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Abstract

Background: Seafood is the predominant source dahe dietary long-chain omegs
polyunsaturated fatty acids (LE3PUFA) eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA). Consumption of thesfatty acids (FA) during pregnancyre associated with
increased neat and visual developmeirt fetus and decreaskrisk of postpartum depression

in mothers The proportions of DHA in the fetus is positively correlated with the mothers,
making the maternal intake crucial for fetal lev@lhere are dietary guidelines ftatty fish
consumption in relations tts content ofEPA and DHA However such guidelinesloesnot

exist forlean fishand codwhichis a greatsourceof LCn-3PUFAs as 200gof cod contributes
with 480 mg EPA and DHAdouble of thedaily adequacyevel set by the European Food
Safety Authority (EFSA)

Objective: To investigate if an increased intake of cod during pregnaave an impact on FA
content in red blood cel[®BC), with focus on the marine associated LBRPUFAS, in addition

to evaluating seabd andomega3 (n-3) supplement intake

Methods: A total of 137 women with prim parous, singleton pregnancy from Bergen, Norway,
were enrolled in the dietary twermed randomized controlled triMo mmy 6 so. The o d
pregnant women were randomized inttemention group consuming 400 gram of cod per
week, or the control group continuing their habitual dibe ntervention lastetbr 16 weeks,
from gestational week 20 to gestational week 36. A Gas Chromatdgiapie lonization
Detectorwas used to measiFA content inRBC. Seafoodand ©d andintake werecalculated

usingafood frequency questionnaires (FF&)d aweight registratioriorm.

Results: There were no significant differences in the FA content atiptstvention between
the interventionarnd controt group.The intervention groupada significantincrease in the
relative amount of DHA (p<.0023nd stability in the +8 index,with no correlationto cod
intake. Both groups had a decreas&iomegab (n-6) andstableF n-3 FAs resulting in an
increaseof then-3:n-6 ratio.During intervention 71%eported eatingeafood for dinner2-3

times/weekand 82% consumed3isupplements at baseline and post intervention.

Conclusion: There was no ghificant difference for the FA content between the groups at post
intervention. Thereforen this study, an intervention with dietary cod did have a significant
impact on the marine associated L8PUFA inRBC of pregnant women with highintake of

seafoodandalarge percentage takinmg3 supplemerst
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1. Introduction

A nutritious, weltbalanced dietluring pregnancy is essential for optimal health and growth of
the fetus, therefore the quality and nutritional content of the matdreials of the utmost
importance[l]. Seafood is an important swe of essential nutrients suchtas long-chain
omega3 poly unsaturated fatty acids (L&G®PUFAS), eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHAR]. Higher levels of DHA from seafood intake are in
epidemiological studies associated with increased neural and visual development in infants, and
a decreased risk of poor child performance on standardizedst{B-8]. In adults,omega3

(n-3) fromseafoods found to have protective quality frotnronaryheat disease (CHD), and

the recommendatioaf approxmately 1 portion of fatty fishperweek is based on th[d, 9,

10]. The majority of studies concerning seafood and pregnancy are observational, or
randomized control trigl(RCTs) with n-3 fish oil supplementatioand not seafoofb, 11].

There is a lack of RC§ the gold standard of studies, on maternal seafood intakes impact on
fetalhedt h. The RCT avidthmthedssuldipaientilly provide nemformation

or support existing evidence on seafood intake and pregnancy.

1.1 Seafoodandomega3 supplemers, recommendationand intake

In this thesis the term seafood denotes invertebrate or vertebrate aquatic animals including fish,
shellfish and crustacean from rimer or fresh watewhether wild or farmed. It excludes aquatic
mammals, reptiles echinoderms and jellyfigh Seafood is a source of energyoteins with

high biological valueand theLCn-3PUFAs; EPA and DHA. Itontributes with the intake of
essential nutrients such as vitamins A, vitamin E, vitamin D, vitamin B12, iodine, zinc, calcium
and seleniuni7, 12]. The nutritional content varies betwethie typesof fish andseafood, a

fatty fish like salmorcontairs up to 18 times more-8 than lean fish suctsaod[13].

1.1.1Recommendations for seafood amdema3

Health authoritiesecommends regular intake dish andseafood to ensure a healthy balanced
diet, and according tdhe Europan Food Safety Authority (EFSA) the recommendations are
ranging from 100g per week to 200g per d@}. In Norway fish is the most fregntly
consumed seafood producth&d Norwegian Directorate of Heal(NDH) recommend eating
fish for dinness 2-3 times pemweekandencourage the usage of fish/fiploductsas spread.
The 23 fish dnnersequal300-450g of pure fish per week, and 200ig1.3 portionsof this
should come from fatty fistNonfish seafood have no specific recommendations otherithan
is favorable tanclude itin abalancedliet[9, 10].
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In Norway pregnant women are recommended to follow the general guidelines for seafood
consumption, with some limitation to seafood containing higher levels of mercury and other
undesirable contaminank$4]. EFSAreported that consuming2and up to3-4 portionsof
fish/seafoodper weelduringpregnancy is associated with better functional outcomes of neural

development in children and protection against CHD in adultfod.

