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Abstract

Background—Because of their geographical location and traditional lifestyle, Canadian Inuit 

children are highly exposed to polychlorinated biphenyls (PCBs) and lead (Pb), environmental 

contaminants that are thought to affect fetal and child growth. We examined the associations of 

these exposures with the fetal and postnatal growth of Inuit children.

Methods—We conducted a prospective cohort study among Inuit from Nunavik (Arctic 

Québec). Mothers were recruited at their first prenatal visit; children (n = 290) were evaluated at 

birth and at 8–14 years of age. Concentrations of PCB 153 and Pb were determined in umbilical 

cord and child blood. Weight, height and head circumference were measured at birth and during 

childhood.

Results—Cord blood PCB 153 concentrations were not associated with anthropometric 

measurements at birth or school age, but child blood PCB 153 concentrations were associated with 

reduced weight, height and head circumference during childhood. There was no association 

between cord Pb levels and anthropometric outcomes at birth, but cord blood Pb was related to 

smaller height and a tendency to a smaller head circumference during childhood.

Interpretation—Our results suggest that chronic exposure to PCBs during childhood is 

negatively associated with skeletal growth and weight, while prenatal Pb exposure is related to 
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reduce growth during childhood. This study is the first to link prenatal Pb exposure to poorer 

growth in school-age children.
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1. Introduction

Several environmental contaminants have been suspected of having effects on the growth of 

fetuses and children. Polychlorinated biphenyls (PCBs) are a group of persistent, lipophilic 

contaminants that were used as heat transfer fluids in transformers until the 1970s. They are 

still detected in children’s blood at low levels and have been identified as endocrine 

disruptors that could interfere with fetal and postnatal development (Cocchi, Tulipano et al. 

2009, Casals-Casas and Desvergne 2011). Children are particularly vulnerable to these 

contaminants due to their physiological immaturity and the transplacental transfer that 

occurs during the fetal period (Grandjean 2008). Whereas the effects of prenatal PCB 

exposure on fetal growth remain controversial (Govarts, Nieuwenhuijsen et al. 2010, El 

Majidi, Bouchard et al. 2013), no previous study has investigated the relations of pre- and 

postnatal PCB exposure to the growth of school-age children.

Lead (Pb) intoxication in children has been related to stunted growth in previous studies 

(Schwartz, Angle et al. 1986, Ballew, Khan et al. 1999). Although Pb concentrations in the 

environment have been steadily decreasing since the ban of Pb-based paints and leaded fuel 

(Levin, Brown et al. 2008), children are still exposed to that Pb, particularly in families with 

low socioeconomic status (Liu, Ai et al. 2012) and in developing countries (Falk 2003). 

Because Pb is stored in bone, the fetal period is a sensitive window of exposure due to 

maternal resorption from bone during pregnancy (Tellez-Rojo, Hernandez-Avila et al. 

2004). Few studies have investigated the effects of low level postnatal Pb exposure on child 

growth (Frisancho and Ryan 1991, Kim, Hu et al. 1995, Ignasiak, Slawinska et al. 2006), 

and only one study have evaluated the relation of postnatal growth to in utero exposure 

(Gardner, Kippler et al. 2013).

Inuit children in Nunavik are more exposed to PCBs than their southern Quebec 

counterparts due to their geographical location and consumption of traditional native foods, 

especially marine mammal fat. Although the Stockholm Convention has banned PCB 

production and uses internationally since 2001, their persistence and biomagnification 

through the Arctic marine food chain continue to result in chronic dietary exposure in Inuit 

children (Muckle, Ayotte et al. 2001). Pb is also a contaminant of concern in this population, 

with the main source of exposure being the use of lead shots for hunting (Couture, Levesque 

et al. 2012). Frequent consumption of marine mammals, fish and migratory birds during 

infancy and childhood is, therefore, an important source of postnatal exposure to these 

contaminants among the Inuit. An extended duration of breastfeeding is also a significant 

source of exposure to PCBs. Several health and neurobehavioral effects of pre- and postnatal 

PCB and Pb exposure have already been reported among Inuit children (Dallaire, Dewailly 

et al. 2006, Boucher, Muckle et al. 2009, Boucher, Jacobson et al. 2012, Ethier, Muckle et 

al. 2012). The aim of this study was to evaluate the associations of pre- and postnatal PCB 

Dallaire et al. Page 2

Environ Res. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



and Pb blood concentrations with fetal and child growth in a relatively highly exposed 

population.

