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Lead is a confirmed neurotoxin, but queslions remain abollt lead-associaled intellectual deficits at 

blood lead levcls < 10 flg/dL and whether lower expo,ures are, for a giwn change in exposure, asso

ciated with greater deficits, The objective of thi> study was to examine the a"o(i,llion of imdli· 

genet test scores and blood lead concentrarion, <:specially f,jr children who had maxilllal measured 

hlood Ic.ullcvds < 10 pg/dL We examined data collected from 1,353 children who participated in 

,even int<:rnational population-based longitudinal cohort studies, followed from birth or infancy 

until 5-10 years or age, The full-scale IQ score was the primary outcome measure. The geometric 

mean blo,,,IIead cOllcentration of the childml p<:aked at 17.8 pg/dL and declined to 9.1 pg/dL by 
5-7 years of age; 241 (18';0) children had a maximal blood lead concentration < 10 flg/dL and 

10.~ (8%) had a maximal blood lead concentration < 7.5 flg/dL. After adju;tment for covariates. 

we found an inverse relationship between blood lead concentration and IQ score. Using a log

linear modd, we found a 6.9 IQ point decr.:ment [95% confidence int<:rval (CI), 4.2-9.41 associ

ated with an increase in concurrent blood leacllcveis frol11 2.4 to 30 flg/dL. The estimated IQ 

point decrements a"ociated with an increase in blood lead from 2.'1 to 10 pg/dL, 10 to 20 pg/dL, 

and 20 to 30 flg/dL were .3,9 (95% CI, 2.'1-5,.3), 1.9 (95'f\. CI, 1.2-2,6), and 1.1 (95'f\. CI, 
0,7-1.5), respectively, For a given increase in blood 1<:...1, rhe lead-assoclared intelledual decre

ment for children with a maximal blood lead level < 7.5 flghlL was signific.ll1t1y greal<:f than that 

observed for those with a maximal blood lead level 2' 7,5 fIg/dL (p (J.O 15). We conclude that 

environme!lt<lliead exposure in children who have maximal hlood bullevel5 < 7,5 pg/dL is asso

ciated with intellcctl1al deficits, Key words: blood lea.1 concentration, children, environment, 

epidemiology, intelligence, lead, lead toxicity. E1wiroll lEe,iltb I'crspt'ct 11.3:8911-899 (200S). 
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The preponderance' or experimental and 
humal1 data indicates that there arc 
al1d dcktniolls elTeets or blood kad level., 
> 10 flg/dL on brain rUllction. including low
ned intelliFil'l1cC, bchavior;t1 prohlems, al1d 
diminished school perfOrtll:lIlCe (lhghurst 

ct ;tl. 19')2: Ikllil1Fier e[ al. 1')')2; Crlly·Sb:!Jta 
19,)7; Dlcuich et al. 19'!'); Emhart cl <11. 19B'); 
NatiOll.l1 Research Council 1 ')').1: Needleman 

and C;mollis 1990; Pocock et al. 1991; Rice 
I ')')3; Wasserman n al. I 'J')7; Yule- Cl ;d. 
19H I), Lead [()xicity, ddilled as whole bluod 
kad I () l .. W;i.S hased Oil !lUlla'row; 

croS5-sct:tional and pros studies 
[llellill~n et al. 1')H7: Celltcrs for Disease 
Control and l'rl'YL'mioll (CDC) l,)91; World 
lleailh Organil;Jtioll (\'VIIO) 1'J')')]. The;e 
studies general bur not always, fuund 
adverse COllSl'<luenccs of child hood lead o:p'" 
sun: (CDC 1')')1; WI 10 I ')95). Still, must of 
the children ill those studies had blood Icad 
levels> 10 Thl.' WI! () and the CDC 

rcc()~l1i/.nl th.tt therc was no dts(crnahlc 
thn:shold for the advt:m: dkns or ie'ad expo·
mr." but too fcw studic, had examilled chil· 
dren with blood lead levcls 10 flg/dL to 

mppoll any flrt11 cOl1clmiol:s (CDC I ')'J 1: 
WIIO 1995), 

Ther,· is cllll'rgill~ evidel1ce that Icad
a:-.suci;m:d inrdlc:ctual ddicits occur at blood 
!cad [('\'(·1.1 < 10 fig/ d i .. in t ill' Rochester 
l.ongitudinal Srudy, thne W,\'; all estimated 
rnir:diol1 or7/t lQ poillls a.,,;oci;ucd w:dr all 
incrc:tst: in lifl·time mean blood lead from 
1 to 10 fig/til. (C:1I1Iicld et ,II. 200:l), In .1 

reanalysis of a llm(oll, MassachllSen.s, cohort, 
a similar findil1g was OhSCfWd among ..:hil· 
drl'n whme maximal hlood lead level was 

I[) fIg/tiL (IH1:ngcr and Needlcman 2(03), 
Qucstiol1s about al1 effect of lead at blood 
lead I<:vel., < In pg/dl. pnsi.\\' however, 

becJuse of the relatively sma,1 numbers of 
childrcn with lll.lxilllal blood kad Icvt:1s 
< 10 flg/dl. in the Rochcster l.ol1!;irudil1al 

Study (Rogan ,md \Van.: 2()().1). (hirer 'ludics 
wcrc limircd 11('(;]u5" the\" :l1\'olvl'(1 children 
whuse blood kat! levels ;ll,IV have exceeded 
In fig/til. at some point in ',heir lifelimc or 
because illll'o[[J11[ cO\'ariarcs, sudr as 1l1,ItCfl1,rI 

I(~ scorcs, \YeTC l10t ;dW;lVS ;lv.1ibhic (htilOn 

cr ai. I 'JK7: ["i1ij,hcar cr al. 2000; Sclm.utI 
I 'I'J'I; Schwanz alld Olto 1'i'J I: \V;!lkowi;lk 
Cl al. I ')'):-l). lkullSC of tht: polin' i!l1l'lica
tiOll\ or this rcsc·;trdl. il is uitlcal to ,"[[mall' 
with grl'atcr I'rCClSlOl1 

objective of this 

the 
Ichtioll.Silip at hlood I,,;!d 

'l'tiC pI 
.Iis was to cslimatc the qualllit:ltivc rdatiomhlp 
bl,tween childr"lt's I'crl~)J"!llall':C on !(~ ll'."s 
.md sdellcd i11,,;tsur,'s or hlood lead (Ollet:l1tLr· 
[lon among childrcl1 followed I'l"Osl'cnin:iy, 
frolll infancy through ')~l() yvars or age in 
seven prospective cohort .,(udies, We also 
sough I to tl'.sl wlll'lhcr the Il';HI·associall'd I(~ 
ddicit \V.IS grc.HCf for ,{ sivel1 chansc in e'ill)
Sllrc ;111l0ng children wh" had maximal blood 
lead levels" 10 ftg/elL cOlllp;lrnl \\"tth children 
who Iud blood lead (OIlCelltratiol1.s. 

