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H I G H L I G H T S

• Obesity in early life might be important
in development of obesity-related dis-
eases.

• Perinatal lead exposure accelerated
body mass increase in 2-years old chil-
dren.

• Efforts in reducing lead exposure in ear-
ly life should be considered.
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In utero exposure to lead is known to cause various adverse health outcomes and early life obesity can affect per-
manent metabolic alterations leading to adverse health outcomes. To examine the relation between perinatal
lead exposure and childhood obesity, lead level in cord bloods and growth- and obesity-related markers at
birth were measured from 280 mother-child pairs. The weight, height, and body mass index (BMI) of children
were measured at birth and followed up several times up to 27 months of age. The relations between lead
level and growth- and obesity-relatedmarkerswere evaluated using a generalized linearmodel after adjustment
for maternal age, maternal BMI, gestational period, cesarean section, and smoking status. The changes of child
weight, height, and BMI z-scores at followed-up months of age after birth by lead exposure were evaluated
using a generalized linearmodel after adjustment for covariates used in the analyses for growth- and obesity-re-
lated markers and child's gender. The lead level was positively associated with an increase of birth height (p =
0.019) and a decrease of ponderal index at birth (p = 0.027) in boys, but not in girls. Moreover, the lead level
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was positively associated with increases of BMI z-score after 18 months of age (p = 0.070 at 18 months of age;
p= 0.003 at 24months of age; and p= 0.002 at 27months of age). Perinatal lead exposure affected accelerated
body mass increases at specific times of the children' development.

© 2017 Elsevier B.V. All rights reserved.
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Body mass change

1. Introduction

Obesity was known to be a major cause of adverse health outcomes
including hypertension and diabetes mellitus in adults (DeFronzo et al.,
2015; Movahed et al., 2016). In particular, obesity during early life can
give rise to permanent metabolic alterations, potentially increasing
the chance of obesity later in life (Fowler et al., 2012; Gale et al., 2001;
Loos et al., 2001; Loos et al., 2002; Monteiro and Victora, 2005;
Tamashiro and Moran, 2010). Recently, childhood obesity has been a
growing and alarming problem, associated with changed growth pat-
terns (Monteiro and Victora, 2005; Ong, 2006; Ong et al., 2000). Chil-
dren with low birth weight were reported to have catch-up growth
related with obesity during childhood (Ong et al., 2000; de Zegher et
al., 2005). Although several studies have reported an association be-
tween prenatal or postnatal exposure and childhood growth, limited
studies have been reported for the relation between environmental ex-
posure and childhood obesity (Afeiche et al., 2011; Andrews et al., 1994;
Hernandez-Avila et al., 2002; Hong et al., 2014; Shukla et al., 1991).

Lead (Pb) is a ubiquitous environmental contaminant (Boucher et
al., 2014). Lead levels have decreased globallymostly due to the conver-
sion to unleaded gasoline in the last few decades in developed and de-
veloping countries. However, environmental lead continues to raise
public health concerns including fetal and child growth and thus has
been studied consistently (Hernandez-Avila et al., 2002). Previous stud-
ies have focused on relationships between the prenatal or postnatal ex-
posure to lead and outcomes such as preterm birth, growth including
birth weight, and neurodevelopment including cognition, behavior,
and school performance (Afeiche et al., 2011; Andrews et al., 1994;
Canfield et al., 2003; Chandramouli et al., 2009; Dearth et al., 2002;
Hong et al., 2014; Iavicoli et al., 2009; Shukla et al., 1991; Taylor et al.,
2014). In particular, blood Pb levels ranging from 5 to 10 μg/dL were
well-known to be associated with neurobehavioral disorders and a sig-
nificant reduction in cognitive capacity in children due to impaired
levels of attention, concentration, and memory (Iavicoli et al., 2009).
However, previous results were inconsistent with the relation between
prenatal lead exposure and childhood growth. Moreover, no longitudi-
nal studywas reported on the relation betweenmaternal lead exposure
and childhood obesity.