2. Methods

2.1 Study population

Participants were 290 Inuit children residing in the 14 Inuit communities of Nunavik, a 

region located north of the 55th parallel, in Arctic Québec. Most participants (n = 233) were 

initially recruited (1993–1998) as part of a study aimed at monitoring prenatal exposure to 

environmental contaminants present in the marine food web (Dewailly, Bruneau et al. 1993). 

The remaining children (n = 57) were recruited (1996–2000) in the three largest 

communities of the Hudson Bay coast (Puvirnituq, Inukjuak and Kuujjuarapik) as part of a 

study undertaken to document the effects of prenatal exposure to environmental 

contaminants on infant development (Muckle, Ayotte et al. 2001, Jacobson, Jacobson et al. 

2008). All children were seen at birth. The combined number of participants recruited for 

the two initial studies was 548. All families came from the same geographical area and 

should be considered as coming from one population although three of the largest 

communities were overrepresented.

Between September 2005 and February 2010, the children’s caregivers were contacted by 

telephone, provided with information about the study protocol, and invited to participate 

with their school-age children in a follow-up study. Inclusion criteria were age between 8.5 

and 14.5 years, birth weight ≥ 2.5 kg, gestation duration ≥ 35 weeks, no major birth defects, 

neurological or chronic health problems affecting growth (hepatic chronic disease and 

asthma) and cord blood sample collected at birth (N = 461). Participation rate was 63%. 

Main reasons for lost to follow-up were; children moved to another village or outside 

Nunavik, refusal to participate and inability to recontact participants. The principal 

caregivers (the biological mother in 67.6% of cases) were interviewed to provide 

information on sociodemographic background, food insecurity, obstetrical and child medical 

history, as well as maternal lifestyle habits, including smoking, alcohol, and drug use during 

pregnancy. Written informed consent was obtained from a parent of each participant; oral 

assent was obtained from each child. The study was endorsed by community stakeholders 

and public health authorities, approved by Laval University and Wayne State University 

ethics committees, and conducted in accordance with the ethical standards of the 1983 

Declaration of Helsinki.

2.2 Anthropometric parameters

Weight, height and head circumference were measured at birth and during childhood by 

midwives and our research nurses, respectively. Midwives and nurses were trained to use 

standard measurement procedures. Newborn and child weights were determined using a 

digital balance, while head circumference was measured with a measuring tape. Length at 

birth and height during childhood were measured with an infantometer and a stadiometer, 

respectively. Two measurements were performed for each parameter, and a third was 

obtained in case of a discrepancy > 5 g between the two measurements for birth weight, > 

500 g for weight during childhood, > 0.3 cm for length and head circumference at birth, and 
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> 0.5 cm for both parameters in childhood. The final value of a given growth parameter was 

based on the average of the two closest measurements. Additionally, the body mass index 

(BMI) was calculated using the formula BMI = weight (kg)/ height (m)2.

2.3 Biomarkers of exposure to environmental contaminants

A blood sample (30 mL) obtained from the umbilical cord was used to determine prenatal 

exposure to PCBs and toxic metals (Pb and Hg), whereas a venous blood sample (20 mL) 

collected from each child was used to document exposure to these contaminants at the time 

of testing. In cord blood samples, total Hg concentrations were determined using cold vapor 

atomic absorption spectrometry (Pharmacia Model 120; Pharmacia, Piscataway, NJ). Pb 

levels were determined by graphite furnace atomic absorption spectroscopy, using the 

Zeeman-effect background correction (PerkinElmer model ZL 4100; PerkinElmer, Norwalk, 

CT). Total Hg and Pb concentrations in children blood samples were determined by 

inductively coupled plasma mass spectrometry (ICP-MS) using a PerkinElmer Sciex Elan 

6000 and a PE DRC II instruments for Pb and Hg determination, respectively. We verified 

that the tubes used for blood collection and storing of samples were free of analytically 

significant lead contamination.

