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Blood Lead and Decision Speed in Working Age Adults:
S. W. Harkins
ABSTRACT

Lead is a central nervous system poison. Healthy People 2010 established a target
blood lead level (BLL) for children of 0 pg/dL by 2010, but is silent with regard to any
changes in BLLs standards for working age adults. In this paper, the relation of BLL to
performance on two neurobehavioral tests was assessed in working age adults (N = 4909;
Age 20 to 59 years; 51.4% Female) employing data from the Third National Health and
Nutrition Survey (NHANES I11). Multiple linear regression analyses indicated a
significant effect of BLL on time taken to complete an attention demanding cognitive
task (Symbol Digit Substitution Task, SDST) but not accuracy of performance of the
SDST or simple reaction time, after controlling for confounding variables of age, sex,
race-ethnicity, and education. Persons with BLL = 5 pg /dL took longer (multivariate
adjusted mean = 23.6 Sec, SE = 0.30) compared to individuals with BLLs < 5 pg /dL
(mean =22.5 Sec, SE=0.14). The results suggest that lead burden in working age
persons impairs central nervous processes involving executive mental functions (decision
speed and attention). The findings, if confirmed by case control and or cohort studies

would indicate a need to reconsider currently accepted lead levels in working age adults.



INTRODUCTION AND OBJECTIVE

Pliny The Elder (Gaius Plinius Secundus, A.D. 23-79) a close friend of Vespasian
(Titus Flavius Vespasianus, Roman Emperor A.D. 69-79) died while observing the
eruption of Vesuvius, but not before the publication of his major work, Historia
Naturalis, (Dedicated to Titus, A.D.77). Historia Naturalis consists of some 37 volumes
and is a major resource in the study of early Westem Civilization.

Pliny wrote about the importance of protecting natural resources, appropriate
selection and use of medicines, accuracy of diagnoses and quality of the physicians of his
time. In Rome, during this period lead acetate was used to sweeten wine and for its
antibacterial properties. Pliny’s interest in wine and its preparation is reflected in his
instructions for increasing the sugar content of “common wine™ by boiling it in lead jars:

. new wine should be boiled [boiled-down like maple syrup] when
there is no moon, which means at the conjunction of that planet, and not
on any other day, and moreover leaden and not copper jars should be

used, |[emphasis added] and some walnuts should be thrown into the
liquor, for those are said to absorb the smoke (XIV.136).

Today, some argue the decline and fall of the Roman Empire was due to the systematic
poisoning of the population by lead.

Lead is a multi-system poison that can be breathed, ingested, and, in certain
forms, absorbed through skin. Lead has a dose response effect on the developing nervous
system, impairing cognitive, affective, and social develnpmenl." 4 Beginning in 1978,
the Centers for Disease Control and Prevention (CDC) lowered blood lead level (BLL)
values for children from 60 pg /dL to a current value for intervention of 10 pg /dL.

Deficits in mental abilities, however, have been observed in children with BLL below 10



ug /dL.*7  Healthy Americans 2010 recognized the toxicity of lead at any level for the
developing nervous system and established a target value of 0 pg /dL for children by
2010.7 Considerably less attention has been devoted to possible effects of lead on
mental abilities in working age and older adults.

Current National Institute of Occupational Safety and Health 4 (NIOSH) and
Occupational Safety and Health Administration * (OSHA) guidelines for BLLs in
occupationally-lead-exposed workers are considerable higher than that set for children (=
25 pg/dL*and > 40 pg /dL’, respectively). While some studies found no relation
hetween adult lead burden and neurobehavioral variables, ' most report that lead burden

=i particularly

adversely influences mental development and impairs cognitive function,
on effortful, attention-demanding, speeded-tasks involving executive functions. Old age
may not be a barrier to adverse effects of lead on mental abilities. BLLs as lowas 5 pg
/dL. may adversely influence memory, language, visuospacial and sensory motor function
in older women'® and men.'®

