INTERNATIONAL LEAD 2™ RESEARCH ORGANIZATION, INC.

N TELEX- 281533
FACSIMILE: (919) 3611957
TO: ILZRO Lead Environmental Health Technical Committee : ]
Members of the Sydney Cohort Study Steering Committee s
FROM: Craig J. Boreiko, Ph.D.
Manager, Environmental Health
DATE: November 4, 1992

SUBJECT:  Lead and Child Development

Enclosed you will find a variety of items that may be of interest to you. The Port Pirie
Child Development study has just published their seven-year follow-up in the New
England Journal of Medicine. A copy of the publication is enclosed, along with an
editorial by Katherine Mahaffey which appeared in the same issue of the journal. The
Port Pirie Child Development study reports that there is a small, but statistically
significant, effect of lead upon the intellectual development of children. The deficits
reported are related to the lifetime average blood lead concentration in the study cohort.
In essence, this mode of data expression suggests that prolonged elevated exposure to
lead, as opposed to transient increases, are those which should be attributed greater
significance from a public health perspective. The Port Pirie findings are difficult to
interpret in isolation - results from the other prospective studies will greatly facilitate our
“interpretation of the newly emerging data base.

The Boston and Cincinnati Prospective studies will be publishing their findings in the
journal Pediatrics over the next several months. The Boston study will be reporting
similar results from their ten-year follow-up with a dose-response that may be similar to
that of Port Pirie. The Cincinnati Prospective study will also be reporting effects of lead
upon intellectual development. In the Cincinnati study, we anticipate that the dose-
response curves will suggest that the effects of lead are minimal below 20 pg/di
cumulative exposure. This 20 pg/dl “threshold” is interesting in light of the Port Pirie
findings that there may be a discontinuity in the dose-response curve at approximately
17.5 pg/dl (figure 1). Although effects on IQ shall be reported by all studies, careful
attention should be paid to the level of consistency observed (e.g. verbal vs. performance,
male vs. female, etc.) in the outcome measures reported to be impacted by lead exposure.

1 have also enclosed a copy of a review article produced by researchers at the Center for
Disease Control. This article by Thacker et al. reviews the previously published data of
the five prospective studies, discusses the limitations of meta-analysis in the analysis of
the prospective study data, and concludes that a weight of evidence approach is optimal
for interpretation of the data. In essence, this review concludes that definitive statements
regarding the effects of low-lead lead exposure on IQ cannot be derived from the existing
longitudinal data. However, using a weight of evidence approach which factors in the
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results of other studies, the authors suggest that there is an adverse effect of Iead upon
intellectual development in children. I would like to draw your attention to Table 3 of the
Thacker et al. paper. The Sydney cohort study has consistently reported the absense of
lead effects. A vanetjy of individuals have criticized the study for “methodological
weaknesses” and cite this as a reason for the failure of the study to detect a lead effect.
The CDC researchers. conducted an interesting exercise during the course of their review.
The methodologies employed during the course of the varipus prospective studies were

~ Stripped of all jxdentxﬁers and sent to an independent panel of scientific experts for review.
The 4 as judged to be the study with the strongest design characteristics by
all re

: rt Pirie and Cleveland studies “tied” for second, Boston was next,
follewed by v Cmcmnan v

I hope you find the enclosures to be of interest. Please do not hesitate to contact me
should you have any questions or comments.

Best regards,
>

Craig J. Boreiko, Ph.D.
‘Manager, Environmental Health

CIB/mf
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ENVIRONMENTAL EXPOSURE TO LEAD AND CHILDREN’S INTELLIGENCE
AT THE AGE OF SEVEN YEARS

The Port Pirie Cohort Study

PETER A. BacuursT, Pu.D., ANTHONY J. McMicratsr, Pu.D., Nen R. Wiec, M.B., BS,,
GRraHAM V. mem, Pu.D., EveLyn F. Rcasn'rson, M.B.; Cn.B,, Russzx.z, J. RoperTs, MCuN Psven.,
Anp Sar-Ly Tong, M P. H

Abstract B(ackground Exposure to lead in early childs
hood is thought to resuit in delayed neuropsycho!agx-
cal development. As yet there is little longitudine
dence to establish: whether these effects persmt into Iz
childhood. o

Methods. We measured IQ scores in 494 seven:ye

old children from the lead-smelting community ‘
Pirle, Australia, in' whom developmental defici
ciated with éﬁevated bicod lead ooncemran
ready been

" months and 2 ye:

1o known & Qana 25 of child, developmem

systematxcally for each’ chﬂd throughout the
of fi

XPOSURE to low levels of lead in childhood may
{ result in impaired neuropsycholog:cal develop-
ment and c]lissroom performance.' The extent of this

relanén, however,. a.i"ter adjustment for thc coni'ound‘

< a_ atxcms) the nturopsych
performance of children. W

“tudxes ére'cieéily the best
question.
rt Study begaxx in 1979 Early

i umty havmg concentra-
. eciliter (1.21 pwmol per liter)
on diie or Miore occasions. Mental development was
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sion for sex, parents’ level of education, matemnal age at
- delivery, parents' smoking status, socioeconomic status,
ty of the home environment, maternal 1Q, birth .

: order, feeding method (breast, bottle, or

ation of breast-feeding, and whether the child's -
s were living together, the relation with lead
s still evident for postnatal blood samples,
ithin the age range of 15 months to 4 years.
in blood lead concentration from 10 ug pér
mol per liter) 1o 30 ug per deciliter (1.45
), expressed as the average of the concen-
months and 2, 3, and 4 years, the estimated
e 1Q of the children was in the range of 4.4
rcent confidence interval, 2.2 to 6.6) 10 5.3
¢ent confidence interval, 2.8 fo 7.8). This
resents anlapproxlmate deticit in 1Q of 4 fo

5. Low-level exposure to lead during early

ersely associated with neuropsychological

‘ hrough the firstseven years: oflife. (NEngl J
92,327:1279-84.)

found to be inversely associated with postnatal blood
lead concentrations at the ages of two and four years,
after adjust;mem for confounding factors. S It was esti-
mated that :chﬂd w:th 2 blood Iead concemratxon of

A of IO y.g per decxlner (0. 48 p.mol per
hort has now been followed into the pri-
age range This paper examines intelli-

at the age of seven years in relation to lifetime
.e:dposure to lead.