The 14 most prevalent PCB congeners (International Union of Pure and Applied Chemistry 

numbers 28, 52, 99, 101, 105, 118, 128, 138, 153, 156, 170, 180, 183 and 187) were 

measured in purified cord and child plasma extracts using gas chromatography/mass 

spectrometry. The system used for the latter was an Agilent 6890 Network gas 

chromatograph (Wilmington, DE) equipped with an Agilent 7683 series automatic injector 

and an Agilent 5973 Network mass spectrometer. The gas chromatograph was fitted with an 

Agilent 60 m DB-XLB column (0.25 mm i.d, 0.25 μm film thickness). The carrier gas was 

helium and the injection volumes were 3 μL in splitless mode for the first fraction and 2 μL 

in splitless mode for the second fraction. The mass spectrometer was operated in selected 

ion monitoring mode, using negative chemical ionization with CH4 (99.97 %) as reagent 

gas. Limits of detection (LOD) in cord samples were 0.2 μg/L for Hg and Pb, and 0.02 μg/L 

for PCB congeners. LOD for children samples were 0.1 μg/L for Hg, 0.002 μg/dL for Pb and 

<0.05 μg/L for all PCB congeners except PCB 52 (0.15 μg/L). These analyses were 

performed at the Laboratoire de Toxicologie, Institut National de Santé Publique du Québec 

(Québec, QC, Canada).

Plasma PCB 153 concentration, expressed on a lipid basis, was selected as a single marker 

for exposure to the mixture of PCBs found in the Arctic environment, because it is the 

prevailing PCB congener and is highly correlated with the other congeners (Muckle, Ayotte 

et al. 2001).

2.4 Other laboratory analyses

Cholesterol, triglycerides, phospholipids and n-3 polyunsaturated fatty acids (n-3 PUFAs) 

were determined in cord plasma samples. In addition, hemoglobin, ferritin, and vitamins A 

and D were quantified in child plasma samples. Analytical procedures are provided in the 

Supplemental Material.
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2.5 Control variables

The following potential confounding variables were documented: (1) child characteristics: 

sex, duration of gestation, duration of breastfeeding, age of child at testing, as well as Hg, 

vitamin and hemoglobin concentrations in child blood; (2) characteristics of biological 

mothers: pre-pregnancy maternal weight (kg), height (cm), age at delivery, parity; (3) 

maternal characteristics at child follow-up: education (years), marital status (single vs. 

married/living with partner), socioeconomic status (SES) (Hollingshead 1975) (the score 

includes the occupational status of the principal caregiver and, when relevant, the secondary 

caregiver who was either the child’s biological father or mother’s partner in 77.3% of cases), 

and food insecurity of the family (yes/no, refers to having experienced at least 1 day without 

food during the month prior to the interview); (4) cord plasma levels of the omega-3 fatty 

acid docosahexaenoic acid (DHA); and (5) other prenatal exposures: cord Hg, maternal 

smoking (yes/no), alcohol use (yes/no), and illicit drug use (yes/no). Prenatal exposure to 

tobacco, alcohol and illicit drugs as well as breastfeeding duration were retrospectively 

documented at 11 years of age for most participants (n = 233) and through prenatal 

interview (for substance use) and 1-month postnatal interviews (for substance use and 

breastfeeding) for the remaining mothers.

2.6 Statistical analysis

Preliminary multiple regression analysis at each testing time allowed for the identification of 

relevant confounders for each anthropometric parameter separately at birth and at 11 years. 

Covariates were initially retained as potential confounders if they were correlated with 

outcomes with a p ≤ 0.20. All covariates found to be associated with outcomes at a p value ≤ 

0.20 were first included together in multiple regression models to assess their confounding 

influence and then removed using a backward procedure, starting with the least significant 

association with the outcome. Covariates modifying the β associated with a given 

contaminant by at least 10% were retained in the final models. Sex and age of child at 

follow-up as well as food insecurity were included in all models (see the figures’ notes for a 

complete list of the covariates retained for each outcome). Interaction terms between PCB 

153 and Pb, as well as with gender and breastfeeding status were tested in full models. All 

the interaction terms were not significant.

Contaminant concentrations, weight, BMI, and head circumference at 11-year as well as 

duration of breastfeeding were all log-transformed to improve normality of distributions. 

Path analyses were conducted to model the longitudinal relations between exposure 

variables and growth outcomes in newborns and in children. This method simultaneously 

estimates all the regression and correlation coefficients specified in models with more than 

one dependent variable.

