ANBI 159: Biological and cultural
perspectives on intelligence

Lecture 25: Epigenesis of IQ

http://weber.ucsd.edu/~jmoore/courses/
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Lead
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from paint &
gasoline

e Good public
awareness

e — For more information on preventing lead poisoning ¥~

Slide by Dr. Bonnie Nagel, UCSD Psychiatry e call 1-800-424-LEAD or visit www.epagovfiead. | 2




Lead is poisonous; binds to proteins, can
cleave tRNA, alters opioid receptors,
inhibits protein filtration by kidneys...
variety of mechanisms.

[Formerty?] present in paints, gasoline
(tetraethyl lead, anti-knock, in 1920s),
solder (tin cans, pipes), as well as various
natural sources.

Evidence suggests is concentrated by
hippocampus.

Lead in Federal Register

HUD (1996, Federal Register): “meta-analysis
estimated 0.257 IQ points lost per one pg/dl
increase in blood levels”.

Infers linear relationship between lead & 1Q loss,
AND

It’s meaningful to talk about tenths of an IQ point.

ug/dl = microgram/deciliter (1/1,000,000 of a gram per 1/10th liter)

Lead - linear relationship?

Dose - response curves and scientific certainty

Infers linear relationship between lead & IQ loss,

Concentration

o
o
.
o
.
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. Death
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Lead - tenths of an IQ point?

It’s meaningful to talk about tenths of an IQ point.

(c) r=+003 (d)r=+04

T p>01 ¢ 0 p<0.02




The Yugoslavia Prospective lead study

Study: Late 70s reports of correlations between lead & school
performance; several long-term prospective studies initiated.

1985: Recruit pregnant women at clinics in Kosovo, Yugoslavia to
participate in longterm research. Range of lead exposures greatest
in any project to date.

Kosovska Mitrovica (lead smelter, refinery, battery plant;
heavily contaminated)

Pristina (University town, 25 miles away; low levels)

Start with = 1,300 pregnancies; exclude obvious birth defects etc.,
not all parents agree, eventually ~600 followed pregnancy to 7.5
years, and = 300 with full samples blood, intelligence tests, home
descriptions, etc.

Blood sampled every 6 months. Wasserman et al. 1997, Factor-Litvak et al. 1999
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Figure 1. Mean concentrations of blood lead (BPb) for Kosovska
Mitrovica and Pristina by age

Factor-Litvak et al. 1999
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Mitrovica and Pristina by age

Why the decrease??
Factor-Litvak et al. 1999

Lead x IQ: results negligible[?]

Simple correlations between total
cumulative lead exposure and intelligence
measures not significant; slopes negative
but negligible -- e.g., - 0.05

Adjusting for covariates, another story.
Multiple regression results presented as
residuals.




Confounds/covariates

Regression models included several covariates that were chosen, in
part, to facilitate comparisons with other published studies.
Covariates included

gender,

sibship size at the time of the IQ test,

birth weight

ethnicity: Serbian, Albanian, other

HOME score Home Observation for Measurement of the Environment
years of maternal education

maternal age

maternal Raven's test score

-
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Factor-Litvak et al. 1999
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Figure 2 . Covariate-adjusted Full Scale IQ (residual scores) across
levels of cumulative lead exposure. AUC7, area under the blood lead

* time curve at age 7 years. AUC7 - cumulative lead exposure to age 7
Wasserman et al 1997
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Spatial/quantitative selectively affected Factor-Litvak et al. 1999

Lead x IQ and SES

We expected no associations between Pb and SES in our
Yugoslavia sites. However, prior to data collection, new housing
within 2 km and downwind of the smelter was built in K.
Mitrovica. Occupants had higher education, IQ, and HOME
scores. Thus, our unadjusted estimates of association between
Pb and cognition were biased downward.

IE

Lead and height

Just a little something to think about...

Average heights at age 7 same in both towns, but in Pristina
only, find negative relationship between lead and height at
age 4.

“In Pristina, where BPbs ranged from approximately 1
ug/dl to 14 ug/dl, height decreased by 7.3 cm (CI,
1.8-12.8) per log unit increase in BPb.”

IE, only had effect at low concentrations. Recall, < 10 pg/dl =
“safe” by CDC. Ifreal, (1) dose-response not linear, and (2)
developmental effect within US “safe” range.

OK, that’s Yugoslavia...

There have been MANY studies
of the lead - intelligence/
behavior relationship, and
precise details still controversial.

Look at one meta-analysis.




