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Health Effects of Lead at Low Exposure Levels

Expert Consensus and Rationale for Lowering the Definition

ince the Centers for Disease Con-~
trol (CDC) 1985 Statement on Pre-
venting Lead Poisoning in Young Chil-
dren' was published, an extensive
database has provided a direct link
between low-level lead exposure dur-
ing early development and deficits in
neurgbehavioral-cognitive  perfor-
mance evident later in childhood
through adolescence.*”” These consis-
tent and conclusive studies, based on

See also pp 1257, 1259, and 1275.

the strength of the science, have dem-
onstrated the presence of a constella-
tion of neurotoxic and other adverse
effects of lead at blood lead (BPb)

levels at least as low as 0.48 pmol/L

(10 pg/dL). Accordingly, federal
agencies and advisory groups have
redefined childhood lead poisoning
as a BPb level of 0.48 pmol/L (10
ng/ dL).”*2 These agencies arrived at
this finding through ~consensus
among informed lead experts and
preparation of scientific documents
evaluated through the peer review
process. Furthermore, according to
the CDC, no threshold for the lead-IQ

relationship has been established.’®

Before discussing some of these stud-
iesin greater detail, the pervasiveness
of this entirely preventable disease
today in millions of American chil-
dren must be recognized.®

Lead is a muitimedia toxicant and
provides, collectively, significant
toxic risks even when specific sources
appear, by themselves, to be rela-
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of Childhood Lead Poisoning

tively modest.?#* All sources of lead
are integrated systemically into criti-
cal target tissues; the margin of safety,
unlike other toxic pollutants, is ex-
tremely narrow. Today, as in previ-
ous decades, lead-based paint re-
mains the major source of childhood
lead exposure and poisoning.'*%#2

About 14 million or more children
less than 7 years of age are at great
risk because they live in pre-1959
housing that contains the highest con-
centration of lead-based paint.z*
Young children live in at least 54 mil-
lion residential housing units, where
there is an extant inventory of 3 mil-
lion or more tons of lead-based
paint.” According to the US Depart-
ment of Housing and Urban Devel-

opment, 20 million houses have peel-
ing lead-based paint; nearly 4 million
of these homes are currently occupied
by families with children under 7
years of age.” White children 0.5 to 5
years of age constitute the largest
group (over 11 million) of children at
risk in the United States. About 4.5
million white children, from all sec-
tions and regions, are at high risk of
developing adverse health effects of
lead from lead paint exposure, be-
cause these children were estimated
in 1984 to have BPb levels er
than 0.48 wmol/L (10 ng/dL) (Table).
The Table indicates that the largest
number of white children with BPb
levels greater than 0.48 wmol/L (10
pg/dL) are from the highest social

Prevalence Rates and Numbers of Urban White Chxldren
5 t0:5 Years) With Blood Lead (BPb) Levels Greater:Than. |
12048 wmol/L (10 pg/dL) by Family Income®- ... 21nis

Annual Family Income

2$15000 .
No. of children
No. with 8Pb >0.48 pmol/L (10 pg/dL)
Calculated prevalence

$6000-14 999
No. of children
No. with 8Pb >0.48 pmol/L. (10 pg/dL)
Calculated prevalence

<$6000 ‘
No. of children
No. with BPb >0.48 pmol/L (10 pg/dL)
Calculated prevalence

Total
No. of Children

Calculated prevalence

No. With 8Pb >0.48 pmol/L (10 pg/dl)

7643900
2473700
32.4%

2666300
1332900
50%

1039600
709300
682% -

11349800
4515900
39.8%

*From Crocetti et al,* Mushak,» and personal communication (A. F. Crocetti, PhD, May 10, 1992).
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strata, aithough the prevalence rate is
lower than among the other two
groups. Collectively, about 40% of
American white children between the
ages of 0.5 to 5 years are estimated to
have BPb levels greater than 0.48
pmol/L (10 pg/dL), the current
definition of childhood lead poison-
ing.”® These data demonstrate that
virtually all children are at risk of lead
poisoning.’®

Evidence relevant to adverse ef-
fects of lead on centrai nervous sys-
tem functioning at and below BPb
levels of 0.48 pmol/L (10 pg/dL) is
based on a large number of rigorously
performed studies. Almost a dozen
well-designed and carefully con-
ducted cross-sectional and retrospec-
tive cohort studies converge on the
strong, unequivocal conclusion that
there is a negative association be-
tween BPb levels or other indexes of
exposure and deficit in intellectual
performance.*'%7% The pioneering
study by Needleman et al* found an
inverse correlation between dentine
lead levels and IQ. Some of these
children also had BPb levels between
1.45 and 2.41 pmol/L (30 and 50 p.g/
dL), levels higher than those found to
produce adverse health effects in
more recent studies.?541%% The
Needleman study® observed that in-
telligence test scores were approxi-
mately 4.5 points lower for school-
aged children with moderately high
dentine lead levels than for children
with low dentine lead levels. This
study® was recently criticized. How-
ever, when these criticisms were
taken into account by including all
subjects, controlling for age, and in-
cluding mean values for each child’s
dentine lead level, mean dentine lead
levels were a statistically more robust
predictor of IQ (P<.0069) than ini-
tially reported.” The technique of
nonparametric smoothing was used
in this reanalysis.” In another cross-

sectional study, Fulton et al* found a

5.8-point difference in scores on the
British Ability Scales between the
lowest and highest BPb level groups
(range, 0.14 to 1.64 pmol/L [3 to 34
pg/dL]). The associations repre-
sented in the cross-sectional and ret-
rospective studies are still significant
when multiple covariates are ac-
counted for. Based on currently pub-
lished information, these IQ deficits
are considered irreversible.!1®