There are several recommendations for daitgke of EPA andHA from different health
organizations. EFSA set an adequate intak3 mg/day of EPA andHA, which is
equivalent to 42 fish meals per week and basediweprotective effecbf CHD. An additional
100-200 mgare recommendefibr pregnant ath lactatingwomen thisis in accordance with
guideline fromthe FAO/WHO[6, 7]. The American Heart Association, American Dietetic
Association and The AmerinaPsychiatic Association agreed on a DHA andPA
recommendation of 1 g/daMorway does not have recommendations for dietary intake of EPA
and DHA for the general population, and the available data is insufficient to set an average
requirement or a cleaolerable upper intake levi]. However,theNDH hasrecommended a

daily intake of 200 mg of DHA for pregnant and breastfeeding women based on the Nordic
Nutrition Recommendatiofil5]. The optimal intake of EA and DHA is not established,
however all theaforementionedrganization agrees that the8nn seafood or supplementation

is linked to beneficial health outcomgs8, 12, 15]

1.1.2Health outcomes from seafd@and omega& supplements

The influence of seafood in the maternal diet and the fetal development is linked to many
beneficial health outcomes, though more higiality studies are needed to establish the
relationshipg12]. Seafood or marine-8 supplementatioduring pregnacyis associated with
positive health outcomder postpartum depressigpregnancy related nausea,-beem birth,

infant sleepng patternpirth weight and decreased risk of poor neural and \ideaelopment

in children[3, 6, 8, 1621]. Pregnant women iNorway, even highly educatedgecrease their
seafood intakeluring pregnancy[22]. The lowermean intake of seafoc@mongst pregnant
women compared tahan the general populatiomay be dueto a fear of exposure to
contaminants or a possible misunderstanding of guidelif8s 12, 23, 24 However
FAO/WHO agrees that the benefits of consuming seafood during pregnancy outweigh the
possible risk posed by contaminaf@k



The positive health benefits associated with seafood is largely attributed to tH&PLEAS,
especially DHA[12, 15, 25] DHA from seafood is suggestedlie the main influencesf the
improvement in fetal brain and visual development that has been associated with higher intakes
of seafood26, 27] The fetusobtainsall of its DHA from the mother trough placental transfer
andthe maternal levelare therefore the main factor of fetal DHA std&8]. Studies with
mothers consuming-8 sypplemens have showrconflicting results orthe improvement of

neural developmenand other benefice health outcomes associated with seafood iftadke
shows that further testing is neededtheremight beothernutriensin seafoodcontributing to

the associated health outconiés, 2931]. lodine is an example of anotheutrientthat is

linked to neural developmeandseafood is found to be a greaturce of it[8, 32-34].

1.1.3 Seafood and omegasupplement intake

The mean fish consumption in Norway is higher than most other European countries such as
the Netherland, Belgium and Irelgrzlitlower than countries such addnd Italy, Spain and
Portugal[18, 35, 36] This is shownn the Norwegian Mother and Chi{i¥oBa) Cohortstudy,
wherethe median intake of total seafood per week was 2Bigjis1.6 portions per weekased

on the NDH portions sizg40, 37] Of the total seafood intakednfish constitutedb6% and

fatty fish 34%, the remaining 10 % was form shellfish. The total seafood intake contributed
with 248 mg LCR3PUFA per day13, 37].

In the average Norwegian populati®fo reportedising n-3 supplementation, with a mean of
3 g/day.Pregnant womeihad a much higher intake 7%, and th@gregnantvomenusing n

3 supplementbad a higher intake of fish than the reupplement usel8]. Thoughresearch
have showrtonflicting results inthe efficacy of n3 supplements to achieve some of the health
benefits associated with high seafood intflk& 31] It is still an effective wayof increasing
the n3 statusof maternaldiets low in fish and othieDHA and EPA rich food[38-40].

1.1.4 Cod nutritionvalue

Fatty fish such as salmon, trout and mackerel are ghetdry sourcesof LCn-3PUFASs,
however]ean fish including cod is also a good source of DHAand[EBJA The codds hi
concentration of 48 is found inthe liver, with 1929% of the total liver fat content consisting

of EPA and DHA. There are minor seasonal variations in the fat content, and more so in females
than maleq41]. The cod liver is generally not eaten iass, but is instead used to make
supplements such as cod liver oil an@ napsules which is an important source to mariie n

FAsin the Norwegian di€fl2, 38, 42, 43]



A serving of 200g of cod fillet contains 480 mg EPA and DiEyen though the fat content in

cod fillet is below 2% the43 content is double of what EFSA considerbe the dailadequate
intake[7, 13]. Cod is also a good source of other nutrietitsonsists mainly of higlguality

protein A serving of 200g of a cod fillet covers about 40% of the daily requirement for vitamin
B6, vitamin B12, phosphor, and 120% of selenium which some evidence suggest might have
protective proprties against mercury toxicit00 gram of od also containgnore than double

the daily requirement of 250 ug/g of iodin@hich many pregnant women have inadequate

levels of[34, 44, 45] Cod is therefor a very nutrient rich food to consume in pregnancy.

1.2 Lipids andfatty acid

Lipids areessential components ofir body composition, arthie NDH recommends that 25
40% of our daily calorie intake come frofats [46]. These hydrophobic organic compounds
are comprised of hydrogen atoms attached to adangon backbone with a small number of
oxygen substitutiof39, 47, 48] The dietary fat is broken down in the small intestine to lipids
that are utilized as energy, structure in cell membrane, hormone procaraioitamin storage.
Lipids are commonly classified into three major groups; triacylglycerides (TAG),
phospholipids (PL) and steroif9, 4750].

TAG is built up of three FAthat areesterified to a glycerol lehkboneandit is the most energy
efficient molecule in relations to its size and make up 95% of out dietary fats. PL are structural
lipids made up of two hydrophobic fatty acid tails connected to the hydrophilic head at the
glycerd base with its phosphatgoup.In cod fillet 83.6% of lipids are structural B9, 51

53]. Sterols include cholesterol and steroid hormones, unlike TAG and PL they do not have FA
tails. [49].

1.2.1Structureand saturationf fatty acids

FAs are long aliphatic chains with a carboxylic acid at one end as shown in figufidhéy

can be up to 36 carbons lgnigowever most common dietary lipids have betweer226
carbons. The Féare classifieds either saturated or unsaturated, depending on the presences
of the carborcarbon double bonds (figure 1.39]. Thesaturatedfatty acids(SFAs) have no
double bonds, while monounsaturake&k have one double bond and the polyunsaturated fatty
acids (PUFA) have betweetwo and six cis double bon¢s0, 54] The unsaturated FFAake

up more space and makes the calmhembrane more flexible, this is because the double bonds

cause the Fato have akinkmeani ng they are in a fAciso conf

as tightly as the saturatéd\s[39, 47, 53, 55, 56]
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FAs ae characterized by the length and number of carbons. Adhairt fatty acid (SCFA) is

less than eight carbons long, they are water soluble, and found primarily in dietary products
containing milk fat439]. Mediumchains are betweenB} carbonsong, and are found in the

body as intermediates in FA synthesis or from consumption of coconut oil or dairy fat. The
long-chain FAs are 15 carbons or more and are the most common ones in the humamebody
n-3 and omeg® (n6) FAs fall in this categor{B9, 52]

Figure 1.1Chain structure of fatty acid as saturated, monounsaturated and polyunsaturated
[57].

