COMMENTARY

Science, Public Policy,
and a Critic’s Dilemma

Sandra Scarr, Ph.D.*

P:evenﬁun of environmental harm to children is a
worthy objective, widely shared by those with
- different views om, and participation in, Contro-
versies zbomt low-level lead research. In the
September 1992 issue of The PER (harderly,
MNeedleman [1] reiterated his mistepresentations of
his own and othors' roscarch results, failed o note the
many cxperts wha disagree with his comclasions, and
confused public palicy issuce Paul Mushak [2], in the
same issue, lauded Needleman’s 1979 rosearch,
although he was a signalory (o the unanimous 1983
ElrA Expert Commitiee report thal dismissed
Needleman's 1979 paper for faulty methods and
improper conclusions. Needleman's colleagues at the
have found him guilty of

University of Pittzsburgh b
deliberate misrepresentations [3] in his publications
about low-level lead effects, Science can inform public
policy only if reliable results are accurately presented
in methodologically sound reports Premature claims
of scientific concensus are not acceptable, even if they
influence health policies in directions one advocates

EVOLUTION OF LEAD POISONING

Lead poisoning is no longer a diagnosis; ik iz a
phrase that has been redelined into a rmulbticred con-
dition. In 1975, recommendalions were made for reg-
ular monitoring of asymplogealic childron with blood
lead levels between 30 g /dl and &0 pg/dl, and envi-
ronmental, and dietary measures were recommended.
In 1985, the level of concern in children was lowered
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to 25 pe/dl and in 1991 the CDC proposed that the
safe blood lead level be lowered to 10 pg/di. Children
with lead levels above 10 pg/dl began to be called
lead poisoned by regulatory agencies and their
experts.

Blood lead surveys from 1935 to 1987 n the United
States show that average blood lead levels dropped
comsiderably over this period. Although the surveys
were kaken in different parts of the country, using dif-
forent methods of assaving lead levels, the results are
remarkably consistent in demonstrating a secular
decline in blood lead levels from an average of about
30 ug/dl of bleod in 1935 to about 7 pg/dl in 1987, a
fourfold decrease. The current national health survey
of children is expected to show even lower national
lead levels in the 1990s.

The redefinition of lead poisoning relied on expert
adwice from Needleman, Mushak, some other US,
invesligators, and environmental activists, whose
recent conclusions are that no level of lead exposurc
is safe. By relying on these consultants, the Centers
for Disease Control (CDC), the LEnvironmental
Protection Agency (EPA), and other regulatory agen-
cies have erroneously concluded that studies of low
levels of lead exposure yield consistent, coherent
findings of adverse effects on neurobehavioral devel-
opment [4,5]. The agencies also relied on a Needle-
man study whose reports are not credible [3,6-8.

Meedlemnan's claim that “the lead industry” raised
issues about his lack of scientific integritv through the
EPA Expert Committee in 1983 [6] and again through
the Office of Scientific Integrity of the Mational
Institutes of Health in 1991 is false. Despite
MNeedleman’s oft r{zpcrated charges, [ have never
received research support from any enlity connected
in any way with lead. T have never studied lead



effects on children, and T do not speak for the lead
industry, Because of, and subsequent to, my 1953
involvernent in the EPA review of Needleman's dala
and of low-level lead research, T was asked in 1990 {0
testify about low-lead effects on children’s neurche-
havioral development. My appraisal of the literature
agrees far more with those of Fulton [9], Smith [10],
and Winneke [11] than with Needleman. As do sever-
al other reviewers of the research evidence, 1 have
doubts that firm conclusions can be drawn from low-
level lead research, and doubts about the validilty of
Meedleman's evidence and the soundness of his poii-
oy recoramendations.