In the past 5 to 8 years, cross-
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ates, in

sectional studies have been supple-
mented by prospective studies in
which investigators gain information
about the timing and extent of expo-
sure, as well as many other covari-
longitudinaily designed
protocols.'*¥ Additional strengths of
prospective studies, pointed out by
Mushak et al* include the use
of standardized and sophisticated
methods for assessing exposure and
various outcomes, systematic em-
ployment of statistical methods to
control for multiple covariates and
potential confounders, enrollment of
cohorts of sufficient size to yield more
than enough power to detect subtle
effects, and assessment of the full

scope of childhood development lon-
-gitudinally from birth to several years -

of age.'* Furthermore, through the
use of consistently applied outcome
measures, prospective studies can be
compared directly.* These interna-
tional prospective studies have fur-
ther changed how public health and
regulatory federal agencies approach
childhood lead poisoning'®?; the re-
sults of these studies unequivocally
confirm evidence linking low levels
of lead exposure (=0.48 pmol/L
[10 pg/dL]) to neurobehavioral-
cognitive impairments. The Cincin-
nati (Ohio) study®® found effects of
prenatal lead exposure on Mental
Developmental Index scores that
amounted to an eight-point deficit for
each 0.48-pmol/L (10-pg/dL) in-
crease in BPb levels. The study in Port
Pirie, Australia,” evaluated children
up to 4 years of age and related inte-
grated BPb levels to the McCarthy
Scales of Children's Abilities. Blood
lead levels were inversely related at 4
years of age, with children having
cognitive scores 7.2 points less, once
BPb levels reached 1.45 pmol/L (30
ng/dL), compared with children
with BPD levels less than or equal to
0.48 pmol/L (10 pg/dL).%2

Perhaps the most unique prospec-
tive study, now in its 10th year, is be-
ing carried out in Boston (Mass).!>14.16
The Boston cohort is composed of
advantaged middle- and upper-class
children living in optimal circum-
stances.'*® Relatively few children
have access to the social and eco-
nomic advantages in the Boston co-
hort. These advantaged children
could be expected to be at the least
risk for having lead-induced cogni-
tive deficits. The effect of lead on

cognitive functioning of these chil-
dren at extremely low exposure levels
is remarkable. Higher BPb levels
(mean, 0.33 pmol/L [6.8 ng/dL]) at
24 months of age were associated
with a decrease of 5.9 points on the
General Cognitive Index of the Mc-
Carthy Scales at 57 months of age,
when the mean BPb level was 0.31
pmol/L (6.4 pg/dL). In short, the
General Cognitive Index decreased
by about three points for each naturai
log unit increase in BPb level at 24
months. This cohort was character-
ized by.maternal IQ scores of 124*16
(mean=SD), Mental Development In-
dex scores on the Bayley Scales of
116x16 at 24 months, and General
Cognitive Index of 115.5%14.5 at 57 -

“months. Further analyses between

BPDb levels and General Cognitive In-
dex fail to reveal a threshold down to
BPb levels of 0.1¢ pmol/L (2.0 pg/
dL) or less.”

The socioeconomically advantaged
Boston cohort has now been assessed
at 10 years of age, when the mean BPb
level was 0.14 umol/L (2.9 pg/dL)."
Slight elevations in BPb levels (about
0.24-pmol/L [5-pg/dL] increments)
at 2 years of age were associated,
without an apparent threshold, with
significant impairments in intellec- -
tual and academic performance, as-
sessed by the Wechsler Intelligence
Scale for Children-Revised and the
Kaufman Test for Educational
Achievement, at 10 years of age. An
increase in BPb levels of 0.48 umol/L
(10 ng/dL) at 24 months was associ-
ated with a 6.0-point decline in full-
scale IQ on the Wechsler Intelligence
Scale for Children—Revised and an
8.9-point decrease on the Kaufman
Test for Educational Achievement.'