(o}
5 i Hz Hz H2 Hz Hz Hz Hz Hz 1
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1.3 Essential fatty acigomega3 and omeg®.

Essential fatty acids (EFAgre needed to maintamormal development and functiotiney
cannot be synthesized by the human body and must be supplied threwligt firaditionally
there are two types of FAkat are deemed essentiahdleic acid (LA, 18:2r6), the precursor
for the biologically active arachidonic acid (AA, 20:8jin then-6 PUFA metabolic pathway.
The s e clinoteit acid 6ALA)18:3r3) a precusor forbiologically activeEPA (20:5r3)
and DHA @2:6n-3) which are the marine associated FAs (figuref2) 39, 52] Though only
LA and ALA are deemed essential, deficcies ofEFAs canbe reversed or avoided by
consumingAA [39, 52] Also DHA and AAare not made in sufficient amounts by newborn to
guarantee a normal developmesnhid are considered essential in infant nutritmagmatics
might therefor include these B$As[26, 58, 59] In this thesis AA, and DHA are included as
EFAs.



1.3.1 Synthesis, elongating and desaturation of fatty acids

Throughthe fatty acid synthesis in the cytoplasm, the biody acetyl CoA into a FA through

a series of enzymatic reactiofifie endproduct of this process normally palmitic acid (PA)
(16:0). PA can beconverted into other Faxcept for EFAsthrough the process of elongating
and/or desaturatiofb5, 56] Dur i ng el ongati on, the enzyme
carbons to the existing FA. The process takes place in the mitochondria using acetyl CoA as a
substrate, or in the enplasmic reticulum using malonyl CoA, the most important process is
elongation of EFA[55, 60] ALA and AA is converted into EPA, DM and AA (andDHA is
converted back to EPA through retroconversiorthe enzymatic pathway taking place in the
endopl asmi ¢ r e-bxidation|elongasaland desatsirase gnzybiée reaction
pathway with intermediate metabolites and enzymes are shown in figufg21.80, 61]
Desaturation uses ddfent enzymes depending on the FA, and removes hydrogens to create
double bond$55, 60]

Humanslack the necessamp® or of®- desaturase to add a double bond atltfieandl5"
carbon of a long chain fatty acid to synthesize LA or Adé novo,and do not have-3
desaturaseonvertingenzymeathat can convert-6 to n3[3, 62-64]. Subsequently ALAeeds

to come from the diet arftk desaturaedand elongated by the same enzymes as AL and AA in
order to be turned into the EPA and DHRisusage of the same enzymehs reasoffor the

for thecompetition between-8 and r6 in the body(figure 1.2)[3, 39, 65, 66] Getting r3 in
form of EPA and DHA is more efficienhanconversionfrom ALA. In men <6%of ALA is
converted to EPANd only 0,5% to DHA, women hawégher rates with 21% o EPA and 9%

to DHA [67-69]. The of desaturase preferred ALA over Lhowever abundance of ALA has
been shown to suppress the conversion of ALA to O®®@, 71] Supplemenng with the
intermediate FA sardonic acid to be converted into DHA is found to be more efficient,
suggesting thatf desaturase could be a limiting factor in the conversion to PHA72]

1.3.2 Dietary sources of onga3 and omeg#®

The dietary source@able 1.2) of LA are vegetable otsich as sunflower and corn oil. The
dietary sources of AA are animal products such as meat, game, poultry and eggs. Dietary
sources of ALA are found in oils from nuts and seeds sisctlaxseedchia, pumpkin seeds

and walnuts. EPA and DHA are mainly found in seafespecially fatty fish such aalmon,
mackerel, and sardinand oils from fish liver, krill and algai89, 65, 73, 74] The highly
insufficient conversion of ALA to DHA is one of the reasons why it is important and

recommended to consume food containing D&l EPAsuch as fislfi75]
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Figure 1.2 Flowchart of the ratabolic pathways d omega3 and omeg#® polyunsaturated
fatty acids in humarand itsdietary sourcesModified from[76]
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The genetic patterns of humans were establishederyalifferent diet than what is consumed

today. The huntegatherer diet wakbwer in 6 andmuch higher in ¥8 from structural fats
found in animal brain and fissubsegently the ratio of R3:n-6 was close to 1:[77]. The
western diet, consumed in the USA, Europe and Australia, is lonBiand excessive in-@
FA. Then-3:n-6 ratio ofthe western diet ibetween 1:14.:25, whth is much higher than the
original 1:1 ratiothe was biologically intendeld5, 78] A higher level of rF6:n-3 have been

linked to diseases such as CHfancer,allergies,inflammatory and autoimmune diseases,

while increased levels of8 show a suppressive eff¢és].



Norwayhave recommendation ftre ALA and AL intakebutno recommendation for the ratio
of n-3:n-6 [8]. However,a panel of lipid experts, where Norway were represemesimmend

a ratio of 1:2. Thisatio isin high contrast to the average USA ratio of 125, 80, 81] To my
knowledge there are no measures of the avéMageegian ratio, but the US, UK, and northern
European countries are found to halvediets higlestin LA and lower levels of 43 [77, 82]
Norway are among the countries with high seafood aldsnpplementatiomtake, it is
therefore possible théthe Norwegian population have a higheBm-6 ratio compared to the
US, the UK, and other northern European countxiéls western diet§3, 35, 79]

1.3.4 Associated biologicaihnpactof omega3 and omeg® fatty acids

n-3 and R6 havebiological functions in the human botlyoughout life, impactinghe immune
system, oxygen traneg, cell membrane function ameurotransmitter metabolisj23]. DHA

is one of the most studi¢eAs in association to fetal development, as DHA deficiencies seems
to affect brain and eye developm¢®®, 83, 84] The role of DHA in the retina has notdn
establishedh its entirety. Hbwever in times of body DHA deficit the retina still contains high
amounts due to its recycling mechanjsuggesting that DHA is of importance for optimal
function. Inadequate levels of DHA in human infants are associated with l@m gisuity, and
numerous animal studies found DHA necessary for normal developmengtarafunction.