Materials and Methods 
\'Vc comaucd j for all citdH 

lead cohorts drat were initia'IClI 

.Iets .tnd Lo!1abor.Hioll frollt sevell. The par

ticipating sites were Bmwil (Bcllinger l't a1. 
1'1')2); Cincinllati (Dielrich el al. 1'1'>3) ;l:ld 
Cleveland, Ohio (F.rnharr Ct a!. 19B9); 
1vlc'xlco , ~lcxico (Sclina.ts l't :11. 200()): 

Addlc;.,,, lOlTl'~p{)I)~.lcnct' to H. P. l.allpIILlr, (:ill(JJ)IJ,ui 

Child ..",,', 11"'l'il.11 Mnlic.tI (:cfl,n . .1.n.\ 1111 Ill,,! 

Ave.. !vt.lil IOCHill1l -0.\). (,jllL'illll",i, Oil ,j,)22')· 
.\0.1') l'SA. Tt'kphollC (S II) (,.J(,l77R. F.IX IS U) 
(d6'-'rlj()2 F-Ill.,il: 

(~i.'llk'rS I~l!' Di'>l'.bC t:011lrol <llld Prcv(flIiol), ,tnt! tlie 
C.S. 	1·",JlvinHlrtll.'fH:d 11roll'llioll At!,Clll'\'. 

The ,luthor:-, dlTLlrl' they h~v(' 'no lompt,ti[)~ 
lin~uH:i.d ilitcrc·.{\, 

Rn.t'ivc...1 22 (ktoiler ..~(HH~ dtLcp!nl 1'-' \1.lr t l1 
2(JO'j 
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Childhood lead exposure ar:d Intellecual function 

POll Pi lie, Aw,tralia (llagllllL;t cl ai. 1 ')')2); 
Ruchcw:r, New York (Canlidd ct ai. 200,)); 
and (\'x?assnl1l:ln et ,II, 1')<)7), Thc 
Svdncv, I\ustralia, .studv was nor included 
b~'l.ill'~' \\T wCle unable to «(lnla,', the illVDI i, 

(Coonc}, cr ,d, I ')H'»), T:1C dara lUI rhl' 
Longillldin,d Study and iOlvlcxico 

colkucd when rhe: childn:n were abour 
(, ycars "I' af'e, Iran' IHlI bet'n publishnl eise
where, The digibllitv criteria ,md 11H:rhod, !(,r 
("ll'h or the n,lwrLs ,Ire' descrihed dSl'wh<.:tT 
(BaglnrrH cr 'II. 1')<)2; lkllingn er ai, 1')')2; 

Canfield Cl ,11, 2()Oj; Dietrich L'l ,tt, 1')'n; 
EI'llIl<ll'[ "t al. 1 ;Jil'); Sdll];LLS e[ al. 2000; 
\Vassnlllan C1 ai. I ')')7), All studies w,'n' 
approvcd h)' ,hell respcctive !nsrirutiona: 
I','vie\\' IHl:lrds. 

()/IICIJIJlC II/caSllns, The primalY ourcome 
llle,tmre "',lS till' lidl',seale IQ, which is a mm

s(or( "r \'lThal and p('rI~Hlllanee tots, 
l irildrl'll were adl1lilli,''''led ,I \,('isiOlI or I he 

\\'n'hder Illlelli~ell(e S(alc:~ 1'01' Childrell 
I\\'nhslt'l Illldi~CllCl' SCllc (or Cilildll'n'" 
Rcvised (WiSeR; \X/cehs!.:r I ')71i), \X/n:hslcr 
IlllclligCllCl' Sd" !()J' Childrcn-1I1 (WiSe-IlL 
Wechsler 1')')1;, \X/echsler Preschool and 
I'rilnarl' Scales of' Illldligellet' (\vl'l'SI; 1')(,7), 
and \X1echslcr IlHelligcllce Scale for Childrcn
Sp~lllish Vnsioll (WISe-S; Wechsln 1')R I)! 

ullder lIIU!tll'lll conditions within each ,ItUJy, 
Tlw IQ 1t'S1 wa~ admillisltTt'd whcll lhe childr"ll 
werc herwcen II year, 1 () illOlHh.s and I'cars of 
'Igc' J(,r :111 hilt Olll' cohort. In rllt' Boston Ulhort. 
we used biood Icad te'srS raken at ') Vl'ars of 'Igc 
.lIld tile' 11<:aresl availahle full-scale IQ score, 
whldl was donc at 1() wars of age, 

Vt:IlOUS or liugelstick capilbrl' hlood salll
ples WCI'<: obtained llsinf' standard protocols, 
Cord hlood lead was colle([l'll ill a 
of rhc suhjects, Uuring c.lch child's l'xamin;!
tioll, denlographic and hcallh inl(lrIltation 
welT uht,rined from rhe parent (usually the 
hiologic lllother), I(~ lcsts were admini'tered 
to rhe IlHHhel'. \X/(' also obtaincd data Oil olhel 
factors tlral might confound die relation of 
kad exposurc and IQ. including child's sex, 
birth nrdn, birth weight, malern:rI ecillcnioll, 
m<ltefll.rI age. mariti st.HltS, prenatal alcohOl 
t'xp"Sllre, prenatal rnhaeco exposur .... and lhe 
Iloille' Obscr\'ation for Mcasurel11e!H of rhe 
Envirolllllcilt (I lOME) l11vl'llwrl' score, The 
IIUME Inventory is an index lil,;r refkcts the 
qualilY :lIlt! quall'tity of c:lllntiOll:li :lnd 
tive' stilllulation in rhe homc environment 
( :.rl,!we'll and Bndlc)' I ')f!Ii), 

MCIISlIl'es ofcxpos II I'C, We examined four 
me,LSllfC' of blood Lid: UlilCUITCIll hlood lead 
(ddind as rhe blood !c,ltl Illcasurcd c10scst 
to Ihe IQ Icst). Illaximum blood I('ad level 
(defined ,I,I thc peak blood lead Illc,rsllred at 
;1Il)' tinlt' h"fore IQ tesl), aVt'ragc lif~'limc blood 
lead (defined as lhe mean blood lead frol1l 

(, lll!Hllhs to COIKurrelH hlood kad te;!,), :llld 
carl)' childhood blood lead {dcltncd as the 

111(':111 hlood Ll<1 from (, to 2'1 lIlollth,), The 
hlood sampling intervals varil,d au,)"" studies, 
To elliralllC' colllparairililY a(l(lSS swelies. We' 
used rhe following blood samplil1g ilw:rvals 
(based Oil children's 6, 12 (or 1'i).)(" ;JR, 
and 60 Illonths, \XI" lts,d mean blood kad 
rathn lh'ln area under th, ClinT (AUe) to 
maim:rin the: sallle 1I1liiS of I,ll all I'llil 
kad indite;, Th" ALJC and mean provi,!cd 
c\Scntia]])' the -,;lme informarion abou[ chil
drm's lead cxpOSllle (I' ()-')7), 

S/Il,is/iwf /lie/bods, To estimatc rhe '111.IIl
tilative' relalion,ship ht'lwecn"hildrcl1\ 
m:lnce on Iq teStS and seic:ueci measures of 
blood kat! concenlralioll. We l'xaillille',i lhl' 
IHHeIHial confollnding cfI~'cts of mill'[ ftCWI',S 
:I-,socialnl wirh j(~ -,cores using multiple 

analvsis, Ten Elltots were available 
from individu;ll 'lies: IICjJ'vlF Illv<:nIOIY, 
dlild's sex, birth birth order. nntcnul 
nhll':ltioll, lllatlTllal m:uernal age, marilai 
SlalliS. prellatal slll()kin~ statlls, and prenalal 
ai(ol\(11 lISt'. 

