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Effect of Maternal Lead Burden on Infant Weight and Weight Gain at
One Month of Age Among Breastfed Infants

Luz Helena Sanin, MD, MPH*}; Teresa Gonzélez-Cossio, PhD*; Isabelle Romieu, MD, MPH, ScD§;
Karen Eileen Peterson, ScD, RD||; Silvia Ruiz, PhD{; Eduardo Palazuelos, MD*#;
Mauricio Hernandez-Avila, MD, ScD*; and Howard Hu, MD, ScD|**

ABSTRACT. Introduction. Transfer of lead from bone
to the bloodstream increases during lactation. However,
the effect of maternal lead burden on growth in breastfed
newborns is still unknown. This study examined early
postnatal growth in a cohort of healthy breastfed new-
borns in relation to maternal bone lead burden.

Methods. Lead levels were measured among 329
mother—infant pairs in umbilical cord blood at birth and
in maternal and infant venous blood at 1 month postpar-
tum. Maternal evaluations at 1 month postpartum in-
cluded lead measures in blood and bone (measured in
the tibia and the patella). Blood lead was determined by
graphite furnace atomic absorption spectrophotometry.
Bone lead was measured by °°Cd Kx-radiograph fluo-
rescence instrument. The primary endpoints were at-
tained weight 1 month of age, and weight gain from birth
to 1 month of age, which were analyzed in relation to
lead biomarkers and relevant covariates by linear regres-
sion models.

Results. Infants studied had an average weight gain
of 33.1 g/day (standard deviation [SD] = 11.6). Mean
infant (at 1 month of age) and maternal blood lead levels
were 5.6 pug/dL (SD = 3.0) and 9.7 pg/dL (SD = 4.1),
respectively. Mean maternal bone lead levels were 10.1
ng of lead/g (SD = 10.3) and 15.29 pg of lead/g (SD =
15.2) of bone mineral for tibia and patella, respectively.
Infant blood lead levels were inversely associated with
weight gain, with an estimated decline of 15.1 g per
pg/dL of blood lead. Children who were exclusively
breastfed had significantly higher weight gains; how-
ever, this gain decreased significantly with increasing
levels of patella lead. The multivariate regression analy-
sis predicted a 3.6-g decrease in weight at 1 month of age
per pg of lead per gram bone mineral increase in mater-
nal patella lead levels.

Conclusions. Maternal lead burden is negatively as-
sociated to infant attained weight at 1 month of age and
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to postnatal weight gain from birth to 1 month of age.
Additional studies are needed to better understand this
source of exposure and to develop interventions to min-
imize its impact. Pediatrics 2001;107:1016-1023; maternal
lead burden, infant weight, weight gain, breastfeeding.

ABBREVIATIONS. SD, standard deviation; CI, confidence inter-
val.

stores may be mobilized during pregnancy

and lactation.!~3 Because lead accumulates in
bone, women who were chronically exposed to en-
vironmental lead during infancy and adolescence
may arrive at the age of reproduction with a signif-
icant bone lead burden. Because lead crosses the
placental barrier freely* and because lead is excreted
in breast milk,> mobilization of bone lead stores may
substantially increase lead exposure of the develop-
ing breastfed infant.

Environmental lead exposure in Mexico City has
been related to 2 primary sources: the use of leaded
fuel and the use of traditional lead-glazed ceramics
for cooking, storing, or serving foods.® For many
years, lead was extensively used as an additive in
gasoline. However, its use has decreased signifi-
cantly since 1986,° resulting in a decline in umbilical
cord blood lead levels from 13.5 ug/dL in 1980 to 6.9
pg/dL in 1996.78 Similar changes have been re-
ported for children living in Mexico City.? The re-
sulting decline in ambient air lead levels has in-
creased the relative importance of bone lead stores as
a source for lead exposure. Pregnancy and lactation
are known to be associated with a marked increase in
maternal bone turnover!®!!; this physiological pro-
cess may condition lead mobilization from bone
stores.!®> Thus, bone lead constitutes an important
threat, not only to women with ongoing environ-
mental exposures, but also to women enjoying re-
duced environmental exposures but who have had
elevated exposures in the past.