DHA is important in the photoreceptor function in retinoid transport and membrane properties,
as well as regeneration of rhodopsin; a visual pigmendrvisual transduction system that is
responsible for turning the light that hits the retina into the images in the[8ai4-86].

DHA and AAare fundamental components in the brain and central nervous s@XSh The
maternal transfer of DHA is suspected to be higher in the third trimestertthekeet t us 6 s hi ¢
demands of DHA during the brain growth spdnie fetal DHA brain concentration increzs
dramatically at this timg87]. The brain consists of 35 % of PUEAnd DHA make up 90% of
all the n3, and almost all FAin the brain is in the formfastructural phospholipid@B7, 88]
DHA is concentrated in thieontallobeswhich is importahin shortterm memoryassociation
sustained attention and problem solvj8§, 89] DHA can affect cellular characteristics such
as membrane fluidity, neurotransmitter releasgelinationandneuronal differentiatiorDHA
isacomponent of myelin sheatdichassureshat nerve implse move quickly andfficiently,
andis in high concentration in the membrane of $ypapticterminals[88]. DHA is found in
large amount in the gray matter in the brain, and is eslhehigh during development while it
decreases with affi8]. Numerus studies have found that low levels-8f during pregnancy,

infancy and are associated with poor neurodevelopment and CNS fUB¢tid) 84]
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The first postparton yearhasthe higher risk of depression amongst women witl8% of the
women experiencing depression having their first depressive ep[@@de Postpartum
depression affects both mother and child, as children of mothers with postpartum depression
are found to have both somatic and psychigirablems[91-93]. Lower sefood intake and

DHA levels in RBC is associated with higher frequencyesfnatalandpostpartum depression,

though it is EPA that seems most promggn treatment of depressi¢ga0, 9496].

EPA and AA ighe paent compoundsf eicosanoidswhich are a large group of calignaling
molecules. They act upon many different physiological systems and play a large role in immune
and inflammatory respons¢39, 77] Eicosanoid derived from EPA tend to be less pro
inflammatory, while those from AA tend to be morejrlammatory. Many of EPA derived
eicosanoids have an airtiflammatory effect, and therefore less potent inducers of blood vessel
constriction and coagulation tmathose from AA. However, some of the AA derived
eicosanoids are antiflammatory as well, so it is an over simplification to label them all as
pro-inflammatory[39, 73] Due to the antinflammatory effect of 8 derived eicosanoids,
consuming B PUFAs are associated with a pogteffect on inflammatory diseases such as
asthmaallergiesand rheumatoid arthrit{89, 65, 73, 79]Thus, a diet high in AA andther n-

6 FAs and low in R3 can shift the physiological state to one that isipfleammatory[77].
Inflammation during pregnancy have been associated wiigative health outcomes for

gestational diabeteperinatal depressigpreterm delivery angreeclampsi§97-99]

1.3.5 Deficienciesof omega3 and omeg#®

In 1927 Evans and Burr were the first to establish thdeficiencyof fat severelyaffected
growth and reproductiofb2]. Two yearsafter that they foundthat some FA were more
important or esntial, andthat consumingLA or ALA reversed thdat deficiency[39, 52]

EFA deficiency is characterized by dry scaly skin, growth retardation, impaired neural
development, increased susceptibility to infection, poor wound healing, reproductive failure
and impaired vision. All these symptoms can be complete cured v@italone[87]. Having

lower levels than recommended does not necessarily lead to presentation of clinical symptoms
of deficiencies. The cases with deficiency are usually seen in clinical disorders, trauma from
surgery and somforms of paremtral nutrition[39, 52, 73, 84]Deficiencyor low levelsof
LCn-3PUFA during third trimester brain development have been implicated in the
pathophysiologyf differentpsychiatricdisorders, suchs depressiofi00, 101]



1.4 Fatty acids in red blood cells

Redblood cells (RBC) or erythrocytes accounts for about5336 of the total blood volume

and are produced in the bone marrow. They have a flatteéoeccavedisc shape due to the

lack of mitochondria and nuclei. The lack of these cellular organelles is the reason for the
shorter circulation life span of only 120 d4$82]. RBC membranes is of particular interest as

it contains lipids andrAs thatare highly affected by the dietary lipil®m the diet Already

after 10 dag of consuming corn qiln extensive change in the erythrocytes FA composition
can be observed. Due to RBC life span of 120 days B#ecomposition is a good indication

of the dietary FA consimed the past 4 months. HenE@, levels in RBC is a good hiaarker

for evaluating the amount of EFA consumed in the past 4 m{iBs104]

1.4.10mega3 index

The n3indexis a biomarker reflectinthe reldive amount%) of sumEPA andDHA within

the RBC in research and clinical settings it can be used to document compliance of increased
LCn-3PUFA intake[105]. A level of >8 meanghat>8% of thetotal lipid content inthe RBC

are EPA and DHA, and is considerauin-3 indexwith greaterCHD protection.An n-3 index

of 4-8% is intermediat@rotection,and<4 is associatedith lower protection[106, 107] The

n-3 indexvaries between dietary cultgenore so than ethnicitgs shown irthen-3 index of

the American and Japanese Americans with an average of @l2kb Japanese people living

in japan had an average of 85[108]. In a Norwegian study gfregnant womewmere found

to have an average3index of 6.4%, this is higher than the US ave@dd6%[20, 105, 108]