MEeTHODS
The Cohort

_ The original study population comprised 723 singleton infants
born in and around Port Pirie, South Australia, during the three-
year period from 1979 to 1982. These infants represented an esti-
mated 90 percent of All singleton live births in the cemmumt) dur-
ing this period. Of the 516 children who remained in the study
through the age of seven years, developmental status (including
ingelligence) was assessed in 494 thhm the specified age range of
seven-to eight years,

Data Collection

Four trained nurse-interviewers collected up to three venous-
blood samples from each mothier before delivery, a sample from the
umbilical cord at birth, and capillasy-blood samples from each child
at the ages of 6 and 15 months and 2 years, and annually there-
after.#* A pilot study demonstrated that the lead concentrations in
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wapillary-blood samples, collected according to a strict protoeol
were hlghly correlated (r = 0,97) with the lead concentrations de:
termined in venous-blood samples taken from 47 ch:ldren who were
two to four years of age.

At the time of each blood sampling, the nune-mzerwewu' also
conducted a structured interview to obtain information on a ringe
of demographie, psychiasocial, medical, and environmerital factors.

iMeasurament of Blood Lead Conceritrations

B!ooci lead concentrations were medsured by electrothermal
) tion atomic-a orp oni. 8 c‘trm-mm'y’s The analyses were
{ d rocedu

sion of the chhsler Intelhgcnce Scale for
3 WISC-R compnses 10 sequennally ad-

Q, and the remaining subscales (pxc-
‘ gement, block des:gn, ob;ec: assem-

ild’ abilities at the ages of two and
allv aware of the garlier results. The
11 the day of testing was 186 days after
hé‘ 95th and 75th percentiles were 132 and

Q;hcr‘\facxors hkcly to confound the rclauon berween lead expo-
sure 2nd 10} ‘and for which ancillary information was collected,
m&:‘}x«:‘deﬁ omi¢ status (cstabhshcd with use of Daniel's
Sealeio of Occupations in Australia®™), the care-giving

essed by the Home Observation for the Measure-
nent [HOME] inventory?®), maternal mcellr—
thi zhc w echslcr Adult Intclhgence Scale® ). Pa-

S'
the child] and the dufauon of breasz-feedmg dunng m.l'ancy
St;aﬁgtiaai Analysis

Statistical analyses were performed on the natural logarithm of
the . bloud lead goricentration, and zll reported mean values are
geqmctnd For ¢ ichichild, a curve plotting the blood lead concentra-

i al st'axge was constructed. The lifetime average blood lead
up toa pamcular 2ge was esnmatcd by dividing the
nde)

1 iysls wuh (log) blood lead conccnuanon asa
niatory variable, The covariates used in the final
\sek; birth weight, birth order, feeding method
i mh) duration of br:ast-fccdmg, parents’ level of
érpal age at delivery, parents’ smoking status, socio-
s,‘qualxty of the home ‘environment, maternal 1Q,
and whether the ¢hild’s natural parents were living together.

ResuLrs

Loss to Follow-up

The 207 children born into the cohort but subse-
quently lost to follow-up were similar to the 516 who
remained in the study with respect to 12 of the 15
variables studied. The socioeconomic status of the

Qct. 29, 1992

children lost to follow-up was slightly lower, more of
their mothers smoked (35 percent vs. 27 percent), and

fewer were breast-fed during infancy (32 percent vs. 37

percent). The mean umbilical-cord blood lead concen-

trations for the two groups were almost identical (9.3

v$. 8.9 pg per deciliter [0.45 vs. 0.43 pmol per liter]).

Blood Lead Concentrations

The geometric mean lead concentrations in mater-
i _cctcd both antenataﬁy and at dehvery,

d lifetime
ge of seven
) ;seale, there
- of the range

a suggestion
exposures
r liter]), but
uch: exposure
ity associated
t is stéeper
‘The propor-
t.cotld be
tion at dif-
covariates)

of blood Iead cone
that this gradxent W
(>20.0 pug per de
because of thc pa

S g

'w1th these hxgher expi
for verbal IQ than fo
tion of the variance of fp
accounted for by ;he blol
ferent ages (thﬁout dons

varied from 1:4 to 6.1 per

cesnt.
Other Covariates arnid Children’s 1a

The unadjusted mean IQ scores for subgroups di-
vided according to-¢ov ates that may confound the
relation between lead expe and IQ are shown in
Table 3. Many sociod igx*ﬁz}:z&uc factors and neona-
tal or infant characteris ‘wete strongly related to the
child’s 1Q, in the anticipated direction. Socioeconom-
ic status, the qnahty of tﬁh me environment, and
matcrhal mteﬂzgencc were ariables most strongly
asschated with IQ and ple regression analysis
percent, rcspectwely,
le 1Q. Sex and birth
ficant correlates of 1Q.
measures of blood
ivery, and postnatal
rsely associated with

In simple regression an
lead concentration (anten
averages) were significani
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verbal, performance, and full-scale Table 1. Mean Blood'Lead Concentration (within Quamles) in Matsmal Sampies Tak:

1Q. The inverse relaton of the ._. 0 Antenafaﬂy and in Children's Samples at Various Ages. .
blogd lcad concentration to Vﬂbaj -Q&u:m.': N iy BLOOD LEAD&INCEN‘IRA‘I‘ION'
'IQ was consistently stronger than AVERAGE | UMBIEAL B
its relation to pcrf'omancc 1Q. In MTERATAL oo AcE

mulu i

6mg 5me 2y 3y Ay Sy ey Iy

micrograms per deciliter
Mean concentration. . ) o
1.tow) 6.2 . 43 83 18 1BY 16 95 83 12 66 . H
i 8.7 T4 126 186 186 174 147 126 112 103
m 10.6 39 168" 244 242 R4 150 172 K7 13T
iV high) 143 15.0 242 344 335 302 265 236 205 200
Mean lifetime average concentration . ) e
1 (low) - — 74 99 16 122 122 1.8 112 108
B! - s— 106 143 166 174 176 17.0 164 157
hiil - o 135 180 205 217 215 211 203 197
IV (iugh) - — 18. 4 23 -] 27 1 282 13 69 259 M8

'Toeenvmvﬂmfuhdmmmnwluwhkr.d‘mby207

Q: socioeconomic  tions. However, the apparent sensitivity of the compo-
al IQ. However, nents of the WISC-R 1o the blood lead concentration
centrations rang-  differed. The associations between lifetime average
to birth through  blood lead concentration and the information and
cant inverse as-  block-design subscales were stronger than those for
scale 1Q. On the any other subscales (Table 3).

