00152 0.0045 0.0009 -0.0189 0.0046 0.0000
Verbal memory and leaming

Digit Span Test, total

(n0 of correct) 00151 0.0043 0.0005 00183 0.0043 0.0000
Visual memory

Benton Visual Retention

(no of correct) 00153 0.0040 0.0001 -0.0170 0.0041 0.0000
Nonverbal intelligence

Colored Progressive Matrices

(no. correct) 0.0333 0.0188 0.0766 0.0326 0.0192 0.0905
Manual dexterity

Persuit Aiming Test

(n0. correct) 00001 0.0041 0.9862 -0.0006 0.0042 0.8937

Persuit Aiming Test

(no. incorrect) 00912 0.1323 04910 -0.1018 0.1341 04483

Purdue Pegboard, dominant hand

(no. of pieces) -0.0120 0.1225 0.9220 -0.0347 0.1213 0.7749

Purdue Pegboard, nondominant hand

(no. of pieces) 00624 0.0548 0.2552 -0.0639 0.0555 02505

Burdue Pegbard, both hand 02135 00920 00207 202000 00928 00316

(no. of pieces)

* Model 1 was controlled for age, sex, educational level, body mass index, smoking and drinking habits.
+* Model 2 was controlled for job duration, age, sex, educational level, body mass index, smoking and drinking habits.
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Table 4. Linear regression modeling of relations of neurobehavioral test scores with patella lead levels
Model 1* Model 2**
Neurobehavioral test
beta SE pvalue beta SE p value
Pychomotor speed
Simple reaction time (ms) -0.0055 0.0026 0.0339 0.0065 0.0031 0.0337
Simple reaction time SD 00016 0.0016 03155 0.0019 0.0019 03150
Executive abilities
Trail-Making Test A (seconds) 0.0005 0.0006 04091 -0.0001 0.0007 0.8693
Trail-Making Test B (seconds) 09723 04365 0.0263 0.0017 0.0024 04815
Digit Symbol Substitution
(no of correct) 0.0053 0.0089 05530 00164 0.0105 0.1183
Purdue Pegboard, assembly
(no of pieces) 0.0018 0.0007 0.0149 -0.0027 0.0009 0.0016
Verbal memory and leaming
Digit Span Test, total
(no of correct) -0.0020 0.0007 0.0045 -0.0027 0.0008 0.0014
Visual memory
Benton Visual Retention
(no of correct) 0.0021 0.0007 0.0012 0.0029 0.0008 0.0002
Nonverbal intelligence
Colored Progressive Matrices
(no. correct) -0.0039 0.0031 02101 0.0048 0.0036 0.1840
Manual dexterity
Persuit Aiming Test
(no. correct) -0.0008 0.0007 02552 00014 0.0008 00712
Persuit Aiming Test
(no. incorrect) -0.0384 0.0217 0.0769 0.059 0.0251 00176
Purdue Pegboard, dominant hand
(no. of pieces) 00270 0.0201 0.1789 00328 0.0228 0.1501
Purdue Pegboard, nondominant hand
(no. of pieces) 00165 0.0090 0.0667 00178 0.0104 0.0889
Purdue Pegboard, both hand
0.0253 0.0159 0.1123 0.462 0.0188 0.0140

(no. of pieces)

* Model 1 was controlled for age, sex, educational level, body mass index, smoking and drinking habits.

*+ Model 2 was controlled for job duration, age, sex. educational level, body mass index, smoking and drinking habits.
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