




Cumulative exposure to inorganic lead and neurobehavioural test performance in adults: an epidemiological review

Table 4 continuedfrom page 8

Selecion issues Method of control of confounders

Participation
t'I, and Ability Previous

Reference Study group follow up) Control group Age before exposure Alcohol exposures

Prospective studies:
Mantere Recruited from new 100% Recruited from cable Unknown ? ? Unknown

et al32 employees at battery 27% At I y and electronics plants
plant 18% At 2 y

12% At 4 y
Baker et al/) Recruited from foundry 91% Controls recruited from Adjusted Adjusted for Restricted Restricted

43% At 1 y adjacent assembly education
38% At 2 y plant

Baker et all' Recruited from foundry See above 66% Of exposed, 78% Adjusted Adjusted for Restricted Restricted
of controls lost from education
Ist to 3rd y

Yokoyama Recruited from gun metal ? Steel foundry workers at Unknown Unknown Unknown No
et all' foundry same factory. Although previous

difference not significant, exposure
controls were younger to lead
(median 43 v 49) and
drank less alcohol (155
v 200 ml/week)

Stollery Recruited from battery and 77% Of initial Young, high exposure Adjusted Adjusted for ? Unknown
et al3l printing plants cohort at eight workers lost age left school

months disproportionately

Age is a strong predictor of neurobehavioural
performance, but it was controlled in most
studies only by matching means or medians.
This may still allow residual confounding if
the range of ages is wider in the exposed than
non-exposed subjects, as was true in several of
the studies (Repko et al and Haenninen et
al).779 As neurobehavioural test performance
remains fairly stable until advanced age
(50-65 depending on the test), the older
workers from the group with the more
extreme range are likely to exert a strong
influence on the associations found.

Control for intellectual ability before expo-
sure, especially in cross sectional studies, is
particularly difficult. Nearly all studies used
education, either to match group means in
group comparisons, or as a covariate in multi-
ple linear regression models. Several studies
still found substantial differences between
groups in vocabulary scores. This suggests
that education may be an inadequate control
for intellectual ability before exposure. For
example, Baker et al found that exposure to
lead had a strong negative association with the
vocabulary test score.33 This may either repre-
sent a causal association or that less capable
workers are most likely to work in the most
highly exposed jobs. To the extent that the
vocabulary score reflects overall intellectual
ability before exposure, the difference found
in this measure limits the inferences that can
be made from other associations found.

Study results were not pooled for the pur-
poses of a quantitative meta-analysis because
of differences in exposure and outcome vari-
ables among studies. Comparison of data
from studies that used the same neurobehav-
ioural tests showed that test scores had greater
variability between studies than between
exposed and non-exposed groups within the
same study (data not shown). This variation
could either be due to unassessed differences
in cumulative exposure (the differences in
average blood lead concentrations were not

significant) or to differences in age, ability
before exposure, or test methods among the
study populations. These possible explana-
tions are indistinguishable without accurate
cumulative exposure measures.
The distinction between effects of cumula-

tive and recent exposure has important public
health implications. It is possible that subclin-
ical neurobehavioural dysfunction associated
with short term recent exposure may be
reversible if exposure ceases and blood lead
concentrations decline. Decreased neurobe-
havioural test performance associated with
cumulative lead exposure or absorption is
more likely to be irreversible, and hence may
contribute to premature dementia and neuro-
logical dysfunction as the subject ages.

Future studies will need to incorporate
design features that allow more accurate dis-
tinction between the acute and chronic effects
of exposure to lead. To detect chronic, irre-
versible effects, one approach would be a
prospective study of workers over the age of
50 with many years of exposure to lead. Such a
design may be compromised by a survivor
effect, in that the workers with symptomatic
neurobehavioural effects may have left the
workplace before the age of 50. On the other
hand, this design can assess the change in
neurobehavioural function over time, allow
the remaining workers to function as their
own controls, and avoid several other biases
inherent in a cross sectional study of a popula-
tion of older workers. Evaluation of workers
with similar current concentrations of blood
lead but different levels of cumulative expo-
sure would help to distinguish the relative
contributions of cumulative exposure (bone
lead) and current internal dose (blood lead).
Measurement of changes in bone lead,
bioavailable lead (chelatable lead), and blood
lead over time would help to define whether
remobilisation of stores of bone lead in older
people contributes to ongoing neurotoxicity.
An alternative study design would be a
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Table S List of neurobehavioural tests that showed signficant differences between groups, or significant association with exposure variables (studies listed in
approximate order of overall usefulness)