The ckvdojllllCllt of the model 
involved a Illuitist"p process bl'ginning wilh :1 

simple ulladlUSted model relaring eJch blood 
lead 1l1t':ISlile 10 IQ while controlling 1'01' sitc. 
The tlrst step was to tcst whnher the linc,tr 
model of the relalionship bl'twel'1l blood lead 
;I Ill! IQ. applied in mmt of rhe individual 
cohort analyses, proVided a good (II O\,l'f lhe 
wider range of blood lead levels III 
the pooled data, First, ,1 lincar model adlllSled 
['1I rhe seven sites \\';1\ esrill1arL'l1. ;tnd rhen 

and cllbic 1<TIllS ")(' hlood lead wen.: 
added to test for lineariry, ;\ rcwilled cuhic 
splint' fUllclion was fir to til<' data to prodllce 
a curve th;lt fl)llowed rhc dala in rhe absence 
or :llly 'bSlIlllplions ,tbOllt rill' lill1ctional rorlll 
ot the' relarionship, 

After all init ial Jllodel W;lS choscn, we 
examined clch of the 1 () available conr')UndCLS 
individually and ill cOlllhinalion Wilh the 
other c()v;rri,l(cs l<1 asSt·ss potclHial confound
ing of thl' IQhlood I(,:lel rd'lIiollship, Careful 
:lIlcmion was paid 10 ,he ;,ubility of lhe para
meier estimates as each addiliollai tcrlll was 
added, This process \Vas h,ritl'd whell either no 
more: significlill Icrms (p 0.10) entered lhe 
model or the inclusion of additional t(fms 
GIlISed 110 suhstalllial (i,e .. > 10%) in 
the biood lead coefficient. 

In all models, we teslcd Ih,' interactioll 
of blood I"ad and .sirc to dClt:rminc whethel 
a sUllimary m<.:;ISUre· of lhe !(~-bl()()d lead 
relationship could be lIsed for all co IHll'l,S , 
,\ftcr an initi:ll model was selet"ted, the lests 
of and lhe rnrriucd cubic splint' 
modds wcr, recomputed til ensure lh:ll our 
inilial model Wets still apf)[of,riJ1C J.f"ter adjusl
menl f(lI' cO\,;Hial<:s (Harrell 2()Ol) , We also 
I'roduced separate lincal models for each of 
lhe seven cohOl'll adjusled lor lhe C()VarialllS 
sciecled in lhe combined model. 

After the multi regression mockls 
WCle devc:\opcd, r"grcssioll d i'lgnos I iu WCle 
employed 10 :lscenaill whethn tile lead codh
eiei1l was aH~nl'd collinearitl' or influl'llu;tl 
observatiolls ct al. 1 ')XO), J\ft('[ r"gr,'s
sioll diagnostics were examincd ,mel 11OnlO
gellcilV or Ihe hlood lead cocfTiciellts aCloss 
sites \Va,s evaluatcd. the fit of .dl hll,r melsurel 
of blood lead was compared using tile m:rgni
[tIde of Ihe model R' The h:ood lead illeasure 
W'ith the Llrgc,q /?2 (adjustcd 1'01' Ihe same 
cuv;lrialcs) W,LS scielict! " priori a, the 
hlood 1ead index rcLuing blood lead 10 IQ, 

Sl'\'eral approachl'S were invcsrigaled 10 

evaillate Ihe stahilitv of the' final model. 
Although rhe ,even cohorts were nOl randomly 
,"rmplc-eI li'onl a larger pOPlllation of Sllld ie", :1Il 

a:;sumption could :lC ill.tde that rhey Were rep
reSt'malin' 01',1 larger popllLllion of c:lildrcn, 
Accordingly, we t:valll.rt,d lhe Inulls of 
ing a Llndoll1-,·f'fe( Is !lwel,,1 (with ,itl'S ran
dom) rather rhan ,1 lixed·en~'Ct, !llodd {lindl 
('I al. 1')')(,), \Xie also examined the df,'ll ,)1' 
;lilY olle sile' on the onT.lil mmid by edcul"r
ing the blood k:ld lot'fiicit'lll ill ,,'\TIl idt'lllical 
!1lmld" each omining one of tire seven cohon, 
(Flloll ami Tlhslunni 1'l'll) , 

Altcr rhe !in~1i Illodd \Vas seic-ctcd the 
fuil·scale IQ as rhe outcome vari,r!>le, vve III 
similar mockls (or verb,I! and pnform:lnce 
Iq ,scores, \Vc aLso examined inl"racriollS of 
covari;ncs with blum! loJ l'oncclltnIrion (en~cr 
modilletlinll) alld tested rhe dl~(( I>i'illdllding 
race as a cunl'oundc:r in the L:,S, cohort srudies, 

we examilled the rei:lliol1Sirip of pre'IU
[al lc~ld exposure (cord ',Iood) and IQ ,,'on: ill 
Ihe sllbsampk 1,,1' which cord blood lead le'Sl.' 
werc al';libble. 

Results 
Of the: I, 'if! 1 digihlc· childrell from lhl' "'IC1l 
cohorts, data 011 all 10 covariarl'S were available: 
lill I ,,)OR (l-i:\%) children; I "rn (t14'y,,) chil
dren had data on the four major covariates th.It 
were '''!cCln! f~ll' the' Illlal model (Tahlc I), 
Blood kad levcl, were highcst ill Yligusbvi:1 
and lowest ill Roche'slLT and Boston I()I alilcad 
cxpmllre indices (Tabk 2). Th" lllc:di'lil pea:, 
or maximal blood lead COll(('lltratioll was 
18 the Illean agc when children's blood 

peaked W,LV /.. "i )'ear,s, I), )--7 wars 
of age, the I1lcdian hlood I,vel had declined to 

'),7 fig/elL (collU!f[ml hlood le;ld COlHl'lltra
rion), The lifCtimc average blond lead WIKen
rralion was 12A pg/ell.; 2li1 (I H%) childrell 
had a maximal blood le,rJ conccntration 

10 flg/dl., and I(n (Wv,)) h:td a IlLlxim;11 
hloud lead conccntration < 7,5 jlg/dL 

The mean IQ or all childn'n was ,lpproxi
nntdy 9.1, Child IQ was highest in the Boston 
cohort and lowesl in the YllgosLlvia cohort 
Crable 2), In ullivariate rc~re"i()n chil
dren's !Q \\'~L\ signiiiC:lIltly rebred to 111,11('1'

nal IQ, Ihe I !UML scon:, m:ltcrnaleducati()ll, 
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Lanp'war et al. 

