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Lead Toxicity - Implications for Research and
Policy on Other Environmental Toxicants

Evidence of adverse effects at levels previously
thought to be safe or inconsequential

Subtle effects in children may be indicative of
substantial effects in youth and adults

Systemic toxicant associated with numerous
adverse conditions and diseases in humans

Lessons from the 100-year battle against lead
poisoning for preventing other epidemics
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Blood Lead Levels, NHANES II - Il
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Blood Lead Concentrations Considered to Be Elevated by the Centers for Dis-
ease Control and Prevention.

To convert the values for blood lead concentrations to micromales per liter,
multiply by 0.0423, Data are fraom the Centers for Disease Control and Praven-
tion, 1991.1

Binder S, Falk H. Strategic plan for the elimination of childhood lead poisoning.
Atlanta: Centers for Disease Control, 1991.




Reading Scores by Blood Lead Levels in US
Children, NHANES IIl, 1998-1994
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Adapted from Lanphear BP, et al. Public Health Reports 2000;115:521-529
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Association of IQ and
Children’s Blood Lead Levels
at 60 Months of Age
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Canfield R, et al. NEJM 2003;348:1517-1526.



Relationship of Lead-IQ Scores among Children
for Seven Prospective Lead-Exposed Cohorts
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Figure 2. Linear models for each cohort study in the
pooled analysis, adjusted for maternal 1Q, HOME
score, maternal education, and birth weight. The
figure represents the 5th to 95th percentile of the
concurrent blood lead level at the time of 1Q testing.

Lanphear et al. EHP 2005;113:894-899.




Concurrent Blood Lead Levels by Intellectual
Function in Children (n=1,333)
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Figure 4. Log-linear model for concurrent blood
lead concentration along with linear models for

concurrent blood lead levels among children with
peak blood lead levels above and below 10 pg/dL.

Lanphear et al. EHP 2005;113:894-899.




Estimated Lead-associated |Q Deficits by
Concurrent Blood Lead Concentration

Range of Blood Lead

Estimated 1Q
Deficit (95% CI)

<1to30 g/dL
<l1to10 g/dL
10to 20 g/dL

20to 30 g/dL

9.2

6.2

1.9

1.1

(5.7, 13.1)
(3.8, 8.6)
(1.2, 2.6)

(0.7, 1.5)

Lanphear et al. EHP 2005;113:894-899.



Research Supporting Adverse Effects at Blood
Lead Levels < 10 pg/dL
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Mean Adjusted Full-Scale 1Q Scores by Quartiles for Tibial
Bone Lead and Average Lifetime Blood Lead Levels
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Mean Adjusted Full-Scale 1Q Scores by Quartiles for Tibial
Bone Lead and Average Lifetime Blood Lead Levels —
Combined Analysis
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Mean adjusted birth weight by third-trimester urine
cotinine concentration (n = 2,481)
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England LJ, et al. Am J Epidemiol 2001 153:954-960; doi:10.1093/aje/153.10.954



Risk of Preterm Birth by Exposure to
Environmental Tobacco Smoke
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Jaakkola JJK, et al. Env Health Persp 2001;109:557-561.



Reading Scores by Serum Cotinine in US
Children, NHANES Ill, 1998-1994
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Figure 1. Log-linear regression line for reading

scores by serum cotinine levels. Dashed lines indi-
cate 95% confidence interval.

Reading score
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Figure 2. Log-linear model for cotinine (solid line)
versus linear models for cotinine among children
with cotinine above and below 1 ng/mL (dashed
lines; ~ 80th percentile).

Yolton K, et al. Environ Health Perspect 2005;113:98-103.




Reasons for the Attenuated Effects at Higher
Levels of Exposure

Depletion of susceptible hosts at higher levels
of exposure

Influence of unmeasured or unrecognised
factors that vary by level of the main exposure

Saturation of key enzymes systems

Misclassification or mismeasurement of
exposure

Stayner L, et al Scand J Work Env Health 2003;29:317-324.




Minamata Disease




Effects of Prenatal Mercury Exposure on Cognitive
Deficits in 7-year old Children
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Reducing Exposure Misclassification In
Studies of Low-level Environmental

Toxicants using Biomarkers




Risk of Spontaneous Abortion by Exposure to
Prenatal Tobacco Smoke

Adjusted Odds Ratio
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* George L, et al. Epidemiology 2006;17:500-505.



Risk of Spontaneous Abortion by Exposure to
Prenatal Tobacco Smoke

Adjusted Odds Ratio
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Risk of Spontaneous Abortion by Exposure to
Prenatal Tobacco Smoke
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Linking Environmental Exposures
With Child and Adolescent

Psychopathology




Lead-associated Behavioral Problems in
Children by Tooth Lead Concentration
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Methods

National Health and Examination Survey 1999-2002.

The NHANES is a cross-sectional household survey of
the non-institutionalized civilian population

4,704 children, age 4 to 15 years, were used Iin these
analyses

The case definition of ADHD was based on parent
report of doctor-diagnosis of ADHD by a physician or
psychologist and ADHD medication use.




Risk of ADHD by Blood Lead Levels in US Children,
4 to 15 years, NHANES 1999-2002
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Braun J, et al. EHP 2006;17:500-505. Adjusted for child’s age, sex, race and ethnicity, preschool
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Risk of ADHD by Blood Lead Levels in US Children,
4 to 15 years, NHANES 1999-2002
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Braun J, et al. EHP 2006;17:500-505. Adjusted for child’s age, sex, race and ethnicity,
preschool attendance, serum ferritin, prenatal tobacco exposure and health insurance status.