FIG 1 t Prospective studies:|estimated change in full scale 1Q (and 95% confidence interval) for

increase in blood lead from 10 to 20 {micro}g/dl, using three measures of blood lead in each

study
(a) Around Lirch
Porg Pirie P
Cingianazi — i
Cleveland i
Sydney ———
Boston he
(E) Around 2 years
Peorc Pirie ——
Cincinnati —y
Cleveland —x4
Sydney —
Bostan : ¢
(<) Postnagal mean
Pors Fitie T i.e., mean blood level
Cincinrati ¥ of child averaged
Cleveland —— across all ages, with
Sydney N test at = 7 years
. Bosten E ‘ 2
NB: published 3 i
prior to 1994, T T T 1
so Yugoslavia -5 -10 - 0 a 10
study not Estimated change in fulf scale IQ (peinzs)
included. Pocock, S J et al. BMJ 1994;309:1189-1197 REVIEW

Copyright ©1934 BMJ Publishing Group Ltd.

FIG 2 L Cross sectional blood lead studies; estimated change in full scale 1Q (and 95%
confidence interval) for increase in blood lead from 10 to 20 {micro}g/dI
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FIG 4 1 Overall synthesis of 26 studie; relating lead concentrations to 1Q. For each study the
estimated change in 1Q for a specific doubling of body lead burden (10 to 20 {micro}g/dl blood
lead or 5 to 10 {micro}g/g tooth Lead) is plotted against the study's mean blood lead
concentration. Study types: P=prospective, C=cross sectional blood lead, T=cross sectional
tooth lead. Three sizes of letter represent the size of the study (>400, 200-400, or <200 children).
Substantial or partial adjustment for confounders is indicated by a square or circle respectively;
the influence of substantial adjustment is shown by the arrowed lines. The number of each point
identifies the study's reference (see tables)
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FIG 4 1 Overall synthesis of 26 studie; relating lead concentrations to 1Q. For each study the
estimated change in 1Q for a specific doubling of body lead burden (10 to 20 {micro}g/dl blood
lead or 5 to 10 {micro}g/g tooth Lead) is plotted against the study's mean blood lead
concentration. Study types: P=prospective, C=cross sectional blood lead, T=cross sectional
tooth lead. Three sizes of letter represent the size of the study (>400, 200-400, or <200 children).
Substantial or partial adjustment for confounders is indicated by a square or circle respectively;
the influence of substantial adjustment is shown by the arrowed lines. The number of each point
identifies the study's reference (see tables)
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Lead

Dose - response curves and scientific certainty

Infers linear relationship between lead & IQ loss,

Concentration

?

29 Mild Acute

. Death
symptoms illness

Outcome

Table ] 5o

"1 Visualize: Random
distributions with

mean 96 * 15 (top)
and 66 = 12 (bottom)
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Variance in
GCI=1Q How strong is the effect of lead, relatively?

Lead in perspective

Lead exposure explained 2 - 4% of
variance in IQ at age 7

Lead in perspective

Lead exposure explained 2 - 4% of
variance in IQ at age 7

Home environment (HOME score)
at age 3-4 explained 25 - 30%




Cumulative 1mpacts conceptual model
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Dopamine systems: multiple impacts
HYPOTHESIS:
Brain can compensate for
action of 1 insult, but multiple
sources (dif. chemicals;
factors) or single one with
multiple effects, too much.

e U

Insult A

Insult C g
Vesicle transport
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Metabolism
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Back to lead: Yes, but is it a problem?

“Low blood levels” of lead: = 10 - 20 pg/dl

Below 10 is considered “‘safe’” and over 20,
treatment advised (CDC). 2004 USA

average: ~1-2 ug/dl

10 * 0.257 1Q points per
pg/dl = 2.57 IQ points.

So what?




Cost of 1Q loss

10 * 0.257 1Q points per
pg/dl = 2.57 1Q points.

So what?

Studies find lower 1Q associated with
1) lower salary for those who work, and

2) lower probability of working (via
poorer school performance)

In 1999 $, between $13,000 - 17,000 lower
income over lifetime for cac/ 1Q point.

Cost of 1Q loss

10 * 0.257 1Q points per
pg/dl = 2.57 1Q points.

So what?

$30,000 - 40,000 over each individual’s
lifetime translates into billions of
dollars over the population as a whole.

Cost of 1Q loss

10 * 0.257 1Q points per
pg/dl = 2.57 1Q points.

So what?

$30,000 - 40,000 over each individual’s
lifetime translates into billions of
dollars over the population as a whole.

One estimate (slightly different basis):
> $100 billion / year

Ounce of prevention worth
$100,000,000,000 of cure...

... and that analysis fails to account for
senile dementia at the end of life ...




Model of Pb - related cognitive decline

L.D. White et al. / Toxicology and Applied Pharmacology 225 (2007) 1-27 19

A - B
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2. 9. Hypothetical model showing the relationship between chemical exposure, neurodegencration,
Fig. 9. Hypo m g I £
and cognitive decline. Cells are lost in a gradual manner carly in adulthood; however, cogmitive

decline is not evident until the aging period. In pancl A, a model of cellular loss in the brain is displayed.

Evidence growing that Alzheimer’s Disease is
promoted by Pb exposure when young.
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