80S101 I CIfiCIIlf1i1ti Cil;velar:d 1,1i;xicc Port Pinc R:X'lcstcr YU(Josiavia 
(n : 16; In~ 221) (!l= 1GO; 99) In~ 321.) (11 ~ 182) In 

Percc:lL feITlJle'! GO 1517) lU8 (489) 73 i~561 501505) 174 (537) 89 (489) 1 (4981 
Birth 3.~'2jS10 3.14~'~S7 3.199!49H 3,2~4 i 3,393' S02 3.226' ~06 3,32H, ~)i6 

(weeks) 40.0 ± 1.8 :39.6 ± '.7 396 1 4U.2 ± ~ 1 39.9 ± 1.7 :nl 1 3'U ± 2.'] 
16! 1.0 2 6 ... 1.~ 2.2 .' 1 1 '.8 ! OCI 2.0. '.1 2 ,1 .1. 1 ,1 2.6 ' 1.1 
WiSeR VViSCR WPPSI vVISC-S WiseR \IVrrSI Wlse·11 

IU sCJru" 1160 t 1I;.i 81.0 ) l' RBI j ~6] 10rB'llC IOGC'13} H>19 , 14.4 1-1.2 ' 133 
Age at 10 tcstng (ycJ1sl 1~ 7 4.8 7 7 G 7 

8.eJ(j bld conCI!'I'raIICrlS' 
COIlCUIIr'H blouu 10m! 5.4 75 142 U 13U 1,0 15.9 

(0 H 12 I) i3 ~ 200) (/0 2H:"] (30 16 S) (G 0 2-10) ('.::. 120) It. I ~ I Hi 
12.:1 17,9 , 8 J 15.0 270 9U 2J8 

(:, I. 210) 1903HOi 19 C 31,0) (60 40:Ji i' ~O ,160) (3 J 233) 11.6 51 SI 
8.1 12.0 ';3.4 11.4 20.5 5.8 14.1 

13J 180) (66 Irq 2t,H) 1;13 26 H) 1.0 33.31 IH131) 113 t,~0) 

I.G 11 1";.5 10.S 18.6 5.5 1S.S 
(36152) iSH 2491 (81 h31 (10 H 3U2) (2A 12H) iSG ';93) 

['Cok Jiued leJd 41 (353) 23 (1U.1; 1: 169) 2012C2) 0(00) 103 (566) ~G i199) 
13 ill 2) 110/.) I (06) H(R 11 oIOO! 69 :31.9) 11 14 H} 

30.0 :. ~2 1'13 22.2 !. 3 H :U.1 .: ~_9 ~:G 0 ! ,t2 24.H 16.6 26.6, 
5143) 19718~ 1) G') 143.1) NA r,A. 13U 1714i NA 

MillcrnalllJl' 12l2+1G.2 , 4 13 ~ I. 13 2 93A, 119 9:1A + 110 H1.l .' 12.6 81.3,].18 
EUllcatr(1II at debary Iwade!" .I. 2.0 11 ~. 4 1O.G 1 1.6 11 4 i 3.5 10.G! 1.0 122t7.0 8.8 ~ 39 
IIOM[ scurel

! bO 5 +3.b 32 ! , G :iB 1 l G 7 36815.1 ~2 ,·16 319-,63 30A • G.R 
Mar~i(;d,l lU7 21 30 \:3.G) 821512) 88 (889) 298 ([12 c: GO 1332) 231 11 OU) 
TDbEl:::CO usc dunng pregn(1f] cy .-J L9 01 111(,,02) 12H (HOOI G(6 11 19 i2~6) 411225) 12b,,) 
t~lcc"ol usc 61 (520) 31 (140) (469) 6 (6 1) 521253) 9 l55] 14 W 1) 

nuriul st,llllS, hirth wClgh!. Illatt:lIlal age, birth ,i~llillcallth- .lss()ciat"d with ,I delicii ill IQ 

orcin, race (for U.S. (olwrr, only), anJ I'rc ,cor" (Tabk 3), 


naLd wlXlL'Ul exposurc. In cOlltrast. child's SeX \Xle examinnlth" relationship ,,/ the r')llf 

,llld prenatal alcohol consumptioll Wl'f(' l1<)[ blooJ lead indices with I(~ (,Lillie 4). 


all I'>llr hlood IC.lJ me.I'Ui"S Wl'le hlhhlv ((Jr
Table 1. Characteristics of the children ane of their n.:iatcc! (r LlIlgC O.7'i-().~(»), rhe COllcum:1H 
mothers ill the In ~ 1,333) 

blood kad variable exhihited lhl' strongest 
~:laractc ri S~jl: relatiOllship with [Q, as illeasured by j(.'. 

Child chH<lclemlics Although the ilIeam differed f,,[ rhe dif'i'ei'CIlr 
Fcn1J!c" (jG~ (502) hlood !c.td indiccs, [he rcsuits or the rcgres
Bir:h 3.2H6 I J03 sion ;lnClI\'Ses wen.: simrlar_ III ,til suhse

396 i 1.'] 
qllellt an,t\vscs and the cOllcurrent

20 (1 "I 

BiulIr] IOdd Cl;ilCCIlIi dli:w" 
 hlood lead Illeamn: W.IS \l.Scd as 1he prinurv 

G I i2:, 33.2 Icad l'xpmurc ltldex. 
'80162-47 0 Thc .sh.lpc or dll' CXIl(lSlllC--Il'spons,' rda
',[/{~O 3·1~ tioll5hip was d"["l'llllllcd to be nonlinear insoEIi' 
17.414 134.8 

as lhe qlltldl'alie ailll cuhic terms {(,r UlilCUlTelll21111831 
CUI'Cl;lilriJliull ~ '0 flli/lit" hlood lcad WC:i'C sign iflc;ilH (p 

P,;ak iJlond lOud ~03IU) n.no I Clnd p .~ and o.()(n, 1<"I1(C( in·ly). [)l'CliISe 
cC;lccntra~tU[1 -: 7 5 ~I~j/(:~ rhe n:striuivc cubic splinc indicatcd rlur a 

IU" 93.2 19.2I lillcar model I':m'idcd ;l lit 10 Ihe d:ua, We 
A~c IU :CSliIlU I1 (years; G~] ± :.2 

uscd the of COllCUITCll1 blood lead in all sub-Mtll\Wltl, char()cl(~rjs:ics 

al delivery" (yeal s) 4 5.4 SU! llC' III 1) 

HH j lH.~ The III a SIX
EJuCJII(lf, ill (ieiivilIy' [uradl:) 11 1 i 2.8 IlTlll IIlodel: of COllcurrl'lli blood !cold, sitc,
IIOM[ 31.0' H4 IlLt[nnal I(~, !l( ),\11'. !Im.'ntory, birth weight, 

8:16 (513) 
'lild nLltcrncl1 cdllcalion. which we c011siderSlI1c(cd dUrlcg ,,'CUII,llllY' ·1,,3 (311) 


/\:;:U!lol U0C du',nu prrUl"li.HK';"J 278 (212) our prc:icl'lcd model (Tabk It). l.inear moJels 

of (onCUlT(.'11l blood katl and [Q are shown I'l[

HOME score was standardize" to presellOol tcst. Early 
childhood blood lead concentration was defined as the cach or rill' SC\'l'l1 cohorts, adju>[cJ for rill' 
mean of 6- to 24-lllol1lh blood lead tests Lifetime 2). The .lddilional six 
LJloo'.1 luau COllcept: ation was uc:inell as tl;o moan of rlTllls wc (child's SLX, birth Older,
lead tests takel1 from 6 months through tee concurrent 

matcrnal :tge', Illarilal Sla~us. plenatal silloking blood Icac lest 
HNo.I%1 'Mean + SO. 'Med,al115tll 951, percentilesl. staWs, and prenaral ,lkohol usc) conmburcd 

Table 2. Characteristics of 1,333 children and their 1110;118rs in seve~ cohort studies of c:lVirollll1cntallead 

I'CI'\' liulc to Ihc ovcrall fi[ or the lumld. and 
rheir inclusiun in the model re.sulted in \·iflll
.tll)' lIO cll'lIlgt: to the codlicicnl li.r hloot\ lead 
(i.e., <: 5(h)). None or (he six [l'rJllS \\'a.) sLttisri

call)' .significalll (dara llll! showll). 
The shapc or the log-lincar model and th,' 

rUllction indicaled thai the Sll'l'I'CSI 
in l(~ wert' al blood lead IevcL. 