Therefore, in the present study, we measured the levels of lead in
cord bloods and evaluated the effect of lead levels in cord blood on
childhood body mass index (BMI) during a period of 27 months after
birth. We also evaluated the relation between lead level in cord blood
and growth- and obesity-related markers determined by birth weight,
birth height, head circumference, and ponderal index (PI).

2. Materials and methods

2.1. Study population and sampling

Wepreviously evaluated the association of food consumption during
pregnancy with lead levels in cord blood in pregnant women recruited
from a study by the Children's Health and Environmental Chemicals in
Korea (CHECK) (Kim et al., 2016). The present study was conducted in
response to the previous study to estimate the effect of lead in cord
blood on body mass change of children after birth. Briefly, a total of
363 healthy pregnantwomenwithmature term singletonwere recruit-
ed between January 2011 and December 2012 from five hospitals in the
Republic of Korea. The eighty three subjects of 363 healthy pregnant

women were excluded after delivery, including 28 who had pre-term
delivery, medical predisposition, or history of occupational exposure
and 55 of which the cord blood sample was unavailable. Finally, 280
mother-child pairs were analyzed in this study. Face-to-face interviews
with participants were conducted at enrollment using a structured
questionnaire for personal demographics and pregnancy-related infor-
mation, includingmaternal age, maternal weight, maternal height, ges-
tational period, cesarean section, income, and smoking status. The
weight, height, and head circumference of children at birth were mea-
sured by health professionals in each hospital at delivery and PI
(100 g/cm3) and BMI (kg/m2) were calculated with weight and height
at birth; afterwards, their weight and height were measured again by
the health professionals at 3, 6, 9, 12, 15, 18, 24, and 27 months of age.
To prevent blood coagulation, umbilical cord blood samples were col-
lected at delivery in a K2 EDTA tube (BD Vacutainer K2 EDTA,
ref.#368,381, Becton-Dickinson, United Kingdom) directly with a nee-
dle using a vacutainer made from polyethylene (BD Vacutainer SST II
Advance, ref.#367,953, Becton- Dickinson, United Kingdom). Cord
blood collected in the EDTA tube was used for lead measurements. All
sampleswere stored at−80 °C until analysis. The present studywas ap-
proved by the institutional review board at the School of Public Health,
Seoul National University, Republic of Korea (IRB no. 8-2012-04-20),
and each study participant provided written informed consent.

2.2. Measurement of lead level in cord blood samples

The level of lead in cord bloodwasmeasured according to themeth-
od outlined by Butler Walker et al. (2006) with minor modifications
(Kim et al., 2016). Briefly, lead level in cord blood was determined
using an atomic absorption spectrophotometer (AAS; AA6800,
Shimadzu, Japan) with a graphite furnace (GFA-6500, Shimadzu,
Japan) at the wavelength of 283.3 nm with a current of 10 mA, using
100 μL of whole blood sample in 1 mL of 1% Triton X-100 solution. In
the quality assurance and quality control for leadmeasurement, the ac-
curacy and recovery range calculated with spiked whole blood were
90%–110% and 85%–100%, respectively. The limit of detection (LOD)
for lead was 1.40 μg/L and lead was detected in 273 cord blood samples
(detection rate 97.5%).

2.3. Statistical analyses

Basic characteristics and biomarker levels in boys and girls were
compared using a t-test or a chi-square test. Lead concentrations
under LOD were assigned with a proxy value of LOD concentration
divided by the square root of two. Lead in cord blood and four
growth- and obesity-related markers at birth (weight, height, head
circumference, and PI) were log-transformed for normality and the
effects of log transformed lead level in cord blood on log transformed
growth- and obesity-related markers according to the child's gender
were then evaluated using a generalized linear model after adjust-
ment for maternal age, maternal BMI, gestational period, cesarean
section, and smoking status. Because the relations between lead ex-
posure and growth- and obesity-related markers differed between
boys and girls, associations between lead level in cord blood and z-
scores (individual value minus mean value in population/standard
deviation in population) of weight, height, and BMI in children at
birth, 3, 6, 9, 12, 15, 18, 24, and 27 months were evaluated using a
generalized linear model after adjustment of the covariates used in
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