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Table 2 Transformation from raw scores to stanine scoresfor subtest "digit symbol"

Age Stanine score

1 2 3 4 5 6 7 8 9 N

S 24 0-28 29-39 40-44 45-46 47-55 56-64 65-69 70-73 74-90 22
25-34 0-21 22-32 33-41 42-47 48-53 54-57 58-61 62-64 65-90 30
35-44 0-19 20-31 32-35 36-42 43-47 48-50 51-53 54-57 58-90 27
45-54 0-15 16-21 22-29 30-33 34-39 40-46 47-52 53-57 58-90 25
¢55 0-20 21-24 25-27 28-30 31-36 37-41 42-44 45-47 48-90 34
Total group 0-20 21-26 27-32 33-39 40-46 47-52 53-59 60-64 65-90 138

Table 3 Means, standard deviations, and p-values from t tests ofdifferences among means in performance tests between
highestexposed quartile (TWA B-Pb> 2-5 mol/l; n = 13), moderately exposed (TWA B-Pb 13 to2-5 imol/l; n = 36) and
referents (B-Pb < 1 p0,molll)

Factor Highest Moderately Referents p p p p
exposed exposed

I ll III I 11 1 1+11

Mean SD Mean SD Mean SD II III III III

Logical 4 6 1 7 4-6 1.5 4-7 1-7 0-98 0-76 0-84 0 75
Perceptualspeed 4-4 1-5 4-5 16 4-9 2-1 0-77 0 37 0-38 0-32
Psychomotor function 4-1 1-3 4-2 1-4 4-4 1-3 0 86 0 54 0 52 0-47
Memory 3 2 2 5 3-5 1.9 4-6 2-0 0-61 0-03 0 05 0-02
Learning 178 48 193 73 138 75 0 50 0-01 0 09 0 01
Reaction time 423 57 410 104 376 60 0 57 0-11 0 02 0 04

sample during the standardisation of the test battery
was supposed to give a better description of the
different intellectual functions covered by the battery
than an analysis on the present sample would give.
Factor scores were calculated for each subject as the
unweighted mean of the age-adjusted stanine scores
of the tests representing each factor-that is,
vocabulary, logical function, perceptual speed,
psychomotor function, and memory. The learning
test and the reaction time test were handled as
separate tests. The differences in factor scores were
examined by successive t tests.
The strength of possible dose-effect associations

within the exposed group was analysed by product
moment correlations between the different measures
of exposure and the age-adjusted factor scores.
Possible non-linear relations were explored by
subgroupings of the exposed.
The differences in the proportion of positive

answers between the exposed group and the referents
in every single symptom question were examined by
Chi-2-test with Yates's correction when the lowest
expected number in each cell was greater than 4.
Otherwise Fisher's exact probability test was used.
The differences in number of symptoms among the
groups were analysed by analysis of variance. The
differences and the correlations were regarded as
statistically non-significant if the two-tailed p value
was a'0- 05.

Results

COMPARISONS BETWEEN THE EXPOSED AND THE
UNEXPOSED GROUPS
The exposed group performed less well in 11 out of 14
non-verbal tests (table 1) compared with the referent
group, and the overall difference between the groups
was statistically significant when age-adjusted scores
were used. The means and standard deviations of the
factor scores, the learning test, and the reaction time
test are presented in table 3 and are illustrated in the
figure. The exposed group performed less well in all
factors, but statistically significant differences were
found only in the memory test, the learning test, and
the reaction time test.
The exposed group reported significantly (p =

0 03) more symptoms than the referents 4- 7 v 2-9.
None in the referent group had more than six
symptoms, which is the recommendation for further
investigation when the questionnaire is used for
screening in health check-up programmes,12 15 while
13 (27%) in the exposed group exceeded that value.
The exposed group reported a higher proportion of
symptoms to every question except on "problems
with buttoning," which is included in the
questionnaire as a check on response bias. 215 The
greatest differences were shown in questions on
irritability, reduced libido, depressiveness, and
controlling (see table 4). An analysis of variance
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Table 4 Percentages andfrequencies ofreportedsymptoms in each question in questionnaire among exposed group (n = 49)
and referents (n = 27). Differences are tested with Chi-square or Fisher's exact probability test

Questions Exposed Referents p

% f % f
Do you have a short memory? 59 (29) 52 (14) 0-71
Have your relatives told you that you have a short memory? 51 (25) 33 (9) 021
Do you often have to make notes about what you must remember? 25 (12) 19 ( 5) 0 76
Do you often have to go back and check things you have done,
such as turned off stove, locked door, etc? 53 (26) 30 ( 8) 0-08
Do you generally find it hard to get the meaning from reading newspapers and books? 20 (10) 11 ( 3) 0 35
Do you often have problems with concentrating? 33 (16) 22 ( 6) 049
Do you often feel irritated without any particular reason? 35 (17) 4 ( 1) 0 01
Do you often feel depressed without any particular reason? 20 (10) 4 (1) 0 08
Are you abnormally tired? 35 (17) 33 ( 9) 095
Do you have palpitations of the heart when you don't exert yourself? 18 ( 9) 7 ( 2) 0 31
Do you sometimes feel an oppression in your chest? 25 (12) 11 ( 3) 0 27
Do you perspire without any particular reason? 20 (10) 15 ( 4) 0 76
Do you have a headache at least once a week? 25 (12) 15 ( 4) 0 50
Do you often have painful tingling in some part of your body? 27 (13) 22 ( 6) 0 85
Are you less interested in sex than what you think is normal? 20 (10) 4 ( 1) 0 08
Do you have any problems with buttoning and unbuttoning? 0 ( 0) 7 ( 2) 0 12

indicated that the number of s)
independent of age (p = 0 56), which is
with other studies using this questionn;

