N

N

Effects of polychlorinated biphenyls exposure on
physical growth from birth to childhood and adolescence
A prospective cohort study
Emad Tahir, Sylvaine Cordier, Yohann Courtemanche, Nadine Forget-Dubois,
Mireille Desrochers-Couture, Richard E Bélanger, Pierre Ayotte, Joseph L

Jacobson, Sandra W Jacobson, Gina Muckle

» To cite this version:

Emad Tahir, Sylvaine Cordier, Yohann Courtemanche, Nadine Forget-Dubois, Mireille Desrochers-
Couture, et al.. Effects of polychlorinated biphenyls exposure on physical growth from birth to child-
hood and adolescence A prospective cohort study. Environmental Research, 2020, 189, pp.109924.
10.1016/j.envres.2020.109924 . hal-02930035

HAL Id: hal-02930035
https://hal.science/hal-02930035

Submitted on 12 Nov 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-02930035
https://hal.archives-ouvertes.fr

Effects of polychlorinated biphenyls exposure on physical growth from birth to childhood and
adolescence: A prospective cohort study

Emad Tahi*, Sylvaine Cordiet?, Yohann Courtemanche Nadine Forget-Dubois Mireille
Desrochers-Coutute Richard E. Bélangéf, Pierre Ayotté* Joseph L. JacobsynSandra W.
Jacobsom) Gina Mucklé °

!Centre de Recherche du Centre Hospitalier Universitaire de Québec, Québec, Canada
?Univ Rennes, Inserm, EHESP, Irset (Institut de Recherche en Santé, Environnement et Travail) -
UMR_S1085, F-35000 Rennes, France.

3Département de Pédiatrie, Université Laval, Québec, Québec, Canada

“Centre de Toxicologie du Québec, Institut National de Santé Publique du Québec, Québec City,
Québec, Canada

>Department of Psychiatry and Behavioral Neurosciences, Wayne State University School of Medicine,
Detroit, Michigan, USA.

®Ecole de Psychologie, Université Laval, Québec, Québec, Canada

*Equal contributors

Corresponding author: Gina Muckle, Ecole de Psychologie, Université Laval, Pavillon Félix-Antoine-

Savard, 2325 Rue des Bibliotheques, Québec, G1V 0A6, Canada
E-mail address: gina.muckle@psy.ulaval.ca

The authors declare they have no actual or potential competing financial interests.



Abstract

Background/AimsGiven that their traditional lifestyle and diet still relies on fish and other marine
species for sustenance, the Inuit are highly exposed to polychlorinated biphenyls (PCBs) and PCBs are
increasingly linked to obesity. However, evidence is not consistent regarding which periods of
exposure are most relevant. In this study, we examine whiethéero, childhood, and adolescent

exposure to PCBs are related to physical growth at adolescence.

Method Inuit adolescents from Canadd=212) enrolled in a prospective longitudinal cohort study
since birth were assessed for height, weight, body mass index (BMI), fat mass index (FMI) and fat free
mass index (FFMI) at 18 years of age. PCB 153 concentrations were quantified in blood samples
obtained at birth (umbilical cord), 11, and 18 years of age. Maternal anthropometrics were measured
and those for the newborns collected from medical records. Data on biological mothers and
participants’ sociodemographic characteristics and food security were collected using interviews.
Multiple linear regression analyses were used to test associations between PCB 153 concentrations anc

adolescent anthropometric measures.

Results Cord PCB 153 was not related to height or FFMI at adolescence. By contrast, analyses showed
that cord PCB 153 was related to higher BMI, FMI and marginally to weight in girls but not boys.

Child PCB 153 was not related to height, weight or FFMI in adolescence. Child PCB 153 was related
to lower BMI and FMI at adolescence in both sexes, particularly among those considered overweight or

obese during childhood. Adolescent PCB 153 was not associated with any outcome.

Conclusion This study suggests that prenatal exposure to PCBs may have a long-term effect on growth
in early adulthood among girls and identifies the peri-pubertal period as another window of sensitivity
for the action of PCBs. Our findings also suggest that exposure to PCBs and body size be documented

in multiple time periods from infancy to adulthood.
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I ntroduction

A growing body of evidence suggests that early syp® to environmental contaminants, such as
persistent organic pollutants (POPs; including polgrinated biphenyls (PCBs)) are potential risk
factors for obesity and abnormal growth beginnisgarly as the®lyear of life and persisting through
adulthood. However, findings are not consistenareémg sensitive exposure periods, the period of
maximum sequelae and whether the effects reporbaea lhirth persist beyond childhood. According to
a review of 24 previous studies on the relatiomken POPs and obesity in human, the effect of PCBs
on weight is largely dose-dependent and dependsnong of exposure, congeners and sex of the
individual (Tang-Péronard et al., 2011). A numbé&pmspective studies have been published more
recently (Cupul-Uicab et al., 2013; Delvaux et 2014; Hoyer et al., 2014; Iszatt et al., 2015;|&&m

et al., 2017; Lauritzen et al., 2018; Tang-Peroraral., 2014; Vafeiadi et al., 2015; Valvi et 2012,
2014). The evidence for a causal impact of preratdlearly life exposure on child growth and olyesit
is moderate for dichlorodiphenyldichloroethyleneD@), prevalent POP (Vrijheid et al., 2016), but it

is still considered sparse for PCBs.