Prenatal Exposure to Tobacco Smoke and Teacher-
Rated Behavioral Problems in Children
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Fergusson DM, et al. Pediatrics 1993;92:815-822.



Case Control Studies of ADHD by Prenatal
Tobacco Smoke Exposure

Author (year)

Mcintosh (1995)

Milberger (1998)
Mick (2002)

Schmitz (2006)

No.
Cases

130

132

280

100

NoO.
Controls

135

139

242

100

Children’s
Age

6-13
6-17
6-17

6-18

AOR
(95%CI)

2.7 (1.1-7.0)
4.4 (1.2-15.5)
2.1 (1.1-4.1)

3.4 (1.2-10.1)




Methods

National Health and Examination Survey, 2001-2004

The NHANES is a cross-sectional household survey of the non-
Institutionalized civilian population

3,081 children, age 8 to 15 years, were used in these analyses

The Diagnostic Interview Schedule for Children (DISC) was used
to assess for the presence of CD in the last year based on DSM-
IV criteria. Parents were asked to report symptoms via telephone
Interview.




Risk of Conduct Disorder by Blood Lead Concentration
In US Children, 8 to 15 years, NHANES 2001-2004
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Adjusted for child’s age, sex, race and ethnicity, preschool attendance, serum ferritin,
prenatal tobacco exposure and health insurance status.



Methods

Prospective birth cohort recruited from impoverished
Cincinnati community from 1979 to 1984

Women were excluded if addicted to drugs of abuse,
diabetic or had recognized psychiatric disorder

250 children, age 18 to 24 years, were examined In
these analyses

Criminal arrests were obtained from criminal justice
records and coded by two independent reviewers

Minor offences, such as speeding or driving without a
license, were excluded from these analyses.




Number of Arrests by Childhood Lead Exposure:

8 The Cincinnati Lead Study
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* Accounting for birthweight, age, prenatal tobacco exposure, maternal age at delivery,
maternal 1Q, maternal arrest history, HOME Score. (Wright J, Dietrich KN, et al. in preparation).



Gray Matter Loss by Childhood Lead Exposure
(n=157)
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Adjusted for child’s age, birth weight. Sex, gestational age, 1Q, prenatal tobacco,
prenatal alcohol, prenatal marijuana, SES (average childhood) and HOME Inventory
did not alter results.



Gray Matter Loss by Childhood Lead

Exposure and Sex
Males (n=83) Females (n=74)

Adjusted for child’s age, birth weight. Gestational age, FSIQ, prenatal tobacco,
prenatal alcohol, prenatal marijuana, SES (average childhood) and HOME Inventory
did not alter results.



Relationship of Lead Exposure and Homicide
Rate (/100,000) in the United States

Murder per 100,000 Inhabitants
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Nevin R. Environmental Research 2000:83;1-22




Prenatal Chlorpyrifos Exposure and Pervasive
Developmental Disorder (PDD) in 3-year old Children
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Rauh V, et al. Pediatrics 2006;www.pediatrics.org/cgi/doi/10.1542/peds.2006-0388.



Effect of Prenatal OP Pesticide (Total DAPS)
Exposure on Behavioral Problems

p < 0.05
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Eskenazi B, et al. EHP 2007;115:792-298. Adjusted for sex, age at assessment, breastfeeding
duration, HOME Inventory, household income, parity, maternal PPVT and maternal depression.



Linking Lead Exposure with Disease

and Disability in Adults




Risk for Spontaneous Abortion by Maternal
Blood Lead Concentration
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Borja-Aburto VH, et al. Am J Epidemiol 1999:150:590-597.



Adjusted differences in Change in the Mini-Mental State

Examination Score by Patella Lead Level
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Cognitive Ability by Age and Lead-Exposure

Cognitive Ability
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Risk of Death from Heart Attack or Stroke among US Adults
by Blood Lead Concentration
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Menke A, et al. Circulation. 2006;114:1388-1394. Adjusted for age, race-ethnicity, sex, DM, BMI, smoking,
alcohol, physical activity, income, CRP, total cholesterol, education, urban residence, postmenopausal status



The Conquest of Lead Poisoning
A Pyrrhic Victory




Percent of Preschool Children Exceeding Selected
Blood Lead Levels, NHANES II - Il
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Pirkle JL, et al. Environ Health Perspect 1998;106:745-50.



“Prevention is easy. Paint
containing lead should never be
employed ... where children,
especially young children, are
accustomed to play”

A.J. Turner, 1909




Countries Banning Lead-based Paints

France 1909
Belgium 1909
Austria 1909
Tunisia 1922
Greece 1922
Czechoslovakia 1924
Great Britain 1926
Sweden 1926
Belgium 1926
Poland 1927
Spain 1931
Yugoslavia 1931
Cuba 1934




Consumption of Lead in the United States
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The Conquest of Lead Poisoning: A Pyrrhic Victory

In 281 BC, Pyrrhus, one of the
most successful Greek generals
during the Hellenistic Period,
defeated the Romans in two
battles, but suffered bitterly
heavy losses.

The devastation led to his
famous statement, “One more
such victory and | am lost” and
the term pyrrhic victory — a
victory offset by staggering
losses.




Implications for Research and Policy on Other
Environmental Toxicants

Studies to examine effects of environmental toxicants
should include subjects with lower exposures

Studies to examine effects of early childhood
exposures on older children, adolescent and adults

Studies to enhance the development and validation of
biomarkers

Redefine the evidence needed to take action to protect
children from environmental chemicals or toxicants




"However, before deducing
‘causation’ and taking action we
shall not invariably have to sit
around awaiting the results of

the research. The whole chain
may have to be unraveled or a
few links may suffice.”

Austin Bradford Hill




