Effect of Maternal Bone Lead on Length and Head

Circumference of Newborns and 1-Month-Old Infants

MALURICIO HERNANDEZ-AVILA

Centro de Investigacion en 3alud Poblacional

Instituto Macional de Salud Publica

Morelos, Mexico

KAREM E. PETERSOM

Departments of Maternal and Child Health
and Mutrition

Harvard School of Public Health

Boston, Massachusetts

TERESA GONZALEZ-COSSIO

Centro de Investigacion en Salud Poblacional

Instituto Macional de Salud Publica

Morelos, Mexico

LUZ H. SANIN

Centro de Investigacion en Salud Poblacional

Instituto Nacional de Salud Publica

Maorelos, Mexico

and

Universidad Autonoma de Chihuahua

Chihuaha, Mexico

ANTONIO ARD

Channing Laboratory

Department of Medicine

Brigham and Women's Hospital
Harvard Medical School

Boston, Massachusetts

and

Department of Environmental Health
Harvard School of Public Health
Boston, Massachusctts

LOURDES SCHNAAS

Department of Developmental Neurobiology
Instituto Macional de Perinatologia
Mexico, Mexico

HOWARD HU

Channing Laboratory

Department of Medicine

Brigham and Women's Hospital
Harvard Medical School

Boston, Massachusetts

arnd

Department of Environmental Health
Harvard School of Public Health
Boston, Massachusetts

ABSTRACT. The authors evaluated the effects that maternal bone lead stores have in an-
thropometry at birth in 223 mother-infant pairs. The participants were recruited between
April and November 1994, Anthropometric data were collected within the first 12 hr fol-
lowing delivery. Maternal information was obtained 1 mo after delivery occurred, Bone lead
burden was determined with in-vive K-x-ray fluorescence of the tibia (cortical bone) and the
patella {trabecular bone). The authors transformed anthropometric measurcments 1o an or-
dinal 5-category scale, and the association of measurements with other factors was evaluat-
cd with ordinal logistic-regression models. Mean bone lead levels were 8.8 pg/fgm bone min-
eral and 14.4 pgfgm bone mineral for the tibia and patella, respectively. Birth length of
newkorns decreased as tibia lead levels increased. Compared with women in the lower quin-
tiles of the distribution of tibia lead, those in the upper quintile had a 79% increase in risk
of having a lower birth length newborn {odds ratio = 1.79; 95% confidence interval = 1.10,
3.22). The authors adjusted by hirth weight, and the effect was attenuated—but nonetheless
significant. Patella lead was positively and significantly related to the risk of a low head cir-
cumference score; this score remained unaffected by inclusion of birth weight. The authors
estimated the increased risk to be 1.02 per pg lead/gm bone mineral (5% confidence in-
terval = 1.01, 1.04 per g lead/gm bone mineral). Odds ratios did not vary substantially after
the authors adjusted for hirth weight and other important determinants of head circumfer-
EFIGE.
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alzo reanalyzed our dala, excluding these observations
ar recoding them as zero, Both of these aoproachas pro-
duced rosults that were essentially unchanged.

We excluded T2 individuals who had questionable
walues thal resulled from either Lthe movement of the
ik Deing measered or the extreme thickness of over-
lying bssue-——resulting in estimates of uncertainty
grealer Lhan 10 wy leadigm hone mineral for the libia,
or 15 pg leadfgm bone mineral for the patella, One par-
ticipant who had a very high and influential tikia 18ad
reading (e, » 70 wg leacigm oone mineral; 3 50%
dbecve the mean) was alse excluded,

Statistical analyses. Linivariate and bivariate statis-
thes, tabulations, and distritution plots were examingd
for all variabbes. Flots of nawborn length and head cir
cumlerence demonstrated & digit oreference bias; B0%
of head circumference measurements ang §4% of
length measurements were recordad as integers. To ac-
count for this bias, we transformed the oulcoms vari-
alxles to anorginal seate with & categories, To defines the
mitial cutofi point for each wariable, we used 1heinte-
ger value closest to the 5% percentile; other cutall points
were gefined in such a way that the proference integer
digis wore located as midpoints of the interval. The fol
bowwing calegories wore wsad for length at birth: 5 =
44.0-47. 5 cm, 4 = 47.6-45.5 cm, 3 = 49.6-50.5 cm, 2
= 50.B-51.5 cm, and T = 51.6-55.0 cm. The cateqories
for head circumference were as follows: 5 = 30.0-31.5
cm, 4 = 31.6-32.0 cm, 3 = 3286-33.5 ¢m. 2 =
33.6-34.5 cm and 1 = 34.6-37.0. lead biomarkers
wire modeled as cantimueis and as categorical war-
ables. For Lhis last approach, we used the cutall pomnt ol
10 pgid! for venous and umnbilical cord blood lead lev-
els and 20.5 pg teadigm bone mineral and 208 pgigm
bone mineral for tibia and patella lead, respeclively
These fasl culoll points correspondad 1o the lower limil
of the top guintile.