Between NHANES 11 (1976 — 1980) and Part One of NHANES 111 (1988 to
1991) the prevalence of persons one year of age and older with a BLL of 10 pg /dL or
greater declined from 77.8% to 4.4%. The population estimated mean BL.Ls decreased
from 12.8 pg /dL in NHANES Il to 2.9 pg /dL in Phase | of NHANES III. The decline
continued in the brief interval between the two phases of NHANES 111, where individuals
with BLLs of 10 pg /dL or greater decreased from 4.4% in Phase | to 2.2% in Phase Il
(1991 — 1994).'"'* Nevertheless, heavy metal burden, often acquired early in life, likely

has long-term effects on mental abilities later in life. Both occupational and general



environmental lead exposure appears to have a progressive effect on cognitive decline as
a function of cumulative dose, particularly in the domains of executive mental abilities.
Figure 1 illustrates the success of both voluntary and regulatory activities
designed to reduce lead load in the general population of the United States. Shown in
this figure are age, sample weight adjusted mean values of BLLs from NHANES 11 AND

NHANES II1.

Blood Lead Level

NHANES Il AND IlI

+ III

DI' [ | o=}
0 10 20 30 40 50 60 70 80 S0

AGE

Figure 1: Blood lead levels from participants in
NHANES Il (Top curve) and Il (Bottom curve).

Note that BLLs decrease with age to approximately

15 to 17 years of age in both surveys and then increase.
(Harkins, S. W. Analyses and graphic of 2005)



NHANES 111 included neurobehavioral testing on a subsample of persons age 20
to 59. This component of NHANES Il involved tasks specifically designed to assess for
impaired higher-order central nervous system functioning in populations at risk of
exposure to neurotoxins and chemicals associated with impaired CNS function. '**' One
report found no relations of BLL with simple reaction times, accuracy of performance on
a symbol-digit substitution task and serial digit learning.”® This report did not, however,
comment with regard to time taken to complete the symbol-digit substitution task. Time
taken to complete this type of test of mental abilities reflects mental decision time and
executive function that can be independent of task performance. This is most clearly seen
in differences in task performance where speed may be traded for accuracy (speed-

10-16,21 Suggest a retauﬂn bﬂtw'ﬂen

accuracy trade off) and vice versa. Several studies
BLL and mental processes mediating timed performance on tasks such as the symbol-

digit task employed in NHANES IIl. The objective of the present study was to replicate
earlier findings of no effect of BLL on simple reaction times or symbol-digit substitution

accuracy™ and extend the analyses to include decision speed on the symbol-digit

substitution task, a task involving sustained, effortful attention and executive function.



METHODS
Subjects: Analyses here were based on the Central Nervous System (CNS) Examination
Subsample of the Third National Health and Nutrition Examination Survey (NHANES
111).? The National Health and Nutrition Examination Survey (NHANES) is a periodic
survey conducted by the National Center for Health Statistics (NCHS). NHANES IIL,
conducted from 1988 through 1994 in two parts, was the seventh in a series. NHANES
IIT was designed to provide national estimates of the health and nutritional status of the
United States' civilian, noninstitutionalized population aged two months and older.
Selected populations (younger and older persons, non-Hispanic blacks, and Hispanics)
were over sampled to improve prevalence estimates in these persons.

A sub-sample of non-pregnant, English and Spanish speaking examinees between
the ages of 20 and 59 years were randomly selected for the Central Nervous System
Function Evaluation. *** The sample used in the present study (N = 4925; Mean age
37.1 years; SE = (.23; Range 20 - 59; 50.8% female) consisted of persons with complete
information on the variables of interest.

Blood Lead Level: Using blood collected by venipuncture during the physical

examination component of NHANES III, blood lead concentration was assessed
employing graphite furnace atomic absorption spectrophotometry. 2> *°

Central Nervous System (CNS) Function: Three computerized neurobehavioral tests
were used to evaluate cognitive functioning in the CNS-subsample of NHANES I11'%*"

* These neurobehavioral tests are part of a computerized test battery (the

Neurobehavioral Evaluation System; NES) originally designed to measure



neurobehavioral performance in populations at risk of environmental or occupational
exposure to neurotoxins and poisons. 2 The tests employed in NHANES 11l were: (1) a
simple reaction time test (SRTT), a measure of motor response speed to a visual stimulus;
(2) a symbol-digit substitution test (SDST), a test of coding ability involving effortful
attention; and (3) a serial-digit leaming test (SDLT), a short-term memory test. The
current study was restricted to the two speeded tests, the SRTT and the SDST.

The SRTT measures simple reaction time (RT). It requires minimal information
processing load or mental operation. Simple RT tasks are highly sensitive to
chronological age and generally are performed faster by men than women.