Previously, we studied the biological significance
of prenatal lead exposure from maternal bone lead
stores and documented lower birth weight in chil-
dren born of mothers with high levels of bone lead.!?
However, the effect of endogenous sources of lead
on growth in human newborns is still not well-doc-
umented. In this report, we examine the relationship
between lead exposure and postnatal growth and

I z ecent studies have documented that bone lead
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size at 1 month of age in healthy, breastfed infants.
Lead exposure was determined by measuring blood
lead levels at birth and at 1 month of age and Kx-
radiograph fluorescence measured maternal bone
lead—as an indicator of bone lead burden—and ma-
ternal blood lead levels at 1 month postpartum.

METHODS

Sample Selection

We examined baseline data of 617 women who were subse-
quently enrolled in a randomized trial to assess the effect of
calcium supplementation on blood lead levels during lactation.
Data collection methods have been detailed elsewhere.!3 Briefly,
between 1994 and 1995, 2910 potential study participants were
interviewed at 3 maternity hospitals in Mexico City. Of these
women, 1382 were found to be eligible for the trial. Exclusion
criteria included no intention to breastfeed; logistics that would
interfere with data collection, such as living outside of Mexico
City; and conditions related to calcium metabolism and require-
ments, such as multiple fetuses, preeclampsia, or pregnancy-re-
lated hypertensive disorders; psychiatric, kidney, or cardiac dis-
ease; gestational diabetes; history of repeated urinary infections;
family or personal history of kidney stone formation; seizure
disorder requiring daily medications; and ingestion of corticoste-
roids. Also excluded from the study were premature neonates
(<37 weeks) or newborns with low birth weight (<2000 g). Base-
line information on health status and social and demographic
characteristics as well as written consent were obtained from all
1382 eligible participating mothers. Umbilical cord and maternal
venous blood specimens were obtained at delivery from 82% of
newborns and 98% of the women participating in the study.

At 1-month postpartum (*+ 5 days), participants were invited to
attend our research center. Of the 1382 initially eligible mother—
infant pairs, 617 (44.6%) agreed to participate in the trial. At this
time, an interview questionnaire was used to assess social and
demographic characteristics, reproductive history, maternal and
infant perinatal health, infant feeding practices (exclusive vs par-
tial breastfeeding), and known risk factors for blood lead, docu-
mented in our previous studies.®

Anthropometry

Experienced obstetric nurses using standard procedures col-
lected anthropometry data on nude newborns within the first 12
hours of delivery. Maternal and infant anthropometry at 1 month
after delivery was collected by our project personnel, previously
trained and standardized following the technique described by
Habicht,'* using calibrated beam scales (Oken model TD16, Oken,
Naucalpan, Mexico) read to the nearest 10 g.

Lead Measurements

We measured blood lead concentrations in umbilical cord and
venous blood samples from the infant at 1 month of age. Maternal
blood lead levels were determined at delivery and at 1 month
postpartum. All samples were analyzed by graphite furnace
atomic absorption spectrophotometry instrument (Perkin-Elmer
3000, Perkin-Elmer, Norwalk, CT) at the metals laboratory of the
American British Cowdray Hospital in Mexico City. The labora-
tory standardization program of the Wisconsin State Laboratory of
Hygiene (Madison, WI) provided external quality control with
blind specimens varying from 2 to 88 ug/dL. Our laboratory
maintained acceptable precision and accuracy during the study
time (correlation = 0.98; mean difference: 0.71 pg/dL; standard
deviation [SD] = 0.68).

Additional lead measurements included the determination of
maternal bone lead. Measurements were obtained from the par-
ticipants” midtibia shaft (cortical bone) and patella (trabecular)
using a spot-source °Cd Kx-radiograph fluorescence instrument
constructed at Harvard University and installed in a research
facility in Mexico. The physical principles, technical specifications,
validation, and use of this and other Kx-radiograph fluorescence
instruments have been described in detail elsewhere.'>1¢ Briefly,
the instrument uses a 1°°Cd y-ray source to provoke the emission
of fluorescent photons from target tissue that are then detected,
counted, and arrayed on a spectrum. Net lead signal is determined
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after subtraction of Compton background counts, using a linear
least-squares algorithm. The lead fluorescent signal is then nor-
malized to the elastic or coherently scattered radiograph signal,
which arises predominantly from the calcium and phosphorous
present in bone mineral. For the present study, 30-minute mea-
surements were taken at the midshaft of the left tibia (cortical
bone) and at the left patella (trabecular bone) after each region had
been washed with a 50% solution of isopropyl alcohol.