ease in blood lead s

deciliter (0.48 to Discussion

with a deficit in These results indicate that the inverse associations
age from5.5t06:4  between blood lead concentration and indexes of de-
full-scale IQ the velopment reported earlier for this cohort®’ persist
ts (4.210 5.1 per-  into the primary-school years. The strong correlation
nse to adjustment  (r = 0.65, P<O. 001) of the full-scale IQ at the age of
of blood lead con-  seven years with the McCarthy General Cognitive In-
dex at the age of four years® indicates that many of the
‘ relanon between log  children who scored poorly initially have not had great
on and full-scale 1Q,  improvements in their overall ranking by the age of
te-adjusted coeffi-  seven years. ' '
able 4, is shown Two prospective studies have found that the lead
lations ‘at other  concentration in the umbilical-cord blood is predictive
ly located in the of developmental | progress in early childhood.*® How-

Table 2. Mean Verbal, Performarice, and Full-Scale 1 Scores of the Seven-Year-
Old Subjscts, According 1o the Quartile for Blood Lead Concemrauon

at Various Ages »*
AVERAGE UnMniLicar ]
QuaRAILE mmnru. Corn AGE 3
Smo 15 mo Iy Syr Ty i
Verbal 1Q score _
1 {low) 107.3 106.9 107.9 107.9 109.0 108.4 108.2
I . 103.9 104.6 102.8 105.4 “104.4 1045 1064
o 102.8 99.4 101.7 101.0 100.7 102.2 1005
IV (high}y 98.6 - 101.7 98.0 99.8 98.5 96.8 97.1
Performance 1Q score
1 (k:w) 108.2 108.7 108.5 105.2 109.6 108.7 109.4
107.0 106.1 106.0 106.7 107.8 '106.8 107.9
mr 107.0 103.4 104.1 104.7 103.8 105.6 105.0
IV (high) 101.4 105.8 102.4 1029 . 1018 101.6 100.9
Full-scale 1Q score .
1 (low) 108.5 108.4 109.4 109.3 1182 109.3 109.6
n 105.7 105.8 104.7 106.5 106.5 106.1 107.7
piif 105.1 101.3 102.9 102.9 1022 1041 1027
IV (high) 99 .4 103 9 100.0 101 3 100.0 98.8 98.7
'D:ﬂmnm -.*-uluwuz isticall n;mﬁeam(,lkﬂ Bl)mevmy except for the variati fo,, rform

ance JQ scores with cord-blood Jesd conceatrations (P = 9.05).
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ever, in a subsequent report from one of these study
groups, the scores of the children 'on the McCarthy
Scales of Children’s Abilities at the age of 57 months
were inversely related to the blood lead concentration
‘at 24 months of 288, but Jot o the umbilical-cord
: ‘lead corY

the iexclusion of the 10

120
. i atpee Y @rbal
] ) —emgewe PRIOIOIMANGE
110
g |
100 4
80 L o T . ™ T 7 -1

5 10 5 20 25 30 35
_Lifetime Average Blood Lead (ug/dl)

Figure 1. Lifetime Average Blood Lead Concentration and 1Q at
‘the Age of Seven Yaars.

To convert blood lead concentrations 10 micromoles per fiter,
divide by 20.7.

Table 3, EHect of Potential Confounding Variables on Mean 1Q

Scores at the Age of- Seven Yaa:s x

Comurs | Buooluat VewsiQ Prxronsance 1 Fuii-Seatz 1

waidl
Male 172 104.4%0,9 105.921.0 105.420.9
Fernale 170 1021209 - 106.0%0.9  104.320.9
Mothier's sducation levelt ) - ) .
<3y 18.2 100008 1034209 1017208
>3y 155 1067205  I0B.8%09  10B.4=09
Father's education level ) - :
<3y 112 1012210 f048= 1.0 103.020.9
>3 163 1066209 108609 . 1083209 .-
Mother's age at child’s s birth (yr) o L
192 1010512 1045212 1W2.8%12
23—”28 C 42 1029211, 106.1x1L0 48210
. 163 1056211 107.1z1.1 1068 1.1
paicats stoking . ) C ) )
15.9 105.5%0.9  107.62038 107.120.8
174 1013211  1044=12  [02.72L.1
19.2 997218 1043216 102.0=1.7
207 980=h1 1024212 99.9%11
16.6 1029213 1042%12 1038213
15.1 106.6£0.9  1091=LD 108509
19.7 96.5x1.1  100.3=1.1 98.0x1.1
174 105.7=1.0  108.5:0.9 107.6=0.9
141 075512 089=13 108912
207 91=1d PEELS 97.8=1.3
17.0 1010212 106.1=13 103.621.2
155 110.621.0 1115210 112.1=1.0
192 99,2534 1021237 100.523.6

176 1024209 1047209 103.7=0.9
16.2 104.620.3  1079=10 106.720.9

174 103.220:9 1058210  104.8=09
16.6 102.7=1.2  106.3=1.1 105.0=1.1
164 1034214 1050%14  1044=14

18.7 106.6=1.0  108.4x1.0 108.1=1.0
4.7 105.4=2.3 105.022.7 105.6=2.6
18.4 100.3+0.9 104.2%0.9 102.2=0.8

Months of breast-feeding

19.0 98.3%1.3  103.0%1.4 100.4=1.3

1—6 174 102.720.9 105209 - 1042209

>6 15.5 106.6=1.1 108.8=1.1 108.3x1.1
Parents living together

Yes 16.6 103.520.7  106.420.7 105.3=0.7

Ne 20 3 100.3%1.8 1024219 101.5=1.8

'HIB-W values are means SSE.

Wﬂuumﬁetirwmewhwledmmukigeofmym To
convest valves foc lead to micromoles per liter, divide by 20.7.

$Years refer to the rumber of years of high school completed.

children who had a packed-cell volume of less than 34
percent at the age of seven years, however, the esti-
mated rcgressxon coefficients for the blood lead con-
centrations changed little.

Because a child with a high blood lead concen-
tration at one age is likely to have high concentra-
tions at other ages (2 phenomenon referred to as
“trackmg”) it is difficult to determine critical or
sensitive periods for the effects of lead. However,
the maximal effect of lead on 1Q was found for life-
time average blood lead concentrations from birth
to any age between 13 months and 4 years. This sug-
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gests that exposure to lead in the preschool age range
has 2 maximal effect on: IQ-..