The SDST, based on the Wechsler Adult Intelligence Scale, Digit Substitution
Task,” is a timed task involving matching a series of single digit numbers and non-
sense shapes. It requires effortful attention for accurate performance. [t assesses
“mental efficiency™ and executive functions. Time taken to complete this task and to a
lesser degree accuracy are non-specific indicators of possible CNS impairment at
multiple levels of information processing and complex-decision making, including motor
function, visual-motor coordination, perceptual organization and selective attention, **
Performance on this task correlates in the .30 to .50 range with both verbal and

performance IQ scores. **

Both accuracy and time to complete this type of task are age
sensitive.”’
Demographic variables: Demographic variables of age, sex, race-ethnic background

and education were employed as possible confounding variables in regression analyses

testing relations among the neurobehavioral measures and BLLs, Race was based on



NHANES — Ill categories: white-Non-Hispanic; Black-Non-Hispanic; Hispanic; and
Other. Education was coded as completing versus not-completing high school.
Statistical Analyses: Demographic variables were calculated as means and variance
estimates for continuous variables and percentages for categorical variables by race and
gender. Interactions between lead and race and lead and gender were examined. Age-
and multivariate-adjusted linear regression models were used to test relations of BLL
with the neurobehavioral performance variables, stratified by race and gender. Following
Vupputuri, et al., (2003) % we modeled effects of higher lead levels (BLL => 5ug/dL) on
performance of the SDST.
All analyses were weighted for the complex sampling methodology of NHANES

11 usingSAS® callable SUDAAN. ¥ The total NHANES 11l CNS examination

component final weight (WTPFCNS6) was employed in all analyses in these analyses, **



RESULTS

Mean age of the sample was 37.1 years (SE = 0.24; Range 20 to 59 years).
Demographic information is summarized in Table 1. Also shown in Table 1 are findings
concerning BLL and neurobehavioral performance for the sample and for each of the
demographic subgroups. As shown in Table | mean BLL for the study sample was 3.26
ug/dL (SE = 0.23; N = 4925), a value substantially below current OSHA or NIOSH
guidelines for working age adults in occupations involving lead exposure risk. As shown
in Table 1, BLLs were higher in males (4.19 pg/dL ; SE = (.12) than females(2.37 pg/dL;
SE = 0.10), were lowest in the white non-Hispanic sample and were higher in individuals
with less than a high-school education compared to those with a high-school or more
education (See Table 1).

Table 1 also shows simple reactions times (SRTT), accuracy on the symbol digit
substitution task (SDST) and time taken to complete the SDST for the sample and for
each demographic group. Simple reaction times (in milliseconds) were remarkably stable
across the different groups and accuracy on the digit substitution task approached the
ceiling value of 8 (Population M = 7.71; SE 0.01) with little variation among the groups.
In contrast, there was greater variability between the groups in time taken to complete the
symbol digit substitution task.

Regression analyses employing these data are summarized in Table 2. BLLs
were not related to simple RT or accuracy on the digit substitution task, confirming
earlier findings.” Mean RT on the SRTT were significantly related to all demographic

variables (See Table 2). Being younger, male, better educated, or non-Hispanic white



was associated with faster simple RTs (Means values provided in Table 1), While
accuracy on the SDST approached the maximum of eight correct responses in each sub-
group based on the demographic variables (Table 1) it was also significantly related to
the demographic variables. Being younger, male, better educated and non-Hispanic
white but not BLL were all related to more accurate performance of the SDST (Tables |
& 2).

Lead load was related to time taken to complete the digit substitution task. On
average it took nearly 23 seconds (Mean 22.75; SE = (0.21; Table 1) to complete the
SDST. Being younger, female, having a high school or greater education, and being
non-Hispanic white were associated with shorter total time to complete the SDST. After
controlling for these demographic variables, BLLs were directly related to time taken to
complete the SDST (beta = 0,16; SE = 0.05; p = 0.003; Model R* = 0.354; Table 2).