< 10 Ilg/di. (Figmcs 3 and Ii). The 10gl'l1('al 
Illodel estimatcd a deGelllenl of (,.') lq p(Jims 
[')'i'\(l Ulnfidcnn' [mervtll ( :1), r;'f :111 

lnnl'ase in (O!l(Ul'IeIH blood lead kl'ds from 
2/1 10 :10 pgldl, fcprcsclllin[!: the 'ilh to tlw 
'!5th percentile- '()I' hiood leaJ v,rllit:S in the dara 
Sl'l ('[',lhle ,i). Bur th,' Il'cld~a",,()c[:iled licul·tlll'lll 
W,IS grc,l((Sr in the lown ranges of blood lead. 
The cstllnated IQ d,'(fCmCIll', tISS()(i:lICd wilh 
,In increase in blood Ie.ld horn 2/i (() 1() flg/dl., 
10 [0 20 Ph!dI, and 20 \() 50 pg/d I \\cn: 3.') 
(95% CL 2.'1-5.,1), 1.9 (95'Yo (:1, 1.2-26), and 
1.1 (')'i'Yo cr, n.7-l.S), Il'''I'I:lt!vely (tahle II). 

To invcstigarc further whcthl'l' rhe lc'ld
a.\s()ciated dl'lTl'mClll \\,:1.1 grcallT at lower hlood 
lead conn.:nrratiollS, wc diqJcd rhl' ,Ln,l at two 

clIl-points II priori (i.e .. maximal [,lood k:lt! 
above and helow 10 ., and lll:lxiJllal blood 
k.HI :lhovc and bdow 7_5 }ig/dl.) (Frgllfc It). 
\Vc then fit sCi,arare linear models [0 the data 
in each of Ihest' ranges and COll1l"llcd th!.' 1.lood 
lc,ld wdtic:iCllu; for rhe C()lH:UlTCnr hlood lead 
index. Thc cocnicicill 1,.1' the 103 childrell 
with 1ll,lxind bloud Ie,ld levels < -. 'i fig/til. 
was ,ignilicalltiv hrc;lIcr than ,he codliut'l1t I,ll' 
th" I ,2,1() childrell wirh ,( maximal hlood k,ld 

and IQ. 

.... A, Not applicable. HOME score was stalldardlZeu Ie p""cllool scale. Cuncurren~ blood load tosts taken at 5 years of ago were used as the concu"ent blood load tcsi for the Buston 

cohort, and the IQ test was done at 10 years Test scores of ch:ldron m tile Yugoslav,a cohort are low because of adjostI11e"ts.n adapt:ng tests where no standardization e"sted; rat'lor 

tll"n der:vlng "pproprrate some culturally driven itc'ns were removed, resuitlllg in lower scores. 

'No. [%1 'Moan ~ SO mean 15th 95th porcenti:es). 


896 VQlUMf 113 I~wr~BER 7 I July 2005 • Environmental Health Perspectives 

http:81.3,].18


C'illdhood lead exposure and Intellectual function 

;::: 7.1 flgidt. [llnl'ar ~ = --2.9/-1 (')'i% CI, ····).16 
roO.71) v,. -0.1 (, (')')% CL -24 (O.-O.OH); 

P lUll 'il. Thl· cm:liic:clll \'11 the 244 childn:n 
who il'll! ,1 m.lxilll,tI hlood lead < 10 pgidl. IV.1S 

nOl 'igniiiGllltiy gn·.lier than the codlicil'llt I',r 
the I,OW) rhildrcn who !..Id ,1 maxil1lal blood 
lead 10 pgl d l. [I inear ~ = .. O.RO (l)'i'Y(l CI. 
... 1. 7 .] to -0.1'1) vs. [-l = -0. U (';lS')" CI, -2..\ to 

OJ)));/, 0.10)1. 

To a,sess the modd we employed 
J ralldol11-en~'llS IlHldd iNllh sill'S as.lllmn! to 

be randomly sekc[(:d li'om a largn set of POPlI
btJOns. Re.slIl" Wl're ,inliiar to lhe plt'krrcd 
lixed-dlclts model. with tile randoll1-ell~·lts 
modcl a blood lead co"llicietll that 
was 5.;"1<, [OWlT (·L() vs. -2.7). As an 'Id,li
tiold mC;Lmre of lIwdd .qabdity, lit se\'('11Wl' 

tdellucal IOl'.-linear nlOdcb wirh each model 
da;a fWIll one of the 'lll'.S. The rangl' 

1"l'IllS lelving one .S:ll' Ollt ;11 a time 
\Va.s -:~ . .\6 (IZorlw,ltcr) to -2,')/1 

or a pern:nt change ranging f],()1l1 -2.6 10 

+S.')'X,. TI1<'s,' an,dyses provide "vidence 01 
th" ,ralliln\, or our linal prd~TIl'Lllixd-en~'n, 
Illodel and indicate Ihal Ihe results tlr th,' 
ptl"led analy,;;s diJ not dcp"lld on th" data 
frolll anI' ;;il\~I,' ,Illldy. 

\'i/c ,liso l'xalllined the rdatioll or blood 
I"ad cOll<.."l'nILuion IU vl'Ibal and pl'ri()[Illallle 

j(~ ,cote" adi listing for the "tlll<: cO\'ariatl's 
llsnl in tilt' i'llll-S<';tie IllUlkl. The l'odlicil'llt 
for till' log of h,ood n.'l;ltl·d ttl I'l'rillrlllalK<: 
IQ was ,inliiar !O the l'od'i'iciellt ror log "f 
blood lead in rhe hdl-,(aic I(~ model W= 

-2.732.70), will'fo.s the (ocfficiclll 1,)1' 
log of blood ic,td rcl;l[,:d llJ vnbal IQ W;IS 

son:l'wh;H lower Ihan the coenicicnt I()I' the 
of blood lead in the full-s,'alc I(~ model (~ . 

2,07 V.I. ·-2.70), Th diITcrt'lH,' bl'I\\wn Iii,·
" (odnci,'I1t [(Ir verbal ;Illd pcrfOl'[n;IIKC IQ was 

not SI:ltisliully ,significanl (p (), 1')(»). 