Armong the WISC-R subscales, the infor:
the block-dcsum subscaies werg the most scnsmvc 1o

120
_ ) Girls -,
1104 All children o
Boys g
&)
100 4
T o
1 10 100

Lifetime Average Blood Lead (ug/dl)

Figure 2. Estimated Relation between Full-Scale IQ at the Age of
Seven Years and the Lifetime Average Biood Lead Concentration
up to the Age of Three Years.
The line of best fit is shown, as estimated by multiple mgressxon
:analysis. To convert blood fead concentrations to micromojes per
liter, divide by 20.7.

visual motor coordination. It also reflects the dcgrec to

which right and left cerebral functioning is integrat-
ed.® Impaired spatial discrimination has also been
reported in adult rnonkeys exposed to low levels of
lead for long periods.”’

The results indicate that the deleterious effects of
environmental lead are not large, and that only
4 small fraction of the overall variation in 1Q can
be attributed to lead exposure. Nevertheless, the so-
cial consequences of such an effect are not negligi-
ble. If a child with an IQ of less than 80 requires
educational assistance, then the number of children
requiring assistance in a community whose children
are expected 10 have a mean IQ of 105 will be dou-
bled if the mean is reduced by approximately 5 per-
cent as a result of lead exposure. Health authorities in
the United States have recently estimated that for
each reduction of 1 ug per deciliter (0.05 pmol per

EXPOSURE TO LEAD AND INTELLIGENCE AT AGE 7 — BAGHURST ET AL. 1283

Table 4. Adjusted Coefficients of Log Lifetime Average Blood

Lead Congentration from Mutltipie Regression Analyses of IQ

Scores at the ﬁge of Seven Years,
o e, _ S
Saume CeTaned Preroswance IG FuiL-Scae 1Q
Before binhf -—1 022.1 —-1.4230
‘ (0:48)
.62k
10:68)

~4«0£2.0

0--3 Yrof age

04 Yr of age

07 Yr of age

ated with an in

; mwu‘gl’ﬂ'de:; _{04810145541:10:9&1:!&)
pomu 48)((103{30] Jog{10}) = 5.3,

liter) in the blood lead concen'tration due to lead-expo-

sure~abatement programs, there would be a net sav-
ing 1o society of approximately $2, 000 per child, be-
cause the need for clinical artenton and remedial
education and the expense of lost producnvxty could
be dvoided.”

The fact that an inverse association between the
blood lead concentrations and abilities has been ob-
served longitudinally at the ages of two, four, and
seven years within this cohort suggests that even a low
level of exposure to lead has an independent and en-
during effect on ne opsychoiogmal devclopmrznt in

are highly desirable.

Table 5. Mean Age-Adjusted Subscale Stores and Estimated

Regression Coeflicients for Lifetime Average Blood Lead Con-
centranon up 1o the Age of Three Years *

——

swonLEAbQumf Connczr.m

H ] m w ESTIMATE Pvaue
Information 117 122 11.2 10.5 ' —1.452057 0.01
Similgrities 10.0 108 102 92  —050=0.62 0.14
Asithmetic 96 97 92 85 ~0.51%0.63 042
Vocabulary 125 127 120 123 —0.442051 040
Comprehension 100 96 96 92  -—083=05¢4 (.10

Picture completion 1.2 114 110 106
Picture arrangemerit 102 10.7 102 99

~0.152045 0.74
=0.34x0.60 0.56 -

mock; design 116 12.0 108 102  ~1.61=0.62% 0.01
Objest assembly 11.4 117 114 109  ~0.08=0.50 0.8
Codilg 10.8 101 109 99 22*053 0.66

p——

'ﬂ\eeodﬁamumdmdfercbmlyw ageumg.andmemluwdm .

Table 3. Plus—sminus vaives are means =SE.
Jowest values are in the first quiartide, ad the Righest values xoe in the fourth quar-

mamﬁnuwm!mmhmm;um&rm increase in average
Mummnmmnowmugpuauhm(owml 45 pmot per liter) during the
first thiree years of life is 1.8 points: 1.63 X (log[30] — Jogl10]) = 1.8,
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‘unknown. Amyloid is formed in the patient’s brain
because of changes in the proteolytic processing of
APP; and not because of alterations of genetic or mo-
lecular properties. There are two known pathways for

THE NEW ENGLAND JOU.RNAL OF MEDICINE .

ssmg APP et coustxtunve sccrenon and m:emal )
ithin the

Oct. 29, 1992

ening, and the' mvungahcns will yield additional
drugs. Finally, as the Tacrine Collaborative Study
showed, patients w::h Alzheimer’s disease, their fam-

.lhes, and thczr; hy sxcians stand ready to test promis-
'mg drugs in ngarous clinical trials.

on o muscarinic aceryl-

EXPOSURE TO LEAD IN CHILDHOOD
The Inipor'mnc‘e of Prevention

BaGHURST ct al.! are to be congratulated for con-
tinuing their long«term studies of intellectual deficits
in children who were exposed to lead in early child+
hood. These ; Ainvestigators have identified deficits in
mtel]htgrenc A not just delays in neurobehavioral or mo-
tor de .among school-age children that are
it lead in early childhood.
) ‘ j can be d1-

tle many. This associs

. The principal counterasser-
me to other factors com-

 chemical as’

L in both the popular press and

The asscmon that the effects of lead are limited
to socially and economlcally disadvantaged children
is repudzatcd by tHe findings of Baghurst et al. re-
ported in this 4ssuh of the jaumal U as well as by
the tesults of andthcr longitudinal cohort study of
an affuent populal;xpn in Boston.? Child-development
u:perts have, predxcted that 'the adverse effects .of
exposure to lead on intellectual development will
be greatest a 5 disadvantaged children.* The re-
sults of a longitudinal study of a cohort of severely
disadvantaged chxlqren in Cincinnati verify this pre-
dxcnon e Ta.ken. tegether, the results of three longitu-
qhnal studies's 337 demonstrate that the lead-associated

decrements in intelli wcnce are ‘persistent across cul-
mrcs, racial hrmﬁ thnic groups, and social and eco-
xmmxc classes. ‘

- Although thc‘ rcsults of cross-sectional studies of
l:ead-assoczated eﬁ'ects on 1Q are inconsistent, longitu-

inal studies haye permitt d 2 more thorough consid-
mtmn of thel ,covan iables thatmight interact with lead
¢prsure he higher social and. economic status of
the chlldrcn sm ied by ] Baghurst et al.! is in iarked
éontrast to the traditional image of lead-exposed chil-
o pOQT a[ndv medically underserved
‘e\yxxltclltmr 1 deficits associated with
‘that were identified by Baghurst et
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al.! seem especially compelling because the cohort was

drawn from families of skilled workers as well as from

mnddlc»class families, the testing instrument — the

revised version of the Wechsler Intelligence: Scale:s for

Children (WISC-R) — has been widely used and well

.vsta.ndardlzed, a.nd the chﬂdren 5 mtegraztcd blood lead
those

r-»—-—.'—.——.--- * — .« .