The BExpert Commiltoe never publicly guesiioned
Needieman's integrity and limited its commenls to
Hlaws in the research, identifying {ive categoties of
error in Needleman's methodology—n calealation,
subject selection, statistical analyses, missing dala,
and lack of adequate control for confounding vari-
ables In the September 1992 issue of The PSR
Quarterly, Needleman claims these errors were fixed
in his reanalyses and in those done in 1991 at EPA
One can readily see that only two types of error could
be fixed (calculations and analyses). Errors of subject
omission, missing data, and omissions of adequate
controls for confounding could not be addressed atter
data collection was complete, The Committee con-
cluded with the following stalement:

In simmary, at this tme, based on guestionable
exposure categorization and subject exclusion
methads, problems with missing dala, and con-
cerns regarding the statisiical analyses employed
and selected {or reporting, the Committer con-
vludes that the study results roported in Lhe
Meedloman et al (1979) paper, neithor support for
refute the hypothesis that low or moderate levels of
Pb exposures lead to cognitive or other behavioral
impairments in children [6]

Mo members of this Expert Committee, including
me, had any comnection with lead research or the lead
industry. Despite his current praise of Needleman's
research, Paul Mushak, a member of the EPA Expert
Committee, signed the unanimous Committee report.

Meedleman's oft published Teacher Ratings graph
[1] is again presented with no controls for any con-
founding variables, although the text does not make
this important point clear. This graph Jacks any con-
trol for sociveconomic status, parental 1Q), educarion,
family income, ete, As will be noled, most cross-sec-
tional studies report some association between lead
- level and neurcbehavioral outcomes before important
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covatiales have been controlled. Adequate controls,
as noted by Fulton (9], Smith [101, and Winneke [11],
typically reduce lead effects to nil or to very small
effects that are often nol statistically reliable.

The probabilities Needleman presented [1] for
graduation from high school are based on samples,
including seven children with reported plumbism, of
0 to 7 cases. From this he claims a sevenfold increase
in high schoal drop-out as a result of low-level lead
exposureg Given the inadequate contrals for con-
founding in this study, a more modest conclusion
seqrms warrantod.

PROBLEMS OF NONEXPERIMENTAL RESEARCH

The major problem in all field rosearch, where the
invesligator cannot exercise experimontal control over
the application of the “treatment” {in this case Jead
exposure), is thal Lhe treatmend is not randomly
assigned. This problem is not unique to lead research;
it affects all kind of real-world investigations from the
effects of child care arrangements and schools to stud-
ios of work environments. People are not randomly
assigned to these treatments; they carry into the treat-
ment their own characteristics. Lead exposure
covaries with respect to many other parental and
child characteristics and characteristics of their envi-
ronments that independently affect the same, adverse
child outcomes that investigators hypothesize are due
to load exposure.

Higher lead exposure, hypathesized to decrease 1Q
and other measurcs of nearobehavioral funciioning,
is correlated with lower parenial cooupational slalus,
educational acldcvements, income, 10s, nutrilion,
quality of parent-child interaction, stimulation in the
home, and 5o forth, all of which have boen shown to
have nogative effects on children's development, in
the absence of lead exposure. In other words, the
child’s heredity and environment are corrclated with
lead exposure such that it is extremely difficult, if not
theoretically impossible, to disentangle the effects of
the child’s broader biology and ecology from lead
exposure. For example, lower 10} mothers tend to be
poorer housekeepers, so that their children are more
likely to be expuosed to more lead [12]; they also have,
om average, lower 10} children, live in poorer circum-
stances in general, and provide a less stimulating
environment for the child

CUmly if there were powerful and consistenl results
acraws correlational studies of diverse populalions
should one altribute causality to differences in lead
mxposure, apart from the other, woll-shudied heredi-
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tary and environmental effects on children’s behav-
ivral development Two kinds of shudies need Lo be
considered: Cross-seclional snd prospoective, longine-
dinal designs. Cross-sectiomal studies cotlect dala at
one poinl in time, whereas lougitudinal studies mea-
sure the same persans on bwo or more occasions.
Prespective, longitudinal stadies may permit stronger
inferences about develapmental conscquences of lead
exposure and are therefore preferable to cross-sec-
tional research designs