Following Vupputuri, et al.,” the sample was divided into groups based on BLL
below 5 pg /dL or a value of 5 pg /dL or greater. Individuals with low BLLs (<5 pg /dL;
M = 2.29 pg/dL; SE = 0.05; N = 3893) took less time to complete the SDST compared to
those with high lead levels ((>= 5 pg /dL; 7.96 pg/dL; SE=0.16; N = 1032). The un-
weighted, unadjusted mean time taken to complete the SDST was approximately 4.4
seconds longer in the high lead (Mean = 28.73 Sec; SD = 11.71) compared to the low
lead group (Mean 24.32; SD =9.32. After controlling for the demographic variables,
individuals in the high-lead group were more than 1 second slower in time taken to
complete the SDST compared to those in the low-lead group (beta = 1.05; SE=0.35;p=

0.004; R* =0.34). Individuals in the Low-BLL group had a weighted, adjusted mean of



22.56 seconds (SE = 0.14) while those in the High-BLL group took 23.67 (SE = 0.30)

seconds to complete this test.

10



DISCUSSION AND CONCLUSION:

The findings indicate that time to complete a cognitively demanding mental task,
but not accuracy of performance or simple reaction time is related to BLL in working age
adults. We confirmed earlier findings showing simple reaction time as well as accuracy
on the digit substitution task are not related to BLLs in working age adults (age 20 to 59
years) participating in NHANES 111. * and contrast this with the measure of complex
mental decision processing limé (the digit substitution task). Lead load in adults of
working age, appears to adversely affect speed of CNS processes involving attention,
effort and complex decision making.

Performance on the neurobehavioral tests was influenced by the demographic
variables. Simple RT and time to complete the SDST increased with age while accuracy
of performance on the SDST decreased. Simple RTs were faster in men than women.
SDST accuracy was significantly higher in men than women but decision time was faster
in women, The finding that women were slower on the simple RT task but faster on the
more complex digit substitution task (the SDST), suggests a gender difference in
performance strategy on the SDST. Women may trade speed for accuracy (speed-
accuracy-trade-off) on this attention-demanding test of mental abilities.

High school or more education was associated with better performance on all
tasks. Compared to non-Hispanic whites, non-Hispanic blacks and Hispanics had
significantly slower simple RTs, more errors on the SDST, and longer completion times
on the SDST The “Other” race-ethnicity category did not differ from non-Hispanic

whites on simple RTs and errors on the SDST but were slower on the SDST.
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There has been a substantial reduction in lead burden in the general population of
the United States over the past several decades. This is a reflection of both regulatory
and voluntary efforts to reduce sources of lead in the environment. The target level of no
measurable blood lead in children in Healthy People 2010 is a response to the fact that
lead is detrimental at any level in children,” In adults, the levels considered by both
(OSHA and NIOSH are well above the current trigger point of interest in children (10
pg/dL) and these standards are likely to remain for the near future. The findings here
suggested that BLL in the currently acceptable range have adverse effects on speed of
mental operations associated with complex information processing and decisions in
adults.

The magnitude of this slowing on the SDST (LS adjusted means) was on the order
of one in approximately 22 seconds or about a 7% slowing in overall decision time in the
High Lead Group (individuals with BLLs => Sug/dL). The findings represent inference
to the general population of some 125,971,217 persons age 20 to 59 yeas and a loss of
productivity of 7% in decision speed may have rather far reaching economic
consequences.

The findings here have, perhaps, greater relevance to public health of an aging
population, than might be apparent at first. The SDST is sensitive to a number of mental
abilities including motor persistence, ability to maintain attention, visual — motor

% Accuracy and speed on such tasks are affected by

coordination, and organization.’
CNS non-specific dysfunction which is common in the elderly. Slowing in task
performance with aging is widely reported and accuracy is related to presence of a

diagnosis of dementia of the Alzheimer type™ Longitudinal findings suggest SDST
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performance is more sensitive to subsequent development of Alzheimer's disease in later
life than many other known risk factors (age, gender, and education). **

While adult lead levels have limited use in understanding childhood lead toxicity
effects ** the converse is far from true. Approximately 90% of lead acquired early in life
is sequestered in bone, where it not only competes with calcium related physiological
processes but is constantly interchanged with body tissues with remodeling across the
adult life-span  Recent findings indicate that age related cataract risk is increased by
accumulated lead exposure in older men, ** likely reflecting altered lens redox status and
decreased transparency. In individuals with a childhood history of lead exposure, later
age related osteopenia (both sexes) and osteoporosis (women) likely increases risk of low
level, chronic toxicity in the later years of life. Lead accumulated early in life is
incorporated into bone during development (See Figure 1), may well increase risk for a
number of age related oxidative-stress disorders including hypertension and cognitive
impairment in addition to such slow metabolic processes as cataract development. "

