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Effect of early exposure to lead on later
childhood intellectual development

Tong S, Baghurst P, McMichael A, Swayer M, Mudge J. (Divi-
sion of Human Nutrition, Commonwealth Scientific Industrial
Research Organization, Adelaide, Australia; Department of Epi-
demiology and Population Sciences, London School of Hygiene
and Tropical Medicine, London; Evaluation Unit, Women's and
Children's Hospital, Adelaide, Australia.) Lifetime exposure to
environmental lead and children's intelligence at 11-13 years:
The Pirie Cohort Study, BM] 1996;312:1569-75.

SUMMARY
This study aimed to assess the association between exposure to lead
in the early years oflife and later childhood intellectual development.
The sample comprised children born in and around the city of Port
Pirie, Australia, which is one of the largest lead smelting facilities in
the southern hemisphere. Blood samples for measurement of lead
concentrations were taken antenatally, at birth, 15 and 24 months and
annually thereafter up to the age of 7 years and at 11-13 years. The
developmental status of the children was assessed at age 2, 4, 7 and
at 11-13 years. Of the 494 children assessed at 7 years, some were
excluded because they had missed more than two blood lead mea-
surements, and 97 were lost to follow up. The 119 children lost to
follow up at 11-13 years of age did not differ significantly from those
assessed at the same age on any demographic, socio-environmental
or biomedical factor except the occupational prestige of the parents.
These two groups also had almost identical correlation coefficient of
lifetime average blood lead concentration at age 7 with the intelli-
gence quotient (lQ).

The intelligence of the children was assessed using the Wechsler
Intelligence Scale for children at 11-13 years of age and were
provided a rating of overall IQ, verbal and performance IQ and scores
on each of the subtests. The subjects were examined according to a
standardized protocol by the same trained examiner, who had not
participated in earlier phases of the study and was unaware of the
children's development histories and exposure to lead. There was no
significant intra-examiner variability. Venous blood was used to
estimate lead concentrations using electrothermal atomization atomic
absorption spectrometry and was subject to internal and external
quality control measures.

Attention was paid to covariates that could have influenced child-
hood intelligence and lead exposure, hence confounding any true
relation between lead exposure and IQ. The covariates considered
in the study were prestige of the parents' occupation, child's family
functioning, mother's psychopathological status, care giving environ-
ment, maternal intelligence and other important antecedents or
correlates of IQ. If the estimated regression coefficient of the blood
level differed from the unadjusted estimate by more than 10%, that
covariate was included in the final regression model. Ultimately,
regression coefficient was calculated after adjusting for all potential
confounders.

In the sample studied, the blood lead concentrations showed an
increase in the first 2 years followed by a decline to lower levels than
at birth by 11-13 years of age. The results showed an inverse and
statistically significant association between children's IQ and blood

lead concentrations at all ages except at birth, although larger IQ
deficits were associated with blood lead concentrations measured at
earlier ages and with lifetime average blood lead concentration than
at later ages. The magnitude of the deficit in IQ was similar for verbal
and performance scales as evidenced by the regression coefficients.
This inverse gradient was present across the whole range of blood
concentration without an apparent threshold. In multiple regression
analyses, the inverse association between blood lead concentration
and IQ were attenuated after the effects of potential confounders were
adjusted for. Although the association between blood lead concentra-
tion over the age range 15 months to 7 years and IQ still remained
statistically significant, stronger associations were found between
lifetime average blood lead concentration at various ages and IQ. The
covariates contributing most to the attenuating effect were socio-
economic status, scores on the home observation for measurement of
the environment scales and maternal intelligence. It was found that
the mean scores for full scale IQ declined by 3 points for a doubling
in lifetime average blood lead concentration at 11-13 years of age
within the range studied.

Although most of the mean subscale scores of the Wechsler test
were inversely associated with the lifetime average blood lead con-
centration at 11-13 years of age, the association was stronger with the
information, arithmetic, block design and maze subscales. The dif-
ference in IQ between the three equal subgroups of subjects formed
on the basis of low, medium and high lifetime exposure of different
age groups (2,4,7 and 11-13 years) was also studied. The difference
in IQ was 4 points on the Bayley mental developmental index at age
2 and 4.9 and 4.5 IQ points at 7 and 11-13 years respectively, after
adjusting for potential confounders. The effects seen due to lead
exposure are higher in this study than most previous ones and are also
seen to persist during late childhood.

COMMENT

In 1991, the Centers for Disease Control and Prevention revised
its lead poisoning prevention policy by lowering the blood lead
levels of concern from 25 ug/dl to 10 ug/d]. It has been proven
beyond doubt that even low levels of lead affect children's
performance on intelligence tests. 1-3 However, no methodologi-
cally sound study had so far evaluated the persistence of the effect
of blood lead levels on IQ.

This study provides evidence of persistence of the effect of
early exposure to environmental lead on cognitive development
as it took place in a setting where mean blood lead levels started
declining after 2 years of age and reached even lower levels than
at birth by 11-13 years of age. It is methodologically superior to
previous studies as it excluded bias due to attrition by comparing
the characteristics of the subjects lost to follow up and of those
continuing to participate. The effect of all possible confounding
variables was also excluded.

