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Summary

During the 28 century, humans have been exposed to an increasimdper of persistent
organic pollutants (POPs). Two important groupsP@Ps are poly- and perfluoroalkyl
substances (PFASs) and organochlorines (OCs). gracip has its own history of production
and the time period when emissions peaked variggeka the two groups. However, due to
restrictions on use and the banning of several P@Rgronmental concentrations of OCs and
PFASSs have decreased since the 1980s and early r23pe@ctively.

POPs are transferred to humans primarily through dithough concentrations in specific
food items are generally low. Further, POPs accateuh humans and are transferred from
the mother to the foetus during pregnancy and fanis through breastfeeding. High
exposures to POPs have been demonstrated to cawsgiheffects in humans, but potential
negative health effects of background exposurdkdrgeneral population is not investigated
thoroughly. Concerns for possible endocrine disngpeffects of POPs on thyroid functions
have been raised, especially in pregnant womenyuges and children as these groups are
more vulnerable to endocrine disrupting chemicale tb pregnancy- and growth-related

stress on the thyroid gland.

The overarching aim of this thesis was to investigancentrations and predictors of PFASs
and a selection of OCs in pregnant women, anddesasthe effect of exposure to these POPs
on thyroid function in mother-child pairs. The tlsepapers are based on personal and
lifestyle information reported by pregnant womaonfr The Norwegian mother-and-child
contaminant cohort study (n=391) sampled in theode2007-2009, as well as serum samples
and blood spot samples from these women and thédren, respectively. Maternal serum
samples donated during thé® Zrimester were analysed for a suite of PFASs ai@$,0
whereas ten thyroid parameters were analysed immselonated at three time points 2
trimester, three days and 6 weeks postpartum. @dratens of thyroid stimulating hormone
(TSH) in infants were obtained from the Newborne®aing program, performed in blood
spots sampled approximately three days after biR@Ps, biomarkers, predictors and
covariates included in the present work were evatudy multivariate methods to assess the
overall effects on maternal and infant thyroid fuma of multipollutant exposures. Effect

sizes were reported in mixed models and multipledr regressions.
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This thesis demonstrate that parity, sampling dair¢h year and diet influenced maternal
concentrations of PFASs in the time period 200792@there parity was the most important
predictor for all PFAS concentrations. Further,identified sampling date to be an important
predictor of several PFASs, where concentratiomtirded throughout the recruitment period.
This observation is probably a reflection of tengbotrends, where environmental
concentrations of PFASs have been decreasing yafidin 2002 and were likely still

declining during the study period.

This work demonstrates associations between sel?®&s and maternal TSH and thyroid
hormones (THS) in early pregnancy, 3 days and &svpestpartum, where variables related
to metabolic changes due to pregnancy (e.g. tqtal, thyroxine binding proteins (TH-BPS)
and thyroxine binding capacity) were important jeeds for TSH and TH concentrations at
all sampling points. The association of individ@&Ps with thyroid function was dependent
on proper adjustment for covariates in respectiwelets, where most associations between
individual POPs and TSH or THs were no longer $igamt after mutual adjustments for
other POPs or pregnancy related covariates. Aaeghgi summed POPs were positively
associated to TSH concentrations, and summed O&8ugqrodecanoic acid (PFDA) and
perfluoroundecanoic acid (PFUNDA) were inverselyoagted to the THs. Finally, maternal
POP concentrations did not influence infant TSHoemtrations, but maternal TSH and FT4
were positively and inversely associated to infB8H respectively which may be secondary
to the influence of POPs on maternal TSH and THsweéVer, the clinical relevance of
observed variations in TSH and THs is not clearalasoncentrations varied within normal

reference ranges.

This work highlights challenges in establishingeets of POPs on thyroid functions due to
the complexity of the thyroid system as well asititecacy of multiple exposures of POPs.
However, the results indicate an influence of bagckgd exposures to POPs on maternal
thyroid function which may influence foetal andant thyroid function, and prompt the need

to drastically expand research on current envirartele€oncentrations and mixtures of POPs.
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Sammendrag

Mennesker har veert eksponert for et gkende antidjibgifter de siste 70 ar. To viktige
grupper av miljggifter er organokloriner (OCer) qgrfluorerte organiske forbindelser
(PFASer). Disse to gruppene har ulike historisledipt og bruksomrader, men etter at det ble
innfart restriksjoner for bruk av mange av dem, kamsentrasjonene i miljget generelt gatt
ned fra og med 1980-tallet for OCer og fra ar 2RPFASer.

Nar miljggifter produseres og tas i bruk havneragkt i miljget, i dyr, planteliv og avlinger.

Selv om det er relativt lave konsentrasjoner ayawifter i ulike matvarer, sa er det maten vi
spiser som er hovedkilden til miljggifter i menneskNoen miljggifter akkumuleres i

mennesket fordi de er lite nedbrytbare og overfgresre til fosteret i gravide kvinner og til

spebarn gjennom morsmelk hos de som ammer. Dditevibt at hgye konsentrasjoner av
miljggifter kan vaere skadelig for mennesker og dyen det er ogsa en gkt bekymring for
langtidseffekter av de lave konsentrasjonene sommaéfes i blodet i den generelle
befolkningen. Det er bekymring for at miljggiftekan forstyrre stoffskiftet hos mennesker.
Gravide kan vaere spesielt sarbare for forstyrrelsemiljggifter pa grunn av et naturlig stress
pa stoffskiftet som falge av graviditeten. Fostemt avhengig av mors stoffskifte hormoner

og fosterutviklingen kan dermed pavirkes av moranifter.

Hovedmalet for denne avhandlingen har veert & umller&konsentrasjoner av miljggifter i
gravide kvinner og hvilke faktorer (prediktorer)nsabeskriver kvinners hgye eller lave
konsentrasjoner i blodet. Samtidig ville vi se onon&entrasjonene kunne settes i
sammenheng med uregelmessigheter i stoffskiftetnmmsog barn. Arbeidet baserer seg pa
opplysninger om kosthold og livstil hos 391 gravidenner som deltok i studien Miljggifter i
Svangerskapet og i Ammeperioden (MISA) i period®722009, og blodprgver fra disse
kvinnene og deres barn. Miljggifter ble malt i matsed tidlig i svangerskapet og en rekke
stoffskifte parametere ble malt tidlig i svangemia men ogsa tre dager og 6 uker etter
fadselen. Konsentrasjoner av thyroid stimulerenolenion (TSH) ble malt i barna tre dager
etter fadsel av Nyfgdtscreeningen pa Universitéedsyset i Oslo. Miljagifter, prediktorer,
stoffskifteparametere og viktige faktorer for néiuwariasjon i stoffskiftet ble videre evaluert

med multivariate statistiske metoder for & vurdbw®rdan miljggiftene samlet pavirket

balansen i stoffskiftet til mor og barn.
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| dette arbeidet observerte vi at antall barnefadsiato og ar for blodprgvetakingen, mors
fadselsar og mors kostholdsvaner var viktige fotkigsfaktorer for konsentrasjonene av
PFASer i studie arene 2007-2009. Antall barn kviinbadde fadt hadde sterkest pavirkning
pa miljggiftskonsentrasjoner, der kvinner med flbeern hadde lavere konsentrasjoner enn
kvinner med et barn eller ingen fra far. Konsentmasne av flere PFASer sank gjennom
rekrutteringsperioden og kan sannsynligvis forldarav at konsentrasjonene av disse
miljggiftene i milijget ogsa sank i Igpet studiepddn og kvinner som ga blodprgven sent i

studiet hadde derfor lavere konsentrasjoner.

Flere miljggifter viste en sammenheng med mordsitiffe tidlig i graviditeten samt 3 dager
og 6 uker etter fadselen. Mors stoffskifte var sdigtpavirket av de naturlige fysiologiske
endringene som skjer i graviditeten og etter fgdse miljggiftenes pavirkning pa
hormonnivaene ma derfor vurderes i lys av dissarligé endringene. Det var utfordrende a
evaluere betydningen av individuelle miljggifteforhold til pavirkning pa stoffskiftet siden
miljggiftene er sterkt korrelerte, men hgye konsesjpner av PFASer og OCer var assosiert
med hgyere konsentrasjoner av TSH, og hgyere ktvasgmer av OCer var assosiert med
lavere konsentrasjoner av stoffskiftehormonené dgtbundet tyrosin (FT4 og T4) og fritt og
bundet triiodotyronin (FT3 of T3). Ma@drenes konsasjoner av miljggifter i svangerskapet
hadde ingen direkte pavirkning pa deres barns TiSBen men mgdre med de hgyeste TSH
verdiene fgdte de barna som hadde de hgyeste-Tlkene og miljggiftene kan dermed ha
en indirekte virkning pa barnets stoffskifte. Aikel, var alle forskjeller i stoffskiftet som
falge av pavirkning av miljggifter sma og innenfoaturlig variasjon i nivaer for en
populasjon, og vi kan dermed ikke si om resultatmayv klinisk betydning for kvinnene eller

barna.

Dette arbeidet viser at det er vanskelig a evalueiggifters forstyrrende effekt pa

stoffskiftet i gravide og deres ufgdte barn, hoadeétig pa grunn av kompleksiteten av selve
stoffskiftet, men ogsa pa grunn av miljggiftenetabiimg deres ulike potensiale til & forstyrre
endokrine funksjoner. Resultatene viser allikewdaae konsentrasjoner av miljggifter viser
assosiasjoner til stoffskiftet tii mor og barn, agderstreker viktigheten av forskning pa
konsentrasjoner og blandinger av miljggifter sordag males i blodet til den generelle

befolkning.
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1. Background and context

1.1 Preamble

Humans are exposed to multiple chemicals at loweslds their everyday life through
digestion, absorption through skin and inhalatiGhemicals that are considered persistent,
bioaccumulative, toxic, and have potential for loagge transport can be classified as
persistent organic pollutants (POPs). POPs aregbalied compounds that have been
directly emitted to the environment, intentionatly as by-products during their production
and use (Lohmann et al. 2007; Prevedouros et &6)20wo major groups are poly- and
perfluoroalkyl substances (PFASs) and organochdsri®Cs) which have different chemical
properties and history of production and use, baitsamilar in their persistent nature. PFASs
comprise of fluorinated carbon backbones with vayychain lengths and functional groups
(Buck et al. 2011), whereas OCs are chlorinateddoatbons. PFASs are more recently
produced and used compared to the OCs, and hawechied the emerging contaminants for
a decade although some of the compounds have beened and environmental
concentrations have started to decline. Still, ghegoortion of research on these compounds
and potential human health effects is minimal careg@o research targeting OCs. Therefore,
the present work is mainly focused on PFASs, bsgb abn a selection of OCs e.g.
polychlorinated biphenyls (PCBs) and four pestiside(1,1-dichloro-2,2-bigt
chlorophenyl)ethylengy(p-DDE), hexachlorobencene (HCBj)ans- andcis-Nonachlor).

High exposures to POPs after accidental spillscoupational exposures have demonstrated
harmful effects on human health whereas the effectgeneral populations have been
inconsistent (Longnecker et al. 1997; Stahl eR@l.1; Wigle et al. 2008). Restrictions or full
bans on use of several POPs have been implemeeasedting in a decrease in environmental
concentrations. However, more recent challengesuatangling what biological relevant
concentrations of POPs are, and whether curreriaconant concentrations and mixtures in

the human blood circulation can cause harmful &fec



POPs are transferred from the mother to the foeimghe placenta during pregnancy and
from mothers milk postpartum (Liu et al. 2011). &ses and infants are thereby exposed to
these compounds at critical developmental stagescé&htrations of POPs in maternal blood
are a good indicator for the exposure to theirudses (Verner et al. 2009). Although most
studies report subtle effects on human metaboliant the clinical importance of these
effects on an adult population are debated, a netestant concern is the effect of moderately
altered thyroid functions during pregnancy and miyirfoetal and infant development. The
goal of this project was to evaluate concentratiohBFASs, important predictors for these
compounds and how they affect the thyroid systenmduand after pregnancy. Further, we
wanted to evaluate a multipollutant profile inclouglithe OCs in maternal serum and the
association to maternal and infant thyroid paramete

1.2 Persistent organic pollutants

1.2.1 Poly- and perfluorinated alkyl substances

PFASs comprise a subset of fluorinated aliphatlzseances containing one or more carbon
atoms where all hydrogen atoms (perfluoroalkyl safises) or at least one (polyfluoroalkyl
substances) have been replaced by fluoride atomnsk(Bt al. 2011). PFASs are widely used
in consumer products like water and stain prooéiggnts, paper products and lubricants, due
to their chemical and thermal stability, in additim their hydrophobic and lipophobic nature
(Lehmler. 2005). There are numerous of familie®BASs and these are described in detall
by Buck et al. (2011). The most studied compoungs t their ubiquitous presence in the
environment, wildlife and humans, are perfluoroélegids (PFAAS). The PFAA family
includes perfluoroalkyl carboxylic, sulfonic, sulit, phosphonic, and phosphinic acids.
PFASs have been produced since the 1950s withasiog intensities from 1966 to the
1990s. The production remained relatively consfaotn 1990-2000 until a phase-out of
perfluorooctane sulfonyl fluoride (POSF) based stduwas announced in 2000 by the major
manufacturer, 3M, subsequently producing replacésntrat were shorter-chained and not
bioaccumulative (US EPA. 2002). Concerns about peesistence of PFASs in the
environment, bioaccumulation potential and risk foxkicological effects in animals and

humans has led to the classification of perfluotaoe sulfonic acid (PFOS) as a POP



(Stockholm convention. 2009), followed by a bantbé compound in Europe in 2011
(European Parliament. 2006) and regulated useeitu® (Paul et al. 2009).

1.2.2 Organochlorines

OCs, also called legacy POPs, comprise numerakaules. PCBs have been produced for
commercial uses, such as paint, plastics and elaictransformer fluids, whereas production
of pesticides has been designated for control sftspand diseases in agriculture (AMAP.
2004). PCBs were mass produced from the 1930s exnichl mixtures under several trade
names (e.g. Aroclor and Clophen). Production arel afsthese compounds was banned in
many countries from the 1970s. Similar for the jpeds, these were used for several decades
in the 28" century before being banned in the 1970s (vanBkeg. 2009). However, use of

DDT is still allowed in some countries to supposdlaria control (van den Berg et al. 2012).

1.3 Human exposure to POPs

The presence of POPs in the environment originates industrial use and from abiotic or
biotic degradation of precursor compounds (Pawl.e2009; Prevedouros et al. 2006; EEA
and WHO. 1999). When persistent compounds are peatland used, they rapidly end up in
the food chain and diet becomes the major routexpbsure (Alcock et al. 2000; Duarte-
Davidson and Jones. 1994; Fromme et al. 2009; btalend Kotz. 2014; Vestergren and
Cousins. 2009). In addition, PFASs are passed toahs through air, house dust, drinking
water and water based beverages (Haug et al. 24l et al. 2011a; Ullah et al. 2011;
Eschauzier et al. 2013). POPs are transferred trmmmother to the foetus and to infants
through breastfeeding and due to the body mass taly are exposed to proportionally
higher levels of certain chemicals than the moitéun et al. 2011). Several studies have
confirmed transplacental exposure of both OCs aRAS2 to the foetus and postnatal
exposure through breast feeding (Apelberg et @72Moue et al. 2004; Monroy et al. 2008;
Patandin et al. 1999). Fromme et al. (2010) obskre@ increase of PFOS and
perfluorooctanoic acid (PFOA) concentrations iramtfserum through the first months of life.
Concentrations of these PFASs in human milk weve lout the intake still led to a body

burden at the age of six months similar to or highan that found in adults.



In humans PFASs bind to proteins and mainly residdood, liver and kidneys (Butenhoff et
al. 2006; Jones et al. 2003), whereas OCs are $ipidble and accumulate in fatty tissues
(Dewallly et al. 1999). Metabolism and eliminatiohmany POPs is slow and opposed to the
OCs, there is no known mammalian metabolism of PE&t&hl et al. 2011). Excretion of
POPs occurs largely through faeces and urine (ldaeadl. 2005; Schlummer et al. 1998),
and in women they can additionally be excretedughobreastmilk and menstruation (Harada
et al. 2005; Thomsen et al. 2010; Wong et al. 20IA$ half-lives of the compounds in the
human body differ according to their chain lendgdorter chained PFASs usually degrade
more rapidly than longer chained PFASs (Condell.e2Q08; Lau et al. 2007; Zhang et al.
2013), and lower chlorinated PCBs are more reachgtabolized compared to the higher
chlorinated congeners (Brown. 1994). Accordinglgtimated human half-lives of PCBs
range from 1-27.5 years (Ritter et al. 2009; Sharad Kissel. 1996), 7 and 6 years for DDT
and HCB, respectively (Woodruff et al. 1994), amdl PFOS and perfluorooctanoic acid
(PFOA), median half-lives were estimated to beah@ 3.4 years, respectively (Olsen et al.
2007).

1.3.1 Temporal trends

In Northern Europe and in the Arctic, OC concemdreg in air and biota have declined
parallel to the declining emissions of OCs durihg 1980s and 1990s (Bignert et al. 1998;
Hung et al. 2010) (Figure 1). Accordingly, declipitrends have been observed in human
blood during the last decades in the Northern Hphase (Hagmar et al. 2006; Ngst et al.
2013). For the PFASs, measurements in biota reflenotarked increase of PFASs in the
environment from the 1970s, with reported doublimges for PFOS between 5.8-10 years
from the 1970s and to the early 2000s (Bossi e2@05; Holmstrom et al. 2005). However,
after the phase out of POSF based industry, hunmantoning studies demonstrate a decrease
of several PFASs in serum and plasma from the y#206-2004 and onwards (Calafat et al.
2007a; Glynn et al. 2012; Haug et al. 2009; Scimidegmani et al. 2012; Ngst et al. 2014)
(Figure 2). On the contrary, similar decreasinghdres not observed for longer chained
PFASs and their potential to degrade to shorter AFAlso renders them sources of
continued exposure to PFOS and PFOA (Buck et 4120
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Tromsg study sampled at five time points by Ngst etl. (2013).
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1.3.2 Predictors of POP concentrations

Biomonitoring studies have reported dietary aneshyle predictors of POP concentrations in
humans mainly with cross sectional design, where, &gth year and BMI are frequently
associated with OCs (Hardell et al. 2010; Rylareteal. 2012; Wolff et al. 2007; Brauner et
al. 2012; Fei et al. 2007; Hardell et al. 2010jni&ir associations have been inconsistent for
PFASs (Calafat et al. 2007a; Calafat et al. 2061&yg et al. 2009; Kato et al. 2011; Olsen et
al. 2008). Commonly, parity has been demonstratedaa important predictor for
concentrations of both OCs and PFASs among womeau(®r et al. 2011; Fei et al. 2007;
Hardell et al. 2010), as well as the consumptiomafine food in the general population in
Norway (Brantsaeter et al. 2013; Furberg et al.22(aug et al. 2010b; Rylander et al.
2009a; Rylander et al. 2009b).