The analysis presented is restricted to 53.3% of the participants
of the trial (n = 329) with complete information for all variables of
interest. We excluded from the analyses 24.9% (n = 154) because
of refusal to participate in this part of the study, 12.8% (n = 79)
because of missing umbilical cord blood lead levels, and 8.1% (1 =
41) because of questionable bone lead measurements. Potential
sources of errors in these measurements included movement of
the limb out of the measurement field or extreme thickness of
overlying tissue. Each of these individuals had estimates of un-
certainty that were >10 ug of lead/g for the tibia or 15 ug of
lead /g of bone mineral for the patella. The remaining participants
were excluded because of missing information or errors in the
following variables: maternal height (n = 12) and date of birth
(n = 2).

Statistical Analyses

We had 2 main outcome variables: weight gain from birth to 1
month of life and attained weight at the same time point. Univar-
iate and bivariate statistics, tabulations, and distribution plots
were examined for all variables. To identify outliers, we assumed
that the maximum growth that an infant could achieve between
birth and the first month of life was equal to the change from the
10th percentile at birth to 90th percentile at 1 month of the Na-
tional Center for Health Statistics/World Health Organization
reference growth curves.!” Thirteen infants whose growth was
outside this expected scale were considered outliers and were
excluded from the analysis.

In a first step, we used ordinary least-squares multiple regres-
sion analyses'® to identify important determinants of weight and
weight gain at 1 month of age. Selection of covariates was based
on known predictors of infant growth.1920 Variables included in
the models were infant age, gender, breastfeeding practices (ex-
clusive vs partial), and infant health problems during the first
month of life (doctor or hospital visits because of gastrointestinal
or respiratory illness); maternal characteristics, such as age, parity
(first born vs other), maternal anthropometry (calf circumference
and height), and education level (complete elementary or less vs
seventh grade or more); and the hospital of recruitment (social
security vs others). Our final multivariate base model included
only those variables that were retained in the model after a back-
ward stepwise elimination, with selection criteria set at P < .10.

In the second step, we added to the base model data regarding
our lead biomarkers. Each variable was included one at a time, as
well as in combinations. Lead measurements were used as con-
tinuous and categorical variables using indicator variables for
blood lead (zero for value =10 and 1 for values >10 ug/dL) and
the quartile distribution for bone lead measurements. The quartile
cutoff points for tibia lead were: 4.2, 9.7, and 15.7 pg of lead/g of
bone mineral, and for patella lead were: 4.9, 13.9, and 24.5 pg of
lead/g of bone mineral.

We explored the hypothesis of residual effect of maternal bone
lead levels on infant growth by adding to the model the bone
markers after adjusting for maternal and infant blood lead levels
at birth and at 1 month of age. In addition, we tested the potential
interactions among the different lead biomarkers and between
lead biomarkers and breastfeeding patterns.

As a final step, to test the robustness of our models, we used
more rigid criteria for the bone lead measurements, ie, by includ-
ing only those measurements with imprecision lower than 8 and
11 for tibia and patella, respectively, and excluding bone lead
values with point estimates below 0. However, because results
were essentially unchanged, we present only those obtained with
the full set of data. We performed all analyses with Stata Software
(Stata Statistical Software, Release 5.0, Stata Corporation, College
Station, TX).

RESULTS

Of the 1382 eligible mother—infant pairs, 476
(34.4%) completed the 1-month postpartum evalua-
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tions including infant’s anthropometric and blood
lead measurements. Participants and nonpartici-
pants did not differ regarding maternal age, educa-
tion, parity, birth weight, or umbilical cord blood
lead levels (Table 1). The groups included and ex-
cluded from the analysis were similar, except for
slightly higher blood and bone lead levels among
women who were included in the analysis (Table 1).

Umbilical cord blood and infant blood lead con-
centration at 1 month of age were 6.8 ug/dL (SD =
3.8) and 5.6 ug/dL (SD = 3.0), respectively. Close to
14% and 8% of umbilical cord and infant blood lead
values exceeded the 10-ug/dL cutoff point. Maternal
blood lead levels at 1 month postpartum ranged
from 2.2 to 60.1 ug/dL with a mean of 9.7 ug/dL
(SD = 4.1). Mean maternal tibia lead was 10.1 (SD =
10.3) ug of lead/g of bone mineral and patella lead
burden was 15.2 (SD = 15.2) ug of blood/g of bone
mineral. The number of measurements with point
estimates <0 were 28 for tibia (8.5%) and 36 for
patella (10.1%). We observed statistically significant
associations among the different lead biomarkers.
Maternal blood and bone lead levels were strong and
significant predictors of infant blood lead levels, both
at birth and at 1 month of age (Table 2).