'EDITORIALS
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tual elimination of lead solderfrom the seams of food
and beverage cans produced in the United States:and
marked decreases in the use of leaded gasoline. Al-

though these changcs have helped the general popula- -

tion, children continue 1o be exposed to lead. Lead-
bas:d paint and dust. oomammg high levels of lead
: n estimated 3.8 million
even years of age or
: ; tal

KATHRYN R. Manarrey, Pu.D.
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Effect of Low-level Body Burdens of Lead on the Mental
Development of Children: Limitations of Meta-analysis in

a Review of Longitudinal Data

STEPHEN B. THACKER
Centers for Disease Control
Atlanta, Georgia

DANIEL A. HOFFMAN

JAY SMITH

. KAREN STEINBERG
Center for Environmental Health and Injury Comtrol
Atlanta, Georgia
MATTHEW ZACK
Centers for Disease Control
Atlanta, Georgia

LEAD is absorbed readily by humans and affects the
central nervous system, peripheral nerves, red blood
cells, liver, and bone." The absorption of high doses of
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ABSTRACT. The effect of low-level body burdens of lead on the intelligence of children, as
measured by intelligence quotnent {1Q), was assessed, We reviewed 35 reports from five
longitudinal studies conducted in the United States and Austraiia. In each of these studies,

infants were followed for 58 mo or less. The study populations consisted of low- and

middle-socioeconomic-class infants who had low-level exposure to environmental lead.
Blood-lead levels were measured in a standard fashion at various times, beginning in the
prenatal period, and intelligence was first measured at 6 mo of age and was followed by

subsequent assessments, Studies were assessed for quality by a review panel blinded to the ‘
_identity of the investigators and their affiliations. Efforts were made to pool the data with
meta-analytic techniques, but efforts were unsuccessful because the methods used to -

analyze and report data were inconsistent. Inconsistencies were as follows: (a) there were
few instances in which 1Q and blood-lead levels were measured at comparable times in drf-
ferent studies; (b) incompatibilities existed among the studies, including differences in in-
dependent variables, data transformations, and statistical parameters reported; (c) results
conflicted when measurement intervals were comparable @.e., heterogeneity); (d) patterns
of’ regression and correlation coefficients were inconsistent; and {e) data were insuificient
to interconvert the parameters reported. Consequently, definitive conclusions regarding
the effect of low-level body burdens of iead on 1Q could not be determined from the
longitudinal data. Examination of the weight of the evidence from this and other studies,
however, suggests an adverse relationship of lead on the intelligence of children.

lead has adverse health effects on children and adults.”?
Since the clinical descnptlon in 1943 of the effects of
very high lead levels in children without encephalopa-
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caused. attemon to be directed at determmmg a "safe"

thy, the existence of more subtle effects of lower levels
of fead has been hypothesized and studied.* Ih 1965,
Patterson’s observations of the distribution of h(gh
Tevels.of lead within the population of the United States

: hurnans.® In 1
b

rospecuve Qr are hrmted to research in whlch
B} and neu evelopmenhl Qutcomes

i 1, beginning before' birth
terc) offe: severa! advantag«es, The populatlon
5 cieﬁnéd at the outset which enables in-

data collecnon can mmlmrze recail and other
: .f n blas, and lt al!ows mvestlgators to

‘Materials and methods

We reviewed 40 reports from five longitudinal -

studies :in ‘which the relannnshlp between PbB and
mental development in children was examined**
These reports were identified in a search of the MED-
LINE datab«a..e for the period 1966 through 1988, in a
review of major literature summaries, and in bibliog-
raphies from identified articles. We 'included all studies
for which data were published prior to September 1,
1989. We created a database that contained all rele-
vant, quanntatwe statistical information from the five
studies, ‘which enabled us to evaluate the potential for
a meta-analysis. :

An epidemiologist, a statistician, and a laboratorian—
all ‘of whom were unfamiliar with the five longitudinal
stud:es—-made up a panel that assigned quality scores

September/October 1992 [Vol. 47 (No. 5)]

to the five studies. They read only the methods sections
of the relevant publications for which all study iden-
tifiers had been removed. The pariel scored the studies
independenitly on a scale from 0 to 100 in accordance
with'the criteria provided in Table 1. The panel met
and discussed the strengths and weaknesses of each
study and. adjusted their xnd:wdua! scores, The final
score for each udy was the anthmenc mean of the
score asslgned by each reviewer. Studies were scored
hlgher if {a) the source population was a defined,

ative popuianon, (f‘f‘ xclusion .criteria y

be consndered ‘
and outcomes,
ad;usted scores a
d study design, data-col-
Iectaon methods, léboramry methods, and statistical
analyses, and we placed particular emphasis on the
elimination of bias . d on. confoundmg. The results of
these stpdles, a dl I

and an attempt to
the dataf llow. Also pr i
strength of the evidence fpr a causal association be-
tween lead and decreased mental development. Final-
ly, the 1n1pllcat|o ‘of our findings for current ‘public
policy are discussed.

Results

Analyses were limited to five longitudinal studies in
which pregnant women were identified, and serial PbB
levels in their infants were measured for 2-5 y after birth
(Table 2). These studies. varied in size, i.e., from 249
births'' to 745 births in the most recently reported
study.*" Three of the studies were conducted in pre-
dominantly middle-class and working-class white pop-
ulations ' (Boston,*'® Port Pme,z"“ and Sydney,** re-
spectively); two were canducted in low-income popu-
lations in Cincinnati'*® and Cleveland®®; and one
study included many blacks in Cincinnati.?* Typically, a
maternal and/or cord-blood sample was obtained, and
durmg many vyears, PbB samples. were obtained at
various intervals after birth, PbB jevels in all these
studies tended to be Jow (mean PbB, < 25 pg/dh.