In humans, lifetime exposure to POPs representuheulative exposure over the lifetime of
the individual resulting from prenatal, postnatddildhood and adult exposure (Alcock et al.
2000; Moser and McLachlan. 2002; Ritter et al. 90@onsidering historical time-variant
emissions of PFASs, a post-ban situation will resaol different predictors of PFAS
concentrations in the general population compavezhtenvironment of increasing exposures.
This is described in detail for the PCBs (Quinale011) which indicates different exposure
scenarios under constant and time-variant emisskotential biodegradation and continued
production of PFASs including PFOS and PFOA in sa@oantries like China (Wang et al.
2009), indicates that the interpretation of temptends for PFASs can be complex and can
differ between contries.

1.3.3 Health concerns of POPs

Extensive research regarding hazardous effects ©OPsP performed in rodents has
demonstrated toxic effects on the liver and immané endocrine systems (Lau et al. 2007,
Winneke. 2011). Concerns for possible effects oPB®n thyroid function also in humans
have been raised, especially because of the impartaf the TH homeostasis during foetal
neurodevelopment. Epidemiological studies have catdid possible adverse effects of
prenatal POPs exposure on foetal and infant demedop and an influence on maternal and
foetal thyroid function has been suggested as plaeation. Studies on the influence of OCs

on maternal and foetal TH function have been extehsinvestigated and are reviewed in
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several publications (Hagmar. 2003; Hartoft-Niels¢ml. 2011; Jugan et al. 2010; Goodman
et al. 2010), whereas similar studies of PFASsliared (Chen et al. 2013; de Cock et al.
2014).

Human exposure to POPs is characterised by lowslesea myriad of chemicals, and
approaches used by regulatory bodies for safegsasgent (e.g. evaluating single chemicals
at high doses) are not suitable for current mixdusé POPs (Kortenkamp. 2008). Recent
animal studies have suggested that low-dose PORimsxmay be a relevant research focus,
as effects in animals are observed at concentsaiod mixtures similar to those humans are
currently exposed to (Ruzzin et al. 2010). Henke,lbng term effects on human health and
the potential mixture effects of these low backgblevels are of concern, especially their
potential to perturb maternal hormonal homeostasid subsequently affect pregnancy
outcome and foetal and infant development (Boaal.eR012; Morreale De et al. 2000;
Morreale De et al. 2004; Stahl et al. 2011).



1.4 The thyroid system

The thyroid endocrine system is critical for regu@ energy homeostasis, metabolic
pathways and the growth and differentiation of maigsues and organs. THs like
trilodothyronine (T3) and thyroxine (T4), are invet in numerous physiological processes
e.g. regulation of metabolism, bone remodellingdiee function and mental status (Morreale
De et al. 2004). T3 and T4 are produced in thedidygland, and transported to peripheral
target tissues aided by thyroid hormone bindingtging (TH-BPs) e.g. thyroid binding
globulin (TBG), transthyretin (TTR), and albuminigiére 3 and Table 1). The thyroid
function is regulated by negative feedback meclmasisin which thyroid stimulating
hormone (TSH) stimulates the thyroid gland to sgstke T3 and T4. TSH is in turn regulated
by thyrotropin releasing hormone (TRH) from the dy@alamus, as well as by the levels of
circulating T3 and T4 (Feldt-Rasmussen et al. 198@nce, the thyroid function is regulated
to secure a constant equilibrium in the thyroid kostasis. In healthy individuals, serum
levels of thyroid parameters are maintained reddyigtable with individuals having his or her
specific set point (Feldt-Rasmussen et al. 198@gofdingly, individual variations in levels
of TSH, THs and TH-BPs are large whereas variatigitin individuals are small, hence
normal reference ranges are relative broad an@rd#tcording to analytical method and

populations, the latter due to factors like lifésfyage, dietary habits and iodine status.
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Figure 3. The thyroid system

TRH stimulates the production of TSH resulting in he formation of the THs, T3 and
T4. T3 and T4 are formed by iodotyrosine coupling ad iodination of thyrosine residues
by thyroglobulin (Tg), a process catalysed by thyral peroxidase (TPO). In the
circulation, THs bind to and are transported by TBG, albumin, and TTR. T4 is
deodinated to T3 in the liver and tissues by deiodases (Ds) and T3 are further
transported into cells by membrane bound transportes where it binds to nuclear
thyroid hormone receptors (TRs) (Preau et al. 2014)in the liver THs are metabolized
by UDP-glucuronyl transferase (UDPGT) and the metablites (rT3 and T2) are excreted
in the urine. In the pregnant woman, supply of T3 ¢ the foetus is maintained by the
placenta which metabolizes maternal T4 (Colicchiateal. 2014).

10



Table 1: Thyroid parameters and functions

Parameter

Thyrotropin
releasing hormone

Thyroglobulin

Thyroid
stimulating
hormone
Total and free
thyroxine

Total and free
triiodothyronine

Thyroxin binding

globulin

Transthyretin

Albumin

Thyroxine binding
capacity (T3
uptake)

Anti-thyroid
peroxidase
antibodies

Abbreviation Function

TRH

Tg

TSH

T4 and FT4

T3 and FT3

TBG

TTR

Anti-TPO

Regulate pituitary release of TSH (Jackson. 1982).

Acts as a substrate in the synthesis of T3 andsT4.
storage protein for the inactive forms of thyroid
hormone (T3, T4) and iodine (Van Herle et al. 1979)

Stimulates the synthesis of T4 and T3 (Glinoer and
Spencer. 2010).

Controls the metabolism of cells and tissues. F94 |
the metabolic active form and constitutes 0.3 %hef
total T4 in blood (Feldt-Rasmussen and Feldt-
Rasmussen. 2007).

Controls the metabolism of cells and tissues. FF3 i
the metabolic active form and constitutes 0.03 % of
the total T3 in blood. FT3 is four times more paten
than FT4 (Feldt-Rasmussen and Feldt-Rasmussen.
2007).

Transports 70% of T3 and T4 in the blood and asts a
a buffer for the metabolic inactive form. (Feldt-
Rasmussen and Feldt-Rasmussen. 2007).

Transports 10-15% of T4 in the blood and acts as a
buffer for the metabolic inactive form. (Feldt-
Rasmussen and Feldt-Rasmussen. 2007).

Transports 15-20% of T3 and T4 in the blood and act
as a buffer for the metabolic inactive form (Feldt-
Rasmussen and Feldt-Rasmussen. 2007).

A measure of the TBG that is unsaturated with tiayro
hormone. Degree of unsaturated TBG increases with
decreased circulating levels of thyroid hormones
(Blackburn. 2013).

Autoantibodies targeted against one or more
components of the thyroid system. Predictor fdt ab
thyroid disease (Fitzpatrick and Russell. 2010).
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1.4.1 The thyroid system during pregnancy

Changes in thyroid function during pregnancy arganant as it parallels the altered
carbohydrate, protein and lipid metabolism anddaase in basal metabolic rate. Accordingly,
there are marked changes in the maternal hypoti@laituitary (HTP) thyroid axis to
increase the availability of THs. During the fitato trimesters of pregnancy, these changes
lead to a two- to three-fold increase in TBG prddircand a subsequent decrease in levels of
free thyroxin (FT4) and free triiodothyronine (FT®Jlowed by an increased production of
T3 and T4. The large increase in TBG compared tor@gults in a decreased T4/TBG ratio,
creating a state of relative hypothyroxinemia, thyroid function per se does not change
during pregnancy. Changes in individual TH levelsoughout pregnancy varies by
gestational age, number of foetuses and study ptpn] but generally, the woman achieves
a new steady state in HTP function at the end "8ftmester which is maintained until
delivery. After delivery, the alterations in thytloprocesses are gradually reversed over 4-6
weeks (Blackburn. 2013).

1.4.2 Maternal TH homeostasis and foetal and infant devel opment

For the embryo and foetus, the THs are crucialllirdevelopmental stages. THs play an
important role in the development of the centralvaas system and brain maturation e.g.
differentiation and migration of neural and glialls, and myelinisation (Bernal. 2007). The
foetal thyroid is fully functional from approximadyel8 weeks gestation, and thus prior to
this, maternal T4 is the sole source of TH to tleetbping foetal brain (Obregon et al. 2007).
Still, the foetus relies on maternal THs throughtin@ gestational period, and this supply is
also important for supporting TH storages in thevib@n. In the infants, HTP thyroid
function gradually changes during infancy and diolod, hence adequate TH production is
crucial for continued central nervous system (CN&juration and bone growth. The critical
period of TH influence on CNS continues 6 to 8 msrdfter birth (Blackburn. 2013).

1.4.3 Thyroid disease
Thyroid function abnormalities during pregnancyeaffup to 10% of all women, including
overt (symptomatic) and subclinical (mild and asyonmatic) hypothyroidism with the
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worldwide prevalence of 0.5% and 3%, respectiveNar{oft-Nielsen et al. 2011).
Hypothyroidism is characterised by a depleted sumbl THs, where the thyroid gland is
unable to produce adequate amounts of thyroid hoemim meet the requirements of
peripheral tissues. A drop in serum concentratimh¥Hs causes an increased secretion of
TSH to stimulate TH production. Subclinical hypatbigism is defined by an elevated TSH
concentration in the presence of normal serum FARAT 3 concentrations and may progress
to overt hypothyroidism (Biondi and Cooper. 20080@er and Biondi. 2012). Today there is
no population screening program for hypothyroidisnmpregnant women, but women with
known familial thyroid disease are tested. No theudic actions are taken when subclinical
hypothyroidism is indicated in pregnant women (Béizick and Russell. 2010; Lazarus.
2011). The clinical importance of moderately low THncentrations is unclear, but subtle
discrepancies in maternal TH during early pregnamoy of particular concern, where
subclinical changes in maternal THs may affect eqmhic and foetal development.
Accordingly, decreases in childhood intellectualrfpenance can occur if a pregnant
woman'’s hypothyroidism is subclinical and margipddw T4 levels in the pregnant woman
could cause reduced cognitive functions of thepoiifg (Berbel et al. 2009; Pop et al. 2003;
Haddow et al. 1999). In Norway and several othemtaes, all newborns are screened for
thyroid disease with TSH levels above 8 mlU/L aslirait for further investigation
(Norwegian Newborn Screening. 2015), but littlekiown about the clinical relevance of
subclinical hypothyroidism in infants (TSH >5.0 nilly (Kaplowitz. 2010). However,
discrepancies in maternal thyroid homeostasis dupregnancy can increase the difficulties
encountered by the newborn in meeting their postiirmone requirements, including those
of the developing brain (Morreale De et al. 2000).

1.4.4 Evaluation of thyroid parameters

TSH levels can reflect mild thyroid functional impaent even when T4 and T3
concentrations are within normal ranges. Henceupison of the thyroid function is often
investigated in regards to hypothyroidism with tie@orting of TSH concentrations. Still,
hypothyroxinemia (low T4 concentrations) can ooeith normal TSH and T3 concentrations
and in the absence of assessment of the overadithfunction; the clinical importance of
individual THs is unclear (Braverman and Utiger.882 Measurement of anti-thyroid
peroxidase antibodies (anti-TPO) can be a valualdiginct in patients with subclinical

hypothyroidism because it predicts a higher risd@feloping overt hypothyroidism. Further,
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pregnancy-induced changes in thyroid physiologyedfflaboratory interpretation and
presently no universally accepted reference ramgethyroid parameters exist (Fitzpatrick
and Russell. 2010). For example, increased corat@ns of TH-BPs give rise to
misinterpretation of most of the measurements nfredevels of TH by available techniques.
Therefore, interpreting thyroid function in pregh&omen should include measurements of
TSH, both bound and free THs, as well as TH-BPs\@ilable binding sites on TH-BPs
(thyroxine binding capacity)(Fitzpatrick and Russ2010).

1.4.5 Thyroid disruption by POPs

Like THs, POPs are also halogenated moleculestraidchemical structure resembles those
of the THs. Hence, POPs could influence the thyfoidttion through all the segments of the
thyroid system by; i) stimulating or inhibiting gmae functions which mediates iodine uptake
of the thyroid gland in the synthesis of THs; iistdrbing TSH signalling through TSH
receptors in the thyroid gland; iii) displacing THem their binding proteins subsequently
being transported themselves to thyroid dependsstds; iii) transmitting agonistic or
antagonistic signals through TRs on target celtst @) affecting metabolism of TH in the
liver causing increased clearance of THs (Boasl.e2(2; Takser et al. 2005). Different
POPs can have different potencies in regards &farence with thyroid functions; hence, a
challenge lies in the assessment of combinaticecesfffrom large number of chemicals with
endocrine disrupting abilities with varying impadihis means that elucidation of any
causality in impairment of thyroid function by POBsomplicated by a complex correlation
of exposuresMost studies include selected POPs when effecisdifidual compounds are
studied. Associations between OCs, particularly GBid health outcomes in humans have
been extensively studied and reviewed (Hagmar. 2008an et al. 2010; Langer. 2008),
whereas similar studies on PFASs and OCs and PEA@Bther have been sparse (Boas et al.
2009; Boas et al. 2012).

1.4.6 Thyroid complexity

Interference of POPs with thyroid function may f#esin small changes in serum
concentrations of THs and may be difficult to deiecsmall clinical studies, additionally, a
single measurement may not capture transient changkl levels. The thyroid system may

also be able to compensate for adverse effectsighrthe negative feedback mechanisms,
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where discrete alterations in THs may not be detedty evaluating levels of individual
thyroid parameters. The negative health effectsndupregnancy on thyroid function that
have been associated with POP exposures, resehdse telated to iodine deficiency (eg.
decreased maternal FT4 and increased maternal Ti&ifeased risk of prematurity,
spontaneous abortion, and neurodevelopmental impat) (Morreale De et al. 2000;
Morreale De et al. 2004; Stahl et al. 2011). Initholdl, iodine status affects the variation in
TH concentrations throughout the pregnancy, whéee degree of iodine sufficiency or
deficiency affects individual TH set points and m@@s in concentrations throughout the
pregnancy (Blackburn. 2013; Morreale De et al. 208#nce, iodine status may modify the
degree of thyroid disruption by chemicals. Therefat is important to include the major
thyroid parameters in studies on the overall infeeeby POPs on thyroid function, in addition
to considering lifestyle variables, age and iodstatus. Unfortunately, this is seldom

performed in studies.
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2. Aims of the thesis

The main objective of this doctoral thesis wasdseas the effect of background exposures of
POPs on thyroid function in mother-child pairs inriway. Concentrations and predictors of
PFASs and a selection of OCs are investigated égrnant women, and a multipollutant
assessment of POPs and their associations to dostoems of maternal and infant THs are

evaluated.
Specific objectives:

- Explore concentrations and predictors of PFASs imagernal population in a period
of decreasing environmental concentrations.

- Assess associations between PFAS concentratiorsriy pregnancy and thyroid
parameters in early pregnancy, 3 days and 6 westpgortum.

- Evaluate the overall relationship between POPs F#nd OCs), maternal and infant

thyroid status and important covariates, applyimgudtipollutant approach.

16



3. Materials and methods

3.1 The Northern Norway Mother-and-Child Contaminant Cohort Study

The Northern Norway Mother-and-Child Contaminanh@a Study (MISA) was initiated in
2007 to address exposure of environmental contartsnexperienced by women during
pregnancy and postpartum and also by their newBdeyhe et al. 2012). The recruitment
period was from May 2007 to June 2009 and inclu2gdO invited women from Northern
Norway (Figure 4), where 20 % was initially include the study and 15 % completed. The
present project includes the 391 women who comgbigte study. The participants answered
a comprehensive questionnaire on personal infoamasind food frequency consumption
(FFQ) (Appendix), and donated blood at three tinm@nts: during pregnancy (mean
gestational week 18, range 10-32), three days andexeks postpartum. Blood from their

newborn were collected three days after birth (Fedi).

Karasjok

Kautokeino

|—67°N—

Figure 4. Map of the MISA cohort study area (reprodiced from Veyhe et al., 2012 with
permission).
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Maternal birth registry

Personal information
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Figure 5. Flow chart for the events in the MISA cobrt study

3.2 Demographic and lifestyle information

At enrolment, all the participants completed a iieda questionnaire about personal
characteristics, obstetric history, diet and IfestAppendix). In addition, information about
current diet, smoking and alcohol habits, medicetiand dietary supplements, were obtained
at all blood sampling time points. The participaatso completed a separate questionnaire

about breastfeeding.

Food consumption was self-reported and calculatiwese based on standardized portions
and national food composition tables. The FFQ wes dame as used for the Norwegian
Women and Cancer Study (NOWAC) supplemented withqu2stions about fish and
shellfish (Hansen et al. 2010) and has previousnbvalidated (Hjartaker et al. 2007) and
submitted to a retest (Parr et al. 2006).
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3.3 Sampling procedures

Contaminant analyses were targeted in serum froen sitcond trimester, while thyroid
hormones were analysed in serum from all three Bagpoints. Infant TSH concentrations

were acquired from the National newborn screennogam.