\'i/ c did not idcnd\' an\' IntCl'

,lClioll.S h,·tweell the u;vari,;t".1 ,iIll! th" of 
Cl)llC\lrtell( blood lead, In rhe U.S, sires. racc 

was not significantly associ,nni with IQ arter 
inclusion of lhc (our nlvarial<.'s in the prt'krn:d 
i11odel, nor did il alt('[' th,' estilllated rdalioll 
:.hip of blood lead (OIl(c[1uarioll and Iq, III 
Ilnadjusted analyses involving the 6')() childn:n 
who haJ cord blood lead levels, rhl' lOb of coni 
hlood "-'ad cOI1l:etllration was sigilificallliv a."o
ci'IIClI with child's (~- L(,l), SE = 0.60: 
p O,(JO')). Alin adjusting 1;)1' the log of con
current blo()d COllcclltratiotl. rhe of cord 
blood le,rd was Illl longer associat<.'d wilh chil
drcn's IQ SCOles (p = 0.21). III contrasr, the 
of CO III WTt'n I blood lead was significlllli), a,s.m· 	 rnily clrd~lho()d 4.8610 7)81 7C4i 3771c 081) t.' 348 
ciared with chiIJrl'l1\ IQ scorcs CVCll wirh 	 PUilk ,1.H~ i JIG 1(j3.~t.1 .. ~ 1010 .. 1601 1..0 3~.J 6.1 (3.,1 HH! 

L ifet;mc avcr (l~p 526 I GG9 Ie 4 113) 3()4 i 43318 1.75) G.1 47.0 G7 126 HHicord hlood lead concclltr:lIiol! ill the 
Concurrent ~.66 i S 72 10 -360) 2I0! 3 H to 165) 2A 33.1 i.103 = -1.75, SE = O.7J!; P OOI~)). Finally, we 

icicntified alld removed ()'i jlotc'mially influcll 'Adjusted tor sileo HOME score, birth we;ghl. malemallQ, and maternal education, The addition of chrld's sex, tobacco 
expOSllre pregnar,cy. aicohoillse dUfIr,g pregnancy, ",alerna: age at delivery, mama, statlls, ar·d blrlh order drdti'll obsCI'vations from the Jata and retit the 
not alter rhe and these were not :ncluded in the IDode. The es(mates for the covar:ates in the concurrent blood

model. The ill the cocCficil'llt I~lf log or lead model were KOME score iJl- 423, SE ~ 0 54), birth weigilt/lOO 9 IiI c 1.53. SE - 0351. 'naternallQ 111- 4.77, SE 057). 
blood lead was 1 from-2.70 to -2.7IJ, and maternal education Ill .. 112. SE - 045: 
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Discussion undUe !cad <:xposur(' has ]"TIl n:dllccd: frolll 
Bd,)!'c 1970, undue kad c'xl'0.sure was ddi ned ()O to ,'to IIg/tiL in 1971. to 30 IIg/elL in 1')7~, 

hv ,1 hlood lead Il'\d or ()O or higheT-a ;tnd In ,,''> fl[!/JL in I ')W) (CDC I ()') 1). In 
kvd ufrcl\ associarl'd with overt or symp- I ';l') I. the C1 )C, 'Illd ,ub,c'luenti), rlie \VII ( ) 
toms of lead toxicity. such '" (nill', (I')')'»), l'\Inhn redl1ced the hlood iead \'a:[[(' 

'11H'l11i.l, (1l11:I'ILllopa[h)" and death, Since dd'inin[! lIlldue lead exposurl' to 10 
Ihen, the blood Ie.. ld mnCCIltr,lliOII I,ll ddining (CDC I')t) I). Th"s<' oll[!oing lcdllCliol1S tire 

Table 3. Concurrent blood lead concentration and mean IQ scores by characteristics of children and their 
Iflol'lers{n= U33) 

Median cCflcrrc8rli 
biood :(:ili! (IiU/dL) 

(51h 9511: perc8Irt:le,;: [0. sn 
ell:,,1 
h","illc GGB 9U(2~ 31~1 93.H.'IH 
rlolu ~i14 ~,9 (?f1 3rl.I) fJ? :~ - iO 0 
lllllil we/lht :'11 

, lOUO 100 In 7B/) ilB - lH [) 
:l,UUO to ' 3."OU 89 i2A 3,121 193 

r;1 17B 34.11 f 1,):1 

144 H.9 (1 91 i!3 ' 'f16 
38 to·. ,12 1,011 9.H 12~ 312) 9t.: 1fl.G 
? 47 'l'1 10.11 (37 74fll 'l5:1 + 77.1 

bilth Older 
1 4!~ 90(7 1 111,: %/- II' 

~07 '[)Ui2G J'A) 9JG 1 9 2 
44" 1G.D (3l; 369) H:lJ, IH I 

tv'~()ternnl 

Ran: iOllly lJS collo:ts: 
WIl'e ?lR 7.5113 770: 100 G , 2e : 

401 /.i ilB H4.9-1 Ii 
Age at dellvelY 1'I(;(lIs) 
< 75 6~)[) lll;, 13 0 :l7D) 119 E+ II 7 

2J GH:i 9 u12' 30) 96 ~ ~ 2;] J 
:\1d1(;11:::1 (] 

..: H~ lGO \29 3201 H13 1~ 

flS 901?1 301 Jill IIU 
tilucalliJll ill de very (\1:(111(: 

/1 1I.n 141 mJ.1 c Iii H 
12 8.7 {2·1 3~ 3) gil" i 7 
?17 )76 r,Sil1 l~i 7) leG.:! - I H [) 

HCf\/t SC(lIlJ 

dO 7/6 8413 [J 4:1 CI liS-in 
30 Ill' ~U ~G1 10.0128 3221 HH3 .:. lJ.i: 

40 496 (70 nO) 1UI.0·· 1;'8 
Millricd 

Yes fl8fi 10CIU :lIS) 91)) • ;0 :) 
Nil 430 g 1 12 ~ O! H7 u~ !/i 

P'C::clCo! smoklll:l 
Yes . 11 J 132 E2i H9 J.' 172 
No HI 122 336) '14 'i + 19.9 

PreniJtal 8lcohoi in~Jus:HHl 
Yes 7/R 101127 2501 CJ93 19 i! 
No I.D3~ 9.J 12 91)., 10.K 

Table 4. Mean unadjt,sted and adjusted" changes In full·scale IQ score associateo with an l,lcrease III 

blood lead concentration Ilog sca:el. from the 5th to 95th percentile 01 the concurrent blood lead level at 
the time of IQ 

44(1 7 

8100d iend 
UI1J\:JuSlt'd concenll alloll 
{]stlmijtos ~5th tc 9:1ni 

Killod iuau VJliJIJIc III (95% ell [II (95% ell] pelcclll:ic, pg/tlL) 

http:from-2.70
http:111-4.77
http:2.732.70
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alccpt;lhl, levels olchildrcn,> blood lead wcre 
!1w[ivan:d by evidence showing [hal blood iCld 
cllllCelllratioll'> as low ,LS 10 pglclL were ;L""l(i~ 
atcd with a,h'cr,l' dku;, such as iown intdli
gl'nce (:1)(: I<)'ll; \'\'1 I() I'FYi). 