Participants in the study were followed for an
average of 31 days (range: 23-58 days) from birth.
Over the study, the newborns had an average weight
gain of 33.1 g/day (SD = 11.6). Mean weight attained
at 31 days of life was 4187 g (SD = 544).

Using bivariate regression models with infant age
included as a covariate, variables related positively

to weight gain were gender (male), exclusive breast-
feeding, and no history of a hospital visit because of
respiratory or gastrointestinal disease (P < .10; Table
3). Attained weight at 1 month was positively asso-
ciated with age and being a male, with maternal
height, calf circumference, and education, and nega-
tively associated with primiparity (Table 3).

We then examined the relationship between lead
biomarkers and infant growth adjusted for infant age
and multiple relevant covariates (Table 4). In these
multivariate models, all lead biomarkers were in-
versely related to weight gain and attained weight at
1 month of age. However, significant associations
were only observed between infant blood lead level
at 1 month and weight gain, and between maternal
patella lead level and attained weight at 1 month of
age.

gInfant blood lead levels were inversely associated
with lower weight gains. The estimated weight gain
arrest from birth to 1 month of age was 15.1 g per
png/dL of blood lead (95% confidence interval [CI]:
1.8-28.3). Compared with infants who had blood
lead levels below 10 ug/dL, those with higher levels
(n = 26) had a 142-g lower weight gain from birth to
1 month (95% CI. —7.5-287; P = .06). The 2 associa-
tions mentioned above remained unchanged even
when other lead biomarkers were included in the
model.

We observed that maternal patella lead levels sig-
nificantly modified the effect of exclusive breastfeed-
ing on weight gain. When we included the interac-
tion term between maternal patella lead levels and

TABLE 1. Comparison of Participants With Complete Information and Those Excluded Because of Missing Information in One Key
Variable
Percent Eligible Women Who Agreed to Eligible Women Who
With Participate Did Not Agree to
Complete Participate
Information Included in Excluded From Nonparticipants
the Analyses the Analyses n =765
n = 329 n =276
Infant lead biomarkers
Blood lead at birth (umbilical cord) (ug/dL) 82.6 6.8 (3.9)t 6.3 (3.00) 6.5 (3.6)
Blood lead at 1 mo of age (ug/dL) 75.5 5.7 (3.0) 5.5(3.3)
Maternal lead biomarkers
Patella lead level (ug of lead/g of mineral bone) 92.7 15.2 (15.2) 14.2 (17.3)
Tibia lead level (ug of lead/g of mineral bone) 97.3 10.1 (10.3) 9.75 (10.3)
Blood lead level at 1 mo postpartum (ug/dL) 100 9.7 (5.2)* 8.8 (3.9)
Infant characteristics
Age (d) 96.8 31.6 (5.75) 32.9 (6.8)
Gender (percent male) 99.8 52 52 52
Birth weight (g) 100 3136 (402) 3132 (438) 3139 (407)
Weight at 1 mo of age 4187 (544) 4178 (624)
Weight gain (g) 94.6 1051 (418) 1067 (426)
Exclusively breast fed (%) 99.8 50.7 49.7
Sick, made hospital visit (%) 100 4.0 9.3
Maternal characteristics
Mother’s age (y) 100 244 (5.1) 24.5 (5.1) 24.2 (4.9)
Height (cm) 96.3 153 (5.4) 153 (5.4)
Calf circumference (cm) 100 33.8(3.1) 34.2 (3.5)
Years in school (y) 100 9.2(3.2) 9.5(2.8) 9.2(3.1)
% with elementary school 100 24.0 19.9 23.3
place of recruitment (% from Social Security 100 87.5 91.0 88.3
hospitals)
First pregnancy 100 39.5* 47 445
* Differences with sample included in the analysis significant at P < .05.
1t Mean (SD).
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TABLE 2. Mothers” and Infants” Lead Biomarkers Correlations*
Umbilical Infant Blood Maternal Blood Maternal Patella
Cord Blood (1 Month) (1 Month pp) (1 Month pp)
Infant blood (1 mo) 0.60
Maternal blood (1 mo pp) 0.62 0.75
Maternal patella (1 mo pp) 0.27 0.25 0.30
Maternal tibia (1 mo pp) 0.17 0.12 0.13 0.33

pp indicates postpartum. All correlations were significant at P < .05.