Path models were estimated using the Mplus 5.21 software. Missing data were taken into 

account with the full information maximum likelihood (FIML) estimator, which represents a 

state-of-the-art method for estimating models with missing data (Graham 2009). The FIML 

estimator fits the model tested with all data available for each participant so that any 

participant with at least one valid data point is retained for the analyses. In our sample, the 

proportion of missing data ranged from 0% to 25% (see Table 1). A 2-tailed p-value < 0.05 
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was considered statistically significant. The coefficients reported in the figures are 

standardized regression coefficients (unstandardized estimates are available from the 

authors).

3. Results

Descriptive statistics are presented in Table 1. Most women were young at delivery, low in 

socioeconomic status, and cigarette smokers; half had consumed alcohol at least once during 

pregnancy. Six percent of the children were born before 37 weeks of gestation. The mean 

age of children at follow-up was 11 years. At follow-up, the socioeconomic status of the 

mother continued to be low, and food insecurity was reported by almost 40% of interviewed 

women. Levels of contaminants were higher at birth than during childhood. A comparison of 

the children participating to the 11-year follow-up with the children who did not on 

anthropometrics, exposure and socioeconomic characteristics showed few differences. The 

children who participated to the follow-up showed slightly longer length at birth (average 

difference = 0.48 cm, p = 0.02), slightly lower pre-pregnancy maternal weight (average 

difference = 2.23 kg, p = 0.02), and were more exposed to mercury prenatally (average 

difference (geometric means) = 2.33 ug/L, p < 0.001).

Figures 1–3 show the path models used to test the longitudinal relations of PCB 153 and Pb 

with height, head circumference, and weight at birth and 11 years. Each standardized 

regression coefficient relating PCB exposure to growth outcomes was adjusted for Pb 

exposure and vice versa. All models fitted the data satisfactorily (likelihood ratio χ2 test p > 

0.05, root mean square error of approximation < 0.05, comparative fit index > 0.95), 

although correlations had to be added to the model initially postulated (see Supplemental 

Materials).

Cord plasma PCB 153 concentrations were not related to anthropometric parameters at birth 

but were positively related to greater child height. The total effects of cord PCB 153 (sum of 

indirect effect and direct effect) on growth parameters at 11-year were not significant 

(unstandardized estimates: height = −0.04, p = 0.93; head circumference = 0.00, p = 0.95; 

weight = −0.00, p = 0.53). With regard to height, the direct cord PCB association was no 

longer significant when child plasma PCB level was removed from the model (cord PCB 

153 association with child height, β = −0.007, p = 0.88), indicating that this association was 

likely due to collinearity between cord and child PCB 153 concentrations (β = 0.40, p < 

0.001). Child blood PCB 153 concentrations were related to reduced child height, head 

circumference and weight, even after controlling for cord PCB 153. The path model for 

body mass index (BMI) (β = −0.33, p < 0.001) was not presented as the association was 

similar to those observed with weight and height (see Supplemental Materials, Table S.1).

Cord blood Pb levels were not associated with any of the fetal growth outcomes in any of 

the models. Cord Pb concentrations were not associated with child weight (p = 0.70) or BMI 

(β = −0.07, p = 0.23) but were related to a lower height (p = 0.007) and marginally related to 

a smaller head circumference (p = 0.07). The total effects of cord Pb on height and head 

circumference at 11-year were significant (unstandardized estimates: height = − 1.57, p = 

0.004; head circumference = −0.005, p = 0.04). The latter relations persisted even when 
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child blood Pb level was removed from the model. Child blood Pb levels were not related to 

child growth outcomes.

4. Discussion

Prenatal exposure to PCB 153 and Pb were not associated with fetal growth in this 

longitudinal study. However, chronic postnatal PCB exposure was associated with smaller 

height and head circumference and lower weight in school-age children. Furthermore, 

prenatal exposure to Pb, but not childhood Pb exposure, was related to a shorter height and 

marginally related to smaller head circumference in childhood.