To assess the relationsiip of lead biormarkers to length
and read circumference, we used the Cumualative Ddas
Modal. ™% With this model. coveriate: coefficionts are
mterpreted simplys The coefficient represents the odds
ratio (QR) of having a2 lower value in birth fength or head
circumferance per unit of changs of the lead biomarker,

Selection of potential confounders was on Lhe basis of
known predictors of size at binh, ' and they included
the following maternal wvarizbles: height, calf circumfer-
ence, smoking during pregnancy. parily, prior fistory of
poor reproductive outcomes, age and educatian (yr),
hospital of delivery, infarmt gender, and gestational age
(k] We included all potential confounders in the mod-
els for length and head circumference. We then dropped
covariates, one-Gy-ong, that Jid not improve the overall
liL of the model or that changad the effect estimates as-
sociatad with the different lead biomarkers. Inoparticular,
wi explored the hypothesis of residual effect of bone
lead levals on head Sircumierence or birth fength-—after
wi adjusted for maternal and wmibibical cord blood lead
lewels and other impartant predictors,

In a previous repr:u‘t.E wee shonwed that maternal tibia
lead was associated with a lower-than-narmal birth
weighl, As an indicator of overall size at delivery, birlh
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wirlght s et impartant prediclor of head ciroumference
and birth lengtn.'® To tast the aypolhesis that the effect
of bone lead on head circumference or birth length is
incependant of = elfect on birth weight, we included
Birth wedght in the regression models, We performad all
analyses with Stata software (Stala Statistical Software,
release 5.0, Stata Corporation [College Station, Texas]).

Results

We found no signiticent differences belwsen nonpar-
ticipanis and those inthe analytical sample with respsct
tor maternal amthropometry, age, education, parity, infant
anthrogomelry and gestational age, or o lead levels in
vmibitical card or maternal venous Blaod (Table 1), The
mean maternal age of study participants was 244 yr,

Table T.—Maternal and Newbarn Characteristics and
Anthropometry at Birth

Participarts Manmarticipants
[ =223 = 444)
Chazactaristic Moz S0 hdean S0

rfant characrenstics

Gonder (98 lermale) 0.0 512
Gostational doge ak) 305 T2 390 &N
Birthrweeighivfgrm) 3068 A0 31319 395
Bisthy lergth Al 1.5 03 2.4
Head ciicurmiersnoe

{Esall] a8 15 339 i
Datrworod by cosarsan

spolion (5] 19,2 7.7

Malernal cferackeristios

Hg ) 244 5.4 242 h4
Education by 91 . .00 i
Height {m) 153 56 155 .5
Calf circumfrrance

[zl 339 28 4.0 A
History of adverse

reprocuctive

putEomes [# yes) 220 24 A,
Srmiabkrd during

pregrancy (% wes] 4k M
First pregnancy [# yas) 451 455
Ao = 16 [ yas) 2,1 3

Leadd Biomarkers

Iatarnal blood lead

[l .82 g4 .10 aa7 439
Umbiical card izad

(i} 7.0 30 B.75 S50
Tibia lead

[gigm bane) 983 24 A

Mok correctod 1070 .58 PaA

Parella leas

[Lgfarm boane) 1414 130 M

Paredlla corrected 15:3%. 71118 B

Meees: Carfect:on made, sssoring @ limit of detection of 5
Fgigm bone. WA= informaticn not available in bassline ques-
tiireriaire.
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and 2.1% wera 16 yr of age or less al the ume of deliv-
ory (Table 1). Approximataly 45% (0 = 123) were primi-
parous, 4.4% (r = 12) reported smaking during preg-
nancy, and 22% had a priar histary of poor reproduciive
alutcomes (e, low birth weighl, prematurity, stillbirth,
of spontaneous abortion). Means and S0s for newborr
antbropometry were 3,168 gm (50 = 404 gm) for birth
weaight, 33.8 [50 = 1.5 cm) for head circumierence, and
5004 om (50 = 1.8 cmj for birth length,