*n = 239 mother—infant pairs.

TABLE 3. Relationship of Maternal and Infant Characteristicst to Infant Growth
Weight Gain (Grams) P Value Attained Weight (Grams) P Value
Birth to 1 Month of Age at 1 Month of Age
(95% CI) (95% CI)
Age (d) 32.8* <.01 28.7* <.01
(25.7 t0 39.8) (18.8 to 38.4)
Maternal height (cm) 3.1 41 18.9* <.01
(—4.3 to0 10.50) (8.83 t0 29.4)
Calf circumference (cm) 1.68 .23 32.9* <.01
(12.6 to 15.9) (14.8 to 51.2)
Infant gender (male = 1) 130.3* <.01 137.1* .01
(40.2 to 220.3) (19.3 to 254.8)
First pregnancy —50.5 .28 —198.2% <.01
(—133.3t032.3) (—312.3 to —85.4)
Breast feeding (exclusive = 1) 77.7* .09 47.8 46
(—13.8 to0 189.3) (=79.9 to 175.6)
Hospital visit because of —193.6* .07 —110.7* 47
infant sickness (yes = 1) (—401.21t0 13.7) (—413.8 to 192.4)
Place of recruitment —729 .29 —52.9 .56
(IMSs = 1) (—210.2 to 64.3) (—231.8 to0 125.8)
Complete elementary school 47.5 .32 112.3* .09
(yes = 1) (—47.41 to 142.38) (—19.21 to 243.9)

IMSS indicates Instituto Mexicano del Seguro Social (Mexican Institute of Social Security).
* Indicates the variables that were selected in backward stepwise regression procedure.

t Adjusted for infant age (except infant age).

type of breastfeeding, the association between exclu-
sive breastfeeding and growth became apparent (Ta-
ble 5). This association was progressively less appar-
ent among infants of women with increasing patella
lead levels. Exclusively breastfed infants had 6 g
lower weight gains per ug increase of their mothers
patella lead burden. A similar relationship was ob-
served when we conducted a stratified analysis ac-
cording to terciles of maternal patella lead (Fig 1).
This analysis shows that the larger weight gain of
exclusive breastfeeding was only apparent among
those infants whose mothers had the lowest tercile of
patella lead concentrations.

We observed an inverse association between ma-
ternal patella lead burden and attained weight at 1
month, adjusting for the infant’s age and gender and
maternal characteristics (Table 5). Regression analy-
sis predicted a 3.6-g decrease in attained weight per
png of lead/g of bone mineral increase in maternal
patella lead. When patella lead was used as a cate-
gorical variable, we observed a mean difference in
weight of 66 g, comparing infants whose mothers
had patella lead levels in the first quartile with those
in the fourth quartile (equivalent to 34 ug of lead/g
of bone mineral difference). We also tested for an
interaction between type of breastfeeding and patella
lead. Inclusion of the interaction term in the model
did not improve the fit. In stratified analysis by
tercile of patella lead, the positive association of ex-
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clusive breastfeeding to weight attained at 1 month
of age decreased from 143.0 g (95% CI: —91.3-377.1;
P = .22) among participants whose mother had a
bone lead value in the lower tercile, to —47.8 g (95%
Cl: —272.3-176.8; P = .67) for those with values in the
upper tercile.

DISCUSSION

Our findings suggest that lead exposure during
the early postnatal period has an adverse effect on
early weight gain among healthy breastfed infants.
We observed that those infants with a blood lead
concentration above 10 ug/dL experienced a 142-g
lower weight gain from birth to the first month of life
compared with infants with lower blood lead levels.
The magnitude of this growth arrest corresponds to
a reduction of 16% in weight gain from birth to 1
month of age.!” We also found an important positive
association between exclusive breastfeeding and
early growth. Infants who received only their moth-
er’s milk in their first month of life gained ~77 g
more than did those who were only partially breast-
fed. This growth benefit has been repeatedly ob-
served in many developing countries.!*-2° However,
our data suggest that a high maternal bone lead
burden inhibits this benefit, because this growth im-
provement was only apparent among infants of
women with lower lead burden. The benefit of being
exclusively breastfed in terms of early weight gain
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TABLE 4.