A few mechanisms of actions are hypothesized tda@xpghe association with higher weight : i)
interaction of PCBs with Peroxisome Proliferatortifated Receptor Gamma PPARhe principal
regulator of adipogenesis) and Retinoid X Recef®XR) responsible of adipogenesis, lipid storage
and imbalances in adipocytokine (Evans et al., 20@lyzos et al., 2012); ii) endocrine signaling
transduction failure and interference by the hyplatimus-pituitary-thyroid axis (Santos-Silva et al.,
2018) combined with an effect on anti-androgeniaf¢estrogenic action through the inhibition of the
androgen receptors, enhancement of the estrogaedoiction of peripheral androgen conversion
(Darbre, 2017), all suggest different responsesragngirls and boys; iii) exposure to PCBs in animal
studies was linked to changes in cytokine produgtiipid, and glucose metabolism leading to

subsequent weight gain as a result of interactibin gut microbiota (Zhang et al., 2015).

The Inuit in Northern Quebec are highly exposedrteironmental contaminants through their lifestyle,
geographical settings, and consumption of tradiidood. PCBs and other POPs are brought to the
Arctic Ocean from around the world via sea curreagswell as atmospheric transport and deposition,
contaminating the marine mammals' fat and fish elé @ game meat (AMAP, 1998; Dewailly, 2006;
Muckle et al., 2001). Being resistant to environtaédegradation, highly fat-soluble and biomagmifie



through the Arctic food chain, this group of cheatscrepresents an ongoing exposure hazard to
indigenous communities (Cupul-Uicab et al., 2018s&baum et al., 2017).

We previously reported significant associationsMeein exposure to PCB 153 and body size in 11-
year-old Inuit children: prenatal exposure was fposy related to height, whereas childhood expesur
was associated with reduced height, weight and leeadmference (Dallaire et al., 2014). Whether
PCBs have a lasting effect on growth into adoleseemnd early adulthood remains understudied. Here
we present results from the follow-up of the Nuka@hild Development Study (NCDS) cohort into
adolescence. We hypothesise tivatutero or subsequent exposure (childhood and adolesceace)
PCBs will continue to be associated with physicalwgh (weight, height, body mass index (BMI)

during adolescence.

M aterials and methods
Study population and data collection

The NCDS is a prospective longitudinal cohort staiying to document the effects of pre- and
postnatal exposures to environmental contaminamtshdd development. The cohort is composed of
491 mothers initially recruited from the Cord Blobtbnitoring Program (CBMP), targeting prenatal
exposure to environmental contaminants presentannm food (Dewailly et al., 1993). Mothers were
recruited between November 1993 and December 1896 the 14 Inuit communities of the Nunavik
region of Québec, located north of the"gfarallel. The cohort was then supplemented with 221
additional mothers, recruited as part of the Natioinstitutes of Health/National Institute of
Environmental Health Sciences prospective infanttydys (NIH-infancy), from the three largest
communities on the Hudson Bay coast (Puvirnitugkjmak, and Kuujjuarapik) between November
1995 and March 2002 (Jacobson et al., 2008; Muekid., 2001). At mean age 11 years (range 9-14
years), a subsample of these children and theimgyi caregiversN = 294; 247 from the CBMP and
47 from the NIH-infancy study) participated in dldav-up designed to examine effects of pre- and
postnatal exposure to environmental contaminantscloifd growth and neurobehavior (NCDS-
childhood (Jacobson et al., 2015)), which took @lhetween September 2005 and February 2010.
Detailed recruitment methods for the CBMP, the NiEncy and the NCDS-childhood follow-ups are
described elsewhere (Dallaire et al., 2014; Dewaitlal., 1993; Jacobson et al., 2008; Ruiz-Castell
al., 2015). Inclusion criteria for the NCDS-childftbcohort were gestation duratien35 weeks and

birth weight> 2.5 kg, and the exclusion criteria included mudtigeliveries, major birth anomalies and



neurological or chronic health problems in childstentially affecting growth (e.g., liver disease,
asthma). Two participants had borderline low bwtkight (2.44-2.50kg), but sensitivity analyses
excluding them revealed no difference in coeffitsesstimates (data not shown). The participante wer
re-examined at adolescence (NCDS-adolescence) éetdauary 2013 and February 2016. Inclusion
criteria for this most recent follow-up were paggtion in NCDS-childhood, living in Nunavik at the
time of the follow-up, and ability to meet with thhesearch team in one of Nunavik’s three main
villages. Those who were identified as sufferimgnirsevere health or neurological problems unrelated
to exposure at the NCDS-childhood interview (emlep=2; head trauma=1: meningitisn=1;
multiple sclerosisn=1) were excluded from the NCDS-adolescent follqw-#n additional 49
participants of the NCDS-childhood study were nbgilde because they were deceaseet9),
incarceratedr=12), had moved away or could not be reacime@8). Formal refusal to participate in
the follow-up was expressed by 28 adolescents., Tthagemaining 212 adolescents participated in the

current study.