Maternal blood lead levels ranged from 1.8 10 23.5
ugfdl [mean = 8.8 ugldl [Table 1]). Fifteen percent of
cord blood lead levels exceeded 10 ugidl [range =
1:8-21.6 pgidl]. Mean bone lead concentrations wero
9.8 g leadigm of hone mineral (e, T0.7 corected
for walues oelow the limit of detection) for patella
bone, Maternal bone lead levels were associated oS-
ithvely with maternal and umbilical cord blood lead
levels. Matornal Dlood lead lavels incraased linearly
by DL0B6/1g of Llibia lead [95% confidence interval
[CI] = G047, 0.1489) and by 0.078/ug of patella iead
(95% Cl = Q.047, 0.115), Umbilical cord blood iead
levels increased by O111/ug tibia lead [95% C] =
0064, 0.159) and by 0067 fug of patella lead [95% C
= (L0027, 0.096).

Birth length. \We observed that matermal call circum-
ference, gender, gestational aqge, parity, and history of
acverse reproductive oulcarnes were 21 impeaertant pre-
dictors of birth length {Table 2}, In the mullivariate mod-
cls, umbilical cord bload lead lavel was associated pos-
itively wilh the risk of having a lower-than-normal
Birth-lengtn score (OR = 1.04/0g - dl of umbilical cord
blood lead [95%: Cl = 0.97, 1.12]), We observed an in-
creass in the risk of 4 lower birth lengthovalue with in-
creasing tibia lead levels (OR = 1.03/ug lead - gm bone
minerat (353 Cl1 = 1.07, 1.06]). When we compared

winmen whio were in the upper quintile of the tibia lead
distribution with the remainder of the sample, these in
the higher quintile had a 79% mncrease in risk of naving
& lower birth-length scare (OF = 1.79 [95% C1 = 1.07,
3.22]): tnis association was independent of umbilical or
maternal Dlood lead levels. The assooiation with patella
lzad was weaker than with Lbia lead [Table 2). Howov:
er, when we compared woman who had nigh lead ley-
els in both the tinia (> 16.6 pglgm bone mineral] and
patella {= 24.7 uglgm bone mineral) with the remainder
of tne population, those with higher values had a larges
risk of having a lower scare (OR = 3.06 [95% Cl = 1.31,
7.08]). When we included hirth weight in the models,
the effect allenualed, but it rermained significant for
wiamen who had higher levels of lead in both the tita
and patella (Table 2]

Head circumference. Maternal calf circumference,
snaking during pregnancy, and parity were important
prodictors of head circumference (Tabis 3} With the ex-
ception of patella lead, the inclusion of lead biomarkers
dicl nat substantially maodify the predictive ability of the
rncdel. Smaoking during pregnancy increased Lhe risk of
having a low hesd circumference score (OR = 417
[B5% Gl = 1,19, 12.2]). Palslia tead was related posi-
tivizly Lo the risk of having @ low head-circumlerence
scare [Table 3] We estimated from the multivariate
models an increase of 1.02/ug lead  gm bone mineral
inthe risk of having a lower head circurnference score
(95% €l = 1.01, 1.04). Whan we compared women in
the higher guintile with the remainder of participants,
those in the highest quintile had more than a 2-fold in-
crese inorisk of having a lower head-circumlerznce
scare (OR =213 [958% CF = 1,14, 3.971), When we ad-

Justed for Birth weight, the effect of patella lead res

mained unchanged (Table 3.

of Mewharns

Table 2 —Coefficients and Odds Ratlos (ORs) Estimated by Cumulative Odds Models for Birth Length

Estimates adjusted

flultivariate model 1 oy Birh weiight

Wariabie Beta SE R G5 Ol R 5% Tl
Calfcircumference {on) -0 142 AR T R R S 4 | S S e NE
Gostational aoe 0300 014 074 0059 0.93 MIE
Gencer 0. 1586 0,247 213 1.37, 346 ME
Barity [prirmiparous vi, athen) 0853 DEYE 182 173328 fE
History ol adveise reproductive outoomes 078G 0,335 219 1.4, 222 ME
rmbilical cord blood [ead (ugidl) 007 0035 104 G412 ME
Patella lead {po'gm pong) oG8 o09 1.0 089, 1.03 101 058 1.02
Patella lead = 24.7 yalgm bone 0,210 0,315 123 0687223 1.3 0.0, 242
Tinia fead (pFglgm bonc) 003 04 103 100,106 102 089 1.05
Titwia tead = 168 pglom bone D584 0259 1.9% 1300322 126 QBS 229
Fatelia lead = 24 7 palgar bone and tibia lead