Relationshipt Between Different Biomarkers of Lead Burden and Infant Growth

Weight Gain From
Birth to 1 Month of Age

Attained Weight at
1 Month of Age

Age-Adjusted

Multivariate-Adjusted

Age-Adjusted Multivariate-Adjusted

Patella lead} -0.61 -0.31 -2.80 —3.69*
(=327 to 2.1) (—2.94 to 2.30) (—6.49 to 0.88) (=721 to —0.16)
Patella lead (1st vs 4th quartile) -37.2 —22.6 -39.0 —66.2
(—154.6 to 80.2) (—138.4 t0 93.1) (—202.2 to 124.1) (—222.3 t0 89.9)
Tibia lead (ug/g bone mineral) 0.26 -0.24 -3.61 —4.84
(—3.68 to 4.2) (—4.13 to 3.6) (—9.32 to 1.61) (—10.1 to 0.36)
Tibia lead (Ist vs 4th quartile) —20.6 -39.7 —-89.9 —131.1
(—134.4 t0 93.1) (—152.2 to 72.6) (—248.5 to 68.5) (—282.6 to 20.50)
Lead umbilical cord§ —6.5 -5.6 —5.6 —6.67
(—16.9 t0 3.9) (—159 to 4.7) (—20.2 to 8.9) (—20.63 to 7.1)
Lead umbilical cord -111.6 -96.0 —118.2 —-132.2
(—228.2 to 4.8) (—211.2 to 18.5) (—280.5 to 44.1) (—286.8 to 22.17)
Infant blood lead —-15.9* -15.1* -6.0 —-8.2
(-29.3 to —2.4) (-283to —1.8) (—24.9 to 12.8) (—26.1t09.7)
Infant blood lead -132.8 —140.2 —106.5 —-109.1
(=29.3to0 —2.4) (—287.8t07.5) (—315.8 to 102.9) (—308.3 to 90.0)
Maternal blood lead 0.62 -4.9 0.6 -1.0
(102 to —11.4) (—12.6 to 2.6) (-10.2 to 11.4) (-11.3 10 9.3)
Maternal blood lead level —54.6 —66.5 21.7 -9.8
(>10 pg/dL) (139.4 to 30.2) (—150.0 to 16.9) (—96.6 to 139.8) (—122.9 to 103.3)

*P < .05.

t Ordinary least-squares multiple regression models adjusted as follows: variables in the model for weight gain: infant’s age (days),
gender, sick and made hospital visit, and exclusively breastfed. Variables for weight at 1 month: infant’s age, maternal education, first
pregnancy, gender, hospital visit, maternal height, and calf circumference.

T Bone measurement units are pg of lead/g of bone mineral.
§ Blood measurement units are pg/dL.

TABLE 5. Maternal and Infant Predictors of Early Growth*
Variable [B] 95% CI P Value

Weight gain from birth to 1 mo (12 = 26%)
Infant age (d) 31.3 (21.6 to 41.0) <.01
Gender (male = 1) 102.5 (23.6 t0 181.3) .01
Sick, made visit to hospital (yes = 1) —200.5 (—=377.0 to —23.9) .02
Exclusive breastfeeding (yes = 1) 180.2 (30.6 to 329.6) .01
Infant blood lead (1 mo of age, nug/dL) —15.6 (=279 to —3.34) .01
Patella lead level (ug Pb/g bone mineral) 1.77 (—1.34 to 4.90) .26
Patella breastfeeding interaction term -7.77 (—=15.3 to —0.17) .04
Model for weight attained at 1 mo (12 = 19%)
Infant age (d) 26.29 (16.9 to0 35.7) <.01
Education level 107.9 (—22.5 t0 238.8) 10
Primiparous (yes = 1) —224.4 (—336.6to —112.4) <.01
Gender (male = 1) 110.41 (2.1t0218.7) .04
Sick, made visit to hospital (yes = 1) —234.7 (=509 to 40.3) 0.09
Maternal calf circumference (cm) 214 (4.0t0 38.7) 0.01
Maternal height (cm) 14.5 (4.2 to 24.8) 0.006
Patella lead (ug of lead/g of bone mineral) —3.65 (—=7.21 to —0.16) 0.040