I n rillS poobl .!Ilaly"is. we I(Hllld cvidcn,'e 
or "'.lel-related inll'lkClllal deliuts aillong 
children who had IlLlxilllal blood Ie,ld leveL 
< 7,) ftg/til Imknl, we /(llmd no evidence 01 
a thrcsllllld, ()rher studies r('por[ec1 .1 similar 
linding, bIll ,lhOllt Ihl' rcLniondlip.u 
lower levds rl'lll,[illni becausl' thc), invoked 
slll.llIn Ill!!uhns 01 dllldrcIl with blood lead 
< 10 pg/dl. or did !Ill( ac1just I'l!' impor
[,Ull C{)y,U iall'S (Canlldd u ,ii, 2003; Fulton 
C( aL 1:)1-)7: I.anph<:ar ct .11. ':000; S,hw.lItl. 
1')<):1; Schw'lI't1. and Otto I')')I; \Valk"wlak 
l'f al. 1'J')Ci). In the pooled allai),sis, we csti
Ill.H,'d thc hl()()lllcctd-](~ reLlliollShq) with 
d,rra 110m the 5th w l))th perc"mile or the (on
1IIrr{'lj( hlood lead lewl at the timc or IQ lesl
ing, wllich tl'lllb [0 lllldLTl'stim.ltc the Jd"crse 
clTcc\s or h!ood lead In'cls, For lh" 1'lllill' 
p()o!d dat;! st:[, the observed dcdll1C oU,.2 IQ 
poinls (<)')'X. CL 3,8-8,(,) !,J( an inCll'asl' III 
blood Icad Ics'cls from < I to 10 pg/dL was 
ulInp;uablc: wilh lhl' ..'1 IQ d'V<:lllelll I'll all 

inlJ'l'.lse ill lifCtimc lllC.lI1 hlood lead kvds fnll11 

< IlO 10 p~"!L()hscrvcd illlhl' Rochesln 
l.ollgilmlinai Smciy (Lmlidd C'r al. 2005j, 

l :OIISisll'lll wilh olher sllldil's (lkllill~l'l 
and Needbllan 2003; CJlllicld ct a1. 2005; 

L:)g-:,neM I1lC{W: 

SinG! s~li'1C 

95% CI 

Concurrent blood lead (pg/dl) 

Figure 1. Restricted cubic splines and log-linear 
mouel for concurrent blood lead concentration, 
The dotted lines are the 95% Cis for the restricted 
cubic splines 
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Concurrent blood lead (pg/dl) 

Figure 2. Linear models for eac h cohort study in the 
pooled analysis. adjusted for maternal 10, HOME 
score, maternal education, and birth weight The 
figure represents the 5th to 95th percentile of the 
concurrent blood lead level at the tllne of IQ testing, 

hilton l'[ al. I (If\-:': Lanphear ct al .'.000; 
Schwartz 1<)'JIj; Schwanz .mJ Uno 1'1') I; 
\valk()\vi;lk l't aI. I ')9f\), the Icad-as,oci.ucd 
Il~ deficits ob,crn'd in this pooled 
Wl'!e si!!nificanlly ~rC'lIl'r ,tt lown hlood 
le,lt! concelllratiollS. [n a llH'[a-Jnalpis, (I:e 
ol)''''rvcd ltenemcllt \V.tS gre.l!l'r in s{udy 
cohons in which children wirh hlood kad 
levds < I 'i p~/dl. Wl"re Illorl' hcavt1\' repre
sented (Schw.lI'(/ I ')l)i!) , [n the RodlCsrCl' 
I Siudy. Ihere \Va,s an t:'IlIll'lll'd 
leduction of 7,'1 lQ points for .11l iIlLTl",lS(: in 
lil<:tilllc l11e;lIl hlood kad frol11 I to !() 

.antldd ct aL 20!H). [n contra:.t, I<J scores 
declined 2, 'i pOllltS f;>r an increasl' ill hlood k.l<1 
cOlKt.:ntratioll from 10 to 30 pgldL (C\l1hdd 
Cl ai, 20()3)' Till' hr~cr >:1Il11'1, sizl' or Ilris 
pookd analysis perl11itted us to show ril,l[ the 
Ic.ld-a,s,socialed illldlcull:d dCLTC!lll'tli was 
llific:lnriv grcatl'l t~lI' children with a maxil11al 
hlood Ic;nl or < "'.'i pg/dL dUll I(JI' lhosl' who 
had .1 maxima! blood lc.ld of 2> 7,') flg/tlL, 

rite di/l~TCIlce in codlicicll[s assoc'i:llCd 
IQ dC(il'lllenr f,ll' children who had a 

maxim,l! blood Ic'ld concentration < 10 pg/e1L 
VC]'SllS 2> 10 fig/ dI was not 
r,lI11, the r,'sltirs We're COllSiSll'1H wilh lhl' 

7.) ", ,\ CUt-pOlllt. 
Ih:lI cOIKurrenl hlood le.ld \":"

cis or ,tvcrag .. lit~'rillle csrilll:m's of lead expo
,ur,' were gel1l'1':div Sl ro:lger prl'dicl()[S of 

2 

Concurrent blood lead (!lg/dU 

Figure 3. Log·linear model (95% Cis shadedl lor 
concurrent blood lead concentratlOll, adjusted for 
HOME score, maternal education, maternal 10. and 
birth weight The mean 10 (95% CI) for the Irltervals 
< 5 ~g/dL. 5 10 pg/dL, 10 15 pg/dL. 1520 pg/dL. 
and> 20 pg/dL are shown 

105 
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2 95 

90 
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o 

Concurrent blood lead (P9/dL) 

Figure 4. Log-linear rrodel for concurrent blood 
lead concentration along with linear models for 
concurrent blood lead levels arrong children with 
peak blood lead levels above and below 10 pg/dL 

1c,ld';lsmciated inrclln:llial <ldicits lhal! was 
m:lxiI1lal lllGI)Ul'ni or cally chiJdllOod 
blood lead collccIHration, Ahhough this find· 
Ing lonfiicrs svirh rhe heill bdid tir.H 
2~\'l',lr (or pe,lk) hlood kad arc tile illOst 

."dlcnr mcasurc of Icad loxicity, thue i, 
incrcasing cvidcllce tll:ll lifetime ml":ln hlood 
lead and concurrclH blood I..:.lcl IevcL> arc 
\lwnger predillors or 1(2 in oldn chddrl'll 
(lhgllllrst cr al. I 'J')2; Clillicid et .11, ,~()().l; 

D:ell'lch CI al. 1 ')9.'\; l:acwr·l.ilvak CI a!. 
I')')'i). The stronger effccts of COIKlUTCIl[ and 
lift'lime lHe.LslllTS or kad exposure l1l;IY he 
due to chrollicit\' of exposure (lkllingcr .mel 
I )ll'irich I <)<);j) , Aitl'fnat the wcaker 
,ISSOCiellioll with hlood k.lt! measured during 
carly childhood lll'ly he dllc to exposure lui:. 
Llassific.1fion f'roill the glC.ll<:l within chrld 
\".triahilil), or blood kad in ),ounger childrt"', 
Nevertheless, bec.lUsc hlnod lead COIl(CnCla
tiollS Llkcn in early L~hildllOod [rack closeh' 
with subse']llent blood lead levels ilhghu,sr 
C't :rI. 1')<)2; C:l1lfi,·ld ct al. .'.003: I )iclricll 
et al. 19<):1). we cannot ell res" I \'(. rhe 
'pleSlioll of wh,·thcr childn.:1l arc illor" Vlrllll"'~ 
,lbk to lead exposurc [he firsr 2 Vl".IIS 

or lire, Slill, yonng childrell do mOIl' 