Blood samples were obtained from the umbilical catr@irth (30 mL) and venous blood samples from
the 11-year-old children (20 mL) and the 18-yeat-aflolescents (30 mL) for assessment of exposure
to chemicals. Samples were then centrifuged toragpg@lasma, which was stored at —80°C in vials

prewashed with hexane for later analysis for PCB, Pb and lipid concentrations.

Written informed consents were signed by biologmathers at recruitment, principal caregivers at th
childhood follow-up (with verbal assents obtainedni children) and by the adolescents in the last
follow-up. The adolescents received an electronisimdevice (Ipod shuffle) valued at 50$% CAN as
compensation for their time. The NCDS is suppotigdkey Inuit representatives and public health
authorities. ThéJniversité Lavaland Wayne State University ethics committees amgatdhe infancy
and childhood follow-ups, and the ethics commitié¢he Centre de Recherche du CHU de Québec-

Université Lavalapproved the consent and study procedures atsadolee follow-up.
Growth assessment at adolescence

Standing height was measured with a calibratedstagter with participants standing barefoot straigh
against a wall, with their heels on a hard surf@cé looking straight ahead. Two measurements were
taken, plus a third one in case of a > 5 mm diffeee The final height (cm) was the average of wee t

closest measurements. Adolescent weight (kg), fassn{kg) and fat-free mass (kg) were assessed



using a Tanita Total Body Composition Analyzer (FBED). BMI, FMI and FFMI (kg/rf) were
calculated as total weight, fat mass and fat fraeswlivided by squared height, respectively.

Exposureto PCB 153 and co-exposure to Pb and Hg

Cord PCB 153 and other prevalent PCB congenersr(iational Union of Pure and Applied Chemistry
numbers 28, 52, 99, 101, 105, 118, 128, 138, 186, 180, 183 and 187) were measured in purified
plasma extract using an HP 5890 high-resolution dasmatograph equipped with dual-capillary
columns (HP Ultra | and Ultra 1l) and dual Ni-63efron capture detectors (Hewlett-Packard, Palo
Alto, CA, USA). The extract was obtained by concatimg a mixture of 1:1:3 ammonium
sulfate:ethanol:hexane and plasma from the corddbtbrough two Florisil columns (60—-100 mesh;
Fisher Scientific, Nepean, Ontario, Canada). Dediaidnalytical methods are described elsewhere
(Muckle et al., 2001). Child and adolescent blo&BFRconcentrations (99, 101, 105, 118, 128, 138,
153, 156, 163, 170, 180, 183 and 187) were quadtiising Agilent 6890 Network gas chromatograph
(Wilmington, DE) equipped with 7683 series automatiector Agilent and an Agilent 5973 Network
mass spectrometer. Carried by the helium gas, deeclgromatograph was fitted with an Agilent 60 m
DB-XLB column (0.25 mm i.d, 0.2hm film thickness). Limits of detection (LOD) for @bPCBs was
0.02pg/L, < 0.05ug/L for children, and 0.1hg/L for all PCB congeners except PCB 52 for ad@asc
blood samples. We selected PCB 153 as representatithe mixture because it is the most abundant

and persistent among PCBs (Ayotte et al., 2003).

Total mercury (Hg) concentrations in umbilical cdridod samples were determined using cold vapor
atomic absorption spectrometry (Pharmacia Mode| PP@rmacia, Piscataway, NJ, USA). Cord blood
lead (Pb) levels were determined by graphite fugnatomic absorption with Zeeman background
correction (Perkin Elmer model ZL 4100; Perkin Etm&lorwalk, CT, USA). Child blood Pb
concentrations were quantified by inductively cagpplasma mass spectrometry (ICP-MS) using a
Perkin-Elmer Sciex Elan 6000 DRC Il. LOD for cortbdd Pb samples was 0.Q&/dL and 0.002
pg/dL for children blood samples. All blood samplesre analyzed at th€entre de Toxicologie du
Québec (Québec City, Québec, Canadhat is accredited by the Canadian Association fo

Environmental Analytical Laboratories.
All samples were above the limit of detection fircantaminants of interest.

Covariates and potential confounders



Gestational age (weeks), birth weight (kg), biimdth (cm), and child’s sex were collected from
medical records. Biological mother’'s pre-pregnamogternal weight (kg) and height (cm) were
obtained from medical records, infancy or childhdotlow-ups. Background family characteristics
concerning biological mother age at delivery (ygamsaternal parity before the target child, tobacco
smoking during pregnancy (yes/no), alcohol userdupregnancy (yes/no), child’s breastfeeding status
(yes/no) and breastfeeding duration were colletitealigh interviews conducted during the infancy or
childhood follow-ups. Child BMI z-score was compiitesing the World Health Organization’s
guidelines (de Onis et al., 2007). Adolescent attaratics: age (years) at the testing, substahusea
(number of binge drinking episodes in previous yaad daily cannabis use) and household food
security status (assessed by the eight questionsthe adult section of the US Food Security Syrve
Module (Bickel et al., 2000)). Socioeconomic statfishe principal provider at the adolescent foHow
up was assessed using the Hollingshead (2011) ,indaxhich a higher score on a scale from 8-66
represents higher socio-economic status on fourensions: marital status, employment status,

educational attainment and occupational prestigdlifigshead, 2011).