* Ordinary least-squares multiple regression models.

was not apparent at increasing levels of lead in ma-
ternal bone. The mechanism for this effect might be
through the exposure to lead through breast milk.
Lead isotopes studies suggest that there is an impor-
tant mobilization of bone lead during lactation, and a
small fraction of this lead appears in breast milk.?
The strong health benefits of breastfeeding clearly
outweigh the negative association of lead burden in
growth at this age, and our data must not be taken as
a recommendation against exclusive breastfeeding.
Our results confirm the previously reported find-
ing that maternal lead burden is an important deter-
minant of infant lead levels at birth and at 1 month of
age.?! However, although maternal blood lead was
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strongly associated with infant blood lead levels,
both at birth and at 1 month of age, it failed to predict
adverse effects in attained weight or on weight gain
from birth to 1 month of age. In contrast, maternal
patella lead levels, which in comparison to maternal
blood lead levels had a lower association with infant
blood lead level, predicted significantly an adverse
effect in anthropometry at 1 month of age. This ob-
servation adds to the recent accumulating evidence
suggesting that maternal blood lead may not be a
good indicator of exposure in the maternal-infant
unit during pregnancy or lactation, especially be-
cause this biomarker fails to adequately reflect en-
dogenous exposure resulting from bone lead mobi-
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Fig 1. Estimated weight gain differences (mean * standard error)
between exclusively and nonexclusively breastfed infants accord-
ing to their mother’s patella lead levels. (The difference between
exclusively and nonexclusively breastfed infants in the lowest
tercile of patella lead was significant at P = .04.) ND indicates
nondetectable.

lization.?? This limitation of maternal blood lead
levels may explain previous discrepancies in studies
that evaluated lead effects in anthropometry at birth
or the early postnatal period using maternal blood or
umbilical cord lead levels.?3

To the best of our knowledge, this is the first report
of a deleterious effect of an endogenous lead source
(as bone lead), evaluated directly, on functional out-
comes in a free-living population. The population
that we studied is in transition from a period of high
to low environmental lead exposure. Because of the
recent phase-out of leaded gasoline in Mexico, blood
lead levels have show an important decline.” Because
the half-life of lead in bone is 10 to 15 years,?* bone
lead levels have remained elevated despite these im-
portant declines in blood lead. Therefore, the moth-
ers of the children studied in this cohort entered into
pregnancy and lactation with a relatively high en-
dogenous lead burden and a low environmental ex-
posure (air lead), which determined our ability to
study the health effects of endogenous sources.

Our results cannot be explained by other impor-
tant determinants of early growth, such as infant’s
age, gender, and morbidity. We have considered
these factors, statistically or by design. Thus, our
findings of the negative association between lead
exposure and early growth cannot be explained by
confounding factors. Actually, predictors of weight
gain and weight at 1 month of age were similar to
those reported in other populations.

Exposure to lead is also associated with a variety
of socioeconomic circumstances that may include
poor nutrition, childhood illness, and other related
factors that influence growth. We controlled for these
factors by studying only breastfed infants from a

Downloaded from www.pediatrics.org. Provided by Instituto Nacional de Salud Publica on February 1f ggf

homogenous population. We also included in our
regression models socioeconomic information and
history of disease. As expected, all these variables
were important determinants of weight gain but did
not modify the observed associations between lead
exposure and weight gain. Therefore, it is unlikely
that confounding by important determinants of
growth, or selection bias, could explain our findings.
Furthermore, our observation that lead level in tra-
becular bone (as represented by patella) as opposed
to cortical bone (by tibia) was an important predictor
of attained weight at 1 month of age, agrees with
evidence resulting from bone resorption studies that
suggest that trabecular bone is importantly mobi-
lized during lactation.!92526

Bone lead measurements are subject to error, es-
pecially when the concentration of lead in bone ap-
proaches the limit of detection of the Kx-radiograph
fluorescence instrument. However, lead measure-
ment errors are expected to occur at random in rela-
tion to anthropometry, resulting in an underestima-
tion of the true association. To evaluate the
magnitude of this potential bias, we excluded mea-
surements with negative values and applied more
stringent criteria for accepting bone lead measure-
ments as admissible (imprecision for patella lead
<11). As expected, when we applied these condi-
tions, the observed associations became more appar-
ent (results not shown). For example, more stringent
imprecision criteria substantially increased the in-
verse association between patella lead and attained
weight from —3.6 g to —5.8 g per ug of patella lead.