Significant Tests that showed signfcant
Comparisons differences between differences between Association between performance and

Reference Tests done made exposure groups exposure groups * exposure variable

Studies of moderate usefulness:
Stollery et all30 5

Valciukas et all' 5

Yokoyama et al "5 5

Studies of low usefulness:
Ryan et alI"

Stollery et al 3

Hogstedt et al"4

16

21
5

15

21
5

15
2
3

Haenninen et all' 16 27

Pastemak et al 3}

Mantere et a! 2

Repko et a'

Johnson et al22

Baker et al I'

Baker et all'

Campara eta!Is

Valciukas et a2!i

23 23

10 10

Reaction time, category recall

BD, dig sym, emb fig

PC

Grooved pegboard
Category search, reaction time
Benton errors, Claeson-Dahl,

reaction time

None

Fingertap, dig sp F (x 2),
vis mem

BD, SA coord, dig sp

RT (RH)

RT

Voc, sim, dig sym, SA,
ment conc, vis repro

N/A

Sim, voc, dig sym, PC, symb
copy, cancellation, Rey

N/A

Dig sym, Bourdon Wiersma
speed, trail A, SA (RH + LH),
flick fus, RT

Critical flick fus, RT,
memory, hand steadiness

Yes; PbB, ZPP, AIAU, not EXP
DUR

Yes; ZPP> integrated exposure
variable

Yes; PbB >chelatable Pb

No
Yes
No linear correlation; dose effect

seen when upper quartile
separated

Yes

Not done

Yes

Not done; correlated with ulnar
NCV*

No

Yes

Yes (y 2 only)

Yes

Yes; ZPP > PbB

Not done

Only one test (memory) with only
1 y PbB

4

2

17

12

17 6

No group comparison made

13 25 7

3 No group comparison made

Jeyaramam et a!26 14 15

Williamson and
Teo et al

9

Grandjean et al I' 18 27 15

Milburn et all' 3 11 1

Ahmed et al I' 2 2 2

Arnvig et al2" 16 16 7-15§

Vis gestalts repro, graphic cont
perf time, finger tap, WAIS-R
except dig sp, PC, obj ass,
verbal IQ, perf IQ, total IQ

RT to peripheral stimulus

BD, SA

N/A

* BD = block design subtest of Wechsler adult intelligence scale (WAIS); dig sym = digit symbol substitution subtest of WAIS; emb fig = embedded figures; PC =
picture completion subtest of WAIS; RT = reaction time; vis mem = visual memory; dig sp = digit span (F indicates forward only); voc = vocabulary subtest of
WAIS; sim = similarities subtest ofWAIS; SA = Santa Ana coordination test (RH/LH denotes hand tested); ment conc = mental concentration subtest ofWAIS; vis
repro = visual reproduction subtest of WAIS; trail A/B = Trailmaking A or B; flick fus = flicker fusion test; symb copy = symbol copying; paired association lrn =
paired associative learning subtest of Wechsler memory scale; vis gestalts repro = visual gestalts reproduction; obj ass = object assembly subtest of WAIS; perf IQ =

performance IQ.
t Abbreviations as for table 3.
*NCV = nerve conduction velocity.
S Denotes range of number of tests found abnormal per individual in comparison with population standards. Because of variability of individual tests and poor
comparability of non-exposed group, individual tests are not named.

randomised trial of chelation treatment and provides inadequate evidence to conclude
its effect on neurobehavioural function. whether or not cumulative absorption of lead
Randomisation of workers should effectively adversely affects neurobehavioural test perfor-
control for important confounding variables, mance in adults. The current evidence is
and the association of neurobehavioural func- flawed because of inadequate estimation of
tion with changes in tissue, blood, and chelat- cumulative absorption of lead and inadequate
able lead concentrations after chelation would control for age and intellectual ability before
allow inferences to be made about the exposure. Because of the failure to estimate
reversible and irreversible effects of lead. cumulative exposure to or absorption of lead,