We selected age at adolescent testing and sexpa®ri covariates in all models. Adolescent height
was also considered an obligatory covariate innaight models. In models of the association of
exposure during childhood with adolescent growttapeeters, baseline growth parameters and age at
childhood assessment were included in the modetnafal and postnatal models were mutually
adjusted for exposure. Potential confounders welected by directed acyclic graph (DAG) with the
DAGitty environment (Textor et al., 2017). A sindlBAG was created to represent variables at four
time points: prenatal, birth, childhood and adodese (Supplemental material, Figure S1). Covariates
selected for the prenatal models were prepregnaratgrnal anthropometric measures, maternal age at
delivery, maternal parity before the target chitdenatal mercury (Hg) and lead (Pb) exposures.
Covariates selected for postnatal models were matanthropometric measures, birth anthropometric

measures, gestational age and postnatal Pb exposure

Total blood lipids were always added to models witha corresponding PCB 153 concentrations. In
each plasma sample collected, total cholesterokiggigicerides were measured by standard enzymatic
procedures, and phospholipids were determined dicpto the enzymatic method (Takayama et al.,
1977) using a commercial kit (Wako Pure Chemicaustries, Richmond, VA, USA). Total plasma



lipids (g/L) was estimated according to a formuéveloped by Phillips et al. (1989) and includecas
covariate to adjust for the wet weight concentrabbthe corresponding PCB 153 expressed in ug/L.

Statistical analyses

Data preparation. We screened the data for completeness and visaalgssed the normality of
distribution for all continuous variables. We preded to a natural logarithmic transformation to
improve the skewed distribution of the blood PCB Pb and Hg concentrations.

Multiple regression models. We first investigated associations of prenatal expe (cord blood
concentrations of PCB 153) with adolescent outcoifimresght, weight, BMI, FMI and FFMI) in
multiple regression linear models. AssociationsMeen child and adolescent exposure with adolescent
outcomes were then examined, with and without geg¢rencentrations. We checked the correlation
matrix for collinearity between all variables indkd in the model. Based on earlier studies thawvsto
differential effects by sex, interaction terms betw contaminants exposure and participant sex were
introduced in our analyses (Gladen et al., 2000nk.aet al., 2006). Based on previous findings, an
interaction term between prenatal exposure andvesxalso added in the child and adolescent models.
In models of the association of exposure betwedldlatod with adolescent growth parameters,
adjustment for BMI z-score at childhood was inclid® control for the possibility that the
concentration of PCB 153 may have been diluted us=af increased adipose tissue (Domazet et al.,
2020). The possible interaction between child PGB dnd childhood BMI z-score was also examined,
and the corresponding slopes of the relation waleutated in normal and overweight/obese children
according to I0TF classification (Cole et al., 20M&dehouenou et al., 2015).

Missing data analyses. To examine possible selection bias, we comparecpéngcipants lost since
childhood follow-up with those who completed theoledcent follow-up on selected variables. We
found no significant differences between particigasturing adolescence and missing participants for
maternal anthropometrics, maternal age, parity,kémgoand alcohol consumption during pregnancy,
and duration of breastfeeding (not shown). Conedintrs of cord blood PCB 153 and total lipids in
our sample were comparable to those of the losicgaants. Therefore, the loss of participants wgri

follow-up was considered unlikely to influence oesults.

The hypothesis of missing completely at random regected based on Little’s MCAR te3€(MCAR

= -6.0; P-value = 0.001). Since we found no indication o$teynatic missingness, we estimated the



regression models using the full information maxamlikelihood (FIML) estimator (Graham, 2009),
which uses all available information to estimateheaodel’'s parameters instead of relying only on
complete cases. There was no major difference manpeter estimate or inference compared to

complete cases model.

Descriptive statistics were computed with the R@Bdoftware (R Core Team, 2018) and the EnvStats
package (Millard, 2013). The lavaan package wasl useestimate regression models with FIML
method (Rosseel, 2012). Standard errors for allehestimates were calculated from 1,000 bootstrap

replicates.