The subscales of IQ for which the association with lead levels
was stronger were those involving use of visual-motor coordina-
tion, attention, concentration and memory. Reverse causation,
that is the association being explained by lower IQ children
exhibiting behaviour that might result in increased lead uptake
was ruled out because of the lack of association of early age
developmental scores with current blood lead concentrations. The
authors have discussed that the duration, intensity and timing of
exposure to lead and other SOCial and familial factors may also
influence the reversibility of the effects of lead levels on cogniti ve
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development. However, they have not commented on whether
there was any improvement in the IQ scores once the blood level
declined. This is relevant because Ruff et at. 4 have shown that an
improvement in intelligence scale scores occurs over a 6-month
period following a decline in the blood lead levels. However, as
this study suggests a persistent effect of lead on cognition, public
health authorities need to continue efforts to reduce environmen-
tal lead levels as well as other sources of lead which lead to
increased blood lead concentration.

Some of the sources of lead exposure in India are small-scale
industries in residential areas which have no environmental
control measures, leaded kohl used as an eye cosmetic' and some
herbal medicines. 6 A study conducted in southern India found rice
to be the major source of lead among the rural and economically-
deprived classes. The source of intake of toxic metals appears to
be more diverse in the urban middle class and economically-
privileged class of southern India.' Since iron deficiency
increases lead absorption and retention, the economically-
deprived class is also more susceptible to higher blood lead levels
from the same degree of exposure. More studies are required to
evaluate the extent of this problem in Indian children as well as the
major sources of such exposure so as to plan and undertake
preventive measures. Till such time, the promotion of lead-free

Lipids and stroke: When to measure?

Hachinski V, Graffagnino C, Beaudry M, Bernier G, Buck C,
Donner A, Spence JD, Doig G, Wolfe BMJ. (Departments of
Clinical Neurological Sciences and Medicine, London Health
Sciences Centre-University Campus, London, Ontario; Depart-
ment of Epidemiology and Biostatistics, University of Western
Ontario, London, Ontario; Division of Neurology ,Department of
Medicine, Duke University Medical Center, Durham NC; Hopital
de Chicoutimi, Chicoutimi, Quebec; Hopital Notre-Dame,
Montreal, Quebec; and Department of Medicine, London Health
Sciences Center-Victoria Campus, London Ontario.) Lipids and
Stroke: A paradox resolved. Arch Neurol 1996;53:303-8.

SUMMARY
The association of serum lipids with cerebrovascular atherosclerosis
is less clear and consistent than that with coronary atherosclerosis. In
this case-control study 90 consecutive patients (61 men and 29
women) who had had a stroke or transient ischaemic attacks were
included along with a similar number of age- and sex-matched
healthy controls. In stroke patients, in addition to risk factor assess-
ment, plasma concentrations oftotal cholesterol, serum triglycerides,
low density lipoprotein-cholesterol (LDL-C), high density lipopro-
tein-cholesterol (HDL-C) and lipoprotein (a) levels were measured.
Apolipoprotein-E phenotype and plasma ferritin levels were also
determined. All these studies were performed 3 months after the
acute event and in controls within 7 days of their inclusion in the
study.

The results showed that a history of hyperlipidaemia along with
hypertension and ischaemic heart disease were independent risk
factors for atherothrombotic stroke. Plasma total cholesterol 232 v.
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petrol for automobiles in the metropolitan cities ofIndia should be
taken up much more vigourously at the national level.
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211 mg/dl and triglycerides (81 v. 70mg/dl) levels were significantly
higher in stroke patients than in control subjects. In stroke patients
LDL-C level (153 v. 133mg/dl) was significantly higher while HDL-
C (41 v. 46 mg/dl) was significantly lower in comparison to that in
controls. The mean serum lipoprotein (a) level, serum ferritin level,
and distribution of various apolipoprotein-E phenotypes did not
differ significantly between stroke patients and control subjects.
Among the lipid fractions plasma LDL-C and triglyceride levels
were found to be independent risk factors by multivariate analysis.

COMMENT
Several epidemiological studies in the past have shown that
hypertension, hyperlipidaemia, diabetes and smoking are impor-
tant risk factors responsible for the occurrence of a stroke. These
factors not only increase the risk of stroke but also determine the
site of vascular pathology-hypertension primarily affects small
intracranialvessels, while diabetes and lipid abnormalities appear
to affect mainly.larger cerebral arteries. Efforts at modifying these
risk factors have decreased the incidence of strokes.':'

Previous case-control studies have shown a variable associa-
tion between plasma cholesterol and stroke. In the Framingham
study,' the serum cholesterol levels were normal at the time of
stroke, but elderly individuals tended to have higher cholesterol
levels before the age of 50. A better correlation was observed in
the MRFIT study' which showed a dose-dependent relationship
between serum cholesterol and non-haemorrhagic stroke occur-
rence for levels of> 160 mg/dl. The Honolulu Heart Programme'
which studied only males, found a positive but non-significant
association between plasma cholesterol and cerebral infarction
and the Copenhagen city heart study" showed a positive associa-
tion of risk of non-haemorrhagic stroke, but only at levels >310
mg/dl, corresponding to the upper 5% distribution of the study
population.