1.5 Changes in mothers to susta@tdl growth, and impact on fetus

During pregnancy the female body goes through several changes to accommodate and sustain
the growth of a fetusThere is an increase energy requirements, blood volume and renal
plasma flow{39, 52] The body also have to sustain the creation of a new organ, the placenta.
It serves as a site of nutrient exchange between the masarthdktal blood. It has a high
metabolic rate utilizing about a third of all the glucose supplied by the maternal blood, and the
rate of protein synthesis is higher than in the liver. It is even more dependent on maternal FA
contribution due to its poor sthesis of FA[109, 110] The health and development of the
unborn child depends on theabits health, and the lifestyle of the mothés the fetus in
entirely dependent on the mother foriedlnourishmenthrough the umbilical cordl'herefore,

the nutrient corposition of the diet i®f importanceduring pregnancyespecially consuming
nutrient suctas r3 FAs thatthe fetus in unable to produce itsi8, 52, 84]
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1.51 Fatty acicchanges during pregnancy

Wo me fabdgposit increases during pregnancy, together with a change in the homeostasis of
the fatsoluble and watesoluble nutrients in the plasmasulting in an increase of fabluble

nutrients and a relatevdecrease of the watsoluble[52, 54, 111] The exact physiological

reasons behind this notestablishedn its entirety,but are potentially beneficial to the fetal
development. It takes place in gestationakiw (GW) 161 2 before the fetus
demanding on the body and could cause maternal depletion of nutsignid 1] TAG do not

cross the placenta, but the FAs does and when resembled into TAG in the fetus, it mimics that
of the motherod6s adipose tissue. The fetus ge
cordandthe mother gets her EFAs from the dBg¢causef this relationship there is a positive
correlation betweenthe motbdt FA i nt ake and t[B8Beb4,flEL11023 6s EFA

During pregnancy there is a steady decline in the maternal DHA arstibdA#sdue toa selective
transfer of thee of thesd-As to the developing fetus. Theansfer is highest in the third
trimesterduring the fetal brain spuft13, 114] That DHA statusis found to benigher among

first times mohers together with the evidence of mobilization of maternal DHA stores,
suggesting that thematernalDHA the fetus receives com&®m a maternal pool that is not
easily replenishdd14]. N-3 sipplementation during pregnancy have been shown to prevent
decrease and enhancing the maternal DHA status, and the effect of the suppientente

been shown to lasb 6 weekspostpartuni115].

1.5.2Essential fiy acids infetus

Although the fetus can synthesize FAs except EFASs, evidence suggest that as much as 50% of
the FA requirement are maternally derivfldl0]. DHA and AA is important struaral
component of the CNS amdtina during fetal developmentowever they alscaccumulaten

other organs. Féare transferred acrofise placenta by specific binding of transfer proteins or
by simple diffusion[28, 54] Thesemembraneassociated and cytosoli€A binding proteins
favorn-6 and K3 fatty acids over neiFAs andprefers DHA and AA over other forms of the
EFAs. The transfer proteins facilitate the fetal concentration of higher levels of DHA and AA,
and lower amoustof LA and ALA[28, 54, 112] Studies show that supplementing mothers
with n-3 in form of ALA did not result in higher levels of DHA in fetus, compared-® n
supplements oa diet rich in DHA which increasghe level in the fetu$116]. Concentration

of DHA and AA in thefetusis positively correlated with the motheitsis therefore important

to haveadequate levels of8during pregnancy3, 28, 54, 112]
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1.6 Aim.

This thesis is part of the | arger study fMo
(IMR). Themainaim is to investigate if an increased intake of cod during pregnaneyaha

impact on maternal iodine status and infdenelopmentin a twoamed RCT with cod for 16

weeks in the ? and 3 trimester{117]. The aim of tls thesiswasto investigate if an increased

intake of cod during pregnay have an impact on Féontent inRBC, with focus on the marine
as®ciated LCR3PUFAS, in addition to evaluating seafood ar8 supplement intalseat

baseline and posntervention.
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2 Methods

The intervention studio mmy o0oslwaBa twoarmed randomized controlleddri It was
led and organized by thed®n of Food Security and Nutrition at the IMR in collaboration
with the Regional Centre for Child and Youth Mental Health and Child Welfare (RKBU)
In this thesisRBC were utilized to investigate the differescand changes iffA profiles
between the interventiegroup and the contraroup in gestational week (GW) 1Baseline)
and GW 3gpostinterventior). Theweight registration forms of cod intake and food frequency

guest i on awareused to (nfesige seafood intake.

2.1 Ethics
The Mo moog thisdwadtegistered in ClinicalTrials.gov (NCT02610959) and approved

by the Regional committees for Medical and Health Research Ethics west (REK Vest,
2015/879)andcompliedwith the Declaration of HelsinKiL17]. Participation in the trial was
voluntary, and participants could withdraw at any time without stating a reason. A written
informed consent was abhed from all the participantsnfants do not have the ability to
consent and therefore have special pradedn research, which this study adhete. All the
biological samples were optional for both mother and clatd] were stored in the IMR
biobank. Strict confidentiality was upheld for the biological samplesladdta collected as

well as it beingle-identified duringevaluations, with anonymity for all participarmsanalyses

of the data and iany publication of the studi17].

2.2 Participants andecruitments

Participant rewitment was between December 2@t6lFebruary 2017. The main recruitment

site was the Womends Clinique  vhereadmoxikaelyand U
5000 women give birth each year. The pregnhant women received study information and
invitation to participate together with their routine ultrasound appointment taking place between

GW 17 and 19. Appointmentgeres ent out by t he Womendés Clinic
women in Bergen and greater Bergen area in Health Regiesi.\WWo ensure $iicient

recruitment, information and invitation to join the study were broadcasted on common social
media sites such as Facebook, I nstagram and

interested in participating contacted the study secretariat at IMRelb@ibf 19.
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2.2.1 Inclusion and exclusion criteria

The nclusion criteriavas first time biological mothers with a singleton pregnancy, and had to
beless than 19 weekgegnant witiNorwegian speaking and writing skills (information, forms

and validated tesif the child were infNorwegiar). Exclusion criteriaverefish allergies and

di seases affecting I odi ne status (Tbryroi d
hyperthyroidism and Thyroiditig)l17]. Chronic disease affecgrfatty acid composition and

not iodine status (E.g. hyperlipidemia) was not in the exclusion criteria, as changes in iodine

status was the main aim and focus of the study.