Results

Descriptive and bivariate analyses

Characteristics of the study participants are showhable 1. Biological mothers were on average 24
years of age at delivery, had already given bigh2tchildren. Alcohol use and smoking during
pregnancy were very prevalent, and about 40% oherstwere either obese or overweight before
pregnancy. As traditional Inuit adoption is preveeibout a quarter of the children were not bfedst
because they were adopted at birth by a close yam#imber. By contrast, non-adopted children were
mostly breastfed. A majority of adolescents wereing in socioeconomically disadvantaged
conditions, with a mean score of 28.6, which isefaivalent of semi-skilled workers according te th
Hollingshead (2011) classification. One third hage¥ienced severe food insecurity during the year
before the interview. One of three participants wadber obese or overweight in adolescence. Both
cord and child blood PCB 153 concentrations wemaparable between boys and girls, except for
adolescent blood PCB 153 concentrations, which Wwigieer in boys (mean difference = 0.07 pgit,
value = 0.004).

Correlations of cord PCB 153 with child and adotegcPCB 153 concentrations were moderate
(Spearman’s coefficients 0.39 and 0.41), and thetivéen the child and adolescent PCB 153

concentrations was strong (0.83). The correlatb®@ta/een independent variables were all under 0.40.
PCB 153 concentrations associations with adolescent anthropometric measures

Associations of cord PCB 153 concentrations witblegtents’ height, weight, BMI, FMI and FFMI
are presented in Table 2. Cord blood PCB 153 cdrat@ns were not associated with height or FFMI

at adolescence. However, significant sex-modifasatissociations were found for weight (marginally),



BMI and FMI, and sex-specific analyses indicateat ttord PCB 153 was related to greater weight,
BMI and FMI among girls and after controlling foo-exposure to cord Pb and Hg, and child blood
PCB 153. By contrast, cord blood PCB 153 was utedlto weight, BMI and FMI in adolescent boys.

Baseline growth parameters at childhood examinatiene taken into account when studying the
association between child PCB 153 and growth ateadence (Table 3). No interaction with sex was
observed (data not shown). Child PCB 153 conceatrsit were associated to lower FMI in

adolescence. Significant interactions between cHldll z-score and child PCB 153 blood

concentration were observed: whereas marginal sevassociations were observed among normal
weight children, significant inverse associatioesween child PCB153 and adolescent BMI and FMI
were observed among overweight/obese children.llfineoncurrent PCB 153 exposure was not

related to adolescent growth parameters (Supplememable 1).
Discussion

In this study, prenatal exposure to PCB 153 wasaated with higher BMI and FMI at adolescence in
girls. Child PCB 153 was related to lower BMI anblliFat adolescence, particularly among children
considered overweight or obese. Height at adolescems not associated with exposure to PCB 153 at

any of the ages (prenatal, childhood or concurrent)

In a previous follow-up of the same population,natal exposure to PCB 153 was not associated with
anthropometric parameters at birth nor during d¢tutztl (average=11.3 years old), whereas childhood
(concurrent) exposure was associated with shomreyhh and lower sweight at that age. In these
analyses, no differential association by sex wasenked (Dallaire et al., 2014). The significant
association observed in the longer follow-up at B8gears reported here suggests that the sexfispeci
changes in body proportions occurring at adolessenay be a more suitable period to uncover long

term consequences of prenatal and childhood expdsU?CBs.

A large number of longitudinal birth cohort studiasd reviews have explored the role of prenatal
exposure to POPs, especially PCBs, on child grolwttonsistent findings for PCBs may be related to
different mixtures of PCBs and other POPs to wistidy populations are exposed, to different
background exposure levels, to different periodgrofvth being assessed in the various cohortsy or t
unidentified sex-specific results. Tang-Péronardle(2011) summarized published studies in 2011 by

classifying relations between prenatal exposureP@Bs and obesity development according to

10



population exposure level and sex of the child.yTheposed that in populations with high exposure
levels (> 4.0ug/g of lipids) - including the Yucheng populatidBuo et al., 1995), fishermen families
in Sweden (Rylander et al., 2007) or in Michigana(ik et al., 2002; Jacobson et al., 1990) - toxic
effects, i.e., exposure associated with a lowerghteimight prevail. Conversely, in low (< Hdg/g
lipids) or moderate exposure (1 tqud/g lipids) levels populations associations withigher weight is
often observed in girls only (Gladen et al., 20B@rtz-Picciotto et al., 2005; Verhulst et al., 209
Since the Tang-Péronard (2011) review, new studidading extended follow-up of previous cohorts
(Delvaux et al., 2014; Valvi et al., 2014) were fpemed in low or moderate exposure levels
populations. Unfortunately, their findings did radarify the association between prenatal exposure t
PCBs and obesity development: 8 studies publishiece s2011 reported no association between
prenatal PCBs exposure and weight development (Guipgab et al., 2013; Delvaux et al., 2014;
Hoyer et al., 2014, Iszatt et al., 2015; Karlsealet2017; Lauritzen et al., 2018; Vafeiadi ef 2015;
Valvi et al., 2014), whereas 2 reported an incraaseeight/BMI among girls at 5-6 years (Tang-
Peronard et al., 2014; Valvi et al., 2012). Ourdiitgs are in line with these previous cohorts of
moderate exposure, suggesting that prenatal exposUPCBs may have an impact on weight among
girls during childhood (Tang-Peronard et al., 20¢4dlvi et al., 2012) and up to puberty (Gladenlet a
2000).