The women in the MISA study were requested to dastat a light, non-fatty breakfast no

later than 2 hours before the blood sampling (Hams$el. 2010). Venous blood was collected
in BD vacutainers (SST Il Plus Advance 10/8.5 nvacutainers were transported to the
Univeristy of Tromsg where serum was transferredgdpropriate storage vials according to
analyses; i) glass vials pre-rinsed with n-hexane acetone for the contaminant analyses,
and ii) cryotubes for analyses of biomarkers. Thrum was stored at minus 20 °C until

analysis. Blood spots from infant heel prick waembed on filter paper three days after birth

and shipped to the University Hospital of Oslo ad pf the newborn screening program.

3.4 Analytical methods

3.4.1 Analyses of PFASs

Analyses of PFASs were conducted for paper |, il &h by the candidate at NILU-

Norwegian Institute of Air Research. Detailed atiahl methodology and a list of
compounds are presented in Paper I. The extragtethod was modified from Powley et al.
(2005). Briefly, PFASs were extracted from serumpgias with internal standards using
sonication-facilitated liquid—liquid extraction, ta@ated ENVI-carb clean-up. Recovery
standard were added to the extracts which wereysedl by ultrahigh pressure liquid
chromatography triple—quadrupole mass-spectron{eidPLC-MS/MS). Quantification was

conducted with the LC Quan software.

3.4.2 Analyses of OCs
Analyses of OCs were applied in Paper lll, andahalytical details as well as concentrations
are presented therein and previously published &yh¥ at al. (Veyhe et al. 2012). Briefly,
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internal standards, formic acid and deionised watse added to 2 ml serum sample and left
in the fridge over night before being extractedbtiyh an HLB solid phase (SPE) column
using dichloromethane. Further clean-up involvedti@h of compounds from Florisil
columns with n-hexane/dichloromethane. OCs weratified and quantified in the extracts
with a gas chromatograph/mass spectrometer operateldctron impact mode. Assessment
of isotopic mass ratios, blank samples and stangdiedence materials ensured the quality of
the results. Finally, lipids were detemined enzyoadly and the summed amount of lipids

was calculated as described by Akins et al. (1989).

3.4.3 Analyses of thyroid parameters

Analyses of THs, TH-BPs, anti-TPO and thyroxinedang capacity were conducted for
Paper Il and Il and were performed by laboratdaffsat the University Hospital of Northern
Norway, Department of Laboratory Medicine. A detdiimethodological description and list
of analytes are described in Paper Il. The laboyat® certified according to ISO 151810
(Norwegian accreditation. 2014) and all reagentibators and equipment were CE-
approved. Quality controls are run at three difiéi@ncentrations every day and additionally
the laboratory participates in the LabQuality emétrquality assessment program (Labquality
Finland. 2014).

Infant TSH concentrations were determined by theddal Newborn Screening program and
applied in Paper 11, and a detailed methodologitsscription is presented therein.

3.5 Statistical analyses

The statistical approaches in all three papers werformed in SPSS statistic software (IBM
SPSS Inc. Chicago, IL, USA), in addition to theefgeavailable, open source software R (R
Development Core Team, available f&tp://www.cran.r-project.org) in paper lll. The

general statistical approaches are described bddatvdetails on the different methods are

described in each respective paper.
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3.5.1. Analyses of multidimensional data

With the large number of POPs and biomarkers medsur human blood as well as the
reporting of many potential predictors and covasata collection of multivariate analyses
were performed. We selected statistical methodshvhllow highly correlated variables as
exploratory models for; i) evaluating the impacttbé demographic and dietary variables
simultaneously on serum concentrations of PFAS$&per | and,; ii) to evaluate the overall
relationship between contaminant and covariatealobes with levels of THs in papers Il and
lll. PCA and PLS were used for data reduction andsélecting variables of specific interest
in all the papers. Additionally, hierarchical cleishg was applied in Paper Il to reduce the

dimensional structure of POPs and to create sunumeminant groups.

3.5.2 Effect sizes

To investigate the impact of demographic and dyetariables with large influence on POP
concentrations (identified from the PLS regressiwamile mutual adjusting for important
covariates, analysis of covariance (ANCOVA) wasliggipin Paper 1. In paper Il we applied
mixed effects linear models with three repeatedsuesanents of thyroid parameters. Women
were assigned to PFASs quartiles which were induae fixed factors along with THSs,
covariates (identified from PLS regression) andiadyatic time variable in five separate TH
models. Finally, in Paper Il we applied multiplendar regression models with either
individual POPs or summed POP groups as dependanables including important
covariates (linear regression method: Enter). Mutadjustments were performed by
including individual or summed groups of POPs asdates.

3.6 Ethical considerations

According to ethical guidelines and human reseaegiulations the MISA study has been
approved by the Regional Ethics committee (REK) amgprovals for storing personal

information and biological materials in a biobamkere obtained before starting the study
(Veyhe et al. 2012). Participation was voluntargd ghe participants signed an informed
consent before entering the study. Informationfenstudy participants was obtained from the

cohort data bases at the University of Tromsg amdrnal security and confidentiality
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requirements were fulfilled. The identification all samples and questionnaire information

was depersonalized.

Reports and storage of results will be accordingetpuirements of the cohort procedures.
Results have been and are intended to be publishgeer-reviewed journals. The co-authors

of the three papers reported no conflicts of irgere
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4. Results — Summary of papers

Paper |
Concentrations and predictors of PFASSs in pregnantvomen from the MISA study

This study investigated concentrations and demdugcagnd dietary predictors of 26 PFASs
in pregnant women who donated a blood sample inskeond trimester during a recruitment
period of 867 days (June 2007 to December 200®di€ors were evaluated with PLS

regression and effect sizes were reported by ANCOVA

Seven PFASs was detected in over 80% of serum samglere PFOS was the dominating
compound followed by PFOA, PFNA, PFHxS, PFUNnDA, RF@nd PFHpS. Results

demonstrated parity, sampling date and birth yeabea the most important predictors of
maternal PFAS concentrations in years followinguosdi production and use of PFASs.
Parity was the strongest significant predictor dbirthe investigated PFASSs, and nulliparous
women had higher concentrations compared to muttysawomen (10 ng/mL versus 4.5
ng/mL (median PFOS), respectively). Further, seaamcentrations of PFOS and PFOA of
women recruited day 1-100 were 25% and 26% higlespectively, compared to those
women recruited in the last 167 days of the stuldy 601-867). Dietary predictors varied in
importance according to compound, and were stropgedictors for the longest chained

PFASSs, explaining up to 17% of the variation in @amtrations.

Paper Il
Associations between PFAS and thyroid parameters ding pregnancy and the
postpartum period in women from the MISA study

This study investigated the relationship betweenrmeconcentrations of seven PFASs in the
women from paper |, and TSH, THs and TH-BPs 'fhtdmester, three days and 6 weeks

postpartum. Associations were assessed by gragndamnixed model analyses.

The specific study population reference range @3th percentile) for ten thyroid

parameters in women during and after pregnancypessented in this paper. The specific
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reference ranges at each sampling point were wittnnormal non-pregnant population
reference ranges all the respective parametersrddts demonstrated consistently higher
mean TSH concentrations (24%) in women within tighést PFOS quartile compared to
women in the lowest quartile throughout the thraeagling points. Similarly, women in the
highest PFDA and PFUNnDA quartiles had lower T3 &1@ concentrations, respectively.
Thyroxine binding capacity was significantly assded with all the THs and the individual
binding proteins, and was selected as covariatedfost for elevated levels of TH-BPs as a
proxy for the pregnancy related alterations in HidHs when considering the effects of

POPs in statistical models.

Paper Il
Associations between POPs and maternal and infantSH and TH in mother-child pairs
from the MISA study

This study investigated the association of a bn@adje of POPs (seven PFASs and twelve
OCs) with maternal TSH and THs and infant TSH. Altipallutant approach was applied
using multivariate analyses; hierarchical clusigrifCA and PLS regression, and effect sizes

were reported with multiple linear regression.

The concentrations of PFASs were tenfold higherpamed to the OCs on a wet weight basis.
Hierarchical clustering demonstrated two distifosters, dividing the PFASs and OCs into
two groups, where correlations within the OCs wstrenger as compared to the correlations
within the PFASs. Further, the results indicatesit fAFASs and OCs may differentially alter
the circulating levels of THs in pregnant women,ialihin turn may influence infant TSH
concentrations. omen within the extreme POP qeah#d significantly higher (8%) TSH
concentrations compared to women within the lowpsirtile, whereas women within the
extreme summed OC quartile had significantly lo&A%) T3, T4 and FT4 concentrations
compared to women within the lowest quartile. Ferthmaternal TSH and FT4 levels were
positively and inversely associated to infant T&s$pectively. However, differences in TSH
and TH concentrations were small between quartdad, varied within what is considered
normal reference ranges for healthy non-pregnadtiafant populations, thus the clinical

relevance of the observations is not clear.
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5. Discussion

5.1 Major findings

This work report the concentrations of 10 thyroatgmeters, 26 PFASs, and 12 OCs along
with detailed information on 391 pregnant womerg.(& total of 152 demographic and

lifestyle variables were evaluated). Throughout frepers we have included the most
important covariates in statistical models, allayviar proper adjustment and interpretation of
maternal PFASs concentrations and influence of sedhgroups of POPs on maternal and

infant thyroid function:

» Parity, sampling date and birth year were the nmapbrtant predictors for maternal
PFAS concentrations in years with decreasing enwiental concentrations.

 Our data indicate that background concentrationsP@Ps influenced maternal
concentrations of TSH and THs consistently in eprlggnancy, 3 days and 6 weeks
postpartum.

* Maternal concentrations of TSH and THs were infagghby levels of TH-BPs and
thyroxine binding capacity throughout the sampliiegiod.

* Individual POPs were correlated, complicating ttaistical evaluation of the relative
importance of individual compounds.

» Clinical relevance was not established due to thaternal and infant TSH and TH

concentrations varied within normal reference range
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5.2 Concentrations of POPs

5.2.1 Regional and international comparisons

Overall, the concentrations of POPs in the MISAylafon can be considered low and reflect
a background exposed population. Median conceobstin the MISA population are lower
compared to populations from earlier studies inraxmate regions. Table 2 present PFAS
concentrations reported in women from Northern Rarm the period 1992-2012 (Barrett et
al. 2015; Glynn et al. 2012; Jensen et al. 201BwLet al. 2015; Vestergaard et al. 2012;
Wang et al. 2013) and demonstrate a general decneg®pulation medians with study year,
which complies with temporal trends reported fag ame time period (Glynn et al. 2012,
Haug et al. 2009; Ngst et al. 2014). In regard®@concentrations, these are comparable to
those reported in other pregnant populations indiMorcountries when considering fish
consumption and the year of sampling (Glynn e2@Q7; Halldorsson et al. 2008b). Based on
knowledge of trends for emissions and environmesgtaicentrations, the exposures to
humans are indicated to continue to decrease el téi/in the coming years. However, there
are large differences between continents whereiraged production of PFASs including
PFOS and PFOA in some countries contribute to asing exposures in some populations
(Wang et al. 2009). This was apparent in a studp &wedish population from Uppsala,
where median PFHXS concentrations increased frad7-2009 and was related to that these
women had recently been exposed to increasingdefePFHxS-related compounds (Table
2) (Glynn et al. 2012).
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Table 2. Median concentrations of PFAS&g/mL) in pregnant women and women of childbearingage in Northern Europe.

Study
year Population Details PFOS PFHxS PFHpS PFOA PFNA PFDA PFUnDA  Reference
2010-2012 Odense child cohort, Jensen et
Pregnant women  Denmark. 7.85 0.28 - 1.59 0.68 0.26 - al. 2015
The MISA study, Northern Current
2007-2009 391 Pregnant women  Norway. 8.03 0.44 0.10 1.53 0.56 0.23 0.26 study
Pooled serum samples, 3 Glynn et al.
2009* Nursing women weeks after delivery, Sweden 8.24 4.84 - 1.91 0.65 0.32 0.27 2012
Pooled serum samples, 3
2008* Nursing women weeks after delivery, Sweden 10.25 4.36 - 2.09 0.72 0.28 0.24
Pooled serum samples, 3
2007* Nursing women weeks after delivery, Sweden 14.06 412 - 2.06 0.60 0.26 0.22
Pregnant women, MoBa Wang et al.
2003-2004 903 Pregnant women  cohort, Norway. 12.81 0.60 0.13 2.15 0.39 0.09 0.22 2013
Women of childbearinc Parous woman, Northern Barrett et
2000-2002 88 age Norway. 12.65 0.71 0.10 2.03 0.55 0.22 0.39 al. 2015
Women of childbearinc Nulliparous women, Northern
age Norway. 14.78 1.05 0.13 3.36 0.61 0.23 0.36
The Danish National Birth Liew et al.
1996-2002 545 Pregnant women  Cohort, Denmark 26.80 0.84 0.30 4.06 0.42 0.15 - 2015
Women of childbearinc Woman of childbearing age, Vestergaard
1992-1995 222 age Denmark. 36.02 1.17 - 560 0.48 0.11 - etal. 2012

*Concentrations reported as ng/g serum
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5.2.2 POP concentrations and patterns

Concentrations of PFASs were tenfold higher than@Cs as would be expected regarding
the different history of production and use for tia® contaminant groups (Bignert et al.
1998; Hung et al. 2010; Paul et al. 2009). Staastnalyses (e.g. hierarchical clustering and
correlation analyses) in Paper Ill demonstrated distinct clusters dividing the PFASs and
OCs into two groups (Figure 6) and reflect diffexenn concentrations and a stronger
correlation between components within each groupthér, correlations within the OCs were
stronger as compared to the correlations within P#ASs and might be explained by
similarities within the two groups with respect fahysicochemical properties of the
compound groups and their temporal trends (Ngat. 2013; Ngst et al. 2014). In addition,
this could also reflect production, where the Ofaticularly the PCBs, was produced in
mixtures containing several congeners, whereaviohehl PFASs have been produced from
different precursor compounds. Accordingly, withiie PFAS group, two clusters separated
the longest chained PFASsq(fz) from the shortest chained PFASs.£C This tendency was
also demonstrated throughout the papers; In stalisinalyses the longest chained PFASs
covaried with regard to predictors in Paper |, asgmns to different thyroid parameters in
Paper Il and clustering in Paper lll, whereas thertest chained PFASs covaried in regards
to different predictors, thyroid parameters andstts compared to the longest chained
PFASs. These observations are also in line withrenmental pathways of the different
PFASs where longer half-lives and different tempdrands are observed for the longest
chained PFASs (Glynn et al. 2012; Kato et al. 2011)
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Figure 6. Hierarchical clustering of 19 POPs base®dn concentrations in 370 samples
from early pregnancy. The figure depicts the hierachical structure obtained on the
distance between concentrations (method: completenkage). The vertical blue line
represents the manually selected cut-off for the maber of clusters.

5.3 Predictors of contaminant concentrations

5.3.1 Date and year of sampling

In Paper | we demonstrated that sampling date maersely associated with concentrations
of PFHxS, PFHpS, PFOS and PFOA due to continuowlggreasing environmental
concentrations of these PFASs during the recruitnpmariod. Sampling date was not
important for the OC concentrations as the decreasavironmental concentrations of OCs
has slowed down considerably (Ngst et al. 2013 fiHative importance of predictors is
likely modified according to changes in environnadrtoncentrations of the different POPs,
and could differ in pre- and post-ban periods. Adswly, sampling year and sampling date,
especially within studies with prolonged recruitmpariods, are important to consider in the
assessment of POP concentrations and their presliciéad when comparing results from

different studies.
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5.3.2 Parity, birth year and BM|

Parity was the strongest significant predictordoncentrations of all the PFASs, while birth
year and BMI were of varying importance accordiogompound. Similar, parity, birth year,
and BMI were important predictors for the OCs (Vewt al. 2015). These observations are in
accordance with predictors identified in other sggacbn POP concentrations in women from
similar study years (Brantsaeter et al. 2013; Roddl@l. 2009). PFNA, PFDA, PFUNnDA and
the OCs were positively associated to birth yeat amay reflect more intense exposure to
these compounds in older women or possible agendepé elimination patterns (Armitage et
al. 2009; Zhang et al. 2013). Increasing OC comaéinhs with increasing age likely reflects
birth year dependent past exposure as OC expokavesvaried across the birth years of the
MISA women (Alcock et al. 2000; Moser and McLachl@002; Ngst et al. 2013; Ritter et al.
2009).

5.3.3 Dietary predictors

Several dietary predictors of PFAS concentratioesewdentified and varied in importance
according to compound. The largest increase inagxgil variance by including diet in
statistical models was observed for concentratioh$FNA, PFDA and PFUNnDA. This
observation may be in accordance with increasiogiagnification with chain length with the
current relative time trends and correlations fé/ABs in biota (Vestergren and Cousins.
2009). Higher concentrations of PFASs were obseimeldigh consumers of marine food,
game and white meat and comply with observatiorngorted in other Nordic studies
(Halldorsson et al. 2008a; Haug et al. 2010b; Rigaret al. 2009a; Rylander et al. 2009b).
Further, Veyhe et al. (2015) identified dietaryakes of freshwater fish, fat fish, fish liver and

reindeer as significant predictors of a selectib®@s in the present study population.

The dietary predictors identified in this assocatistudy are food items with high
concentrations and/or food items with large diffees in intake between individuals.
Accordingly, the associations observed in the prestidy are in line with studies on PFAS
concentrations in different food groups in genevhich demonstrate that high consumers of
marine food and meat have the highest PFAS coratearis as well as large variation in
intake (Cornelis et al. 2012; Domingo et al. 20H2ug et al. 2010a; Noorlander et al. 2011;
Tittlemier et al. 2007; Trudel et al. 2008; Vesteryg et al. 2012; Hlouskova et al. 2013;
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Herzke et al. 2013). However, we did not obsengaations between PFAS concentrations
and food categories that are general high consomptiods like vegetables, cereal products
and dairy products. Still, these food groups hasenbreported to contribute considerably to
the total daily intake of PFASs (Haug et al. 2018&orlander et al. 2011), and small

differences in intake in the population and/or thelative low concentrations of PFASs could

explain that they are not apparent as statistiediptors (Vestergren et al. 2012).