The investigators of the five studies examined the re-
latiohship between PbB and mental development
through the first 2 y of life with Bayley’s mental devel-
opment index (MDI). This index was designed to assess
”sensory—perceptual acuities, discriminations, and the
ability to respond 1o these: the early acquisition of ‘ob-
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Tab!e 1.—-Assssment of Data fmm Five Longxmd‘mal Sludlet That Evalualed the Anoaaucn between Asymp-
. toinatic: Chu!dhnod Lead Exposme andl lntelhgenm
» v Lnng:tudma] studles L
Boston Cincmnatl Cleveland _ PortPiie  Sydney
Pnor hypcuhem 1 1 Y Y i
Power’ calculation N N *N(Y} N N
Eligibility criteri Y Y ¥ Y -
- Exclusion crit Y ¥ Y N Y
Dr Y Y Y Y Y
Y Y Y Y Y )
. 4
Y Y Y Y Y
U u v ¥ U
u u u v u
¥ Y N N ¥
Y Y Y Y Y
¥ o u U Y
Y Y Y Y Y
Y Y Y Y Y
N N Y U N
Y Y Y Y Y
¥ Y Y Y Y
Y N Y Y Y
Y Y Y Y Y
Y Y Y Y Y
Y "N Y Y Y
Y Y Y Y N
- :mphm, Y - yes,-.’ -Nno,U = unknown, and NA - not apphcable -
‘ power ‘calculations were reponed in the initial studxes, ‘but a later study included power calculaﬁons

ject constancy’ and memory, learning, and problem-
solving ab;hty, vocalizations and the beginnings of ver-
bal communication; and early evidence of the ability to
form generalizations and classifications, which is the
. basis of abstract thinking.””**" The test evaluates devel-
.opmental status and consists of mental, motor, and be-
havioral ratings scales. The MD] measures mental abil-
ity, whereas the psychomotor development index (PDI)
measures gross- and fine-motor abilities. Investigators
from the Boston, Port Pirie, and Sydney studies used
the McCarthy scales to assess mental development in
older children, The Cleveland study used the Stanford-
Binet intelligence scale for children 3 y of age and used
the Wechsler preschool and primary scale of in-
telligence (WPPSI) for children 58 mo old. The Cincin-
nati investigators used the Kaufman assessment battery
for children 4 y of .age. Each study included data on
various cc;mbmations of potentlal c0nfoundmg varia-
bles, including socioeconomic status, caregiving at
home, parental IQ (except the Cincinnati study), and
material smoking, as well as other potentially important
vanables suchias age, sex, race, and obstetrical factors.
Data fram the entire popuilation were used in three of
the studies; the Boston investigators focused their anal-
ysis on the highest, lowest, and central PbB groups of
the population; and the Sydney investigators examined
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the children at the highest and lowest PbB deciles of
the population.

All five studies appeared to have been carefuily de-
signed and executed. In each study, the investigators
described eligibility and exclusion criteria; analyzed to
varying degrees data on persons who dropped out or
who were removed from the study; reported careful
quality-assessment and quality-control procedures in
the laboratory; “blinded”” both interviewers and per-
sons who administered the intelligence tests; and used
appropriate statistical methods for main effects, sub-
group analysis, and assessment of interactions (Table
2. Investigators from the Boston, Sydney, and Cincin-
nati studies reported analysis of interobserver variabil-
ity in psychological tests. In Port Pirie, almost all the
tests were conducted by the same person. Only the
Sydney investigators, however, reported quality-cont-
rol procedures for the psychological tests. None of the
investigators reported power calculations in the initial
publication of their study methods, and none
“blinded’’ the statisticians, laboratorians, or. persons
who evaluated caregiving at homé. Only the Cleveland
investigators expressed concern regarding statistical
problems with multiple comparisons of data, and only
in that studys !atest publications'were power caleula-
tions reported.’*
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. Table 2.—-Res!ults of F ive Longxtudmal Studues That Eva!uated the lmpact oi l.ow-dose Human Exposnre to .
Euwmnmenﬂal lead (Umled States and Austlraha, 1979-1988)

Cuncmnat: Port Pme Sydney

Boslon Cleveland . S
(1979-1983) (1979—1‘983) (1971-1981} (1979-1988) o (1982—presem) .

No, of subjects: v

In original sample* 11837 1073 543 831 318

Bisth 249 305 . 359 745 . 298

6 mo 216 305 127 652 274

12mo 204 NA 145 619 o259

24imo 188 NA . 142 601 234

"36 mo NA MA 138 NA 215

.&8 o NA 258 NA : 438 S o7

‘SB mo. 170 NA 234 NA . NA -
Race (% White/Black) 85115 15/85. 65/35 010 100/0 .
Sociosconomic status Middle/high Low Low Middie/low Middle s
Ch .
Ty Capillary Mainly venous venous Capillary Venous, capillary
E:éposure level (ug/dh :

Pb, maternal (mean) NA 8.1 6.5 9.5 A

ol ; 6.6 63 6.0 8.3 8.1

HJ ‘,postnataf {mean-range) 6.2-7.7 4,8-21.1 6.5-16,7 9.3-24.3 10.1-16.4 -

IPb ‘pcastnatal {peak-range) 24.9-48.9 26.0-85.0 11.0-41.8 14.7-67.0 5.0-79.0
MBI change (points)* ) :

B.mo 15.8§ 122.7# R 17.12* it

17 o 47.38 NA Yl 46.5%033 #t

24 fno 1488 NA L $10.0%* et
Q change (paints)

36 mo NA NA vl 110,1°* i

#8 mo ’ NA i85 NA 4.5 4

sa mo 41,884 "NA 4// NA NA

ndmg) WPPSSI - Wechs!er Preschool and anary Scale of 1ntelhgence, PbB = blood lead level NA = not
e; and 5C = study completed.

ifferences between the number of subjects in the original sample and the number included for follow-up at birth
in each cohort. In Boston, the birth cohort was a sample of eligible children available afier exclusion. in Cingin-
the difference between the initial sample and those followed at birth resulted solely from exclusion whereas that
ce in the Cleveland study included both exclusioris and some pregnant wornen lost to follow:up. In Port Pirie,
numbers in the original cohort of pregnant women varied, but the difference between the original sample and
H cohort presumnably included both exclusions and those lost to follow-up, The Sydney cohort was apparently
d at birth, and the number excluded was not available in papers published.

se
1A}l 6imo blood samples were capillary; up to 24 mo, approximately half the samples were capillary; almost all subse-
qient sarnples were venous,

$ d 1o maternal or cord PbB, adjusted for confounding.