Adverse PCB effects on fetal growth have been reported following the ingestion of PCB-

contaminated cooking oil by pregnant women in Taiwan (Yu-cheng disease) and Japan 

(Yusho disease). Neonates born to Yu-cheng- and Yusho-disease affected mothers were 

smaller for gestational age than nonexposed newborns (Yamashita and Hayashi 1985, Guo, 

Lambert et al. 1995). It was later suspected that these effects could be attributed to 

polychlorinated dibenzo-p-dioxin and polychlorinated dibenzofurans also detected in the 

contaminated oil. Since those incidents, several studies conducted with populations exposed 

to background PCB levels have been undertaken to examine the associations between in 

utero exposure and fetal growth. However, inconsistent results have been reported with 

regard to prenatal PCB exposure in populations with lower exposure: eight studies reported 

significant associations with lower birth weight (Fein, Jacobson et al. 1984, Dar, Kanarek et 

al. 1992, Patandin, Koopman-Esseboom et al. 1998, Rylander, Stromberg et al. 1998, 

Karmaus and Zhu 2004, Lamb, Taylor et al. 2006, Sonneborn, Park et al. 2008, Murphy, 

Gollenberg et al. 2010, Wojtyniak, Rabczenko et al. 2010), while nine others failed to detect 

significant associations with neonate growth (Rogan, Gladen et al. 1987, Vartiainen, 

Jaakkola et al. 1998, Grandjean, Bjerve et al. 2001, Gladen, Shkiryak-Nyzhnyk et al. 2003, 

Longnecker, Klebanoff et al. 2005, Givens, Small et al. 2007, Khanjani and Sim 2007, 

Sagiv, Tolbert et al. 2007, Wolff, Engel et al. 2007). Recently, a meta-analysis involving 

twelve European birth cohorts concluded that birth weight was reduced in relation with cord 

PCB 153 concentrations (Govarts, Nieuwenhuijsen et al. 2010).

In our study, in utero exposure to PCB 153 was not related to growth at birth although in 

another sample from the same population, we previously reported that cord plasma PCB 153 

concentrations were related to a shorter gestation duration, which was related to reduced 

fetal growth (Dallaire, Dewailly et al. 2013). In that study, levels of DHA, an n-3 

polyunsatured fatty acid found in fish and marine mammals, were found to mitigate the 

negative effect of PCBs on fetal growth. PCBs are present in the environment as complex 

mixtures of different PCB congeners, and the relative proportions of the congeners that 

comprise these mixtures can differ markedly in different environments. Our failure to 

replicate effects on fetal growth seen in studies in Europe and elsewhere, assuming that it is 

not due to methodological differences or residual confounding, suggests that, although the 

total PCB levels in the population studied here are relatively high, the congeners forming the 

PCB mixture found in the Arctic might be somewhat less toxic.
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In children affected by Yu-cheng disease, growth delay was observed at multiple periods 

during childhood (Rogan, Gladen et al. 1988, Guo, Lin et al. 1994). In low exposure 

populations, prenatal PCB exposure was associated with greater weight in children in three 

studies (Hertz-Picciotto, Charles et al. 2005, Verhulst, Nelen et al. 2009, Valvi, Mendez et 

al. 2012), with no association observed in one study of toddlers (Mendez, Garcia-Esteban et 

al. 2011). In moderately to highly exposed populations, prenatal PCB exposure has been 

found to be related to lower weight during childhood in four studies (Jacobson, Jacobson et 

al. 1990, Patandin, Koopman-Esseboom et al. 1998, Lamb, Taylor et al. 2006), although not 

in two (Gladen, Ragan et al. 2000, Jackson, Lynch et al. 2010). In recent years, some papers 

have considered the role of prenatal exposure to contaminants, including PCBs, in the 

etiology of obesity (Tang-Peronard, Andersen et al. 2011), but to the contrary of Tang-

Peronard et al. (2014) we did not observe a positive correlation between prenatal PCB 153 

exposure and weight during childhood. We also observed no clear association of prenatal 

PCB exposure with skeletal growth, which is consistent with the lack of association between 

these variables reported in four studies (Jacobson, Jacobson et al. 1990, Gladen, Ragan et al. 

2000, Blanck, Marcus et al. 2002, Jackson, Lynch et al. 2010). However, prenatal PCB 

exposure was found to be related to reduced length and head circumference through 3 

months of age among infants (Patandin, Koopman-Esseboom et al. 1998) and to greater 

height in 5-year-old girls (Hertz-Picciotto, Charles et al. 2005) and 17-year-old male 

teenagers (Lamb, Taylor et al. 2006).

Few studies have evaluated the relation between childhood PCB exposure and growth. In 

our study, we found that blood PCB concentrations at 11 years of age were associated with 

lower weight, shorter height, smaller head circumference, and lower BMI. Consistent with 

our findings, a study of 8- to 9-year-old boys in Russia reported a significant decrease in 

BMI, height, and height velocity among the most exposed children (Burns, Williams et al. 