DOSE-EFFECT RELATIONS
The dose-effect relations were studie
moment correlations. Neither the
factors nor the number of symp
significant linear correlation with any c
measures. Nevertheless, when the expc

I-p=0 051
-z .-0 50

Logicol function

Perceptual speed

Psychomotor function

Mlvwy~~~~~~~~~~~~~~~~~~~~~~~Memory [

Learning

Reaction time

No of symptoms
_Z

Performances ofexposedgroup in relation to referentgroup.
Z-score expresses difference among means in terms of
standard deviation in referent group. A Z-score <0 means
that average performance among exposed group is poorer
than the average among referents.

ymptoms was divided at the upper quartile of the time-weighted
s in accordance average of blood lead concentration (TWA B-Pb) a
aire.12 negative relation was shown in the test factors

perceptual speed, psychomotor function, memory,
and reaction time (table 3). In tests of memory and

d by product- learning ability also the moderately exposed (TWA
psychological 1-3 to 2 5 ,umol/l) performed significantly less well
toms showed than the referents.
f the exposure The maximum value in B-Pb as well as present
)sed group was B-Pb concentration correlated with the TWA B-Pb

(r = 075 and 0 33 respectively) but B-ZPP did not
(r = 0- 15). Thus acute toxic effects cannot be

o *z separated from subchronic or chronic effects and the
_ -'-~' importance of single top exposures cannot be

separated from the effects of long-time moderate
exposure.
The subgroup that worked shift-time performed

less well in every respect and reported more
symptoms than the day-time workers. Since the
number of shift workers was greater among the
controls than among the exposed, the differences in
performance might be underestimated. The
proportion of shift workers in the highest exposed
quartile, however, was equal to the proportion in the
rest of the exposed and did not explain the
demonstrated dose-effect relation.

Discussion

_z The exposed group performed worse than the control
group, particularly in the tests ot memory, learning,
and visual reaction time, and reported more
subjective symptoms. This test profile is coherent
with other studies of lead-exposed workers. '19

Within the exposed group the highest exposed
quartile (TWA B-Pb >2 5 iimol/l) performed worst
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on tests of perceptual speed, psychomotor function,
memory, and reaction time. The data do not support
a linear relation between lead exposure and effects on
the central nervous system, but rather a non-linear
"terrace shaped" relation might be tentatively
suggested and would be in line with some recent
studies on animals.2>22 The possibility of partial
reversibility of lead-induced impairment might
further complicate the dose-effect relations.

It is of major importance for the interpretation of
the results in this study that the exposed group and
the referents were comparable in primary intellectual
ability. A restriction regarding school education has
been introduced, and an equally large ratio among
the exposed and among the referents reported
average school marks. The requirements of
professional skill seemed equivalent in the two
groups. Furthermore, the two groups performed
comparably in verbal tests, clinically used as
indicators of the primary ability. Army enrolment
tests could be compared only for the younger
subjects, but the exposed subgroup had results fairly
comparable with the referents at the age of 19. Thus it
seems justified to regard the groups as intellectually
comparable in their teens.
There were no indications of other neurotoxic

influences in excess among the lead-exposed workers
to confound the results. The employment times were
longer among the exposed, and there were no reasons
to believe that alcoholism would be overrepresented
in this group.
The concentration of blood lead is not only

affected by the air contamination but also by work
practices and personal hygiene. If there was a relation
between primary intelligence and personal hygiene
then low performances might have caused high blood
lead concentrations instead of the reverse
interpretation. Nevertheless, there were no
correlations between test-scores at the age of 19 and
the highest value in blood lead during the control
period among the 18 exposed subjects tested at army
enrolment.

Cross-sectional studies might underestimate
adverse health effects since people with greater
impairments and serious symptoms do not remain in
the working population. A lower motivation among
the referents than among the exposed is also common
in these types of studies, but in this study the same
introduction and information about the purpose of
the study were given to both groups. A larger number
of shift workers among the referents might also have
diminished the performance differences between the
groups.

These results support other studies of lead-exposed
workers and indicate central nervous impairment
from blood lead concentrations of 2- 3 to 2- 5 p,mol/l.

Hogstedt, Hane, Agrell, and Bodin

Irrespective of whether the impaired performances
on psychological tests and the neuropsychiatric
symptoms shown in this study are permanent or
reversible, the average blood lead concentration
should be below 2 5 ,umol/l to avoid these adverse
effects.

We are most grateful to Mrs Inger Fagerlund and
Kjell Lindkvist for technical help. The project was
partly financed by the Swedish Work Environment
Fund, contract number 78/299.
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