The role of postnatal exposure to PCBs on childvgnohas been the object of a smaller number of
studies. Several cross-sectional studies reporteerse associations between obesity and concurrent
PCBs blood concentrations (Dhooge et al.,, 2010;g3Réronard et al., 2011), but this may be
attributed to reverse causation, namely that tlhedlconcentration of PCBs has been diluted due to
increased adipose tissue (Wolff et al., 2007). nospective studies, two situations of exposure were
consideredi) early postnatal (lactational) exposure with adwelup of a few yearsj) exposure in
childhood (8-10 years) with a follow-up to adolesoe or early adulthood. In the first set of eight
studies (Grandjean et al., 2003; Hoyer et al., 2082&tt et al., 2015; Jacobson et al., 1990; l€arkst

al., 2017; Pan et al., 2010; Patandin et al., 1988jan et al., 1987), most reported no association
between lactational exposure and child weight orl,Bdhly two reported an association between
cumulative postnatal exposure and decreased wéBjandjean et al., 2003; Iszatt et al., 2015). The
second set of studies included two prospective slad children enrolled at 8-10 years and followed
for 10 years or more (Burns et al.,, 2020; Tang-Ramd et al., 2015) with PCBs concentrations

measured in child blood at inclusion. In these fapulations, there are suggestions of decreased

11



growth at some points in follow-up in associatioithrwblood PCBs concentrations in childhood: a
reduced BMI z-score and waist circumference intd@®2-year-old Danish girls (decrease not observed
at the 14- to 16-year follow-up) (Tang-Peronar@let2015), and lower BMI z-score and altered body
composition with higher exposure to non-dioxin-lREBs in Russian boys (no girls in this cohort) up
to age 19 (Burns et al., 2020). Our findings ofardase in weight with higher concentrations of PCB
153 in childhood are consistent with these two caraple cohorts, suggesting the peri-pubertal period
may be another window of sensitivity to the actioh PCBs. Median PCBs exposure levels in
childhood were comparable in the three cohorts8 Qud/g lipids in the Danish cohort, 0.25 (non-
dioxin-like PCBs)ug/q lipids in the Russian cohort and O2§g lipids in the present Inuit cohort. Our
study results also highlighted differential asstioiegs of postnatal PCB 153 exposure according to
obesity status during childhood with the later adoent BMI and FMI suggesting that the detrimental
effect of exposure to PCBs during childhood maye$gecially of concern among overweight or obese
children. In fact, higher content of adipose tisswhich is the natural lipid storage location, digri
childhood may increase the half-lives of PCBs acts an ongoing internal exposure source (Milbrath
et al., 2009). Their condition may predispose thenweight loss since PCBs cause disruption of
thyroid hormone homeostasis involved in fat metsibolat multiple levels (Duntas, 2002; Duntas and
Stathatos, 2015; Pelletier et al., 2003). One pbssmechanism is the modification of thyroid
hormones release from anterior pituitary. In a sdconodel, PCBs may alter thyroid hormones
transport by competing effectively for binding pibis in plasma, however, the modification of the
conversion of peripheral tetraiodothyronine as Itestiexposure to PCBs is also a possible action
(Chauhan et al., 2000; Cheek et al., 1999; Lar#0). Finally, PCBs may reduce thyroid hormone
half-life via the enhancement of thyroid hormonéscgronidation in the liver and therefor increase

their biliary excretion (Martin et al., 2012).

Strength and limitations

Ours is the first study to report effects of botenatal and childhood PCBs exposure on adolescent
growth. In addition to its longitudinal design, theain strengths of this study are the focus on a
homogenous ethnic group exposed to a well-chaiaetemixture of environmental contaminants
through contamination of diet including traditionfdod (Muckle et al., 2001) and additional

adjustment for lead exposure.

12



This study has certain limitations. Associationshwaxposure to PCB 153, considered a proxy for the
organochlorine chemicals family, should, in faat, dtributed to the whole mixture characteristic of
this population, such as DDE or other highly interelatedPOP (Muckle et al., 2001). DDE that have
been associated with an increasing risk of obeditgr prenatal exposure in a number of previous
studies (Vrijheid et al., 2016). We used five iradars for assessment of growth and of the various
components of obesity at key time periods. Howegtespite the number of tests performed, study of
these various outcomes should not be consideregb@mtient testing of multiple associations, since we
were looking for consistent and interpretable assimns between outcomes and between time periods.
Although our study covers a long time span, it faokpeated measures on the chronology of growth
(growth curves) including episodes of weight laasg detailed measurements of body composition at
all assessments. Similarly, we were not able tesicen intermediate outcomes (i.e. sex, parathyroid,
thyroid and pituitary hormones), which would prowichsight about mechanisms and pathways of
action of the contaminants on body size changeshoAbh we controlled for many potential
confounders, we cannot exclude residual bias duentmeasured confounders, such as paternal
anthropometric characteristics, participants’ dindldd and adolescence physical activity, and
characterization of diet, such as caloric andrf&tke.An additional limitation is the relative small size

of the cohort at the final follow-up and its power repercussion in sex-stratified analyses. Finally, we
cannot rule out that other prenatal determinants of human growth, such as maternal smoking and alcohol

use during pregnancy and low SES, may have enhanced the persistent effects of PCBs on growth. Although

this may limit the generalizability of our findings to other populations, this finding likely represents the

risk of high PCB exposure found in other populations.
Conclusion

Prenatal exposure to PCBs may have a long-lastifegteon growth through young adulthood,
particularly among girls. It also identifies theripgubertal period as another window of sensitiviy
the action of PCBs. In addition, our findings supigbe recommendation that exposure to chemicals

and body size should be documented at multipleldpu@ental periods up to adulthood.
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Highlights