= 16.8 pglym bone 1.12 0431 306 131709 238 105 536

Motes: The dallowing variablos werc included nthe models: calf circumferance (oml gestational age lwk). gender
i1 = fernale], parity, history of adverse reproductive outcomes, and umbilical cord Tead levels (pgidl). Indicatos of
vane [ead burden weare included, 1 ata ume, NE = 0ot estimated, 38 = standard eror, OF = pdds ratio, and ©1 =
confidence Interval,
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Table 3,—Coellicicnts and Odds Ratios {ORs) Estimated by Comilative Odds Models for Head Circumference

at Birth
Eslirmates adjusted
Wuitivariate moger 1 Ly birth wezight
Wariazle Bets aF L& 955 £ R 5%
Catf circumierence (o) -0.100 0042 A0 .83 .0.88 ME
Smoker during pregnancy TAZT Dadd 47 142 1227 ME
Farity (primiparaus vi, oter) DEBE 028 18d 119398 HE
Limitnlical carg blood fead (pgfdl) -G 036 G4l 090, 7.04 M
Fateliz loac (pglgn bong) ooEs oo te2 101784 1 1.00, 1104
Patolia foac > 24.7 0756 8318 2013 w4, 397 240 1826, 4.40
fibia lead {ugfom hone s pd 182 .00, 105 1.2 D089, 105
Tikia el = V806 pglarn bone 0478 IZeS 1540 085 276 1.3 072, 238
Patedla oac = 2687 pgiygrn bone s libin lead
w16 B pigigm bane L4 0448 273 1740 85% 227 094 520

confiranca inmmreal,

Metes: The fallowing vanables were included i wie models: calf cireomfarence [om). gestatonal age (wi, gendar
{1 = female], parity, Ristory o dohverse Teproductive autcames, and umbilical sord lead levels [ecl]. Indicators of
fone lead ourgon werg ncluded, 1 ara time, ME = not estimated, S5 = stancacd oo OR - odds ratic, and 01 =

Discussion

Alnough we did not collect direct data [or the as-
sessment of bone lead mobilization during pregnancy,
we observed 2 lines of evidence that indicated that
bone lead may De mobilized and may have a negative
im@aact in anthropometsy at birth. First, we observed
that bone-lead biormarkers were associated positively
and signiticantly with matermal and umbilical cord
blond lead. Second, we obsereed that maternal bone
ead burden was assoCialed inversely with head cir-
cumference and Dirth length, and this association was
independent of maternal venous blood lead favels, um-
oilical cord lead levels, and other important predictors
af size al birth, including birth weaight.

The full-term human fetus conlains approximately 30
griaf calciurn, all of which must originate fraom maler-
nal sources, Recent studies suggesl that maternal bone
is the main source of calcium in utera,'® %% This source
s impartant, because women who have a large bone
lead burden may release signiflicant quantitics of lead,
as well as calcium, into plasma,*52*-2% Bacern dala by
Gulson et al, show that bone-derived lead may increase
wenous blood lead levels up to 30% by the end of preg-
nancy.?! Bothenberg et al.®f reportad that maternal Lra-
becular Bone lead levels were dircotly associataed with
prenatal and postnatal fead levels, Similarly, in a small
cohorl study in which bone lead lovels were measured
during and after pregnancy, Markowitz et al ** obeerved
that a declining bone lead concentration was associat-
e With-an increase in blood lead.

Amimal expenments®™ and epidemiologic studies sug-
gast that bath in ulero and postnatal lead exgosure may
have an adverse effect on growth, Howowver, results re-
ating head circumference or birth lenglh o prenatal
lead exposure have been inconsistent. Among 185
women with a mean blood lead level of 6.5 pgidl,
Grepne®® reported weak, inverse associalions betwesn
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prenatal Blood lead levels and head circumfercnees
(-0.03 emfug tead) and birth length (-4.88% of SDfug
lead), Similar estimates were reported by Mebdichael et
al# for newbarns (A = 837 women) who had a mean
bigod lead lovel of 1006 pgfdl, Recently, Rothenberg ot
al ! reported that pranatal maternal blogd lead al 36
wil wias associated inversely with head circuemierence ai
8 rma.