5.4 Concentrations of thyroid parameters and theipredictors

5.4.1 Concentrations during pregnancy and in postpartum periods

Specific reference ranges for thyroid parameterhénpresent study population, during and
after pregnancy, were within what is consideredmadrreference ranges in healthy non-
pregnant individuals (Norwegian Medical Associatid?015). Further, the difference in
concentrations of the thyroid parameters betweenstimpling points were consistent with
what has been previously described across the @negn(Blackburn. 2013). Briefly, i)
median concentrations of maternal TSH, T3, T4, T&@ thyroxine binding capacity were
slightly increased three days after delivery coragato the second trimester, whereas
concentrations six weeks postpartum had decredssd to pre-pregnancy levels (normal
non-pregnant levels), six weeks postpartum; ii) ia@dconcentrations of FT3 and FT4
remained relative unchanged throughout the thregpkag points, and complies with the
expected transient increase in individual leveld=®8 and FT4 in the first trimester with
levels being relative stable until delivery (Lazar2011); iii) median TTR concentrations
were unchanged; and finally, iv) albumin decreaséer delivery compared to the"2
trimester but increased to pre-pregnancy levelsaggks postpartum. TPO antibodies have
been indicated to be markers for increased riskfeftility, miscarriage and preterm delivery,
but are not necessarily reflected in TSH and Thele¢Stagnaro-Green and Glinoer. 2004).
Twenty-two women were positive for anti-TPO in @& trimester and these women had TH
concentrations within 95% confidence interval foe population, and including or excluding
them did not alter the study population refererazeges for any of the thyroid parameters. For
the infants, the TSH concentrations varied accgrdnwhat is considered normal in healthy

infant populations (Kapelari et al. 2008).
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5.4.2 Predictors of maternal TSH and TH concentrations

Important predictors for maternal TSH and TH comicgions (Paper 1l and 1ll) were parity,

age, BMI and variables related to physiologicalndes during pregnancy and postpartum
periods (e.g. gestational week, total lipids, THsB&hd thyroxin binding capacity). These
observations demonstrate the dependency of comatiems of TSH and THs to the

pregnancy-related increase in total lipids, TH-BiRg thyroxine binding capacity compared
to non-pregnant women. Importantly, and as desgribethe introduction, these variables
influence individual variations in TSH and TH contations and must be regarded when
interpreting laboratory analyses (Fitzpatrick andssell. 2010) and assessing thyroid

homeostasis in pregnant women.

5.5 Background exposures of POPs and associationgwthyroid function

5.5.1 Associations between POPs and maternal TSH and THs

This work demonstrated that women with the highgstum concentrations of summed
PFASs and OCs had 8% higher concentrations of T@&hpared to women with the lowest
contaminant concentrations. Further, women with Hghest serum concentrations of
summed OCs had 2-4% lower concentrations of T3add FT4. These associations were
consistent at all sampling points, where the comant quartile differences in TSH and TH
concentrations were the same in early pregnanaday3 and 6 weeks postpartum. Table 3
presents an overview of comparable studies and observations, and demonstrates that our
findings partly comply with other studies; one studcluded repeated measurements of
thyroid hormones in mixed models (Takser et al.3}G0milar to what we performed in Paper
Il, and also observed several OCs to be positigaly inversely associated with TSH and T3,
respectively. Several studies have also reportedrée associations between OCs and THs
(Abdelouahab et al. 2013; Cheuvrier et al. 2008;neard et al. 2010; Koopman-Esseboom et
al. 1994). The magnitude of associations or es@thaffects, are difficult to compare
between the different studies due to differentisiadl methods and interpretation of effect
sizes. Still, the magnitude of the effects on cotr@ions of TSH and THs are very low and
concentrations vary within normal reference randésally, several studies report both
positive and negative associations and no assocgat all.
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The difference in analysed POPs and biomarkersdegtwgtudies complicates the conclusion
on effects on thyroid function. Additionally, siegl measurements of blood POP
concentrations are most often used in epidemiotbgtudies (Lee et al. 2006; Steenland et
al. 2010; Wigle et al. 2008). POP concentrationearly pregnancy represent the biologically
available concentrations and are good biomarkeigtefnal exposure doses in the mother.
However, concentrations change with time, wheret pascumulative exposures are not
necessarily strongly correlated to single measunésnat different time points (Nost et al.
2015). Therefore, discrepancies in thyroid homeistduring pregnancy can be a result of
thyroid disruption at earlier stages in the womiges where POP measurements in pregnancy
may not adequately reflect exposure at the timeenmue disruption in the mother actually

occurred.

5.5.2 Associations between maternal POPs and infant TSH

We did not detect any associations between maté&t@#&t concentrations and infant TSH

concentrations three days after delivery. Howewgerpreting TSH concentrations three days
after birth in regards to dysregulation of infard fomeostasis may be too early after birth to
indicate thyroid impairment, and that divergenaeshie thyroid homeostasis due to maternal
POP exposures could develop throughout childhodsio,Aconcentrations of maternal TSH

and FT4 were positively and inversely associatedfent TSH, respectively, and indicate an

influence of maternal TSH and TH levels on thembfaSH levels that could be secondary to

POP influence on the maternal thyroid homeostasis.
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Table 3.Thyroid-disrupting properties of PFASs and OCs in luman studies on pregnant woman and infants

Study period Population _ N _Sampling time Organic contaminants’ Thyroid parametevs" Covariates’ Indicated effect Reference
2007-2009  Pregnant women 391 2nd trimester PFHXS, PAPISS, PFOA, PFNA, PFDA, TSH, T3, FT3, T4, FT4AGIB TR, Age, BMI, parity, thyroxine binding capagcigregnancy vector, 1TSH, | T3, |FT3, Current study
PFUNDA,p,p'-DDE, HCB, PCB 99, 118, 138, 153,  AlbyriiROAb, Thyroxin binding capacity physical activisgm of PFASs and sum of Ocs |T4, |FT4
163, 170, 180, 187, t-Nonachlor, c-Nonachlor (Mezn2nd trimester, 3 days and 6 weeks postpartum)
Infants 370 48-120 hours Maternal total lipid, infant age at sampling, Neeef
birthweight, gestational length and gender.
1990-1992 Pregnant women 105 3rd trimester PCB-118, 1158 180 TSH, T3, T4, FT4 |T3, (T4 Koopman-Esseboom
Infants 105 2 weeks and 3 months PCB-118, 138, 153, 18 TSH, T3, T4, FT4 1TSH etal 1994
2005 Pregnant women 101 1stand 2nd trimester PCBi#9,1B8, 153, 156, 170, 180, 183, 187, TSH, T3, (Mdasured: First and second trimester and Gesthigeaat blood draw, age, smoking, total lipid and 1TSH, |T3 Takser et al. 2005
t-Nonachlor, oxychlordane, HCB, DDT, p,p-DDE afvael) sum of PCBs.
Cord blood 92 PCB-138, 153, 180, HCB, p,p-DDE TSH,AB4 No effect
2000-2002  Pregnant women 165 3rd trimester Non-orthB, R@no-ortho PCB TSH, T3, FT3, T4, FT4 Nationakgygth of gestation, alcohol, smoking, thyroid- dffect Wilhelm et al. 2008
disease, iodotherapy,first pregnancy, lead, cadnsalenium.
Cord blood 127 TSH, T3, FT3, T4, FT4 No effect
2004-2008  Pregnant women 1090 1st trimester HEBCH, p,p-DDT, p,p-DDE, PCB-28, 118, TSH, T3, FT4 Age, weight, parity, smoking, educational level gedtational |T3,1FT4 Abvarez-Pedrerol
138, 153, 180 age at sampling. etal. 2009
1995-2001 Pregnant women 120 Delivery PCB-153, HEBO-PCBs TSH, T3, FT4, TBG Age, alcohol, cigarettes/day, serum and lipid comagons. 173 Dallaire et al. 2009b
Cord blood 95 PCB-153, HCB;HO-PCBs TSH, T3, FT4, TBG Gestational age, cord selenuim, smoking and lipittentrations. |TBG, |FT4
Infants 130 7 months PCB-153, HCB TSH, T3, FT4, TBG Breastfeeding status, lipid concentrations. No effec
2004-2005 Cord blood 289 PCB-118, 138, 153, 180 TSHFT4 Gender, gestational age, maternal age, race, premey BMI |T4, |[FT4 Herbstman et al.
and smoking. 2008
Infants 265 18 days T4 Gender, gestational age, maternal age, race, gremey BMI, T4
smoking, infant age at sampling.
1999-2000 Pregnant women 333 2nd trimester PCB-18,2842,66,74,99,101,118,138,146, TSH, T4, FT4 Age, prepregnancy BMI. |T4, [FT4 Cheuvrier et al. 2008
153,156,180,183,187,194,199, p,p-DDT,
0,p-DDT, p,p-DDt, p,p-DDE, HCB
1996-1999  Pregnant women 325 3rd trimester LPCBs, bed?CBs, PCB-153, p,p-DDE TSH, T3, FT4 Age, Pre-pregnacy BMI, education, smoking, seasioohol. IT3 Darnerud et al. 2009
Infants 150 3 weeks TSH, T3, FT4 Maternal age, gender, birth weight, maternal edugamoking |T3
alchohol, breastfeeding and sampling season.
2007-2008  Pregnant women 380 2nd trimester PCB-138,11538 TSH, T3, FT3, T4, FT4, TPOAb Gestational agéemal age, selenium, iodine, BMI, Ant-TPO IT3 Abdelouahab
Cord blood 260 TSH, T3, FT3, T4, FT4, TPOAb Gestational age defiveraternal age, selenium, iodine, BMI No effect le2@13

2000-2001  Pregnant women

Cord blood
2011-2013 Infants

2005-2006 Pregnant women
2003-2004 Pregnant women

2006-2008 Pregnant women

285 3rd trimester PFOS, PFURB@A, PFNA, PFHXS,
PFDeA, PFDoDA
116

83 4-7 days DDT, PCB-153, PFOS, PFOA
(measured in cord blood)
974 2nd trimester PFHXS, PPBAS
903 2nd trimester PFOS, PPBHAXS, PFNA, PFUNDA,
PFHpS, PFDA

152 2nd trimester PFHxS, PPESA, PFNA

TSH, T3, T4, FT4

TSH, T3, T4, FT4
T4

TSH, FT4
TSH

TSH, T4, FT4

Age, education and parity.

Maternal age, education, parity, neonatal sexypel af delivery.
Birth weight, type of delivery, maternal weightrgajestational
age, parity, BMI, age, smoking and alcohol.

Age, weight, race, gestational age

at blood draw.

Age, gestational age at blood draw, HDL concentnati
seafood intake, parity and inter-pregnancy interval

Sampling time and TPOAb status.

1TSH, | T4, |FT4

113,114
1T4 in girls

No effect
1TSH

1TSH in in TPOAb+ women

Wang et al. 2014

de Cock et al. 2014
Chah €011
Wang et al. 2013

Webster et al. 2014

*POPs were measured in blood at unless otherwisel sta

I’Thyroid parameters were mesured at the same sgripiinas the organic contaminants unless othestased.
“Covariates included in statistical models of sigaift findings.
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5.5.3 Inclusion of relevant covariates

In the assessment of associations between PORsatednal thyroid homeostasis, parity and
thyroxine binding capacity were important covarsae the TSH models, whereas age, BMI
and variables related to physiological changesngupregnancy were important covariates in
models for T3, FT3, T4 and FT4. Regression analysé&aper Il demonstrated that without
proper adjustment for covariates in respective nsae could have concluded on significant
associations between several PFASs and T4 and Adebrdingly, Wang et al. reported
PFUNDA to be significant inversely associated wih4 and T4, but did not report on
adjustments for gestational week or elevated lewélIH-BPs. However, several studies
include gestational week as a covariate to adjmstpfegnancy related influence on THs.
Table 3 describes thyroid parameters and the ctearincluded in the different studies. The
table demonstrate large variations in included detes between studies and to our
knowledge, TH-BPs or thyroxine binding capacity am included in previous studies on
pregnant woman. Hence, inconsistence in investigadgariates may account for some of the
discrepancies in observed relationships betweersRO& THs.

A sufficient iodine supply is crucial for suppodinthe increasing demand for THs in
pregnancy. lodine deficient women may be more qidde to thyroid disruption and
assessment of iodine status when investigatingcedsms between thyroid disruptors and
THs is apparent. Additionally, the negative headffects during pregnancy of disrupted
thyroid function that has been associated to PQidsxes can resemble those related to
iodine deficiency (Morreale De et al. 2000; MoreeBle et al. 2004; Stahl et al. 2011). In the
present work, maternal iodine status (evaluateth fdietary intake and iodine measured in
urine) did not influence the observed associatibeasveen POPs and THs and was not
included as a covariate in the final models. Tlas hlso been demonstrated in other studies
(Abdelouahab et al. 2013; Alvarez-Pedrerol et B09. However, iodine status may affect
the variance in TH concentrations, as the degreledifie sufficiency or deficiency affects
individual TH set points and relative changes imaamtrations throughout the pregnancy
(Blackburn. 2013; Morreale De et al. 2004). Thislldonot be observed in our cohort as the
variation in iodine status was low but may influeramy effects of POPs on thyroid function
in population with large variances in iodine staswell as when comparing effects between

populations with different iodine status.
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5.6 Mixture effects

Paper Il displayed correlation coefficients ashhag 0.95 between different POPSs; hence, if a
single compound is likely to cause a biologicaéeff linking this effect to a single compound
will be difficult. Accordingly, PFOS was the domiitegy contaminant for the association of
PFASs with maternal TSH in Paper I, where assmriatbetween PFHXS and PFOA with
TSH lost their significance in models including P&@s a covariate. In the reciprocal models,
including PFOA or PFHxS in PFOS models did notraite association between PFOS and
TSH. These observations reflect the strong coraglatbetween these PFASs, and complicate
the interpretation of their individual effect on teanal thyroid homeostasis. This was further
acknowledged in Paper lll were the inclusion ofcsfpe OCs in statistical models, made it
impossible to conclude if the variance in TSH cariions were explained by either PFOS,
PCBs or nonachlors. This was also the case foiPthBs, HCB and nonachlors and their
individual associations to T3, T4 and FT4 after mally adjustments. This has also been
addressed in other studies (Dallaire et al. 200@&v@er et al. 2008; Takser et al. 2005), were
the authors state that they were unable to evathatendividual effect of OCs on TH status
by controlling for other OCs because of the higlerncorrelations between these compounds.

In the present study, we cannot exclude that theemied associations between POPs and
concentrations of TSH and THs are related to otwmwtaminants not included in the
statistical analyses. Nevertheless, several epmegical studies interpret findings from the
different POPs that emerge as statistically sigaift, despite that specific POPs that display
association to THs in a given study may partlyasgeély reflect the influence of other POPs
rather than the role of that POP itself. It is hkthat observed associations between POPs and
thyroid functions could be related to a combindeéafof several POPs, and there is growing
awareness of the challenge of studying such miiifamt effects on human health (Borg et
al. 2013; Kortenkamp. 2008; Lenters et al. 2015).approach applied by several studies as
well as in the present, is to include summed comtant groups in statistical models.
However, summing the concentrations of POPs asseesl potencies and no synergistic
effects, which may not be appropriate either. | phesent population, women in the highest
PFOS quartile demonstrated 24% higher TSH condeisathan women in the lowest
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guartile (Paper 1), while women within the highestmmed POPs quartile had 8% higher
TSH concentrations compared to women in the lowesttile (Paper Ill). This observation
indicate that summed contaminant groups may disgadividual effects and the strength of

associations, and therby the interpretation ofcdiirelevance.

The nineteen POPs included in this work were insime pmol/L concentrations as the THs
(Figure 7), but single POPs have been indicatexkéot lower potencies towards functions in
the thyroid system compared to the THs, and theaumations of individual POPs are
therefore not regarded as hazardous in relati@onapeting with TH functions. Modelling of
human thyroid functiomn vitro, demonstrates that some PFASs can compete withintdng

to TTR which is most the important carrier protéom thyroid hormone to the brain and
developing foetus (Weiss et al. 2009). However, 8F0Ad PFOA had individually a binding
capacity for TTR of only one tenth compared to m4hat study, hence they will likely not
affect T4 binding to TTR in a pronounced way (Weital. 2009). Still, the increased number
of chemicals humans are exposed to may exert thglisrupting potencies through different
mechanisms of the thyroid system, as well as coatioinal effects (Weiss et al. 2009).
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Figure 7. Serum concentrations of THs (2.5 and 97 fiercentiles are represented by lines
on the end of the boxes), and median POP concenti@s in serum from pregnant

women. Concentrations are in pmol/L on a LOG scale.