- Prenatal exposure to PCBs may have along-term effect on growth among girls
- Peri-pubertal period identified as awindow of sensitivity for PCBs
- Exposure to PCBs and body size be documented in multiple time periods



Table 1. Descriptive characteristics of the study sample

Variables N Mean + SE n (%) Median Range
Family characteristics
Maternal age at delivery (years) 212 23.69 + 5.67 22.25 15.00 - 42.00
Parity before delivery of the child 212 1.97+1.79 2.00 0.00-8.00
Pre-pregnancy maternal weight (kg) 175 59.47 +10.24 58.10 41.50 - 108.00
Maternal height (cm) 159  154.51 +5.09 153.90 144.10-170.80
Pre-pregnancy maternal BMI (kg/m?) 2 128 25.24 + 3.50 24.61 17.20-37.04
Normal 75 (58.59)
Overweight 37 (28.91)
Obese 16 (12.50)
Smoking during pregnancy (% yes) 206 177 (85.92)
Alcohol use during pregnancy (% yes) 184 100 (54.35)
Birth characteristics
Gestational age (weeks) 212 39.20+1.44 39.00 36.00 — 44.00
Sex (% girls) 212 118 (55.66)
Birth weight (kg) 212 3.48 £ 0.46 3.50 244 -474
Birth length (cm) 211 51.11+2.29 51.00 45.00 - 65.00
Breastfeeding status 203
None 52 (25.62)
0 < 3 months 36 (17.73)
3 <6 months 24 (11.82)
> 6 months 91 (44.83)
Cord blood PCB 153 (ug/L)° 205 0.22 (2.11) 0.22 0.04-2.42
Cord blood lead (pg/dL)” 204 3.80(1.84) 3.73 0.83-17.80
Cord blood mercury (ug/dL)" 204 1.52 (2.15) 1.53 0.18-9.93
Cord blood total lipids (g/L) 205 2.59 (0.82) 2.49 1.59-4.40
Child characteristics
Age (years) 212 11.34£0.71 11.37 9.32-14.00
Blood PCB 153 (ug/L)" 209 0.25 (2.57) 0.23 0.02-3.40
Blood lead (pg/dL)" 210 2.34 (1.86) 2.07 0.54 - 12.80
Blood total lipids (g/L) 209 5.08 (0.18) 5.00 3.00-9.70
Height (cm) 208 141.6 £7.33 141.00 126.20 — 167.75
Weight (kg) 208  39.99+10.15 37.40 27.65 - 88.10
BMI z-score 208 0.78 £ 0.87 0.67 -1.11-4.16
Adolescent characteristics
Age (years) 212 18.47+1.11 18.48 16.01-21.88
Socioeconomic status of principal provider® 207 28.59 + 13.01 28.00 8.00-61.00
Food security status ® 201
Food secure 37 (18.41)
Moderate food insecurity 88 (43.78)
Severe food insecurity 76 (37.81)
Height (cm) 209 16224 +7.75 162.00 145.00 — 187.00
Weight (kg) 209 62.55+11.74 60.50 39.20-121.90
BMI (kg/m?) 209 23.74 £ 3.94 23.00 17.00 - 48.80
Normal 152 (72.73)
Overweight 43 (20.57)
Obese 14 (6.70)
Body fat (%) 209 20.57 £ 9.53 19.20 4.60 - 48.40
Fat free mass (kg) 209 49.27 £ 8.09 47.20 36.70 — 82.60
Fat mass (kg) 209 13.38 + 8.39 11.10 2.10-57.30
Fat mass index (kg/m?%) 209 5.17 + 8.39 4.22 0.84-22.95
Fat free mass index (kg/m?) 209  18.61+1.86 18.33 15.01 - 26.41
Blood PCB 153 (ug/L) ° 211 0.18 (2.49) 0.18 0.02-1.90
Blood lead (ug/dL) ° 212 1.63 (2.00) 1.52 0.35-18.13
Blood total lipids (g/L) 211 5.10 (0.96) 4.90 2.90-8.10
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& The International Classification of adult underweight, overweight and obesity according to BMI (WHO, 2011)

® Geometric mean (geometric standard deviation)

¢ Assessed on the Hollingshead Index (Hollingshead, 2011).