2011). A similar association between PCB exposure and reduced BMI but not height, was 

seen in a less exposed population of Flemish adolescents (Dhooge, Den Hond et al. 2010). 

Thus, the hypothesis that PCB exposure adversely affects skeletal growth and weight during 

childhood has received some empirical support from studies with moderately to highly 

exposed cohorts. One possible mechanism that might account for these associations relates 

to disruption of thyroid hormone homeostasis or bone formation by PCBs (Zoeller 2001, 

Cocchi, Tulipano et al. 2009), given that thyroid hormones are involved in fat metabolism 

and bone growth in humans (Duntas 2002, Combs, Nicholls et al. 2011). Another 

explanation might be reverse causation related to dilution of PCBs in fat tissue in heavier 

children since PCBs are lipophilic contaminants. Dilution might contribute to the PCB-

weight association but is not likely to explain the relation with skeletal growth.

Consistent with our results, Pb concentration in cord or maternal blood during pregnancy 

has not been related to anthropometric measurements at birth in most studies (Greene and 

Ernhart 1991, Gonzalez-Cossio, Peterson et al. 1997, Hernandez-Avila, Peterson et al. 2002, 

Gundacker, Frohlich et al. 2010), but not all (Osman, Akesson et al. 2000, Zhu, Fitzgerald et 

al. 2010, Xie, Ding et al. 2013). Also, Pb concentration in maternal urine was not related to 

birth weigth in newborns from Bangladesh. Some studies have evaluated several biomarkers 

of Pb exposure in relation to fetal growth. Maternal tibia Pb levels determined at 1 month 

postpartum, but not cord nor maternal blood concentrations, were associated with a lower 
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birth weight (Gonzalez-Cossio, Peterson et al. 1997), as well as decreased length and head 

circumference at birth (Hernandez-Avila, Peterson et al. 2002). Given these varying 

findings, it remains unclear whether prenatal Pb exposure is related to poorer fetal growth.

In our study, prenatal Pb exposure was associated with reduced height and a tendency for 

smaller head circumference at school age, whereas no associations were found between 

child blood Pb concentration and child growth parameters. These results suggest that in 

utero Pb exposure might have more detrimental effects on child growth than Pb exposure 

during childhood. Few prospective studies have investigated associations between prenatal 

low-level Pb exposure and postnatal growth, and none have presented data spanning such an 

extended time period. Three studies have found significant associations between prenatal Pb 

exposure and lower growth parameters from 6 to 48 months, depending on the variations in 

blood Pb levels between the pre- and postnatal periods, with higher Pb concentrations 

having more detrimental effects (Shukla, Dietrich et al. 1991, Rothenberg, Schnaas et al. 

1999, Schell, Denham et al. 2009). However, one study failed to report an association 

between pre- and postnatal exposure to Pb and growth outcomes from 0 to 4 years of age 

(Greene and Ernhart 1991).

Unlike other studies, our data show that Pb concentrations in Inuit children are not 

associated with growth parameters at school age. Negative associations have been 

previously found between child blood Pb concentrations and skeletal growth (Schwartz, 

Angle et al. 1986, Frisancho and Ryan 1991, Kafourou, Touloumi et al. 1997, Ballew, Khan 

et al. 1999, Ignasiak, Slawinska et al. 2006, Yang, Huo et al. 2013) in children with higher 

blood Pb concentrations than those observed in our sample. The association with weight was 

less clear, two studies having reported lower weight with increasing Pb concentrations 

(Schwartz, Angle et al. 1986, Ignasiak, Slawinska et al. 2006), whereas another found a 

positive association between Pb dentin level and BMI (Kim, Hu et al. 1995). One possible 

explanation for the lack of significant negative associations with growth in our study relates 

to the timing of our Pb measurements. Because the peak exposure to Pb in children is around 

2-years of age (Brody, Pirkle et al. 1994), we might have missed the appropriate postnatal 

window of exposure to identify adverse effects on the child growth. Several mechanisms 

have been proposed to explain how Pb may interfere with skeletal growth. Pb has been 

shown (1) to inhibit the osteoblast-mediated secretion of two proteins involved in bone 

mineralization, namely osteonectin (Klein and Wiren 1993) and osteocalcin (Long and 

Rosen 1992), (2) to interfere with binding of Ca2+ by transport proteins (Sauk and 

Somerman 1991), and 3) to affect growth hormone secretion (Berry, Moriarty et al. 2002).