37



5.7 Clinical relevance of findings

5.7.1 Clinical relevance of associations between POPs and maternal TSH and THs

Although associations between several POPs andarfsHIHs were statistically significant,
concentrations of all thyroid parameters variechimitnormal reference ranges. Hence, the
indicated POP induced changes on hormone condensanay not be of clinical relevance
in the pregnant women. However, as pregnancy-irdlesbanges in thyroid physiology alters
maternal TH and TH-BP levels, this can affect labany interpretations, complicating the
evaluation of thyroid function in pregnant women. dddition, changes in individual TH
levels throughout pregnancy varies by gestatiorgd, enumber of foetuses and study
population (Blackburn. 2013). Hence, the clinicalewvance of individual levels might be
masked in non-pregnant population reference ranged, gestational normative reference
ranges for thyroid function tests are required gasper interpretation of any abnormalities
(Lazarus. 2011). Still, population specific refazemanges for the THs indicate that ranges for
the THs are within the mid to high end of normaference ranges in non-pregnant
populations (Table 4), and can be considered lovpfegnant women since they are expected
to have an increase in levels by 40-100% (Blackb@®13). Therefore, higher TSH
concentrations in women with the highest POP camagons may indicate inadequate T4
concentrations in these women, as TSH quickly nedpoto subtle changes in T4
concentrations resulting in elevation in TSH (Lazar2011). Noteworthy, higher TSH levels,
within the normal reference ranges, have been mdedc with an increased risk of
miscarriages, foetal and neonatal distress, anderpnedelivery (Benhadi et al. 2009;
Stagnaro-Green and Glinoer. 2004; Stagnaro-Greah 2005), whereas marginally low T4
levels in the pregnant woman have been indicateadtise reduction in cognitive functions of
the offspring (Berbel et al. 2009; Pop et al. 2088¢ddow et al. 1999).
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Table 4. Reference ranges for thyroid parameters

International

Method specific guidelines for reference  Study pop reference
Parameters reference ranges ranges ranges
TSH (mlIU/L) 0.20-4.30 0.50-3.60 0.44-4.48
T3 (nmol/L) 1.30-3.10 1.70-2.70 1.97-3.73
T4 (nmol/L) 66.0-181 Refers to method 111-190
FT3 (pmol/L) 2.80-7.10 Refers to method 3.66-5.79
FT4 (pmol/L) 9.0-22.0 8.00-20.0 10.0-17.0
TBG (mg/Ly 47.0-59.0 27.0-66.0 26.2-53.3
TTR (g/L) 0.15-0.29 0.23-0.39 0.15-0.25
Albumin (g/L) 39.7-49.4 36.0-48.0 36.0-46.0
Thyroxin
binding
capacity (TBI) 0.80-1.30 Refers to method 1.07-1.43
Anti-TPO
IU/ml Negative < 34 < Positive Refers to method Negative < 34 < Positive

“Reference ranges (2.5-97 fercentiles) are those recommended by the manuéa¢fRoche)
PReference ranges are those recommended by Norwelgidical association (Norwegian Medical
Association, 2015) for a non-pregnant populatiolessiotherwise stated.

‘Defined as the 2.5 percentile (lower range) an8 p@ércentile (upper range) ifi" 2rimester for this
population

‘TBG reference ranges are reported for pregnantlatipus

'Reference ranges for pregnant women "rrBnester

9Reference ranges for pregnant wom&htrdmester
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5.7.2 Clinical relevance of the influence of maternal thyroid homeostasis on infant TSH
Children born by mothers within the highest TSHrtjleaand lowest FT4 quartile had 10%
(0.2 mlU/L) higher median concentrations of TSH gamed to children born by mothers in
the lowest and highest TSH and FT4 quartiles, @spdy. This difference is small and in a
magnitude comparable to normal variance within thgaihfants, and may not be of clinical
relevance. Further, the physiological importancesuftle deviations in infant TH levels or
subclinical hypothyroidism in infants is not estabéd in the literature. The limit for clinical
action is a TSH concentration above 8 mlU/L acaugdd the Norwegian Newborn Screening
program (Knudtzon J et al. 1997; Norwegian Newl®cneening. 2015), and no actions are
taken when TSH levels are mildly elevated (5-8 m)UHowever, a concern is that mildly
elevated TSH levels with normal FT4 levels increae risk of developing hypothyroidism
and subsequently developmental delay, but no stuthee yet fully supported this concern
(Kaplowitz. 2010). Noteworthy, there are almostaanplete lack of paediatric randomized
controlled trials investigating the effect of trieat subclinical hypothyroidism with synthetic
THs compared to no treatment. Further, whetherodbrmmldly elevated TSH levels poses a
risk for the infant and developing child is sti#lmhted (Chu and Crapo. 2001; McDermott and
Ridgway. 2001)
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6. Methodological considerations

6.1 Study design, population and validity

All the papers were based upon the MISA cohortystutich has both cross-sectional and
longitudinal aspects. Paper | and Ill applied assfsectional study design where exposure
and outcome were measured at early pregnancy, asdtaper Il applied a longitudinal
examination of thyroid parameters during and afpgegnancy in regards to PFAS
concentrations at early pregnancy. The internaiditgl of the MISA population was
considered acceptable by Veyhe at al. (2012) adthdhe participation rate among invited
women was low. The participation rate was 20 %\ahdn comparing the participants to the
general Norwegian pregnant population using theitédirth Registry of Norway (MFR),
the MISA population is slightly older (two yearsinoked less and were better educated, but
otherwise similar to the general pregnant poputatioNorway (Veyhe et al. 2012).

The internal validity of the personal and dietanjormation is considered good based on
previous validation of the FFQ (Hjartaker et al.0Zp and intake of total energy and
micronutrients are comparable to those in similge groups in the Norwegian population
(Table 5) (Norwegian Directorate of Health. 2012yriNegian Directorate of Health. 2014;
Veyhe et al. 2012). Hence, the MISA women can bsideved representative for other
pregnant women in Norway with similar dietary habithe internal validity of the chemical
analyses was strengthened by high quality expoassessment, including a wide range of
POPs, as well as including several thyroid parareedaalysed with accredited methods by
personnel at the hospital laboratory. Contaminantentrations in the MISA population are
representative for the general female populatiaddanvay since POP burdens are similar and
thus an indicator of exposure to future infantgiiier, the study specific reference ranges for
thyroid parameters at the three sampling pointdikety representative for pregnant women

in Norway.

The internal validity of statistical assessmentsthed association between POPs and TH-

homeostasis, are strengthened by a large sam@easawell as the large number of POPs,
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demographic and lifestyle variables, and thyroidapeeters considered. The observed
associations between concentrations of POPs andaréidikely not transferable to non-
pregnant populations as thyroid physiology is ddfé from non-pregnant women, and the
pregnant thyroid function could be more sensitigedisruption due to increased thyroid
stress. Additionally, the generalizability to othpregnant populations is dependent on
variance in organic contaminant concentrations @&uine supply. However, the POP
concentrations in maternal serum and associatiomaternal and infant concentrations of

TSH and THSs could reflect actual health risk fagtisses and children in general.
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Table 5. Energy intake and distribution of energy E %) in the MISA cohort compared to women in Norkos 3. Mean, percentiles and

recommended intake.

MISA women Norkost 3 womerf
(n=387) (n=925) Recommended

Mean (SD) P25 P50 P75 P95 Mean (SD) P25 P50 P75 P95 intake”
Energy, MJ/d 80(R20 67 81 94 11 | 80(R4) 63 78 95 12
Protein, E% 174(20) 16 17 19 21 18 (4.0) 15 17 20 24 10-20
Fat, E% 34.0(4.6) 31 34 37 42 34(70) 30 34 39 46 25-35
Saturated fat, E% 139(23) 12 14 15 18 13 (3.0) 11 13 16 20 <10
Monounsaturated fat, E% = 10.8(1.7) 98 10 12 17 12(3.0) 93 11 13 17 10-15
Polyunsaturated fat, E% 66(16) 54 64 74 97| 6.2(23) 45 59 74 10 5-10
Carbohydrate, E% 46 (4.8) 43 46 49 55 44 (8.0) 39 44 49 56 50-60
Added sugar, E% 58(2.7 41 52 69 11| 74(.1) 38 64 9.7 17 <10

®National report on dietery intake in Norwegian naea women between 18-70 of age (Norwegian DiretgarbHealth, 2012)
PRecommended intake from the Norwegian Directortéealth (Norwegian Directorate of Health, 2000)
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6.2 Chemical analyses

As epidemiological effect studies address the p@tleassociation between an exposure and
an outcome and where these are of measurable Swalguality of measurements is critical in
determining the validity of such studies. Systematrors in measurement were controlled for
and minimized by quality assurance-quality con{@A-QC) efforts. For the analyses of
thyroid parameters, random errors were minimizecupmatic high throughput technology
and samples were reanalysed if values differed frmrmal reference ranges. However,
possible errors due to switching of sample iderditg pipetting serum into the wrong tubes
cannot be disregarded. In regard to POPs, the saptpparation is more manual and thus

prone to more random error.

Exposure assessment included 12 OCs that werallyitinalysed for a different study
(Veyhe et al. 2015) and a total of 26 PFASs that s@eened for in a subset of 50 serum
samples (Paper I). Concentrations of 10 PFASs determined and presented in all samples
(N=391) while the detection frequency of the renmainl6 PFASs were low and thus not
guantified. Perfluorobutane sulfonic acid (PFB8J gerfluorobutanoic acid (PFBA) were
not presented due to methodological limitationstte time of analysis with only one
transition ion for the compounds. These resultsiccomave contributed to valuable
information as the production and use of thesergperted to have increased in later years
(Buck et al. 2011).

The chemical analyses of POPs employed in thes#iestiare well established. QA-QC
measures indicated good quality for reported camagons which confirm that good internal
validity for these results was achieved; i) Evalmatof analyses of standard reference
materials (SRMs) where agreement between the nezhsatue and a certified value ensured
the accuracy of analyses; ii) The repeated anabfsSRMs throughout sample processing
evaluated the precision of the results; iii) Analy®f blank samples served to assess potential
laboratory contamination and to determine a thrieskm avoid false positive detections of
low concentrations; iv) The laboratory at the Negran Institute for Air Reseach routinely
participates in the international AMAP Ring Test Rersistent Organic Pollutants in Human

Serum and has performed well (within + 20% for PBA®Sd + 15% for OCs, of assigned
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values); v) A high number of internal standards \added to ensure that the method was
adequate for compounds with different propertiay;Quantification based on the internal
standard method corrects for any loss of samplengllsample extraction: vii) Quantified
results of OCs were rejected when the isotopic masss deviated by > 20% from those in
guantification standards, and viii) For PFASSs, titesence of two masses were regarded

qualitatively to confirm the compound identity.

The chemical analyses of THs, TH-BPs, thyroxinedinig capacity and anti-TPO are well-
established routine analyses used in the clinicdfagnostic purposes. The quality assurance
involves routinely running a three level commeraahtrol in addition to the analyses of
pooled serum from blood donors. The analyticalataon was well within 10 % (% variation

in concentrations calculated form repeated analgééise same donor control for a year) for

all the analytes.

6.3 Statistical methods and sample size

Values that are below a threshold for which conegions are considered accurate are a
challenge in environmental studies. In the presenk we chose to only include POPs with
detection frequencies above 80% in statistical yaweal, and concentrations below limit of
detection (LODs) were replaced by LOR/ (Anda et al. 2007). Further, participants with

missing values for POPs or thyroid parameters wrctuded from the analyses.

Analyses of biomarkers as well as POPs in humaododoe expensive, thus many association
studies on the relationship between POPs and thyraiameters are challenged with limited
number of samples. Sample size calculations foplenbivariate correlation and multiple
linear regression, demonstrated that significasb@sations P<0.05) between POPs and THSs,
with a statistical power of 80 %, could be detecteth 190 and 360 women, respectively,

and indicated adequate size of the present stuplylgkon.
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In Paper |, food variables were summed and incluidedtatistical models to reduce the

number of independent variables in the statistroaldels and thus reducing the random
variation in the regression equations. This mighwehconcealed the importance of single food
items as predictors. However the variables thaeveermmed were selected based on their

correlations and proximity in the PLS-plots.

Due to the strong correlation between POPs and jihiet explanation of the outcome, it is
challenging to isolate the variance in THs expldibg individual POPs in statistical models.
Several studies apply numerous statistical modwkiding individual POPs one by one as
independent variables in regression analyses (T&bl€o avoid multicollinearity issues, we
applied multivariate analyses throughout the paperassess the simultaneous relationship
between POPs, demographic and dietary predictods tiayroid parameters. In addition,
individual POPs were mutually adjusted for in mggahnd highly correlated compounds were

investigated and summed based on cluster analyses.

Due to the pregnancy-dependent change in thyraidtion throughout the gestational period,
the difference in gestational week between paditip was adjusted for by including either
thyroxine binding capacity or a pregnancy relatedtor depending on the outcome variable
in Paper Il and Ill. The model predictions for tteéal population were also confirmed by

repeated analyses of subset of women in gestatioget 18 and 20.

To be able to compare the contaminant groups, etewgight concentrations of OCs were
applied in statistical models in Paper Ill as PFABsnot associated to lipids. Increased lipid
concentrations during pregnancy leads to increageG concentrations and both lipids and
wet-weight OC concentrations peaked at birth ancevilee lowest at 6 weeks postpartum in
the present population. However, when the OC cdmattons were lipid-adjusted, this
peaking was no longer evident (Hansen et al. 20d@)vever, THs are involved in lipid
metabolism (Al-Tonsi et al. 2004), and to take iotmsideration the effect of OCs on THSs in
statistical models, total lipid concentration wasliided as a covariate and thereby adjusted

for in the model as opposed to lipid adjusting @@ concentrations prior to analysis (Paper
).
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7. Concluding remarks

This work allowed for an extensive assessment @fitfluence of POPs on thyroid function
in mother-child pairs from Norway. The work espdygiahighlights the challenges in
establishing effects of POPs on thyroid functions tb the complexity of the thyroid system

as well as the intricacy of multiple exposures GH3.

The results demonstrate relative low maternal P@fentrations, where PFASs are currently
the group with the highest concentrations in hurlaod. Maternal POP concentrations are
influenced by demographic and dietary variablesenhchild birth and breastfeeding are
important sources of maternal elimination of PORscordingly, foetuses and infants are
exposed to POPs during sensitive developmentabgierihroughout the gestational period
and after birth.

The summed POP concentrations were associatedT\8ithand THs, where maternal TSH
and TH concentrations appeared to influence inf&t concentrations after birth. However,
all the observed differences in thyroid parameteese small and varied within the normal
reference ranges for non-pregnant individuals afaht populations, and we cannot conclude

on the clinical relevance of the findings.

This research effort contributes to the understajpdif multipollutant exposures and the
potential of environmentally relevant pollutant moises to influence maternal and infant
thyroid function. However, the clinical manifestati of subtle influence on hormone
concentrations both in adults, foetuses and infahtaild be explored in longitudinal effect

studies.
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8. Future perspectives

An increased focus should be on the exposome, wheréotality of human environmental
exposures from conception and onwards can advartEstanding of disease aetiology.

A larger number of contaminants could have beeludsz in this work. In particular metals,
brominated flame retardants, hydroxylated PCBs aiidr PFASs compounds, to further
enhance our understanding on substance mixturesngradjroup correlations in humans.
Taking the complexity of mixtures one step furthauld to determine the exposome rather

than single compounds.

Increased effort in identifying emerging contamitsanould enhance the understanding of
potential future health hazards.

The importance of single food items for PFASs bbdydens, and subsequent dietary advice
for pregnant women should be investigated in retato the relative importance of single

food items in regards to absolute intake amounts.

Further studies should include several blood sasnfiieoughout the gestational period to

assess possible transient change in hormone coatiens in pregnant women.

Effect studies should combine basic research akasgbopulation studies, where potential

effects are investigated with epigenetics, biomarked disease development.

Studies should elucidate exposures during sensttexeelopmental periods and time until

development of disease.
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Errata

Paper Il

Supplemental material Table S1: Reference rang&s4B-45 mg/L” should have been “47-
59 mg/L".
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Du ma kontakt ditt naermeste innsamlingssted for 4 avtale tid for oppstart. Du kan starte opp umiddelbart eller
helst innen uke 20. Du kan ogsa avtale 4 starte opp i forbindelse med ultralydundersgkelsen (ca. uke 18).

Innsamlingssted Telefonnummer
Kirkenes fgdeavdeling 78 97 32 35
Hammerfest fadeavdeling 78 42 15 12
Alta Fedestue 78 45 54 00
Karasjok legesenter 78 46 85 00
Kautokeino legesenter 78 48 72 50
UNN barselavdeling 77 62 64 60
Sonjatun fadestue 77 77 08 25
Fadestua i Midt-Troms, Lenvik 77 87 14 90
Lofoten fgdestue 76 06 01 22
Gynekologisk senter, Bodg 75 52 39 00

Ved oppstart:

Du skal male blodtrykk og vekt, ta blodpreve og levere urinpreve. Vi ber deg derfor om a:

® Mote fastende. Om du ikke klarer & faste, kan du spise en lett, fettfattig frokost (bred, salat, grot)
uten kaffe.

® Ta med en morgenurinprove tatt pa folgende mate: Den forste porsjon av urinstralen kastes, den neste
porsjon urin samles i egnet beholder og den siste porsjon urin kastes.

e Ta med ”Helsekort for gravide” da vi vil merke helsekortet med prosjektets ID

For oppstart ber vi deg om 4 sende inn underskrevet samtykke (Miljogifter i svangerskapet og i ammeperioden
+ Morsmelksunderseokelsen) i vedlagte svarkonvolutt til Universitetet i Tromse.

Dersom du har spersmal, kan du ta kontakt med:

solrunn.hansen@ism.uit.no
Telefon 920 69 700

P4 forhand takk og vel mott!

Vennlig hilsen
Solrunn Hansen

Prosjektleder / Jordmor

http://uit.no/med-nord/misa



Det er for tiden okende fokus pa miljegifter og hvilke
effekter disse har pa omgivelsene og helsen til oss
mennesker. Befolkningen i arktiske omrader er spesielt
utsatt siden miljegifter fra den ovrige verden fraktes
nordover til vire omrader med globale hav- og luft-
stremmer. Nivadet av miljogifter i Norge er sammen-
lignet med andre land, generelt lave.

Kosten er den viktigste kilden for spredning av
miljegifter i tillegg til det vi finner i miljoet forovrig.
Vi er serlig sarbare for miljegifter pa fosterstadiet
og i de forste arene av livet. Fettloselige, organiske
miljegifter passerer lett fra mor til foster gjennom
morkaka og navlesnora, og de utskilles ogsa i mors-
melk. Nivdene av disse stoffene i mors blod gjennom
svangerskapet og senere i brystmelk, gir indikasjoner
pa den risiko vi utsetter vare barn for. Mdlinger viser
at de fleste miljogifter heldigvis er pa vei ned, men vi
har mangelfull kunnskap om hvordan mennesker
pavirkes over tid.

Vi har enna liten informasjon om situasjonen i
Nord-Norge. Vi ensker derfor a gjennomfere en
undersokelse som skal male nivaer av disse langsomt
nedbrytbare stoffene hos om lag 1000 gravide og
ammende meadre i var landsdel.