Reverse causality may be a problem in our study
because infant weight at 1 month of age and blood
lead levels were measured concurrently. Larger in-
fants could incorporate more lead in bone, thereby
lowering blood lead levels in the infant and creating
a spurious negative association between blood lead
and weight gain. To address this issue, we included
length at 1 month of age and length change between
birth and 1 month of age in the analysis and ob-
served that the association between infant blood lead
and weight gain remained unchanged.

With our study design, we are not able to draw
causal inferences relative to the association between
lead exposure and weight gain. However, our find-
ings are consistent with animal models that have
extensively documented this inverse association in
the rat.2”~2° Some epidemiologic studies have docu-
mented similar findings looking at anthropometry at
birth?3; however, no single investigation has looked
at both the effects of maternal bone and blood lead
levels so as to allow a direct comparison with our
results. The mechanisms behind lead effects on
growth seem to involve actions at different sites.
Lead may interfere with vitamin D metabolism3° or
with calcium’s role as a cellular messenger in its
endocrine functions,®! or it may act as a depressant
of food intake.3?

The public health significance of our findings is
notable because early growth problems have health
and social consequences. It has been shown that
early impaired growth is associated with decreased
intellectual and physical performance, such that
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work capacity, school achievement, and human cap-
ital in a broader sense are compromised.333* Unfor-
tunately the growth deficit most often observed in
developing countries occurs early in infancy before
the age of 2 years, and often this retardation begins
during the first 3 months of life, or even as early as in
the first month, as has been demonstrated in this
study. The earlier that the nutritional or environmen-
tal insult occurs, the larger the damage will be. Nu-
tritional interventions aimed at infants younger than
3 years of age have shown to be beneficial at improv-
ing linear growth, as well as the short- and long-term
health consequences.333* In this context, it is impor-
tant to mention that the deleterious association of
lead and infant weight observed in this study paral-
lels in magnitude that of successful nutrition inter-
ventions in young infants. Infants with better growth
have a greater opportunity to fulfill their intellectual
potential and have a greater work capacity as young
adults than do infants and children whose growth
falters early in life.3334

Prevention of fetal and postnatal lead exposure of
breastfed infants requires identification and control
of sources of environmental lead exposure for preg-
nant and lactating women. With the removal of lead
from gasoline, food contaminated by cooking or stor-
age in low-temperature lead-glazed ceramics has
risen in prominence as the major pathway for envi-
ronmental lead exposure and needs urgent action for
its elimination.3>3¢ However, our results also indi-
cate that prevention of lead exposure during preg-
nancy and lactation will also require the control of
endogenous maternal bone lead stores. Studies are
needed to evaluate intervention measures to reduce
bone resorption during pregnancy and lactation. Be-
cause bone lead has a half-life of years to decades,
our results suggest that lead can remain a significant
threat to the fetus long after cessation of external lead
exposure to women who are pregnant or who are
going to become pregnant.

Lead concentrations in breast milk are low and
must not be a reason to discourage breastfeeding. A
critical analysis of the known health benefits of
breastfeeding versus lead exposure must be per-
formed, but present knowledge strongly suggests
that breastfeeding should be encouraged and that
other interventions to reduce early lead exposures
must be studied intensely.
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NEW ARMY CAMPAIGN

After 20 years, the Army is dropping its famous recruiting slogan . .. the new
slogan is “An Army of one,” an odd contradiction in terms, and it may be too
mystifying to make anyone dash to the nearest enlistment center. But the Army has
a problem. It missed its recruiting goals in 3 of the past 6 years and barely met them

in the other 3.

The economic boom is a factor, draining off many potential recruits. But the real
difficulty is the mind-set of the 18- to 24-year-olds targeted for enlistment ads. They
think of soldiers as “nameless, faceless people in green uniforms crawling through
mud,” said an Army public relations man. The Army churned up a lot of research
on young adults by the Rand Corporation, Yankelovich Partners Incorporated, and
McKinsey & Company. On the basis of the findings, many of them already
well-known, the Army apparently concluded that the current generation of young
people is so individualistic, so resistant to authority and rules, that it has to market
military life as the natural home of the freewheeling, unfettered spirit. . .

Leo J. On society. US News & World Report. January 22, 2001
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