CROSS-SECTIONAL RESEARCH:
OTHER INVESTIGATORS' CONCLUSIONS

The conscnsus aboul low-level lead effects o
which Mushal: referred [2] consists only of US gow-
eromental agencies for which he and Needleman con-
suit and for whose weports they are anthors.
Needleman conbinues to misrepresent the Tow-level
lead research literature His selective appraisals and
conclusions differ significantly tfrom those of other
leading investigators, particularly i Burvope Three
notable examples ate Drs. Mary bultan, Marjurie
Smilh, and Gerhard Winneke. A major review of the
world Hkerature ended with:

Sindies of the effects of lead on childeen ate, for
necessary ethical reasons, nongxperimental in
design Such studies, particularly when they
involve multivariate social data, pose problems in
drawing causzative inferences, and lead studies are
ne exception Despite the wealth of data, and
including data lrom experimental stadies with ani-
mals, it is still not possible to conclude with any
certainty (hat lead at low levels is affecting perfor-
mance or behaviour of children. It is clear, howey-
er, that any differences in a measute such as IO},
which may be attributed to lead are likely o be

Ll

small, accounting for about 1% ar 2% of the vari
ance [10]

Oihers” summaries of issues and conclusions agree
with Smith, not Necdleman or Mushalk Most cross-
sectional shadies find an associaiion between higher
lewvels of lead exposure in the absence of any comtrols
for other variables. Once confounded variables, such
as family sociocconomic stabas, quality of home envi-
ronment, and parental 10, are enipred, mosl find
either no association between higher lead levels and
poorer behavioral development, a1 al most & very
small effect, less than U% the variance in children’s
SC0MEE.

In the large Fdinburgh study, with a sample of 30,
Fulion [9] could 1eliably detect very small effects of
variation in blood lead levels, atter careful conlrol of
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confounding. She was especially sensitive io
Needioman's issue of over-conlrol. Her concusions
were modest and scientifically appropriate

Althpugh the coefficients of Blood-lead are signifi-
cant, tho size of the effect on the scores i small
compared with the effect of other factors Vor the
BASC (British Ability Seale Combined) score, anly
N.9% of & total of 45.5% varlance explained by the
covariates in the optimal regression model can be
altlributed to the effects of lead [9).

The mast impartant cross-sectional study in the
past few years is the The World Health Orgamzntion
Study The newropsvchologic status and blood lead
levels of 1,879 children in eight European countries
were sampled by Winneke and colieagues |11]. Blood
lead levels ranged from less than 3 pg/dl to mote
than 60 pg/dl. Neurobchavioral and WISC results
were verv small and inconsistent across countries.

[I"he Figure] depicts WISC resulis {mean of four
subtesis) from all the individual studies Except bur
group 1%, no systematic decline of WIS standard
scoves with increasing blood-lead concentralions
can be inferred lrom jthe figure] Mo signiticant
associations with blond lead were found for less
standardized measures of visual-motor inlegration,
namely the Trail-Making Lest, and for ratings of
general behavior by parents and teachers The
strongest and most consistent effecls were observed
in established clinical tests of visual-motor integra
Hon, namely both GFT versions, as well as in serfal
chedce reaction performance, namely the Vienna
Keaction Device The degree of assoclation was aig-
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FIGURF. Dase-response information for individual
studies with WISC results imean of four sulilests) as the
behavioral endpoint. The abscissa is log PhB (uefdlh
[11]

1 Data S the one sgmple that showed rosalls were publizhed sepe-

rately (Hatwabis A, Kokkevi A, Matavelios 5, «8 al, 3989, see sot 110; he
othes sever sincies with ne results have nol seen published
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nificant or highly significant for these variables, Boston (Bellinger and Needleman), Cincinnati
atthough the variance explained by I'bB (%) never (Dietrich), Cleveland (Ernhart), Port Pirie
exceeded 0 8%. Psychometric intelligence, as (Mchichael), and Sydney (Cooney and MeBride). The
assessed by means of the WISC was also affected by R '
lead exposure, although the effects were inconsis-
tent across studies and the overall degree of associ-

fiwe studies are similar in design; all collected blood
lead levels in the prenatal or natal peviod or both and

ation was only of borderline significance [11]. at intervals during the infant and preschool vears
Several have also reported dentine lead measures,