Hensikten er a:

e Kartlegge miljogifter i mors blod, navlestrengs-
blod og morsmelk.

e Undersoke hvilken risiko gravide og nyfedte
utsettes for gjennom pavirkning av miljegifter og
spesielt hva som tilferes gjennom kostholdet
og morsmelk.

* Se om det er noen sammenheng mellom miljegifter
og helsen til mor og barn.

o A lage grunnlag for retningslinjer i forebyggende
helsearbeid for & beskytte mennesker mot milja-
gifter og spesielt kostholdsrad for gravide,
ammende og kvinner i fertil alder.

e Lage grunnlag for oppfelgingsstudier til barna nir
12-arsalder.

e Lagre provemateriale i biobank for 4 ha mulighet
til & analysere pa “nye” miljogifter eller faktorer
som kan virke beskyttende mot skadelige effekter
av miljoegifter.

e Prosjektet vil spesielt sammenligne den samiske
og den norsk etniske befolkningen.

e Tilleggsundersokelse: Undersoke om det er
forskjell mellom den samiske og den norske
befolkning vedrerende fostermal utfert ved
ultralyd ved 18. svangerskapsuke.

Foresporsel om @ delta sendes til alle

gravide som:

e Har time hos jordmor eller time til rutineultralyd

* Er i forste halvdel av svangerskapet

e Skal fode ved folgende fodesteder: Kirkenes,
Hammerfest, Alta, UNN, Sonjatun, Lenvik,
Lofoten eller Bode.

Frivillig deltagelse

Deltakelse i undersokelsen er frivillig og bygger pa
skriftlig informert samtykke. Alle data behandles
strengt fortrolig, og resultater blir formidlet slik at
ingen opplysninger kan fores tilbake til enkeltpersoner.
Dersom du blir med, kan du trekke deg uansett tids-
punkt, og du kan be om at dine opplysninger og
proveresultater slettes inntil data er publisert.

Du trenger ikke 4 begrunne hvorfor du trekker deg,
og det medferer ingen konsekvenser for deg. Om du
trekker deg i lopet av svangerskapet eller etter
fadselen, ber vi deg om 4 gi tilbakemelding for a
unnga utsendelse av nye sporreskjema/innsamlings-
utstyr og purring.



Hvis du blir med, spor vi deg om:

1.

Sperreskjema:
A svare pa et sporreskjema i forste halvdel av
svangerskapet

. Pragver av deg til analyse av miljegifter, fettstoffer

og hormoner:

Tungmetaller: Kvikksglv, bly, kadmium

Organiske miljggifter: DDT, HCH, Toxaphenes,
HCB, PCB, dioksiner, bromerte flamme-
hemmere, ftalater og PFOS

Jernlagre, kolesterol, triglyserider

Hormoner: FSH, LH, prolaktin, TSH, FT4, FT3,
gstradiol og progesteron

Blodpreve i forste halvdel av svangerskapet, etter
fadsel og 6 uker etter fadsel

Navlestrengsblod ved fodsel

Harprove ved fodsel for biobank

Urinproeve ved hver blodprevetaking til biobank
Blodtrykk, hayde og vekt i forbindelse med
provetaking

. At vi av ditt nyfedte barn kan fa:

Maile omkretsen rundt magen og genitale
lengdemal

Avferingsprove (mekonium) til biobank
Blodpreve av barnets hel til eventuelt hormona-
nalyse og biobank. Blodpreven tas samtidig med
rutinepreven ”Nyfedtscreening” 3. dag etter
fadselen. Vi ber dersom det er nedvendig, & fa
stikke barnets hzl en ekstra gang for 4 fa nok blod.

. Morsmelkundersokelsen:

A levere en morsmelksprove samlet i lopet av
barnets forste levemaned, til analyse av miljogifter
I forbindelse med morsmelksundersokelsen spor vi
deg ogsa om 4 svare pa sporreskjema nar barnet
er 1, 6 og 12 maneder og 2, 7 og 12 ar gammel.

Folkehelseinstituttet (FHI) er ansvarlig for denne

delen av prosjektet. Personopplysninger utlevers
til FHI, slik at de kan kontakte deg direkte for
utlevering av utstyr og sporreskjema. Vi ber deg

om & lese eget vedlagt informasjonsskriv med egen

samtykkeerklering.

. Ditt samtykke:

Til & oppbevare provematerialet av deg selv og
barnet i biobank. Blod- og urinprever, navlestrengs-
blod, mekonium og harpreve vil lagres i en biobank
til utgange av ar 2022 ved Universitetet i Tromso
med prosjektansvarlig som ansvarlig.

Til at prevematerialet kan sendes avidentifisert

til utlandet nar det er nedvendig av hensyn til

a fa utfert analyser av provene og for kvalitets-
kontrollanalyser (Canada).

.Innhenting av opplysninger:

Tillatelse til innhenting av nadvendige journal-
opplysninger om deg og ditt barn i forbindelse
med svangerskapet og fadselen. Kopi av svanger-
skapsjournal, ultralydskjema, barnets epikrise som
sendes til helsestasjonen og skjema til Medisinsk
Fodselsregister. Alle opplysninger behandles etter
at personopplysninger er fjernet og erstattet med
et ID-nummer for utlevering til Universitetet.

7. Tillatelse til @ koble innsamlede opplysninger

om deg:

Fra denne delen av prosjektet mot data fra Mors-
melksundersokelsen og Mor-/barnundersokelsen.
Mot Medisinsk Fadselsregister vedrorende data fra
pagdende og eventuelt tidligere svangerskap og fedsler.
Mot Norsk pasientregister som registrerer diagnoser
barnet ditt har fatt ved innleggelse pa sykehus.
Mot Nyfedtscreeningregisteret som gir provesvar
pa barnets stoffskifte (TSH).

Datatilsynet har godkjent disse koblingene.

. Kontakte deg senere for a:

Invitere dere til ekstra undersokelse nar barnet er
blitt eldre. Du forplikter deg ikke til & delta i dette,
men kan ta stilling til dette nar du far invitasjonen
som vil inneholde detaljert informasjon om hva vi
onsker 4 undersoke.



Utstyr, ID-nummer

Ditt og barnets navn og fadselsdato er byttet ut
(avidentifisert) med et nummer nar det brukes i
forskning. Ved oppstart far du utlevert alt utstyr

merket med et ID-nummer. Biade prover og innsamlet

informasjon blir derfor avidentifisert pa innsamlings-
stedet dersom du har med ID-merket utstyr. Om du
ikke har med forhandsmerket utstyr, skjer avidentifi-
seringen etter ankomst Universitetet i Tromse. Data
vil anonymiseres etter prosjektslutt ar 2022.

Din sikkerhet og tilbakemelding
Opplysninger du gir og svar pa prever du tar, blir
kun brukt til forskning. Vi forplikter oss til & gi til-
bakemelding til deg dersom du ensker svar pa dine
egne blodprever. Du far svar pa for eksempel nivder
av miljegifter, hormoner og fettstoffer. Vi gir deg

automatisk svar pa avvikende fettstoffer og hormon-

prover vedrerende stoffskifte. Din fastlege far ogsa
provesvar dersom du tillater det, og fastlege kan gi
deg videre oppfelging. Det tar noen maneder for
resultatene foreligger pga. tidkrevende analyser.

Vi lager rapporter fra prosjektet, og hvis du ensker det,
kan gir vi deg prosjektets resultater og konklusjoner.
Datainnsamlingen pagar fra juni 2007 til hasten
2008, og de forste rapporter beregnes ferdig i 2009.

Godkjenninger

Undersokelsen er godkjent av Regional komité

for medisinsk og helsefaglig forskningsetikk (REK
Nord) og Datatilsynet. Hvis det senere blir aktuelt &
bruke provene til andre problemstillinger enn de som
er skissert her, skjer det kun etter ny godkjenning fra
datatilsynet og ny vurdering av REK.

Ansvarlig

Ansvarlig for dette prosjektet er dr. med. Jon
Jyvind Odland ved Institutt for samfunnsmedisin,
Universitetet i Tromse. Oppdragsgiver er Institutt
for samfunnsmedisin og Senter for samisk helse-
forskning ved Universitetet i Tromse. Norges
Forskningsrad, Norske Kvinners Sanitetsforening,
Helse Nord og Senter for samisk helseforskning
ved UiT finansierer prosjektet.

Pamelding, samtykke

Dersom du sier ja til a delta i studien, ber vi deg
om a avtale tid for oppstart med ditt innsamlings-
sted (se oversikt side 2). For oppstart ber vi deg
om a underskrive samtykke og returnere de i
vedlagte returkonvolutt. Du beholder selv ett
eksemplar.

Dersom du har behov for mer informasjon
for oppstart eller har spersmal underveis,
ta kontakt med:
¢ Prosjektets kontakttelefon:

920 69 700
e Prosjektansvarlig Jon @yvind Odland:

E-post jon.oyvind.odland@ism.uit.no

telefon 909 53 887
e Prosjektleder Solrunn Hansen:

E-post solrunn.hansen@ism.uit.no

telefon 77 64 48 36 /992 71 762

Du kan ogsa finne informasjon om prosjektet pa var
nettside: http://uit.no/med-nord/misa

Vennlig hilsen

Jon Gyvind Odland (sign.),

Prosjektansvarlig / Dr. med.,

Institutt for samfunnsmedisin, UiT

Merete Eggesbe (sign.),
Prosjektleder Morsmelksundersokelsen/ Dr. med,

Divisjon for epidemiologi, Folkehelseinstituttet

Solrunn Hansen (sign.),
Prosjektleder / Jordmor,

Institutt for samfunnsmedisin, UiT



Miljegifter i svangerskapet og i ammeperioden

ID- nummer:

Fornavn:....ooooooee. Y e e [

Etternavn: ..o Y e e [

Adresse: e, Y e e [

Postnummer: ..o I

Poststed: ..o, ] Y I

Fodselsnummer 11 siffer:... I [ I Y S (I N

E-POSt: oo I [ Iy I S B

Telefon privat:.......oooe. I I N N B

Telefon mobil: ... Y ) O I

Termin (DDIMMIARAA): ........... | | [

Sett kryss:
[ ] Jeg har lest informasjon om prosjektet og samtykker til 4 delta.

Dato: Signatur:

Dato: Signatur foresatte:

Dersom du er under 16 dr, ma du ogsd ha underskrift fra din foresatte.

Tilbakemeldinger
[ ] Jeg onsker tilbakemelding om mine egne proveresultater.
[ ] Jeg onsker tilbakemelding om prosjektets resultater og konklusjoner.

[] Jeg tillater at min fastlege fir resultater pa avvikende provesvar med hensyn til hormoner og fettstoffer.

Navn pa fastlege:

Adresse:

http://uit.no/med-nord/misa



MILJOGIFTER | SVANGERSKAPET

0G | AMMEPERIODEN

Folgende opplysninger fylles ut i forbindelse
med blodprgvetaking.

Dette skiema ma falge blodpraven!

Skijemaet skal leses optisk. Vennligst bruk bla

eller sort penn. Du kan ikke bruke komma,
bruk blokkbokstaver.

Urinprove levert i dag: Ja:[] Nei: []
PROVETAKINGSDAGEN

Fyll inn tidspunkt nér blodpraven er tatt: dag mnd

Dato | |

Klokkeslett | |

Pravetakingssted

STILLING NAR BLODPROVEN BLE TATT
L] Sittende L] Liggende _I_

MALTID FOR BLODPROVEN

Nar spiste du siste maltid fer blodprgven

ble tatt: dag mnd
Dato m ,—Il
Klokkeslett m ,—Il
Nar drakk du siste kaffe far blodprgven

ble tatt: dag mnd
Dato | |
Klokkeslett | |

ROYKEVANER SISTE UKEN
Har du rgykt i lopet av siste uke?

Oda O Ne +

Hvis ja: Hvor mange sigaretter raykte du? Antall
| dag |

| gar |

ALKOHOL SISTE UKEN

Antall Siste uke  Antall i gdr

@l (0.41), rusbrus | |

Vin (glass) |

Brennevin (drinker/shots)

Liker/Hetvin

2007

KONFIDENSIELT
ID-nr:
LAB-kobling.
Provesett: P1:[] P5:[] P6: [] —I—

HOYDE 0G VEKT

Hvor hgy er du (©m).....ooooooooooo

Er hayden malt i svangerskapet?

1 Ja L] Nei

Hvor mye veier du i dag? (/helekg).......coooorveveeee.. |j_|

Er vekten tatt i dag?
O] Ja L1 Nei

Hvor ble den i sd fall tatt:

[] Lab [ Legekontor [ Fedeenhet/fodestue

MEDISINER SISTE UKEN

Har du tatt medisiner i lgpet av siste uke?
L] Ja L1 Nei

Hvis ja: Angi medikament og dato for siste tablett

dag mnd
Dato m m
Preparatnavn:
(kkeskrivher-)L_1 | 1 | | | |
dag mnd
Dato m m
Preparatnavn:
(Ikkeskrivhers)L_1 | | | | | |
dag mnd
Dato m m
Preparatnavn:
—I— (Ikkeskrivher-)L_ 11 | 1 | | |
dag mnd
Dato m m
Preparatnavn:
(Ikkeskrivhers)L_1 | | | | | |




TRAN OG FISKEOLJE SISTE UKEN
Har du brukt flytende tran/omega-3/fiskeolje i lgpet av

siste uke?
Ow Ow T
Hvis ja: Angi dato du sist tok flytende tran/Omega-3/fiskeolje
dag mnd

Dato m ,—II
Preparatnavn:

(Ikke skriv her ) |j_|
Preparatnavn:

(Ikke skriv her ) |j_|
Angi mengde
LI 1ts ] 1/2ss LI 1+ss

Har du brukt kapsler/piller med tran/omega-3/fiskeolje i

lgpet av siste uke?
L] Ja L1 Nei

Hvis ja: Angi dato du sist tok kapsler/piller med tran/Omega-3/fiskeolje

dag mnd
Dato m ,—II
Preparatnavn:
(Ikke skriv her ) |I|
Angi mengde
L] 1stk L] 2stk L1 3stk
dag mnd
Dato m ,—II
Preparatnavn:
(Ikke skriv her ) |j_|
Angi mengde
L1 1stk L] 2stk L1 3stk

KOSTTILSKUDD SISTE UKEN

Har du brukt andre kosttilskudd (vitaminer/mineraler) i lgpet
av siste uke?

L] Ja L] Nei _|_

Hvis ja: Angi dato for siste tablett
dag mnd

Dato | |
Preparatnavn:
(Ikke skriv her ») |j_|

dag mnd

Dato | |
Preparatnavn:
(Ikke skriv her ») |I|

dag mnd

Dato | |
Preparatnavn:
(Ikke skriv her») |j_|

dag mnd

Dato | |
Preparatnavn:
(Ikke skriv her ») |I|

dag mnd

Dato | |
Preparatnavn:
(Ikke skriv her ) |j_|
dag mnd

Dato I I
Preparatnavn:
(Ikke skriv her ») |I|

Takk for hjelpen!

LUNDBLADMEDIAAS - ordre 070910



2007
KONFIDENSIELT

MILJOGIFTER | SVANGERSKAPET | 1p-nr:
0G | AMMEPERIODEN

Universitetet i Tromso

- Romssa universitehta
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MILJOGIFTER | SVANGERSKAPET 0G | AMMEPERIODEN

Vi ber deg fylle ut sparreskjemaet sa naye som mulig.

Universitetet i Tromso

Skjemaet skal leses optisk. Vennligst bruk bla eller sort penn. Du kan ikke bruke komma, forhay 0,5 til 1.
Bruk blokkbokstaver.

Dersom du far for liten plass pa enkelte sparsmal, vennligst noter pa siste side, eller ta i bruk et ekstra ark.

Venligst besvar skjema innen en uke etter oppstart i prosjektet. Sendes sammen med blodtrykkssjema
til UiT i vedlagte returkonvolutt.

_|_

i i - dag mnd ar
Dato for utfylling av sparreskjema: | | | | | OPPVEKST
Dato | | |

Hva var din bostedskommune da du ble fgdt, og i hvilke
kommuner i Norge har du hodd lengre enn ett ar?

SOSIALE FORHOLD

Kommune Fradrstall Til &rstall (lkke skriv her )
Hva er ditt postnummer? L1 | 1 Ved fadsel: | | || | || O |
Hva er ditt fadselsar: L | 2 I | H | H L | I
. i . | | L |
Hvor mange ars skolegang/utdanning har du i alt, ) 3 | || || |
ta ogsd med grunnskole og videregdends? Antalldr 4 | | L |
L] s Lol L
Hvor mange personer er det i ditt hushold? Voksne  Bam 6 | ' H ' H Ll |
E E 7 Lo b by
Hvor hgy er den samlede bruttoinntekten i ditt hushold? FAMILIE- 0G SPRAKBAKGRUNN
E Under 150 000 kr E 601 000-750 000 kr I Nord-Norge bor det folk med ulik etnisk bakgrunn. Det vil si at de
0 e O 751.000-900 000 kr snakker ulike sprak og har ulike kulturer. Eksempler pd etnisk bakgrunn
301 000-450 000 kr Over 900 000 kr eller etnisk gruppe er norsk, samisk og kvensk.

L1 451 000-600 000 kr
Hvilket hjemmesprak har/hadde du, dine foreldre og

Hva er ditt yrke? besteforeldre? (sett ett eller flere kryss)
Dersom annet
Norsk Samisk Kvensk Annet Vet ikke beskriv
(Ikke skriv her ») III

Morfar.. O OO 0O 0O O
Beskrl\_l kort din ar_bt.eldsplass og arbeidsoppgaver sa oo, O O O O O
ngyaktig som mulig:
(Eksempel: skole/undervisning, sykehus/ pasientarbeid/cellegift, Frfar... OO O 0O 0O O
butikk/ kler, renseri/renser klaer, kontor/dataarbeid, frisgr/kunder) Rmor. O OO O O O

Far... O O O O 0O

(/kkeskrivher»)‘I‘ Mor OJ ] ] ] ]
Hva er din arbeidssituasjon? (Sett om nadvendig flere kryss) Jegselv. 01 OO O O 0O
[l i i L] i
0 Q;EZ:SZ; gg:::g n ﬁrﬂbde;?;?gzgge Hva er din, din fars og din mors etniske bakgrunn? _|_
1 Hjemmevarende L1 Uferetrygdet (settetteller flere kryss) Dersom annet
LI Under utdanning Norsk Samisk Kvensk Annet Vetikke — beskriv
I%du sykemeldt? (Sett ett kryss i hver kolonne) Minbakgunn. OO O O O O
Nei Hvordan er du sykemeldt?