This study has several strengths. Its longitudinal design allowed us to simultaneously 

consider prenatal and childhood exposure to ubiquitous contaminants on child growth. 

Furthermore, we were able to consider the concomitant exposure to contaminants present in 

the diet, along with nutrients. Although numerous confounders were considered in our 

analyses, substances used during pregnancy were documented retrospectively for most 

children, and we controlled for food insecurity of the family rather than the caloric intake 

and the physical activity of participating children. As a result, residual confounding may 

have affected our estimates for weight models, but this is less likely to have affected the 

results that were reported with skeletal growth indicators. Other limitations are absence of 

Dallaire et al. Page 9

Environ Res. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



data on father characteristics and Tanner stage of the children as well as a single postnatal 

Pb measurement. Due to the long half-lives of several PCB congeners (4 to 10 years)

(Grandjean, Budtz-Jorgensen et al. 2008), a unique measurement of postnatal PCB 

concentrations was considered adequate.

5. Conclusion

Our study supports findings from two other studies of moderately-exposed children 

indicating that chronic exposure to PCBs during childhood can adversely affect skeletal 

growth and body weight. Although the absence of an effect of prenatal PCB exposure on 

growth suggests that the congener mixture in Arctic Quebec may be less toxic than in other 

locales, the PCB exposure experienced during breast-feeding (Muckle, Ayotte et al. 2001) 

and childhood in this population presumably accounts for the effects seen on growth during 

childhood. In addition, this study is the first to link prenatal Pb exposure to poorer growth in 

school-age children, providing additional evidence that there is no safe blood Pb level for 

pregnant women.
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Highlights

• Polychlorinated biphenyls and lead are thought to affect fetal and child growth.

• We examined their relations with the fetal and postnatal growth of Inuit 

children.

• Exposure to PCBs during childhood is negatively related to growth and weight.

• Prenatal Pb exposure is associated with reduced growth during childhood.
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Figure 1. 
Path model, relating PCB 153 and Pb concentrations in cord and child blood to height at 

birth and in 8–14 year-old children.

Abbreviations: PCB 153, polychlorinated biphenyl congener 153; Pb, lead.

A single arrow represents a regression coefficient adjusted for the other variables in the 

model. A double-headed arrow represents a correlation coefficient.

* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.

Adjustment for birth length: maternal height, pregnancy smoking and drinking, gestational 

age, sex; adjustment for child height: maternal height, pregnancy smoking, sex, 

breastfeeding duration, child age at follow-up, food insecurity.

Fit statistics: χ2 = 31.20 (25), p = 0.18; CFI = 0.99; RMSEA = 0.03, CI: 0.00 – 0.06.
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Figure 2. 
Path model relating PCB 153 and Pb levels in cord and child blood to head circumference at 

birth and in 8 – 14 year-old children.

Abbreviations: PCB 153, polychlorinated biphenyl congener 153; Pb, lead.

A single arrow represents a regression coefficient adjusted for the other variables in the 

model. A double-headed arrow represents a correlation coefficient.

* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.

Adjustment for newborn head circumference: maternal height, gestational age, sex; 

adjustment for child head circumference: maternal height, sex, breastfeeding duration, child 

age at follow-up, food insecurity.

Fit statistics: χ2 = 18.96 (17), p = 0.33; CFI = 0.99; RMSEA = 0.02, CI: 0.00 – 0.06.
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Figure 3. 
Path model relating PCB 153 and Pb levels in cord and child blood to weight at birth and in 

8 – 14 year-old children.

Abbreviations: PCB 153, polychlorinated biphenyl congener 153; Pb, lead.

A single arrow represents a regression coefficient adjusted for the other variables in the 

model. A double-headed arrow represents a correlation coefficient.

* p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.

Adjustment for birth weight: pregnancy smoking and drinking, maternal weight before 

pregnancy, parity, gestational age, sex; adjustment for child weight: maternal weight before 

pregnancy, pregnancy smoking, breastfeeding duration, sex, child height, child age at 

follow-up, food insecurity.

Fit statistics: χ2 = 27.38 (25), p = 0.34; CFI = 0.99; RMSEA = 0.02, CI: 0.00 – 0.05.
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