Weiss™ notes that vulnerability to toxic processes, well recognized as great in
infants, rises again in late life and “in many ways recapitulates the imperfect defenses
deployed by the immature organism.”™ Aging is not a mechanism for age-relate disorders,
but is frequently so invoked. Life long environmental factors may account for many,
avoidable, age-related chronic health problems. This is well recognized in the obvious
cases of health-related-behaviors but is not so well considered for subtler, long-term
environmental risk hazards. It has been suggested that one form of Alzheimer’s, for

example, is mediated by an interaction of genetic (apoE4) and environmental factors

(hyperlipidaemic lifestyles) acting via the Ca2" - energy - redox triangle.*’ This system is
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implicated in the relation between lifetime lead burden and age related cataracts in men.
* Such expression in a long term, low energy demand system should raise concern of
lead and its release with bone remodeling in later life on more metabolically active body
systems.

The data presented in this paper reflect cross-sectional findings and no
inferences concerning causality can be made. Further, lead poisoning, even at low levels,
can damage different body systems in different individuals. Such multi-system damage
and difference between individual sensitivity may easily account for the findings here
without causing any direct CNS damage. In the absence of knowledge of specific
actions of lead on the CNS and in the absence of appropriate panel or case-control
studies, the present data must be suspect as indicating low-level lead effects on CNS

activity in working age adults.
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TABLE ONE® Sample summary showing demographic variables in relation to blood lead levels and neurcbehavioral variables

VARIABLE BLODD LEAD SIMPLE REACTION | SYMBOL DIGIT SUBSTITUTION TASK (SDST] |
N LEVEL TIME TASK Time on task
Sample Weighted Percent peidl. (SE) (Mlliseconds) Accuracy (Seconds)
size population {SE) Mean S.E. Mean S.E. Mean S.E. Mean S.E.
TOTAL 4925 123,108,237 100 (0.0} ax»x 03 2332 1.35 M o.M 2275 021
SEX MALE 2252 60609400 492 (0.94) 418 013 2335 1.34 772 0. 2215 02
FEMALE 2673 62458838 50.8(034) 237 01 sy 324 764 0.03 2566 04
HIGH SCHOOL
NO 1595 24 739626 201 (1.23) 408 015 247 3 a1 758 002 2855 0.38
YES 3330 89,368 611 799 (1.23) 3.06 01 287 1.24 7.74 oM 212 0.16
RACE
fhite Non-Hispanic 1779 94,420,140 TE.7 (1.34) 317 012 2298 152 7.74 0.02 7 022
llack Non-Hispanic 1507 13,388,491 108{0.76) 373 013 2471 251 757 a0z 2573 03
Hispanic 1457 6,834,132 5.5 (0.58) 357 oM 2457 1.81 7.55 0.0z 2r5e 0.47
Other 182 8,465 475 6.9 (0.76) 342 028 2385 4,79 754 0.06 2575 076

1!



TABLE 2 Multiple regression of relations of Blood Lead Level (BLL) to task performance adjusted for demographic variables.

SRTT DIGIT TASK (SDST) DIGIT TASK {SDST)
(Msec.) Accuracy Time on task (Sec.)
VYARIABLE Mean B 8E P i) SE P B SE P
or %*
AGE (yrs) ari 0.35 01 0.000 -0.01 0 0.000 0.24 0.01 0.000
SEX
MALE 492 REF REF REF
FEMALE 50.8 14068 25 0.000 014 004 0.001 -0.93 028 0.000
HIGH SCHOOL
NO 201 REF REF
YES 79.9 -1568 3.00 0.000 0.21 0.06 0.004 -5.99 0.38 0.000
RACE
White Non-Hispanic 76.7 REF REF REF
Black Non-Hispanic 10.8 1626 26 0.000 021 004 0.000 4.02 022 0000
Hispanic 55 1273 27 0.001 -0.30 006 0.000 4.45 0.45 0.000
Other 69 642 44 0150 01 012 0.386 322 0.67 0.000
LEAD LEVEL
{ ugfdL) 3.28 -0.3 04 0408 .01 0.01 0805 0.16 0.05 0.003

r? 0.066 0.03 0.354
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