ICeld dllling the firsr 2 years of lifc and 1ll.1)' 

ahsorb il lllorC C'fficicntly thall do oldn chil
dren 'lIld adults (Clark et .11. I ')Ci'); Llnph"lr 
l'[ al. 20()':; Ziegler (I al. I'PRJ. ThllS. enom 
[(] l'l'n'C'llf 1C'.te! exposule lll11st occur bel'ore 
pn:glLlIlcy or:r child\ hinh, 

The specific lllech,lnislllS [(11' k'.ld-lndllcnl 
illlCilcclIJal deiicils have nol hecn !'tlllv clllci
dalcd, Theil' ,liT several I,Llllsihk mechanisms 
i'or Ih(' gre;1tl"l' lrad-a"socialcd inlellcClu:rI 
deficits observed ;It blood Ie.tel level) 10 llg/d I. 
(I.idskv and Schneid..:r 20U3; ,'vLirkov;lc '11l,1 
(;oldsrein 1'J8l'l; Schneider CI al. 200:1). bllt ir is 
not },el pO,\.\ihk to link any IllCC!J.I

nism with the deficirs observed in rhis pooled 
analy,i.s, :'-l'eycnhelcss, (.JI~n·ts can he lakcn to 
reduce environment.tI lead cxposure wilhoul 
full clucid,uion or the un,it-d)'ing Illl't:ltalll'lll 
(Wynder I ()')4). 

Thc oh"'rvarional dl'si~n or Ihis slUlI), 
limit, om ahilill' to draw cellisal inICrenccs. 
rIL\lcad, We mU.\l rely on rhe consistency or 
findings from nUnll'l'LlllS cpidemiologic and 
cXl'crimclll;ll sludic" ill rodcllls and nonhuman 
prim,Hcs, l.'1'idcncc thai environ
Illcmal lead exposure is a.swcialcd with illlclicc
ulal deficits :II hlood lead len:!., < 10 pg/d 1" 
Thcrl' are potClll ial i i 111 iI,ll ion:. of Ihe lOols we 
used to Illea)urc impofta:H (()s·,tri'llcs. The 
HutvlE Invcntory was not (ondulled at the 
saille age hll' child;'en in all of the ,itl's. ,me! the 
HOMl': Im'entolY and IQ le.m have not heell 
validated in all cultural or ethnic comillunities. 
Nom'tlreless. became thcse covariatc, wl"Ie 
.standardized and adju,tcd r~)r studv sill'. these 
problcms do !lot any limitations to the 
illll'fpn.:t.llion of I'0okd analysis rnults, 
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Thl'll' ,Ill' othcl I'rl'lllllOl' or Ill'uwdl'v<:lo\,
111t'nral OUln>lll(, rhar we did lHH examine: III 

tillS I'0okd sw:h ;IS llLlll'fllal 
,ion. Thc 0111issio11 of ulllllc;t,ulcd 
nuv proelull' residual 
n al. I ')')-1). Stili, in ,rudie's dw 
othn rde'\',llll covarialt's. such ,", 
,mel iron starm, thl' l'srilllarc'd d'fi:Lt of lcad was 
IWI alIcTL·d appITciahly (emfic'ILI t'l al. 20()'); 

]\cc·dbllan cr al. 1')90; TOllg and Lu 20(0). 
I:inally, t·;\Ch 01' thc' t'l,llOm h,l') nnic111t' limila
riom rh'lr raisc questions ahollt the validity and 
gt'llnali/ahility "I Iht'lr lilldillg'i. ]\cvcnhd"", 
rhe lcsulIS "Irht'." anal),,,'s indic;Hc rhar rhe 
rt'sltiLs arc' r"IHlst alld lIot dt'flt'lldt'lll 011 Iltc 
data fwm all\' Olle ,itc. 

Tht' Illq;an of low-Int'I l'llvirOlllllclllal 
lead CXpOSUJ't' oil the hc'alth or the public is 
,SUh'Ulltlal. Thi, poolt'd !llClIscti on 
illtcllnTual ddlcit" but Cll\'11'01l111Cnral Ie,ld 
CXP"'llrC h.1S hccll linkcd with ,lll increa,ed 
J'isk fiJI' nUll1elOU> (ondition, and tl ist',lses th;n 
ale plev,t!elH tn illllu:.ui,tillA'ti 
ll"lding plohlems, school failure, 
beha\'lor. hL"lring 10", lomh sponu
nt'o\!, abortion" rellal di,e.!sc, and cardio
\',l.,clliar disca,,,' CI ,II. 1'J'J'J: 
1)ielrlch t't ai, 2001: hlctor-Litvak ct;]1. I,)l),); 
l.in el ,11. 20()j: \10"s CI al. I')')'); N,l,h ('I ,11. 

200.1; ~<.'l:dlcm;)n ct ,d. 20()2; Schwanz Jnd 
Olio 1')')1), Allhough onlv a J"nv ,lutii"s have 
cxamincd rhe a,;,oci,llioll 01' Ihcsc conditton, 
or discl'''' ,1I1l11l1g intiividu,tI, with hlood 
IC:ld icvcl, < In pg/tlL (BllJ'ja-Ahurto et ai, 
I 'J')'): 1,1I11,ht'ar <.:t al. 2000; Moss t'l ,d, I')')'): 
Schwartz alld Otto 1{)':ll), the e\'idcnn: is 
grO\\'itlg. 

In (oncluvioll, Ihe J'e,uits of rhis poo!cd 
:lll.llvsi, undclv'orc till' imporLlIKt' 
of primary I're:vl'ntiolJ ,I:' the (onsC'\UCIHX' of 
lower hlood le;]d (Ollll'lHraliom arc fl't'llgnizt'd. 
i\!though blood lead (OlKCIltlJtions < 10 fig/til 
in children llrt' OrICl! considcrcd "normal." COIl

tcml'0J'uy hlood !c,ld !eve I, til children arc 
(on,idl'fahly htghn Iklll tllOSC hHlllll in pre
llldustli,d human:, (l':lttl'I'OIl t'l al. 1991), 
Morl'oVl'r, l'XiSlin!, d,lt,l indic;]re rh,\[ Ihn.: is llO 

('1'idCllt:" of ,I thl t',lwld tor the ,lei \'(:rsL' COllS"

t]Ul'l1n'S o( lead expo.,un'. (:ollcl'rivell', dlL'sC 
dat,1 provide suHlcic:nt cviclc:ncL' to climin,llc 
childhood lead L'xposure by [',llliling ail 
nonessential lIses oj' lead and further rcducin):', 
the allowahle- kl'"I, of 1c:ld in air emissiolls, 
house dust, wil, watcr, and (omul1lt:r products 
(I,an;)hl'<lr I 'J')I{; Rosen and Mlishak 2001), 
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