¢ Either married, in relationship or cohabited with a partner

¢ Based on Health Canada criteria: food security (score <2), moderate food insecurity (2< score <6) and severe food
insecurity (score >6; Health Canada, 2007; USDA, 2006)



Table 2. Associations of cord blood PCB 153 concentrations with adolescents’ height, weight, BMI, FMI and FFMI according to sex

(n = 212)
Beta coefficient (p-value)
Oout Baseline model Sex interaction model
utcomes Global coefficient Sex-modification test ~ Boys’ coefficient  Girls’ coefficient

Height (cm) Model 1 0.03(0.95) 2.12 (0.02) -0.99 (0.16) 1.73 (0.09)
g Model 2° 0.32 (0.52) 0.69 (0.43) 0.03 (0.96) 0.72 (0.28)
Weight (k) Model 1 0.74 (0.49) 5.31 (0.02) -1.82 (0.14) 3.50 (0.05)
ght (kg Model 2° 1.67 (0.16) 3.00 (0.10) 0.29 (0.81) 3.28 (0.06)
. ) Model 1 0.26 (0.42) 1.46 (0.05) -0.37 (0.34) 1.09 (0.07)
Body mass index (kg/m?) Model 2° 0.56 (0.22) 1.67 (0.02) -0.27 (0.52) 1.40 (0.03)
) ) Model 1 0.40 (0.11) 1.25 (0.01) -0.20 (0.29) 1.05 (0.02)
Fat mass index (kg/m") Model 2° 0.74 (0.02) 1.38 (0.03) 0.05 (0.86) 1.42 (0.001)
) ~  Model 1 -0.14 (0.44) 0.11 (0.74) -0.19 (0.41) -0.08 (0.75)
Fat free mass index (kg/m") 1o qe) 2¢ -0.24 (0.26) 0.23 (0.46) -0.35 (0.14) -0.12 (0.69)

Notes: Cord and child blood concentrations (ug/L) were log-transformed. Parameter estimates and p-values were obtained by multiple linear regression and 1000 bootstrap
samples. All models were adjusted for sex, age at adolescent examination and cord blood total lipids. Model 2 additionally adjusted for maternal age at delivery, maternal parity
before the target child, cord blood mercury concentrations, cord blood lead concentrations, child blood PCB 153 concentrations and total child blood lipids.

 Adjusted for birth and maternal height.

b Adjusted for birth weight, pre-pregnancy maternal weight, and adolescent height.

¢ Adjusted for birth weight and pre-pregnancy maternal body mass index.



Table 3. Associations of child blood PCB 153 concentrations with adolescents’ height, weight, BMI, FMI and FFMI according to child
BMI (n = 212)

Beta coefficient (p-value)

. Child BMI * IOTF reference 2
Outcomes Ch(;(l)(if?icéinl,[% PCB 153 Normal weight  Overweight and

interaction test (n=166) Obese (n=42)

Height (cm) Model 1°  -0.10 (0.80) -0.42 (0.25) 0.11 (0.80) -0.80 (0.29)
g Model 2 ¢ 0.16 (0.65) -0.21 (0.44) 0.03 (0.94) -0.17 (0.76)
Weight (kg) Model 1° -0.04 (0.96) -1.16 (0.06) 0.76 (0.22) -2.24(0.18)
ght (kg Model 2° -0.55 (0.43) -0.76 (0.18) -0.02 (0.97) -1.88 (0.15)

. ) Model 17 -0.01 (0.95) -0.44 (0.03) -0.03 (0.87) -1.16 (0.04)

Body mass index (kg/m*) Model 2 -0.40 (0.11) -0.40 (0.07) -0.45(0.09)  -1.59 (0.008)
) ) Model 17 -0.07 (0.65) -0.37 (0.04) -0.05 (0.79) -0.90 (0.05)

Fat mass index (kg/m?) Model 2¢  -0.49 (0.01) -0.38 (0.04) -0.39 (0.06)  -1.40 (0.003)
) ~ Model L' 0.06 (0.48) -0.09 (0.38) 0.01 (0.90) -0.27 (0.14)

Fat free mass index (kg/m") 4o ey 2 9 0.12 (0.28) -0.02 (0.79) -0.005(0.97)  -0.16 (0.48)

Notes: Cord and child blood concentrations (ug/L) were log-transformed. Parameter estimates and p-values were obtained by multiple linear regression and 1000 bootstrap
samples. All models were adjusted for sex, age at adolescent examination and total lipids. Model 2 additionally adjusted for gestational age, child blood lead concentrations, cord
blood PCB 153 and cord blood total lipids. When an interaction between prenatal exposure and sex was found in cord models, the interaction term was also added.

2 International Obesity Task Force references for sex and age specific child BMI classification.

b Adjusted for height and age at childhood examination.

¢ Adjusted for birth height, maternal height, height and age at childhood examination.

9 Adjusted for weight and age at childhood examination.

¢ Adjusted for birth weight, pre-pregnancy maternal weight, weight and age at childhood examination and adolescent height.

f Adjusted for childhood BMI z-score.

9 Adjusted for birth weight, pre-pregnancy maternal body mass index and childhood BMI z-score.
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