[ Delvis sykemeldt [ Sykemeldt korttids Mors bakgruen. L O L O D :
1 Fullt sykemeldt [l Sykemeldt langtids Fars bakgrunn.. L] L] L] ] [



Hva regner du deg selv som? (sett ett eller flere kryss) —I—
Norsk Samisk Kvensk Annet Dersom annet beskriv

o o o o

SVANGERSKAPET
Var dette svangerskapet planlagt?
L1 Ja L1 Nei

Dersom JA, hvor mange maneder tok det far du ble gravid?
Antall mna.

Trengte du hjelp til a bli gravid i dette svangerskapet?
(Behandlet for barnlgshet; hormonstimulering, IVF, mikroinjeksjon ol.)

L] Ja ] Nei

Dersom JA, hva var arsaken?

Hvilken behandling fikk du da?

MORSMELK SOM BABY

Ammet din mor deg da du var baby?

] Ja ] Nei

Dersom JA, hvor mange maneder til sammen fikk du morsmelk?

Totalt antall mnd. med morsmelk Vet ikke [

SELVOPPLEVD HELSE

Oppfatter du din helse som:

L] Megetgod [ God [ Darlig [ Meget darlig

VEKT

Hvor mye veide du for svangerskapet? (/ rele kg)... |j_|

Hva var din egen fgdselsvekt som nffudt bahf?
(Gram) Vet ikke []

Har du noen gang hatt vekttap pa 5 kg eller mer, i sa fall hvor

mange ganger?
Antall ganger |_I—_|

L] Ja L] Nei
FYSISK AKTIVITET

Vi ber deg angi din fysiske aktivitet etter en skala fra sveert liten til sveert
mye ved 14 &rs alder, far svangerskapet og i dag. Skalaen nedenfor gar
fra 1-10. Med fysisk aktivitet mener vi bade arbeid i hjemmet og i
yrkeslivet samt trening og annen fysisk aktivitet som turgding ol.

Svert lite Svart mye
Alder 12 3 4 5 6 7 8 9 10
L% (O OO00oddndnOndn
Forsvangerskapet.... (1 O OO O O O O O O O
(0T T OO0 odonOotbddt

ROYK 0G ALKOHOL

Beskriv dine raykevaner fgr og i dette svangerskapet?

(Sett ett kryss)

lkke rayker  Av og til Daglig
6 mnd fer svangerskapet.............. L] U] U]
Ved svangerskapets start................ U] U] L]
| dag [] ] U]

Dersom du rayker eller har raykt, angi antall pr. dag eller pr uke? _I_
Antall pr dag Antallpr uke

[ 1[0 ]
l—lm
[ ]

Dersom du rgyker dagllg eller tidligere har raykt
daglig, hvor mange ar har du da rgykt til sammen? Anfallr

[ ]
[ ]

6 mnd fgr svangerskapet
Ved svangerskapets start

| dag

Er du til daglig utsatt for passiv rgyking?

L] Ja ] Nei Antall timer daglig
Er du totalavholdskvinne?
L] Ja L1 Nei

Hvis NEI, hvor ofte og hvor mye har du drukket for dette svangerskapet?
(sett ett kryss for hver linje)

aldri/ 1pr. 2-3pr. 1pr. 2-4 56 1+pr

sjelden mnd. mnd. uke pr.uke pr.uke dag
Lettel/cider @5)............ L1 OO O O O O O
@frusbrus ©59)......... L O 0O O O O O
Vin @), o O O O O O O
Brennevin (@rink/shop....... L1 O OO 0O O O O
Liker/Hetvin @gfass)......... L1 OO O O O O O

Dersom NEI, hvor ofte og hvor mye har du drukket i dette svangerskapet?
(sett ett kryss for hver linjg)
aldri/ 1pr. 2-3pr. 1pr. 24 56 1+pr
sjelden mnd. mnd. uke pr.uke pr.uke dag

Lettal/cider (05 ... OO0 0000 aad
@1/rusbrus (0,50 OO0 000 n0oaad
ViN (935S)..c O O 0O0ogdogod
Brennevin (drink/shof)............. O 00000 n
Likar/Hetvin (gass)................ O 00000 n

TRAN, OMEGA-3 0G FISKEOLJE

Bruker du flytende tran/omega-3/fiskeolje?
L] Ja ] Nei

Hvis JA, hvor ofte tar du flytende tran/omega-3/fiskeolje?

(Sett ett kryss pr. linje)
aldri/ 1-3pr. 1pr. 2-6pr.
sielden mnd. uke uke daglig

O o0oo0ooaod
O o0oo0oo0oaof

Om vinteren
Resten av dret

_|_



Hvilken type flytende tran/omega-3/fiskeolje bruker du vanligvis, og
hvor mye pleier du & ta hver gang?

_I_ Tts Vass 1+5s
Navn: O O O
Navn: O O O
Navn: O 0O o
Bruker du kapsler/piller med tran/omega-3/fiskeolje?

L] Ja L1 Nei

Hvis JA, hvor ofte tar du kapsler/piller med tran/omega-3/fiskeolje
(Sett ett kryss pr. linje)
aldri/ 1-3pr. 1pr. 2-6pr.
sjelden mnd. uke uke daglig

Om vinteren I I R I I I O
Resten av dret 0 R I I I I

Hvilken type kapsler/piller med tran/omega-3/fiskeolje bruker du
vanligvis, og hvor mange pleier du & ta hver gang?
Antall |_|—_|

Navn

Navn Antall

Navn Antall
KOSTTILSKUDD

Bruker du kosttilskudd?

L] Ja L1 Nei

Hvis JA, hvor ofte bruker du kosttilskudd? (Sett ett kryss pr. linje)

aldri/ 1-3pr. 1pr. 2-6pr.
sjelden mnd. uke uke daglig

O o0Oo0o0aon
[l
[
[

Navn pd kosttilskudd

O O g
OO d
O O O
OO g

KOSTHOLD

Pavirker noen av falgende forhold kostholdet ditt?
(Sett om nadvendig flere kryss)

[ Er vegetarianer/veganer

[ Spiser ikke norsk kost til daglig
L] Har allergi/intoleranse

L1 Kronisk sykdom

L] Har anoreksi

L] Har bulimi

L1 Praver & g4 ned i vekt
L1 Lav glykemisk mat

Vier interessert i 8 14 kjennskap til hvordan kostholdet ditt er vanligvis.

Kryss av for hvert sparsmal om hvor ofte du i gjennomsnitt siste dret har
brukt den aktuelle matvaren, og hvor mye du pleier a spise/drikke hver gang.

Hvor mange glass melk drikker du vanligvis av hver type?
(Sett ett kryss pr. linje)

_I_ aldri/ 1-4pr. 5-6pr. 1pr. 2-3pr. 4+pr.
sielden uke uke dag dag dag

Helmelk (sat, sur).. S A B B O O
Lettmelk (sat, sur). S A R R I A B
Ekstra lettmelk......... [ I I e I O I O R
Skummet st swr)........... L OO O O O O

Hvor mange kopper kaffe/te drikker du vanligvis av hver sort?
(Sett ett kryss for hver linje)
aldri/ 1-6pr. 1pr. 2-3pr. 4-5pr. 6-7 pr. 8+pr.

sielden uke dag dag dag dag dag
Kokekaffe. ... 0 O O O O O O
Traktekaffe .. U I I I I
Pulverkaffe.........o.... I I I I A
Presskanne kaffe................ O 0O 0O 000
Anne kaffe (e, espressoor). L1 L1 [0 OO 0O O [O
Svartte. .o O O 0O 00 d
Gente.........o O O 0OO O O
Bruker du fglgende i kaffe eller te:

Kaffe Te

Sukker (ikke kunstig satsioff......... (1 Ja [ Nei L1Ja O Nei
Melkeller flete.... [1Ja [ Nei ClJa [ Nei

Hvor mange glass vann drikker du vanligvis?
aldri/ 1-6pr. 1pr. 2-3pr. 4-5pr. 6-7 pr. 8+ pr.
sielden uke dag dag dag dag dag

Springvann/flaskevann....... L1 01 O OO OO O [

Hvor mange glass juice, saft og brus drikker du vanligvis?
(Sett ett kryss pr. linje)
aldri/ 1-3pr. 4-6pr. 1pr. 2-3pr. 4+pr.
sielden uke uke dag dag dag

APPEISINUICE .. N A I O O
Annen juice O I O B A
Saft/brus med sukker........... 1 O O O O O
Saft/brussukkerfri.......... L O O O O O
YOGHURT/KORNBLANNING

Hvor ofte spiser du yoghurt (1 beger)? (Sett ett kryss)

L1 Aldri/sjelden (1 2-3pr.uke

L1 1pr.uke (1 4+ pr. uke

Hvor ofte spiser du kornblanding, havregryn eller miisli?

(Sett ett kryss)

L1 Aldri/sjelden L1 4-6 pr. uke

1 1-3pr. uke 1 1+ pr. dag
BRODMAT

Hvor mange skiver brgd/rundstykker og knekkebrad/
skonrokker spiser du vanligvis?
(1/2 rundstykke = 1 bradskive) (Sett ett kryss for hver linje)

aldri/ 1-4 pr. 5-7 pr. 2-3 pr. 4-5pr. 6+ pr.
_|_ sielden uke uke dag dag dag

Grovbrad I A O O O
Kneip/halvfint ..o, 0 01 O OO 00 [
Fint bred/baguett A I R I O O
Knekkebrad o.1. ... OO 000 O




Nedenfor er det sparsmal om bruk av ulike paleggstyper. Vi spar om
hvor mange bradskiver med det aktuelle palegget du pleier & spise.
Dersom du ogsé bruker matvarene i andre sammenhenger enn til brad
(f. eks. til vafler, frokostblandinger, gret), ber vi om at du tar med dette
nar du besvarer spgrsmalene.

Pa hvor mange bradskiver bruker du? (Sett ett kryss pr. linje)

_I_ aldri/ 1-3pr. 4-6pr. 1pr. 2-3pr. 4+pr.
sielden uke uke dag dag dag

Syltetay O 0O 00 0 O
Brunost helfet ..o 1 O O OO O [
Brunost halvfet/mager................. O 0O 0O 0o b
Hvitostheffet.............. O OO O O 0O O
Hvitost halviet/mager............... OO 0O 00 O
Kjattpalegg, leverpostei........... L1 1 0O OO O [
Rekesalat, italiensk 0.1, ................ OO 0O 00 O

Pa hvor mange hrgdskiver pr. uke har du i gjennomsnitt

siste aret spist? (Sett att kryss pr. linje)

aldri/ 1pr. 2-3pr. 46 pr. 7-9 pr. 10+ pr.
€

sielden uke uke U uke  uke

Makrell i tomat, rekt makrell.......... L]
Kaviar ]
Sild/ansjos/sardiner.................. L]
Laks/arret (gravet/iokt)........recue ]
O
]
O

OO

Svolveerpostei/Lofotpostei
Krabbepalegq.........ocor
Annet fiskepalegq ..o

OoOdoodd
Ooooodgd
Ooooood s
OoOooogd
Oooooo

Hva slags fett bruker du vanligvis pa brpdet?
Bruker ikke fett pa bradet

Smar

Hard margarin (7 eks. Per, Melange)

Myk margarin (7 eks. Soft. Vita, Solsikke)
Smgrblandet margarin (feks. Bremyk)

Brelett

Lettmargarin (f eks. Soft light Letta, Vita Lett)
Middels lett margarin (7. eks. Olivero, Omega)

Ooogoodgoo

Dersom du bruker fett pa bradet, hvor tykt lag pleier du
a smare pa? (En kuvertpakke med margarin veier 12 gram).
(Sett ett kryss)
L] Skrapet (3 g)
] Tyntlag (5¢)

L] Godt dekket (8 g)
L] Tyktlag (12 g)

FRUKT 0G GRONNSAKER

Hvor ofte spiser du frukt? (Sett ett kryss pr. linje)
aldri/ 1-3pr. 1pr. 2-4pr. 5-6pr Tpr 2+pr
sielden mnd. uke uke uke dag dag

Epler/peerer............... .1 0O O 0O O O O
Appelsiner 0.1, ..o O 0O 0000 0d
Bananer-........ S R e I I I O O
Annen frukt.......ooooooeee O 0O 0000 0d

_|_

Hvor ofte spiser du ulike typer grannsaker? (Sett ett kryss pr. linje)

aldri/ 1-3pr. 1pr. 2pr. 3pr 4-5pr 6-7pr
—|— sjielden mnd. uke uke uke uke uke
GUITGHET ..

Kal
Kélrot
Brokkoli/blomkal
Blandet salat......oo
Tomat
Grennsakblanding (frossen)...
Lk
Andre grennsaker ...

[

oodoooodgd

oogooogdd
Ooooooodd
Ooooooodd
oodoooodgd

]
]
[l
]
[l
]
]
[

For de gronnsakene du spiser, kryss av for hvor mye du
spiser hver gang: (Sett ett kryss for hver sort):

Gulratter (st Ovw O1 O1wn O+
Kal (a) Ll 1 O Ot
Kalrot (a1 Ll O L111 2+
Brokkoli/blomkdl (buketter)........... [11-2 13-4 [15+

Blandet salat (@).......o...... 11 2 O3 44
Tomat (stk) Ow Ovw O1 O+
Grennsakblanding (rossen) @)..... (1% 11 2 3+
Hvor mange poteter spiser du vanligvis (kokte, stekte, mos)?
(Sett ett kryss)

L] Aldri/sielden [ 1prdag ] 4+ prdag

L] 1-4 pruke L] 2prdag

L1 5-6pr. uke L1 3prdag

RIS, SPAGHETTI, GRAT, SUPPE

Hvor ofte bruker du ris og spaghetti/makaroni?

(Sett ett kryss pr. linje) aldri/ 1-3pr. 1pr. 2pr. 3+pr
sielden mnd. uke uke uke

Ris I I 0 I

Spaghetti, makaroni, nudler .................. O O 0O 0 O

Hvor ofte spiser du gret? aldri/ 1pr. 2-3pr. 1pr. 2-6pr. 1+pr.
(Sett ett kryss pr. linje) sielden mnd. mnd. uke uke dag
Risengrynsgret.......ooo, 1 01 O OO 00 [
Annen gret (have 0.0) ..o OO 000 O

Hvor ofte spiser du suppe? aldri/ 1-3pr. Tpr. 2pr 3+pr
(Sett ett kryss pr. linje) sjelden mnd. uke uke uke

Som hovedrett O I O B I I
Som forrett, lunsj eller kveldsmat............ O N I O B A O

FISK

Vi vil gjerne vite hvor ofte du pleier 8 spise fisk, og ber deg fylle ut
sparsmalene om fiskeforbruk s godt du kan. Tilgangen pé fisk kan
variere gjennom aret. Veer vennlig @ markere i hvilke drstider du spiser
de ulike fiskeslagene. _I_

sommer  hast

aldri/ like mye
sjelden hele dret vinter ~ var

Torsk, sei, hyse, yr............ O O 0O 0O O o
Steinbit, flyndre, ver....... 1 OO 0O O O O
Laks,grret............ L1 OO O 0O 0O O
Kveite......... o o o o o o
MaKell...oooooo O O o o 0o O
Sild O O o o 0o o
Tunfisk (ikke pd boks)............. O O 0o 0o o 0o
Ferskvannsfisk (Abbor,

gjedde, raye, sik, harr).......... ] ] ] L] ] ]
Ammenfisk........... O O O O O O



Med tanke pa de periodene av aret der du spiser fisk, hvor
ofte pleier du a spise falgende til middag?(Sett ett kryss pr. linje)

aldri/ 1pr. 2-3pr. 1pr. 2+pr
—I_ sielden mnd. mnd. uke uke

Kokt torsk, sei, hyse, Iyr oo L1 0 OO O [
Stekt torsk, sei, hyse, oo 1 O 0 00 [
Steinbit, flyndre, uer......oee. L1 O 00 OO O
Laks, grret O 0O 0 0 O
Kveite O 0O 0O 0 O
Makrell O O O O O
Sild ([ I A N A O
Tunfisk (ikke p4 boks) [ I I I I
Ferskvannsfisk (Abbor, giedds, raye, sik, rar).... L1 1 [0 [ [
Annen fisk O O O O O
Dersom du spiser fisk, hvor mye spiser du vanligvis pr.
gang? (1 skive/stykke = 150 gram)
Kokt fisk (skive)............... .1 015 O2 O3+
Stekt fisk (stykke).. 11 015 02 3+
Hvor mange ganger pr. ar spiser du fiskeinnmat?
(Sett ett kryss for hver linje)

adri 1-3 46 79 10-15 16+
Rogn (I I I I O I e N
Fiskelever I A N A O I

Dersom du spiser fiskelever, hvor mange spiseskjeer pleier
du a spise hver gang? (Sett ett kryss)

O O2 O34 Os6 U7+

Hvor ofte bruker du falgende typer fiskemat?
(Sett ett kryss pr. linje)

aldri/ 1pr.2-3 pr. 1pr. 2+pr
sieldenmnd. mnd. uke uke

Fiskekaker/pudding/DOlIer ... O 0O 000
Plukkfisk/fiskegrateng O o0Oooad
Frityrfisk/fiskepinner OO0 ooad
Andre fiskeretter O 0O 000

Hvor stor mengde pleier du vanligvis a spise av de ulike
rettene? (Sett ett kryss for hver linje)
Fiskekaker/pudding/boller (stk.)

