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Association of Bone Lead with Neurobehavioral Test Scores in Lead Workers 
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To evaluate the effect of lead biomarkers irlcludirig 
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 6, Digit Syrnbol Substitl~tion, Purdue Pegboard 
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 tirne(ms1. Purdue Pegboard 
assen~bly, Digit Span Test, Benton Visual Retention. 
Pursuit Aiming rest (no. of correct & no. of incorrect), 
Purdue pegboard non-dominant hand and both hand). 

With above results, 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 
test scores 
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A ~ ~ ( Y B )  43.3 9.7 20.0 67.7 37.8 9.4 25.2 63.3 
Job duration(yrs) 9.8 5.8 0.4 32.6 
Height(crn) 164.7 8.2 128.3 186.8 167.4 7.0 147.6 183.8 
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Education 
H~gh school & over 275 (42.2) 70 (68.6) 
Middle school & low 377 (57.8) 32 (3 1.4) 
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Table 2. l~el~robehavioral test scores in lead-exposed subjects and controls without occupational lead exposure 

Variables 

Pychomotor sped 
Simple reaction time (ms)** 

Simple reaction time SD* 

Executive abilities 
Tril-Malung Test A (seconds)** 

Td-Malung Test B (seconds)** 

Digit Symbol Substitution (no. of correct)** 

Purdue Pegboard, assembly (no. of pieces)** 

Verbal memory and learning 
hgit  Span Test, total (no. of correct)** 

Visual memory 
Benton Visual Retention (no. of correct)** 

Nonverbal intelligence 

Colored Progressive Matrices (no. correct)** 

Manual dexterity 
Persuit h i n g  Test (no. comt)** 

Persuit Pllming Test (no. incorrect)* 

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

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

--- 

** : ~(0.01 * : ~(0.05 

Exposed (N=652) Non-exposed (N= 102) 

Mean S.D. Mm Max Mean S.D. Mm Max 



Table 3. Linear regression modeling of relations of neurobehavioral test scores with blood lead levels 

Neurobehavioral test 
Model l* Model 2** 

beta SE p value beta SE p value 

Pychomotor speed 
Simple reaction time (my) 
Simple reaction time SD 

Executive abilities 
Trail-Making Test A (seconds) 
Tiail-Mhg Test B (seconds) 
Bgit Symbol Substitution 
(no of correct) 
Purdue Pegboard, assembly 
(no of pieces) 

Vebal memory and learning 
Digit Span Test, total 
(no of correct) 

Visual memory 
Benton Visual Retention 
(no of correct) 

Nonvehal intelligence 
Colored Progressive Matrices 
(no. correct) 

Manual dexterity 
Persuit h g  Test 
(no. correct) 
Persuit A h g  Test 
(no. incorrect) 
Purdue Pegboard, dominant hand 
(no. of pieces) 
Purdue Pegboard, nondominant hand 
(no. of pieces) 
W u e  Pegboard, both hand 
(no. of pieces) 

* Model 1 was controlled for age, sex, ed~_~cational 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 witl-I patella lead levels 

Model 1 * Model 2** 
Neurobehavioral test 

beta SE p value beta SE p value 

Pychomotor speed 
Simple reaction time (ms) 
Simple reaction time SD 

Executive abilities 
Trail-Making Test A (seconds) 
Trail-Malung Test B (seconds) 

hgi t  Symbol Substitution 
(no of correct) 

Purdue Pegboard, assembly 
(no of pieces) 

Verbal memory and leaning 

Digit Span Test, total 
(no of correct) 

Visual memory 

Benton Visual Retention 
(no of correct) 

Nonvehal intelligence 

C o l o d  Progressive Matrices 
(no. correct) 

Manual dexterity 

Pelsuit h n g  Test 
(no. correct) 

Persuit Aurung Test 
(no. incorrect) 

Purdue Pegboard. dominant hand 
(no. of pieces) 

Purdue Pegboard, nondominant hand 
(no. of pieces) 

Purdue Pegboard, both hand 
(no. of pieces) 

* Model I 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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