some of the limitations of our study require consider-
atioh. Ve evaluated Bone-lead burden cross-sectional-
Iy st T-mo postparium; therefore, we did not collect di-
recl esidence to evaluate motilization of bone-loead
stares duning pregnanoy. Fealuation of prepregnancy
bone lead levels impose irnportant logistic coastiaints,
Alternatively, a determinabion in early pregnancy coulid
Mawve represented a more timely evaluation of xposure.
Howewer, because current reguliations prohikit the use
al any research procedure thal invalves radiation in
preqnant women for resesrch purposes (evenif the dose
is well below accepted oriteria Tor all ages of life). this
determination was impossible, Evidence suggesis Lhat
nong lead measuraments al 'T-mo postpartum may ade-
quately reflect the bone-lead burden at the beginning of
pregnancy. First, lead in cortical bone has a long hall-
life of 5-10 yr, indicaling that changes during pregnan-
cy may naot substantially alter bone-lead concentrations.:
Also, bone-lead biomarkers were significant prediclors
af umbilical cord and malernal blood lead levels ab de-
lvery. Finally, in a small sample of wormen {7 = 16) in
which we measured trabecular bone fead levels befare
and afler pregnancy, wiobserved a high correlation be-
tween measurements [r= 66, p« 07).

The mechanism by winch lead may reduce g new-
Liorn’s size is unknown. Birth weight is an indicator of
overall size, Lthe varianoe of which is exdplainad inde-
pendently by length and weight-for-lenglh™; head cir-
cumlerence will reflect overall skeletal growth and will
be protected o a greater degree from 1oxic exposuras

Archives of Enviranmental Heatth



than proportionality (weight-for-length) per sa. ' Con-
tresdling for Birth wieight attenuates the sssociation of
variables related to the variance in overall size, includ-
ing rmaternal and urmbilics! cord lead lavels and Ghia
lead, suggasting that moebilization of patella lead may
prodict skeletal growth, reflected in birth-weight-ad-
Justed effects observed for haad circemlersnce. These
observalions indicate the possibility that bone-lead ef-
fects may be mediated by 2 mechanisms (Fig. 1} (1) a
systermic mechanism Lhal may reduce glabal size {re-
flectad in the effect on birtn weight), and (2] a local
mechanism that may aifect various Lissues, including
bane reflected in the residual effect after adjusting for
birth wight). Lead may reduce size 2t birth by reduc-
Ing circulating levels of thyreid hormones, byen within
normal ranges of variation, sorum thyraxin is an im-
portant predictor of birth weight, gestational ags. and
fetal groweh.® The results of animal studies suggest that
lead exposure 15 associated with lower serum concen-
trations of trilodothyronine and thyrexin.® |n humans,
different studies have shown Lhal lead sxposure may

menes.* % No information is available aboul Lhe rela-
tionship betweaen Lhyroid function and prenatal expo-
sure to lead; therefore, mare data are noeded if this fy-
poinesis s o be confirmed, Lead may also reduce size
al birth by a direct toxic gifect in calcified Llissus. Data
from exparimeants in nonhuman primates indicate Lhal
leac is deposited in fetal boneg at even higher concen-
trations than it is in adult bone. suggesting the possi-
bility Lhat there is @ direct effect of lead on bone
growth

Our results indicate that lead can remain a significant
threal 1o the letus fong after cessation of external lead
EXPOSUre 10 women who are pregnant or who are going
o becorme pregnant. Althacgh the magnilude of effects
weas srmall, siech effects are indicativie that a continuous
exposure during pragnancy allecls owverall groweth in
size and, possibly, skeletal maturation, The effects of
lead on head circurmference may reflect disruption of
carly brain growth® and raises concerns about the go-
tential effects of increased |ead exposure resulting from
maternal bone-lead mobilization on the develoging

degrass |he release of thyrotropin-stimulating Hio- {etus.
MATERNAL
| LEAD
e |
- 'i'_ll
— —:i.;;fﬁ;_‘ .y plserariti
L
"'-..u.-f"'
——| FETAL |
W LEAD ‘—--,“~.r|f-
77 FETAL ™ I,
\_THYROID _/ FETAL
e T "\ESTEGC? rES ./
- o
L Thyroid
g - w
Stimulating Skelatal
Hormone " growth
v .__..."".
< Thyroxine Sl
' 4
L Boll ssue ] Birth
organ growth - Langth
[ ]
L e - Haard
L BIRTH _ _
WEIGHT Circumference
Fig. 1. Possible mechanism Tor the effects of lead on intrautering growth,
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