2.2.2 Sample size

The power calculation for sample sikasb a s ed on t hel tctolheo ritn sNourdwa yil
with data of urinary iodine concentration (UIC) and daily iodine intdki8]. The power

calculation is in baskon iodine andnot FAs An interventiongroup of 60 participants would

have a 8% power to detect an iodine content that is 30§her than that of the contrgtoup.
Mommyo6s food aimed for a total sampl e size
expected. Enrolment closed with 13®articipantswhere 4 women droppd out befoe

allocation making the interventiomgroup 68 women and the contgroup65.

2.2.3 Study schedule and group allocation

Participans were recruited and started intervention at separate times between February 2016
and September 2017. Each participant followezlgame study schedule with the intervention
period lasting 16 weeks (Talel).

To achieve randomization and equal distribution in interventi@md control groups,
participants blindly drew group allocation by lottery during their second visit in G\tabf
2.1). The lottery box contained 10 notes, 5 control and 5 intervention. Blinding of the
participating mothers of group allocation was impossible due to the nature of the study.
Participant were given a random ID number betwe@®@ during baselineampling, data
collection and input. A dummy ID during statistical analysis was utilized to ensure further
blinding of investigators, due to possible exposure of original ID and group allocation during

data input. The infants were blinded throughout tination of the trial.
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Table 21 Overview of thetsdy schedulé r o m Mo mmy &he mairaotidities tlaah d
are included in the thesis, modified frail7].

GW<18 GW 18 GW 19 GW 20 GW 36

ENROLLMENT
Eligibility screening X
Informed consent X
Instructions X
Allocation X
INTERVENTION
Control
Intervention «——
Weight registration forms 1
BILOGICAL DATA
RBC-FA status | X | | | X
QUESTIONAIR
FFQ [ X ] | [ X
Abbreviatons:GW; gestational week, RBC; red blood cells, FA; fatty acid

FFQ; food frequency questionnaire

2.3 Intervention and food safety

In the GW 19 visitthe interventiongroup receivd cod fillets for themselves and their lie
patner, while the contrelgroup was instructed to follow their habitual diet (teblg. The cod
fillets, skin- and bonelesandweighing approximately 200gach werestored at30 °C at the
IMR. The cod wapurchasedafter tendefrom Lergy A/S Bergerlhe interventiongroupwas
given400g of cod fillets to consume eaclveek andhe preparation methodasoptional. For
compliance, participants were instructed to weigh (Kitchen Scale, article nd2BA416,
ClasOhlson.comthecod fillets raw after thawig andanyleftovers fromthemeal. Preparation
method, side dish and cod weight were noted in the weight registration form retogjetter

with the scale and a recipeoklet

2.3.1 Safetyof cod

The safety of the foodis especially important in vulnerablgopulations,such aslow
contaminant levels in the fomdnsumediuring pregnancy00g of cod was calcuizd to have

a maximum contributionf 22% of the tolerable weekly intake (TWI) for merc@Hg), and

4% for dioxin and dioxidike polychlorinated lphenyls (d#PCB)[117, 119] The TWI was
established by the CONTAM parelEFSA andestablishedtobe . 3 & gHg kngl 14fpg r
TEQ/kg for dioxinand diPCB. The maximum intake of unwanted contaminants any one
participants would consumeere calculate from th&iN cohort study 5-percential weight
[118].
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2.4 Data collection
2.4.1 Blood sampng

Blood sampling was done by a qualified bioengineer from IMR or Betattiefiyst sample

was drawn in GW 18 and again in GW 36 for all participants The two
Ethylenediaminetetraacetic aci@€@TA) vials drawn were left for 320 mirutes. Than
centifuged for 10 mimtesat 3000 rpm and separate into tubes of serum, plasma, buffy coat
and RBC. The two RBC sample were labeled with project and participant number, and frozen

at-80 °C until analysis.

2.4.2 Food frequency questionnaires

All participants answed anelectronicalFFQin GW 18 and GW 3@bout their habitual diet
during pregnancy. The FFEQweredeveloped to capture iodine riéhod andwas based on a
validated semquantitative short seafood FFQ that analyses seafood habits in pregnant and
postpatum womenand wasdeveloped by Markhust al [120]. The FF@ conssted of six
sections; Seafood, itk and dairy products, otherapts of diet, food habits, supplements and
personasocial economic questionagpendixl). In theGW 36 FFQ the contrelgroup were

asked to include consumption of the intervention cod in their answers.

Seafood question were divided into wadimnerandlunchreferredtom t he t hesi s as
meal sepraad, sal ads anplteadd n a @ k eanecalaadspreadubrd t o a
sections consisted of questions regarding portions size, and sumarady detailed
consumption questions about seafoodh fispecies and seafood products (tablg).2
Participants were asked@aoswerbased orthar habitual diet duringhepast 3 month$2ortion

sizes are stated standardized portion descriptions tbe detail questions. The warm meal

portion sizes werd50g salmon, 200g cod, 12 sushi pieces, 3 fishcakes, 6 fish balls, 7 fish
fingersor 2 dl peeled shrimp. Thepreadportion sizes were one sandwich with either caviar,
mackerel, smoked salmon, ofigdh cake. The portion sizes were derivean NorwegianFoad
SafetyAuthorityr e port A Wei ght meal82lr es and portion s

Participants were askeuhether they consumedcamplete pregnancy supplement containing
omega3. If yes a pop question of brand, frequency and dosggmeared The supplement
section also included a question regarding other of8eggroplements together with or instead

of the complete pregnancy supplements, and the frequency and dosage.
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2.4.3 Converting from safood frequency and portion teagood index

Seafood frequency intake was reported in ordinal data from the FFQ, then converted to
numerical interval data arfdrtherto aseafood index (E.gsl time/month = ordinal data A

0,25 = numerical intervaj 0,25 = seafood index(table 2.2, 2.3 and 2} This enables
statistical analysis and aggregation of different types and quantity estimafi@eafood
consumption. The seafood index is based on a validated method developed by Magthus
[120], and is an estimation of seafood consumption per week, with a seafood index of 1

representing one portion of seafood per waed].