Variaption in lead levels from <5 pg/dl o =60 kg /dl Similar measures of cognitive developnient were
accounted for less than 1% of variation in 1K) or any used. Potentially confounding variables, such as
other neurobehavioral measures, including teacher parental 1Q, socioeconomic status, and quality of the
and parent ratings of behavior problems. Fven with carelaking environment, were used as covariates in
very large samples and poor control of confounding analyses Mot all coflected parental 1 data, however.
variable, WHO study results do nol suppord [t was expected that these sizeable studies would
Needleman's or Mushak's conclusions. The cross-sec-  vield cansistent effccts Instead, the studies have pub-
tional Hrersture suffers from inconsistent resylls and, Hshed sclocted and very mixed vosults, Qverall, they
as described earlier, probloms of confounding the have oblained ondy chance levels of findings (approx-
many family determinants of behavioral development imately 5% of restlfs “significanl” at the 5% level of
with lead cxposure confidence}, and the studios do net replicate each oth-

ers’ vosualts

THE PROSPECTIVE STUDIES A1ecent repott 113] from the Porl Pirie study of
Five U5 and Ausiralian prospective studies were WISC-R scores at age 7 reports thal no antenalal
begun in the early 1980s to address the childhood BMlocd Jeads or blood lead values after the age of 4
effects of Tow levels of lead exposure. The studies, were related to T results, but that cumulative lead
from which dozens of reports have been published, exposure measured from birih to 15 months, birth to
are known by their locations and major investigators: 2, 3, and 4 yvears were associated with decrements in

Table: Summary of Lead Effects in Five Prospective Studies!

Infant Menlal Dovelopment? Meschool Mental Developrment

Pty Sample 6 12 24 Months 4-5 Years

[N studies) seCarthy Soales33) Kauitman Battery/AWPPSI 2}
| GOl W OBP€) MoWM0 MEC SEC) SIM NV ACH
aditerrali 4] 2 1 1 o o o0 1 0 0 (I R § B
Crond(3) I | 1 LA S B 0 { 0 oo 0 N0
Malivery( 1} ] 0 1 i B] il B b H G 0] 0 o0
First & mosi5) 1 il 0 1 oo 00 il 0 1 1 1 11
Firsl Yeoar(d)? - 0 0 oo noa 0 0 ] o o 0 0
Second Yea(5) - - 0 T [ (} 1 ] 0 o o a0

[ hird %ear 5 - - - 20 20 0 i 0 (T S B
Fourth Year(4) - - - 9 0o QD 0 E i o o 0 0
[Fifth Year(d) - - - oo 1 0 M 1] i ] o0 o0
A% current . - 0 1 0 0 0 o o0 a0

and prior PhB _ _

! The studies are known by thelr locations: Boston, Cincinnati, Clevelard, Port Firie, and Sydney Entries 2re the numbier o the five sturd-
ies that reportad a statistically reliabla result at alpha = 05

2 all sudies yser the Baviey Injant Test of Menial Development Cine ssed te KID Test and obrained positive resulis al & months for
materral blood lead and resules contrary to the bypothesis for infani G-morths Blood lead.

21t sheulrd be remembered tiat the subrest suales are ail prositively cormelated it each other gbaut A0 and cocrelated with the: Lotal CGI
abaut 70, so that resubs e nol independent. The sane is tue for e Kacfman datleny znel the WPPS

% One study sampled baice: the results are combined hers

3 v I . . - -
Other atfompls wene made W integrate hlood levels across & 1 57 monlhs 12 92 57 monihs, 18 ta 57 monelhs, and 24 to 57 inonths,