The link between low-level lead

sure during early development
and later deficits in intellectual and
academic performance is remarkably
consistent with few exceptions¥;
there is compelling consistency in
effect-size estimates in BPb-IQ-
neurobehavioral outcomes. If large
variations existed, this would suggest
confounding by an omitted variable
or an omitted effect modifier.” If
effect-size estimates are available
from muitiple studies, the weighted
average effect size is a highly signif-
icant summary of the weight of these
data. In this approach, individual
studies are treated as data pointsin a
larger “meta-study.” This technique
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is known as meta-analysis. The use-
fuiness of this technique resides in the
fact that it permits the investigator to
combine the results of studies that
differ in some respect, while exarmnin-
ing the same research questions.”
Seven studies were so analyzed, and
the effect-size estimates were quite
similar and highly significant.” Over-
ali, these data indicated an average
decrease of 0.25 IQ points for each
0.05-pmol/L (1.0-png/dL) increase in
BPb levels."” This inverse relationship
between IQ and BPb levels continued
well below 0.48 p.mol/L (10 pg/dL).”
Another meta-analysis of 13 such
studies® yielded a joint probability of
obtaining the reported results of less
than three in a trillion. Thus, the
overall pattern, further confirmed bi\;
another meta-analysis of 24 studies,
strongly supports the conclusion that
low-level lead exposure is related di-
rectly to neurobehavioral and cogni-
tive deficits. Collectively, the results
of the prospective and cross-sectional
studies and the meta-analyses indi-
cate causality between remarkably
low levels of lead exposure and
neurobehavioral-cognitive-IQ defi-
dts in young children.

The public health implication of

four- to six-point deficits on various

tests of neurobehavioral and cogni-
tive functioning may not be clinically
devastating to an individual child.
However, a downward shift of four
points in the normal distribution of
mental developmental indexes on the
Bayley Scales or other neurobehav-
ioral-cognitive outcome measures for
a population of children would result
in 50% more children scoring in the
borderline range of 80.¥ Similarly,
such a downward -shift in neuro-
behavioral-cognitive-academic func-
tioning would result.in an_absence
of children who achieved superior
scores (greater than 125).8

In large part, based on the evidence
cited above, the CDC lowered the
definition of childhood lead poison-
ing in 1991 from 1.21 to 0.48 pmol/L
(25 to 10 pg/dL)®, this consensus de-
dsion was based on the strength and
consistency of data detailed above.
Other new initiatives were also in-
cluded in the CDC'’s  guidelines.!’
The recommendation for universal
screening of all children 6 years of age
or under included testing BPb levels
at 12 and 24 months of age; more fre-
quent assessments of BPb levels were

1280 AJDC—Vol 146, November 1992

strongly recommended if children
fell into priority groups reflecting age
and condition of housing, age of the
child, occupation of the parents, etc.
A multitier approach for environ-

mental and medical intervention was.
-outlined based on the resuits of test-

ing BPb levels. A fundamentally new
focus of these guidelines® was a
reorientation of public heaith and
pediatric communities toward ap-
proaches fo prevent young children
from being exposed to lead, rather
than to treat them after the fact. A
critical component of the CDC’s aver-
all strategy,'®" therefore, is to mark-
edly increase abatement of lead haz-
ards in children’s homes.

The CDC's Strategic Plan for the
Elimination of Childhood Lead Poison-
ing® recognized that prevention of
childhood lead poisoning would be
an important public health activity,
even if no economic benefits could be
demonstrated. However, based on
the demonstrated efficacy of abate-
ment to prevent lead poisoning and
estimated costs of medical care, spe-
cial education, the effect of loss of IQ
points on wage rate and on educa-
tional attainment, etc, the net dollar
benefits to prevent childhood lead
poisoning are substantial. Based on
this cost-benefit analysis, similarly
carried out by the US Environmental
Protection Agency ‘as part of the
phasedown of lead in gasoline,* a net
annual benefit of over $1.4 billion {in
1989 dollars) would be achieved by
systematically deleading just the
worst of pre-1959 housing.”” This
analysis provides, in addition to ben-
efits for children’s health, an eco-
nomic justification for a national pro-
gram of abating lead-contaminated
housing to prevent childhood lead
poisoning.’

A dedicated role by the pediatric
community is a critical ingredient to
eradicate this entirely preventable
disease.® To ensure the health of
children under their care, it is highly
recommended that pediatricians ed-
ucate parents concerning sources of
lead and implement testing for BPb
levels according to established sched-
ules,' as if a BPb level test was as
routine in pediatric practice as a tu-
berculin skin test, hematoctit, or im-
munization. Furthermore, pediatri-
cians should be able to interpret test
results of BPb levels according to the
need for comprehensive medical and

environmental interventions. Mor
over, it is important for pediatriciar
to ensure that lead-poisoned childre
receive appropriate medical and er
vironmental treatment both initiall
and in comprehensive follow-up
that include ongoing education, BP
level testing, medical and enviror
mental evaluations, possible pharm:
cologic intervention, and definitiv
environmental abatement.”® If thes:
tasks prove to be difficult for indivia
ual pediatricians, then referral c
lead-poisoned children to centers tha
have experience in the treatmen
(medical and environmental) of lead
poisoned children is necessary.'®
The pediatric community, in coi
laboration with other disciplines
must play a central role to ensure tha
America’s most cherished resource
young children, reach adulthood fre
from the conclusively documentec
consequences of childhood lead poi-
soning. By so doing at a very early agt
in a child’s life, pediatricians car
make a significant contribution to 2
child’s future academic success ana
productivity in the workplace.
JOHN F. ROSEN, MD
Department of Pediatrics
Albert Einstein College of
Medicine
Montefiore Medical Center
Bronx, NY 10467

Preparation of the manuscript was sup-
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