The seafood index for summyaquestions of warmmealsand greadswere based on the

frequency average per week (table)2.Bhere is a tendency of ovexporting low intakes in

detail questions about individual fish species and seafood consurfii2i®nl 23] The seafood

index is therefore the lowest possible weekly intake for warm snaadl spreadietailed

guestions (table 2.2Processeé fish producs has a typical fish fillet content of 480% and

sushi 33%, therefore calculating the seafood
intake of processed fish product and sushi (t&848]. The seafood index for ome@a
supplement were based on the average weekly irdakee as the sumary questions for warm

mealsand spreadgtable?2.4).

Table 2.2 The reportedseafood intakérequencies from the FFQs in numerical interval and
the corresponding seafood index for th@rm meals andpread[120].

Reported frequency Numerical interval Seafood index Seafood index
per weelé (warm meals) (spreag°

Never 0 0 0

< 1 time/monthrarely | <0.25 0.15 0.15
1-3 times/month 0.250.75 0.5 0.5

1 time/week 1 1 -

1-2 times/week 1-2 - 1.5

2-3 times/ week 2-3 2.5 -

3-5 times/week 35 - 4

> 4 times/week >4 4 -

> 5 times/week >5 - 5

Abbreviations: FFQ, food frequency questionnaire

aNumerical interval based on the averagasumption frequency of summery question of seafood
intake per week as warm and cold meals

®The ®afood index assigned the average weekly intake frequency of seafood as warm meals
°The afood index assigned the average weekly intake frequency obdesdf pread
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Table 2.3 The reportedseafood intakéequencies fronthe FFQs in numerical intervaland
the corresponding seafood indiex fish and seafood, fish products and sysg0].

Reported Numerical Seafood index Seafood index Seafood index
frequency interval per Fish and seafood Fish producs Sushi?
week ¢

Never 0 0 0 0

<1 time/month | <0.25 0.1 0.05 0.0

1-3 times/month | 0.250.75 0.25 0.125 0.083

1 time/ week 1 1 0.5 0.33

2 times/week 2 2 1 0.66

>3 times/week | >3 3 1.5 1

Abbreviations: FFQ, food frequency questionnaire

aNumerical interval based on the average consumption frequency per wasthilefd question about

fish, processed products and sushi as warm and cold meals

®The ®afood index assigned the lowest possible weekly consumption frequency for detailed questions
about fish and seafood species as warm meals and cold meals

°The ®afoal index assigned the lowest possible weekly consumption frequency halved for detailed
guestions about processed fish as warm meals and cold meal. It is halved because processed fish

products typically contain 460% fisti8].

4 The afood index assigned the lowest possible weekly consumption frequencyl diyigeor

detailed questions of sushi as warm me[@l s and co

Table 2.4The reportecbmega3 supplemenfrequencies from the FFQs in numerical
interval, and thecorresponding seafood indgg20].

Reported frequency Numerical interval per weeR Seafood index
Omega3 supplement$
Never 0 0
1-3 times/month 0,250,75 0,5
1-3 times/week 1-3 2
4-6 times/week 4-6 5
Daily 7 7

Abbreviations: FFQ, food frequency questionnaire

aNumerical interval based on the average weekly intake frequency of hsegglements.
®The ®afood index based on the average weekly intake frequency of -oBnesyasules, liquid
omega3 and codiver ail.

The portions consumed per week weralculatel by multiplying seafood index with the
reported potion sizes. E.ifja participant consume2i portions of fish calkel time/week (50%
fish, seafood index 0.5 andone portionof cod fillet 2-3 times/ wek (100% fish, seafood
index=2.5) the seafood portions per week3is = (2 potions*0.5seafood indeX + (1 portion

* 2.5 seafood inde). The total seafoothtake was the sum of participarftequency and

portions size fowarm mealsandspread.
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2.4.4 Estabishing seafoodategories

The types of seafood consumptiorthe warm mealcategorywas put into groups gending

on the fat content. &ty fishhada fat content higher tharg5er 100g = 5%, anthe other
categories had fat contelotwver than 5% fat ofish containing less than 5% fat, shellfish was

all <5%][8] (table 2.5) All types of spread were put into one category to simplify analysis.

Table 2.50verview of seafood and fish categories derived from the FFQ n Mo mmy 0 s

Seafood Category Type of seafood

Fatty fish >5% , warm meal | Salmon/trout, rackerel, herring, &ibut

Lean fish<5%, warm meal | Cod, mllock, pollack, haddockcommon lingand catfish
Processed fish product warn Fishcakes/balls/pudding, fish pie, fish fingers, fish soup
meals<5% fish fat content
Sporead Tinned mackerel, sdine, herringtunaand salmon,
smoked or cured salmon and trout, anchovies, peppere
mackerelofotpostei, svolveerpostei, caviarabsticks
Shellfish anatrustaceans Shrimp, crab claw meat, crabmeat brown, lobster, mus
<5% fat content scallops

Tatal fish Salmon/trout, mackerel, herring, halibut, cod, pollock,
pollack, haddock, common ling and catfish

Total seafood All fish, processed fishgpread and shellfish listed in this
table

Abbreviations: FFQ, food frequency questionnaire

2.4.5 Intervention canpliance

Dietary compliancevascalculated from weight registration forms filled outthg participants

in the interventiorgroupshowingin gramstheamount of theeceived cod that was consumed
Participants registered the weighed of the defrostedrcgdams, which was then subtracted
by the registered weight of anytefers to establish the weight of the consumedfopdvery
meal. If the full 200g serving were eaten participaatgstereccod leftovers as 0g or leave
the column blank. Any cod géstered that was not supplied by the IMR were changed intp zero
as other participant might also have eaten 4R cod without registexd this as per

instruction, and the weight registration form nézbe filled outcompatiblyfor all participants.