(2 fiskeboller=1 fiskekake).... 11 2 [I3
Plukkfisk, fiskegrateng (@.......... L1 1-2 13-4 [ 5+
Frityrfisk, fiskepinner (stk,.......... [11-2 13-4 156 [17+

L] 4+

I tillegg til informasjon om fiskeforbruk er det viktig a fa

kartlagt hvilket tilbehgr som blir servert il fisk.

Hvor ofte bruker du falgende til fisk? (Sett ett kryss pr. linje)
aldri/ 1pr. 2-3pr. 1pr. 2+pr
sielden mnd. mnd. uke ke

Smeltet/fast smar [ I O I I I
Smeltet/fast margarin/fett............. [ O OO [ [
Seterramme (35%) [ I I I I e
Lettremme (20%) O O o0 g g
Saus med fett (hvitbrun) [ I I I e
Saus uten fett (hvitbrun) [ I I I I e

_|_

For de ulike typene tilbehgr du bruker til fisk, var vennlig a
kryss av for hvor mye du vanligvis pleier a spise.

Smeltet/fast smar (ss)......... Llw 1 O2 O3 04+
Smeltet/fast margarin ss).. L1 % 11 [d2 [3 [4+
Seterrgmme (ss)......... L% 01 2 O3 [O4+
Lettramme (ss) Llw 1 O2 O3 04+
Saus med fett (d) Ow Ow O% 1 O+
Saus uten fett (d) Ow Ow O% 1 O+
Hvor mange ganger i aret spiser du hval-/selkjott? (Sett ett kryss)

adri 1-3 46 7-9 10-15 16+

I I I R N R B I

Hvor mange ganger i aret spiser du det brune kjottet i
krabbe (utenom krabbepalegg)? (Sett ett kryss)
aldi 1-3 46 7-9 10-15 16+

I I I R N R B A

Hvor mange ganger i aret spiser du andre skalldyr (reker og
skjell)? (Sett ett kryss)
aldi 1-3 46 7-9 10-15 16+

I I I R N R B I

Hvor mange maseegg eller egg fra annen sjgfugl spiser du i
aret? (Sett ett kryss)
aldi 1-3 46 7-9 10-15 16+

o oooofaof
KJOTT

Hvor ofte spiser du falgende viltprodukter?

(Sett tt kryss pr. linje)
aldri/ 1pr. 2-3pr. 1pr. 2-3pr. 4+pr.
sielden mnd. mnd. uke uke uke

Reinkjott I I A N I B I

Andre matvarer fra rein (lever, nyre,
margebein, hjerte, tunge, blod og annet)..... O 0O O O

Elgkjett, andre matvarer fraelg..... (1 1 [ [
Rype, annen viltfugl.................. L1 01 [ [

Hvor ofte spiser du falgende kjgtt- og fjzrkreretter?
(Sett ett kryss for hver rett)

o
oo

aldri/ 1pr. 2-3pr. 1pr. 2+pr
sielden mnd. mnd. uke uke

Steik (okse, svin, far). [ I I I I I
Koteletter [ R I e
Biff O 0O 0O 00
Kjattkaker, karbonader ... 1 [ O O O
Palser [ R I e
Gryterett, lapskaus O 0O 0O 0 o
Pizza med kjott O O 0O o
Kylling O N R I O I O
Bacon, flesk O 00O g
Innmat far/storfe I e
Andre Kjattretter O O 0O O O

_|_



Dersom du spiser fglgende retter, oppgi mengden du
vanligvis spiser: (Sett ett kryss for hver linje)

Steik (skiver)............ 01 O2 O3 O4 [Os+
Koteletter(st)............ Olw 1 O1% 2+
Kigttkaker, karbonader st 11 2 [J3 [d4+
Palser (stk 4 150g).........o........ Ll O1 O1wn o+
Gryterett, lapskaus (d......... L1203 04 [Ost
Pizza m/kjott (sykea 100g).. 11 2 [O3 4+

Hvilke sauser bruker du til kjottretter og pastaretter?

(Sett ett kryss pr. linje) aldri/ 1pr. 2-3pr. 1pr. 2+pr
_I_ sielden mnd. mnd. uke uke

Brun saus O O 0O 0 O
Sjysaus O 0O 0O 0O O
Tomatsaus O O O O O
Saus med flgte/remme ... O O 0O 0 O
Hvor mye bruker du vanligvis av disse sausene?

(Sett ett kryss for hver linje)

Brun saus (@).....o...... I e Tl 01 [0 2+
Sjysaus (d......... Ow Ow Ow O1 0o+
Tomatsaus (@).............. (1 v [ O 1 O
Saus med flate/remme @) L1 v Tl 1 O 2+

ANDRE MATVARER

Hvor mange egg spiser du vanligvis i lapet av en uke
(stekte, kokte, eggergre, omelett)? (Sett ett kryss)

Llo  [d1 12 [0OI34 [Os56 L7+

Hvor ofte spiser du iskrem (til dessert, Krone-is osv.)?

Sett ett kryss for hvor ofte du spiser iskrem om sommeren, og ett kryss
for resten av dret

aldri/ 1pr. 2-3pr. 1pr. 2+pr
sielden mnd. mnd. uke uke
O O O o O
I I I I

Hvor mye is spiser du vanligvis pr. gang? (Sett ett kryss)
Cl1al Od2d OI3d O 4+dl

Hvor ofte spiser du bakevarer som holler, kaker,
wienerbrad eller smakaker? (Sett ett kryss pr. linje)
aldri/ 1-3pr. 1pr. 2-3pr. 4-6pr. 1+pr.
sjelden mnd. uke uke dag

Om sommeren
Resten av dret

Gjarbakst (boller of).........o.
Wienerbrad, kringle........oooe
Kaker
Pannekaker
Vafler
Smakaker, KieKS...........ooooooo
Lefser, l0MPer. ...

Ooooood
OOOooood
OO00odooo s
Ooooood
OOoooood
Ooooood

Hvor ofte spiser du dessert? (Sett ett kryss pr. linje)

_I_ aldr/ 1pr. 2-3pr 1pr. 2-3pr. 4+pr.
sielden mnd. mnd. uke uke uke

Pudding sjokolade/karamell....... 1 00 O OO 0O [
Riskrem, fromasj ..., 1 01 00 0O OO [
Kompott, frukigret, hermetisk frukt. L1 1 [0 OO O [
Jordbar (riske, frosne)............ 1 O O O O O
Andre bar (riske, frosney............. 1 1 O O O O

Hvor ofte spiser/drikker du ville bar, inkludert syltetgy og
saft? (Ikke industrifremstilt)? (Sett ett kryss pr. linje)
aldri/  1pr. 2-3pr. 1pr. 2-3pr. 4+pr.
Sielden mnd. mnd. uke uke uke

Multebeer I A A B O I
Tyttebaer OO 0O 00 O
Blaber I B I O O
Krokebar N e A B O O
Andre beer O 0000 n

Hvor ofte spiser du selvplukket sopp? (Sett ett kryss pr. linje)
aldri/ 1pr. 2-3pr. 1pr. 2-3pr. 4+pr.

sielden mnd. mnd. uke uke uke

T I I O O
Hvor ofte spiser du sjokolade? (Sett ett kryss pr. linje)

aldri/ 1-3pr. 1pr. 2-3pr. 4-6pr. 1+pr.

sielden mnd. uke uke uke dag

Mark sjokolade......ooooe,. 1 01 1 OO 00 [
Lys sjokolade ..o 1 0 O OO OO [

Dersom du spiser sjokolade, hvor mye pleier du vanligvis a
spise hver gang? Tenk deg starrelsen pd en Kvikk-Lunsj sjokolade,
0g oppgi hvor mye du spiser i forhold til den.

Ovw v Oxu O1 O1w O

Hvor ofte spiser du snacks? (Sett ett kryss pr. linje)
aldri/ 1-3pr. 1pr. 2-3pr. 4-6pr. 1+pr.
sielden mnd. uke uke uke dag

Potetchips O I R B A
Peangtter I N A I A I O
Andre ngtter I N R I A O I O
Annensnacks.............. . O O O O O
VARM MAT
Hvor mange ganger i lapet av en maned spiser du varm mat?
Til frokost |_|—_| Til middag |_|—_|
Til lunch |_I—_| Til kvelds |_I—_|

KOSTHOLD GJENNOM ULIKE LIVSFASER

Det kan veere vanskelig & huske eksakt hva du har spist gjennom tiden,
men fyll ut sann omtrent.

Hvor ofte har du spist fisk? (Sett ett kryss pr. linje)

aldri/  1pr. 2-3pr. 1pr. 2-3pr. 4+pr.
sielden mnd. mnd. uke uke uke

Barndom N A N A O O O
Ungdom 1319, 1 O OO OO O [
Voksen (i siste éref................... L1 L1 O O O O

Nar du har spist fisk, hvor ofte har du da spist fet fisk (laks,
grret, kveite, makrell, sild, al)? (Sett ett kryss pr. linje)

aldri/ 1pr. 2-3pr. 1pr. 2-3pr. 4+pr.
sielden mnd. mnd. uke uke uke

0 I N R N R B I
O o0oo0oo0aof
O o0oo0oo0aod

_|_

Barndom
Ungdom 13-19.
VOKSeN (far siste &ref)........ooeorn

OO



Nar du har spist fisk, hvor ofte har du da spist ferskvannsfisk
(abbor, gjedde, raye, sik, harr)? (Sett ett kryss pr. linje)

aldri/  1pr. 2-3pr. 1pr. 2-3pr. 4+pr.

—I— sielden mnd. mnd. uke uke uke

Barndom [ I A B I

Ungdom 1319, 1 O OO OO OO O

VOKSEN (for Siste 8re).....ooeee. I A I I

Hvor ofte har du spist fiskepalegg (Makrell, sild, ansjos,
sardiner, rgkt eller gravet laks/arret, kaviar, fiskeleverpostei
(Lofotpostei, Svolvarpostei) krabbepalegg)?

(Sett ett kryss pr. linje)

aldri/ 1pr. 2-3pr. 1pr. 2-3pr. 4-6pr.

sielden mnd. mnd. uke uke uke Daglig
Barndom............. . O O O O O O
Ungdom13-19........... L1 OO O O O 0O O
Voksen (wrsistedret)......... L1 1 0O O O O O
Hvor mange ganger i aret har du spist fiskelever?
(Sett ett kryss pr. linje)
adri 1-3 46 79 10-15 16+
Barndom N A A I O
Ungdom 1319, L O O OO OO O
Voksen (i siste éref................... .1 1 O O O O

Hvor mange ganger i aret har du spist hval-/selkjgtt?
(Sett ett kryss pr. linje)

adi 1-3 46 79 10-15 16+
(N O I O N R O
N I I e
S T I R I I B O I

Barndom
Ungdom 13-19.....
VOKSEN (for siste ret).....o.

o

Hvor mange ganger i aret har du spist det brune kjottet i
krabbe (utenom krabbepalegg)? (Sett ett kryss pr. linje)

aldi 1-3 46 7-9 10-15 16+
Barndom N I e I R I O
Ungdom 13-19.ooooo [ I N I B I

S I N D I B N A

VoKSen (for siste &et)......oor.

Hvor mange maseegg eller egg fra annen sjgfugl har du
spist i aret? (Sett ett kryss pr. linje)

aldi 1-3 46 7-9 10-15 16+
Barndom (I I I I O I O R
Ungdom 13-19.oo O I O B I
Voksen (arsistedret............ L1 OO O O O O

Hvor ofte i nevnte livsfaser har du tatt tilskudd av tran/
omega-3/fiskeolje (flytende/kapsler/piller)? _I_
(Sett ett kryss pr. linje) 1-3pr. 1pr. 2-6pr

Aldri mnd. uke uke Daglig
Barndom vinter I N
Barndomrestenavéret........... 1 OO O O [
Ungdom 13-19 vinter O O O O
Ungdom 13-19 resten av &ret... N I R I O B O O
Voksen vinter (far siste dret) [ R I B e
Voksen resten av aret (arsisedrer)....... L1 0O OO O O
BARNEFAR

| forbindelse med sammenligning av ultralydmal, er det viktig 8 ha
noen opplysninger om far til barnet i dette svangerskapet:

Hva var barnefars fadselsvekt som nyfgdt bahy?
(Gram)lib Vet ikke []

Hva er barnefars hgyde i dag? (m)..... |j_| Vet ikke [

Hvilket hjemmesprak har/hadde barnefar, hans foreldre og

hans besteforeldre? (sett ett eller flere kryss)
Dersom annet

Norsk Samisk Kvensk Annet Vet ikke beskriv
Morfr... OO OO 0O 0O 0O
Mormor.. L1 OO 0O 0O [O
Farfar...... O o 0O O O
Famor.. L OO OO 0O 0O
Far........ O o 0o O O
Mor....... O o 0o O O
Bamefar. O O 0O O O

Hva er barnefars, hans fars og hans mors etniske bakgrunn?
(sett ett eller flere kryss)

Dersom annet

_I_ Norsk Samisk Kvensk Annet Vet ikke  beskriv
Bamefarsbakgrunn. [ [ O O 0O o
Morsbakgrunn..... 1 O OO O O
Fars bakgrunn........ O O 0O O O

Hva regner barnefar seg selv som? (sett ett eller flere kryss)
Norsk Samisk Kvensk Annet Vetikke  Dersom annet beskriv

o o o o o

ANGAENDE SPORSMALENE

Var noen av sparsmalene vanskelige eller n@rgaende? Hvis ja oppgi hvilke sparsmal og evt. kkmmentarer.

] Ja Il Nei

Andre kommentarer:

Takk for hjelpen!

LUNDBLADMEDIAAS - ordre 070899



Navn
ID |

Fadseldato for barnet

Spgrsmalene omhandler kun barnet du fedte da du var med i miljagiftsprosjektet (kalles her for prosjektbarnet).

Kontroll miljgqiftsprosjektet 6 uker etter fgdselen

Dato
Uker etter fgdselen

Hvor mange maneder har du til sammen ammet tidligere barn (fgr prosjektbarnet ble fgdt)?

Maneder Maneder Maneder
Barn Fadt (arstall) Kun amming Amming + Total ammelengde
tillegg/grat

A OWODNPRP

Ammestatus for prosjekt-barnet ved miljggiftskontrollen 6 uker etter fgdselen

Kun amming |:|
Amming + morsmelkserstatning |:|

Ammet ikke barnet, fikk morsmelkserstatning

DERSOM prosjekt-barnet har fatt morsmelkserstatning:
Hvor mye erstatning har barnet fatt inntil miljggiftskontrollen 6 uker etter fgdselen

Kun fatt morsmelkserstatning 1-2 ganger

Fatt erstatning flere enn 2 ganger, men ikke daglig

Fatt erstatning daglig, men mindre enn en flaske daglig
Fatt erstatning, 1-2 flasker daglig

Fatt erstatning, 3-4 flasker daglig

OO

Fatt kun erstatning, aldri fatt morsmelk

Dersom du for prosjekt-barnet, har avsluttet amming far 6 ukers miljggiftskontrollen, hvor
mange uker var barnet da?

Barnet var I:l uker

Hvis du aldri har ammet, skriv null (0) pa uker

Telefon | |slik at vi kan n& deg om noe er uklart
Dato for utfylling av skjema

Eventuelle kommentarer skrives pa baksiden av arket

Dersom du er i tvil om noen spgrsmal, ber vi deg om a ta kontakt med oss: Telefon 920 69 700

1 |
Miljagifter i IsL\I/Saerrllggarllsdliafpoert géeilg%lm eperioden







Navn

ID |

6 %
“ 3 '
Fgdseldato for barnet % J/

Spgrsmalene omhandler kun barna du fgdte for du var med i miljagiftsprosjektet (kalles her for prosjektbarnet).

Hvor mange maneder har du til sammen ammet tidligere barn (fgr prosjektbarnet ble fgdt)?

Maneder Maneder Maneder
Barn Fgdt (arstall) Kun amming Amming + Total ammelengde
tillegg/grat
1
2
3
4
Telefon | |s|ik at vi kan na deg om noe er uklart

Dato for utfylling av skjema |

Dersom du er i tvil om noen spgrsmal, ber vi deg om & ta kontakt med oss: Telefon 920 69 700

Eventuelle kommentarer skrives her:

Tusen takk for hjelpen!

Miljggifter i svangerskapet og I ammeperioden







SRS, Forskningsprosjektet
7 ‘f“g Miljagifter i svangerskapet og i
i=_> za‘ : ammeperioden
v ()
7RoM°
Universitetet i Tromsg
Romssa universitehta

Tromsg, den 21. oktober 2009

Kjeere NN

Farst vil vi takke deg for at du har deltatt i prosjektet "Miljggifter i svangerskapet og i
ammeperioden”. Vi er ferdig med & samle inn data og har begynt & analysere resultatene. Men
dessverre viser det seg, at vi ikke har innhentet tilstrekkelig med sparsmal vedrgrende
ammingen.

Fordi kvinner skiller ut en del av forurensende stoffer gjennom morsmelken, ma vi vite din
ammestatus for & kunne analysere nivaene av miljggifte i blodet. Nar vi skal beskrive nivaet
pa miljggifter vi undersgker for, ma vi derfor ta hensyn til om du har ammet, delvis ammet
eller ikke ammet i det hele tatt.

Vi sper deg derfor om a svare pa vedlagte skjema og returnere det til oss snarest mulig i den
vedlagte konvolutten. Alle opplysningene vil bli behandlet uten navn. Skjema er forelagt Den
regionale komité for medisinsk og helsefaglig forskningsetikk (REK Nord).

Har du noen spgrsmal angaende dette, sa ikke ngl med a ta kontakt pa telefon: 920 69 700
eller send e-post til en av oss:

solrunn.hansen@uit.no eller anna.sofia.veyhe@uit.no

Igjen mange takk for hjelpen, og vi beklager bryderiet.
Med vennlig hilsen

Solrunn Hansen
prosjektkoordinator

http://uit.no/med-hord/misa/
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