In summary, the current scientific literature the published studies do not allow separation

Yes

Not done

Not done

Not done

Balbus-Komfeld, Stewart, BoMa, Schwartz10
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Tests that showed significant association *

Reaction time, category recall

BD, dig sym, emb fig

PC

Domains of significant difference or association

Dexterity, verbal memory

Visuomotor, visual concept formation, dexterity

Executive/psychomotor

Factors decreasing use

Cumulative measure was duration of exposure, bulk of analysis
directed at more recent exposure and dose measures

Percentage participation not given; alcohol ingestion not
controlled; data collection not well characterised

Cumulative measure not used for categorical comparison;
confounding by age, education not well controlled; selection
methods not given

N/A
Category search, reaction time
Benton errors, Claeson-Dahl,

reaction time

BD, vis repro, SA

N/A

BD, SA

N/A

N/A

Voc, sim, ment conc; correlated with
current PbB, not TWA-12-PbB

Paired association Irn, SA (both)
correlated with several averages
and current PbB

Voc, PC, sim, DSST, card sorting

BD, dig sym, emb fig

N/A

Memory

Dexterity
Dexterity, executive
Memory, learning, dexterity

Visuomotor, visual learning, dexterity

Dexterity, verbal memory, visual memory

Dexterity, .visuomotor

Dexterity

Dexterity

Verbal intell, visuomotor, verbal concept
formation, attention, visual memory

Verbal learning, dexterity

Verbal intell, executive, memory, visual concept
form, visual learning, attention

Visuomotor, visual conc form, dexterity

Dexterity, executive/psychomotor, attention/
concentration

Dexterity, memory visuomotor

Vis gestalts repro, graphic count perf time, Verbal memory and learning, visual memory and
finger tap, WAIS-R except dig sp, PC, learning, dexterity, executive, attention/
obj ass, verbal IQ perf IQ, total IQ concentration

N/A Attention/concentration

Executive/psychomotor, dexterity

N/A

N/A

N/A

No cumulative measure
No cumulative measure, percentage participation not given
No cumulative measure; examiners not blinded, method of

control of confounders not stated

No cumulative measure; percentage participation not given;
level of exposure low for PbB; data collection not well-
characterised

Short exposure duration; small numbers; half of exposed
group underwent chelation; cumulative measure calculated
but not used in regression analysis

73% Dropout after first year; additional 54% dropout
subsequent to first year; exposure duration short; no
cumulative measure per se OTWA-PbB in group with similar
exposure duration)

No cumulative measure; percentage participation unknown;
neurobehavioural tests limited in scope

No cumulative measure; tests limited to eye-hand
coordination and RT; no control for ability before exposure

No cumulative measure; strongest correlation with vocab and
sim scores

No cumulative measure; dropout rate 66% exposed, 78%
controls; large intergroup differences in vocabulary scores

No cumulative measure. large intergroup differences in
vocabulary scores; non-exposed group not comparable

No cumulative measure; no PbB data on reference group;
reference group not comparable to exposed groups

No cumulative measure; poor control of confounders,
selection methods not stated, duration of exposure not
stated but mean age of exposed 26-1 y

Poorly matched on sex; controls younger, more educated with
0-05 < P < 0-10; PbB concentrations not measured in control
group; median duration of employment for exposed group
< 3 y

No cumulative measure; no control for confounders; median
exposure 2 y; no description of selection or data collection
methods

Lead exposed were significantly faster than non-exposed on
reaction time test; no cumulative measure; small numbers;
8 of 15 non-exposed had history of lead exposure > 5 y
before study; no control for pre-exposure ability

No cumulative measure; neurobehavioural test results not
shown; control group data from different study; poor
control of confounders

No cumulative measure; study design similar to case series; no
control of confounders; reference group not similar

of the acute and chronic effects of lead.
Studies that use direct measures of cumulative
absorption, such as x ray fluorescence, and
that use prospective designs will be necessary
to adequately resolve this issue.
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