§A ed difference in means of upper and lower umbilical cord PbB exposure deciles..

#i ment across the range of prenatal PbB for males. Each log unit of prenatal PbB is associated with a covariate-

d decrease of 5.7 MDI poiits.

as the coefficients for the association between PbB and MDI (Stanford-Binet at 3 y and verbal scaale of the
er Preschool and Primary Scales of intelhgence at 58 mo) were negative, MD! changes were not quantitated,
ecreases were statistically sngmf cant at-6 mo only, and none remained significant after adjustment for con-

rence m means of upper and lower exposure guartiles of average or antenatal PbB based on McCarthy Scales of

§§ .4& mo, there was no statnsncaliy significant association between prenatal or neonatal PbB and mental develop-
Kaufmann), aithough postnatal PbB-at 2 y was significantly associated with a decrease in mental developmen.
7‘rno, the inverse association between cord PbB and 1Q {McCarthy) was not statlstlcaﬂy significant.

The review panel agreed in their assignments of high-
est and lowest quality scores: in all cases, the Sydney
study scored the highest and the Cincinnati study
scored the lowest (Table 3). Even though the ranks of
the three rernaining studies varied among the review-

September/Octeber 1992 [Vol. 47 (No. 5)]

ers, quality scores did not vary more than 15 points
among the three studies for any one of the three re-
viewers. Information provided in additional to the
methods sections of the papers did not affect the
panel’s relative rankings of the studies.
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ble—a measure mcompatlble with that used in other

Table 3"“:"“‘“” s“"“"‘”“”"" Panel of Thres studies. The Boston, Cincinnati, and Port Pirie in-

“glinded’” Reviewers, of Five longm:dinal: Studies That"

Evaluated the input of Low-dose, Asymptomatic Human vestigators reported the: regression on ‘mental develop-
* " Exposure to Environmental Lead (United Statés and ‘ ment of PhB at the same age only once, ie., 24 mo.
‘Ausmha, 1‘979—1988)  ‘The regression coefficient was positive in the Cincmnatl
: st mmmm————a  study only. When mental ability was measured at 24
» o ﬁ'.evigw}e‘rﬂ ‘mo and was related to PbB measured at 6 mo, the Bos-
- Stady T2 3 Mean  Median - ton and Port. Pme studies obtained regre ion coefﬁ-
L et et ‘ ‘Aithou Cleve-
s 50 53 55 ‘

43 35 . 45 e

5. 6 80

6 65 54 60

&5 70

8l 70

.ﬁ.p-mepoﬂ”‘ed PMMa's in, Blood-lLead Smdla

.Ror._t
Boston Cincinnati Cleveland Pirie ‘Sydney

Regression Yes* Yest Yesk

coefficient
Change in Yes§

standardized

scores .
Corre'lat’ion Yes# Yes Yes!!

‘Coefﬁc;ent, gwen, where (1) xndependent vanable represen:s
three ldad concentration groups .and dependent variable is
MDi ‘adjusted for covaristes; (2) independent variable is
change‘ m Pb concentratlon dependent vamable is change in

ents are ad;usted for confounders, and dependent
ariable is MD1. Ages at mental tést were 3, 6, and 24 mo. The
Kaufman Assessment Battery for Children was administered at
48 mo,
:Caezﬁc:ents are adjusted for confounders, dependent
les are MDI, and McCarthy measures of mental develop-
maeht. Ages at which mental tests were conducted were 24 and
mo.

ia il

48 m
§Change in standardized -scores for MD! (24 mo} and McCar-
thy tests (57 mol.

‘iatlon between MDl {6-24 mo) cord PbB in three

] Ilgdérelatlom between MD! (6~36 mo) and maternal and cord
. PbB

More than 250 reported statistical parameter values
were obtained from the five studies. These parameters
were examined for feasibility of meta-analysis so that
the magnitude of the effect of increased blood lead
levels on intelligence could be estimated from all
studies. The statistical measures reported most fre-

queéntly in each of the five studies included regression emer i ‘J U M:‘};’j‘]’mllﬂu
coefficients, correlations, and changes in standardized had 2ge| Bbp) o l:ﬁ%:"ujuu%' i ,4:“‘
ki)
i i

SCOFes (TabﬂPs 4-6). Although the Boston, Cmcmnatz, th ¢ pe ; ‘ I | ,
and Port Pirie investigators reported regression coeffi- minedithit doc M f[ "’L 1 3
cients, PbB was collapsed into three categories in the : i* il o) ﬂt i "f" “tep:
Boston study, which made estimates of regression coef-  asspciates ,u,' | l“““ o ”' o 1“ m St U M
ficients unsuitable for potential pooling with coeffi- = | g "f‘"l“' i .”" } Ve def
cients from continuous PbB values. Also, the Boston to pienaea] | J M : ‘H‘ his <

study used changes in Z-scores as a dependent varia- tiated B sntisticalll) s | as

iu
?fﬁ
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Table 5.—Reported Regressnon Coefﬁcnems‘ fnzr Age at Mental Development Test (MDI) Versus Age at Blood
Lead Concentration Measurerment in Five Longitudinal Studies That Evaluated the Impact of Low-dose,
Asymptomabc Human Exposwn'e to Environmental l.ead (Unrted States and Australu 1979-1588)
Agelead ‘ R — Age(mo)MDlorlQmeasured__,v R
measured mm) Study - 3 e 12 S o4 5
o . Bostont -2.89 (0.92)
Cincinnati ~0.60 ~0.66 . -.63
Port Pirie’ 0.10
3 - Cincinnatfi =023  -0.48 0.24 )
6 Boston 0.28{1.29)
Port Pirie ~0.16 {p = .09)
12 Boston ~1.43 (1.25)
’ Cincinnati ' » .03 .
15 Port Pirie ~0.03 : -
18 _ Boston’ -1.62 {1.39)
24 Boston =2.95 {1.42)
Cincinnati 0.13 ~-02
Port Pirie -0.05 :
36 Cincinnati - .08
48 Cincinnati -0
57 B‘oston -2.28 (1 .88)
) 'Regressnon coeffi cxents were not avanlable in pubhshed zeports ftom studnes in Cleveland and Sydney These data
were not available beyond 24 mo in any of the studies. Standard errors or p values are given within parentheses,
1Categorized lead values were used to determine coefficients for the Boston study, contmuous values were used in
»cnher studles :