<l g positive mosulis
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verbal and full-scale 1) scores O 10 WISC-R sub-
scales, the only statistically significant seale diffor-
ences were found For on Perlormance scale, Black
Design, and one Verbal scale, Information. Lhe clfects
were larger for girls than for boys Tt should be noted
that lhe vast majorily of children in the Pori Fitie
cohotl are considered “lead poisoned” undet the new
CDC guidelines; the 2-vear blood lead values lor the
four PbB quartile groups in this study average 13.0
ne/dl, 186 pg/dl, 242 png/dl and 335 pg/dl The
authors conclude that “the deleterious effects of lead
are not large, and that onky a small fraction of the
gverall variation in iQ can be attributed to lead expo-
sure” [14] Nonetheless, as Mushak nated, there may
be possible social consequences for a population §f
such levels of blood lead do have even small effects
on individuals

To provide an overview of the five prospective
studies, Ernhart [15] reviewed all oports available for
each study All lead measures and behavioral out-
come measures collecled longitudinally from antena-
tal to age 6, and reporled to early 1992, were orga-
nized in a matrix for cach study. A summary of
results reparied as statislically reliable at the p = 05
level appeat as a proporlion of total possible resulls
in the Table.

First, it is apparent that only 4 7% (25 of 53(0) of pos-
sible results obiained by the five studies reached sta-
tistical significance at the 5% level, entirely chance
findings. Published reports often ignore the many
measures and analyses that raise the probabilities of
finding “significant” results by chance. Positive
results that Needleman reports [1] for the Bostom and
Part Mirie studies must be evalualed in the larger con-
text of all the data collected and, presumably, ana-
Iyzed. Second, the statistically significant restdls that
are repurted are inconsislient across the five sludics.
In o case do more than {wo of the {ive studies report
the same resulls; most predicted effects of lead are not
obiained; and published roports consistently high-
Lighl the few positive resulis to the exclusion of null
resulls. In & recent ovaluation of methodology con-
ducted by scienlists at the CDC and the Center for
Environmental Health and Injury Control, the
prospective studies judged highest in quality had
fewer positive results than those lower in overall
quality [14].

META-ANALYSIS

It has been argued that all of the reported results
from cross-sectional and prospective sludies can rea-
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sonably be combined by meta-analysis, which sums
efferls acrose stidies. Winneke, however, noted that
the eight WO studies’ results do nol fit
Needleman’s claims from his meia-analysis [11] The
major problem with the meta-znalysis conducted Ty
Meedieman and Gatsonis [16] is that they lumped the
divers ages at which blood and tooth leads were col-
lected and combined across developmental measures,
as though they showed a consistent piciure
CDC scientists [14] reported recently that meta

analysis could not be applied to 33 reports from the
five prospective studies, summarized above Meta-
analysis could not be applied because of inconsisten-
cies in the studies methods and inconsislencies in |
their results. “Consequently, definitive conclusions
regarding the effects of low-level body burdens of
lead could not be determined from the longitudinal
data” [14] These are the same conclusicns that |
reached in 1983 and again in 1990, after examining
[he cross-seclional and longiiudinal research

SCIENCE AND PUBLIC POLICY

Science requires dispassionate scrutiny 117].
Advocacy, even for the perceived public interest, is an
uncomiortable companion to science, because il may
pit social change against research findings, Public
policies should be informed by good science, fairly
reported and evaluated Consideration of low-level
lead effects in a dispassionate perspective could lead
one ta discount individual effects, as Mushak did,
and to focus on populations. If the “real” effect of
low- to moderate-level lead on 10 and other behaw-
joral meastres is from 0.0% to 1.0% of the vartance,
then the cost of lead abatement can be rationally com-
pared to the benefit of improved performanes in a
population. The costs and benefits of lead abatement
can be compared to other public programs, such as pre-
natal maternal care, child inoculations, and Head Stark

Ome cant be 2 sdentist-advocale without doing moro
harm than good to science or the public inlevest
Terhaps the hardest part is to persist in presenting the
scionee as I sce it, which seems lo set me againsl my
own environmental concerns. Like readers of Lhis
joutnal, [ want to reduce environmental hazards to
children, but my evaluation of the rescarch does nol
lead me to feol alarmed over current levels of lead in
the population of the United States. Y
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