Table 6. —Repor!ed Cornelatmn Coeff'cmnts' for Age at Mental Development Tst (MDI or
IQ) versus Age at Blood Lead Concentration Measurement (United States and Australia,
1979-1988) ‘
Age lead . Age (mo) at whlch MDI oriQ measured -.
measured (mo) Study -6 12 24 3% 58
0 Cleveland =014 -.-0_.24 -015 =021
Sydney -0.16 0.15 0.05
- Bostont -0.11 :
6 Cleveland -0.09 0.08 ~0.03 ~0.04 ~0.06
Port Pirie -0.12
12 . Sydney 0.11 0.09
18 Sydney ~0.05
24 Cleveland -0.24 -0.31 -0.38
Sydney -0.02 -038
~ Port Pirie -0.18
36 Cleveland -0.29 -0.32
.>ydnev -0.32
.'Correﬁation coefﬂcxents were not avadahie in pubhshed reports fmm the Cincmnan study
tCategorized lead values were used to determine coefficients for the Boston study; continuous
values were used in other studies.

PbB at 24 mo and decreased mental development (Mc-
Carthy scale) at 57 mo. The negative association found
in the Boston study between cord PbB and [Q at 57 mo
‘was small (1.8 points) and was not statistically signifi-
cant. In none of the studies, however, was an effect on
the PDI demonstrated.

September/October 1992 [Vol. 47 (No. 5)]

Data reported from the Sydney study differed from
those in the other longitudinal studies in that, apart
from unadjusted data for 6-mo-olds, PbB was not con-
sistently related inversely to either MDI or 1Q. Results at
12 mo and 24 mo differed in direction in various
reports from this study, but PbB was generally directly
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related to MDI or 1Q through 48 mo in both adjusted
and unadjusted analyses,

Methodologmal issues

Several methodologncal concetns affect the mter—
‘ udies regarding the health-effects of low-
"environmental lead.? Each of the in-

dy-lead burden. The transient nature
itates repeated PbB testing to deter-

een validated as measures of expo-
PbT has beefy régarded as a more ac:
~urulative exposurelbody burden,
uurhnal study desngn requires that

be stable e, Seria

i ||g"”‘ 0y

Se lecuon bias could; easﬂy account for apparent
ices arnong children with different PbB levels or

sk true dlffﬁrence“s between groups. In pro-
e ‘studxes, e.g., thos

those that examme PbB Qver

I here must be understood in light

bB. Altematgye methcds for the _de- '

studied carefully to ascertain the impact of their ab-
sence on analysis and interpretation (e.g., the exclusion
of children with low birth-weight who tend to have ele-
vated levels of PbB). If the possibility of transgenera-
tlonal effects is xgnored true relatlonshlps between ex-
posure and adverse outcomes may be obscured. Moth-

(or fathers), whose 1Qs ere Iowered by
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pathway or proxy for an exposure.™ In this situation, a
child’s social class mlght convey some information
about lead contamination in the environment and thus
about a child’s PbB level. The association between so-
cial class and mental development includes two com-
‘ponents, one nf which s depende A

on lead and the
how the, assocaa-

Discussion
The unﬂerstandmg of the effects on humans of ex-

.. Whereas childhood lead poisoning and
‘l _lead intoxication in adults are. well-
clinical entities that result from high body
ad, the effects that lower levels of lead
ans continue to be controversial. In this

5iug/dl) may have on mental development
tset of the overview, we intended to com-
om the fongitudinal studies in a statistical
s: we ‘were ‘unable to pool the data fof sev-
First, the statistics, used by the study
correlations, regression coefficients, and
andardized scores) were different’ and
interconverted because of a lack of sup-
For ‘example, correlattons could not be
equivalent regression coefficients because
jattOns of. the :ndepehden; and depfendeﬂt

g {
P ose base ‘oh
: érest

u i é
lifestyle: ‘ga}g (eg,d]cohbhsm) on
birth" defects,?® Fi néﬂy, except for the

Septembes/Cctober 1992 [Vol. 47 (No. 5)]

‘ envnronmental lead is an important public -

ve focused on the effects that low !evels :

Sydney study, any reported absence of PbB effect on
mental development was apparent only when analyses
were adjusted for confounding. For these reasons, we

did not pool or stratify even the unadjusted data:

The authors of the Boston, Cincinnati, ‘and Port Pirie
studies concluded that.increased exposure to Jead at
levels below the current threshold for intervention (25
ug/d))’ slowed ‘mental developrnent in_children and
lowered IQ But. the Clehveland 1};west|gators com;ly.;ded

e T w €14

f ‘ the othex
of the unad-

ﬁve lontgltudmal
du ng a period of
of study de-

ad studles,
om:zed con-
Aéss concerns of

.34




comparability and would facilitate meta-analysxs. Re-
cent studies in Yugoslavia, Mexico, and Scotland

should be includéd in such a registry.*%<7
The among-person variabi ! ducec
the: statistical modeling for Icngrtudxnal( studies takes

advantage of the longltudmal nature of the results for
. " enls

n'sk factor for dnsease and dlsabﬂxty-
rtant to place these five longitudinal
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was found to be correlated mversely with 1Q. Similar

results were noted for the Philadelphia and Boston PbT
studies. " The well-recogmzed clinical syndrome of
encephalopathy that is associated with elevated PbB:is
also consistent with a biological gradient."

ibility. The evidence for bwlcglcal
bee documented i dependenti‘ of

'ith 'dnd> few
Although other
n effects n the

gh data from the longitudinal studies remain

e, current evidence from alf sources is con-
thl a smalf (2-10 points), but bivlogically signifi-
-on 1Q of children exposed to low levels of
25 pe/dh. This significance stems from the
ramatic'effect that a shift in the mean in a population
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distribution has on the tails of that distribution. For ex-
ample, a decrease of 4 points in mean population in-
telligence increases the number of children with Qs of
< 80 by threefold and dectease the percentage of
chnidren wnlh IQ scores of > 125 from 5 to 0. This
8| all. effect on individuals can, therefore,
popu lation.®*
We ‘ hou’id continue to examine critically future data
‘ udinal studies revwwed in thls
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