Theintervention period lasted for 16 weeks with 400g as the intended weekly intake, making
the maximum intake of cod 6400g (=16 weeks x 400g) with a compliance score of 100.
Compliance scores were calculated by dividing the total intake by the maximum amichke
multiplying it with 100. E.g. a participant with a total cod intake of 48009 or average weekly
intake of 300g would have a compliance scorésof 4800g/64009=0.75 x 10055) .
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2.5 Determiningfatty acidcomposition inred blood cells

2.5.1 Extraction of atty acids fronred blood cells

The Hamilton Microlab Star Line (HMSL) robot was used to extract thefféfn the RBC. It
was operated bya qualified bioengineer with a usemanual courseaccording to théMR

methodd e s ¢ r i p-FA wittnHafmi4oB Boboand UltraGC-F1 D0 (appendi x) .

baselineand postinterverion were taken out B0 °Cfreezer andlefrosedon the Gyromini
Nutating mixerP a r t i daseliaeand podintervention RBC samples weaealyzed atite

same time to ensure ther@m@no method variances or discrepancf{égansing water (k0),

Heptane (@H16) and Sulfuric acid (bBQw) werefilled into three separate containers and placed

in its designated spots in the HMSL. Newtur test tubes containingral of Internal Standard

(IS) containingl9:0 Methy| were placed in the robot. A sequence contained 32 RBC samples,

thatwereplaced into the machine together with a serum with knows@dues and a blank
(distilled water).

TheHMSLadde® 0 €1 of the RBC sampledtoernswenpdrrer st ar t

occurred6 0 oftshmple serum and the blank was incluftedjuality control Next 6 0 ¢ |

t he 1 S aneéSO2% i metHanolovere atided. The startplate sesded ad shaken

at 1200 rpm before being moved to heateaker (HHS). Where samples waeated at 105
°C and shaken at 100 rpm for 40 mihgetlast ® seconds it washaken at 1000 rpm. The plate
wascoolkeddown for 15 mint han 250 ¢l waeptemwasadded ahdndixec |
The startplate wathan centfuged for 2 mins at 3000 rpm. A pianlayer with the extracted
FA formed, and 30@ |  pipetsed by hand into small glass tubes to be analyzed lditfse
FastGas Chromatograjpfiame ionization detctor (URGC-FID).

2.5.2 Analysis and integration of fatty acid

The extractedamples oFAswere analyzed in a UFGEID to determine the mg/g sample for
each individual FA. For quality camtl 1 sample of heptane, 1 ofatardcod liver oil solution,

2 blanksof distilled water and 2 control samples, weraun t oget her wi th
sample ofFAs in every sequenc&.he UFGCFID usedgas chromatography tseparatehe
FAs compounds anflame ionization to dete¢he amourd. It gavea readout of the individual
FA in a chromatogram, where each RAasrepresentetdy a peak The areeaof the peak
indicatad the amount, and the placement the type of FA. The FAs demieled using an

integrator (Chromelon 6.80, Dionex Corperation, California, USA3 bijoengineer
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Table 2.6 An overview of the fatty ats detected in the UFGEID

Saturated  Unsaturate Omega3 Omegab Others

fatty acid d fatty acid PUFA PUFA polyunsaturated
Types of 14:00 16:1 16:3n3 18:2n6 (LA) 16:2n4
Fatty acid | 15:00 18:1 18:3n3(ALA) 18:3n6 20:3n9
Detected 16:00 20:1 18:4n3 20:2n6
In the 17:00 22:1 20:3n3 20:3n6
UFGC 18:00 24:1n9 20:4n3 20:4n6(AA)

20:00 20:5n3(EPA) 22:4n6

22:00 22:5n3(DPA) 22:5n6

22:6n3(DHA)

Abbreviations: UFGC; Ultra Fast Gas Chromatogrfipine ionization detectpPUFA,
polyunsaturated fatty acid,

2.5.3 Quality controlof fatty acid analysis

For every sequence of RBC analyzedthe HMSL a contrekolution witha known FA
concentration wera@nalyzed ljuman plasma). The contrchrd wasmade from analyzing
samples of contredolution ten timesandthe FA concentrationfdl6:0, 18:2R6 and 22:6¢8
werethe main focus. The readout for the same tR®eérom the controkolution wereout into

the controlcard to get an average of what the FA stidnd.The controlsolutionandthe whde
sequenc&vere approved if the average lavithin +/-2 standard deviatior{§$D) of the control

card average. The ]39:0 Methyl, wasdded in such a concentration thahdade up 1030%

of the total FA amountThe absolute amount (mg/g) of FAs in tsemplewas found by
calculating the area of the individual FA against the area of 19:0 (IS) in the sample that has a

known value

To ensure a correct readout in the®(; for a new analysis, a standaolution and NtCheck
standard ignalyzedirst. It has to have a value that varies <5% from the theoretical values and
sufficient space between the FA peaks for the biological samples to be analyaiedf
detection or limit of quantification (LOQ) for the method was sat at 0,01 mg/goy/@0and
arethe smallst concentration of a quantithat can beealiably measured by thignalytical
procedurdg124, 125] FAs below the LOQ was not included in the results.

2.6 Statisti@al analysis

IBM SPSS version 25 (IBM Corpation) was utilized foall statistical analysedicrosoft
Office Excel or Microsoft Office Word 2013 were used to create tables and figtwvakies <
.05 wereconsidered statistically significariflormality was tested for using visual inspection

with Q-Q plots and histograms
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The mean and (SDyereused when the nupers met parametric assumptiodMedianand
interquartile range (IQRY)ere useavhen the numbers were nparametic, interquartile range
is stated as one numberQR = Q@3=75" p&dentileandQ1=25" percentil@[126].

For the baseline characteristics the mearsD, or particpantnumbes and percentages were
found For the mean (SOhe ManaWhitney U was used for the nguarametric numbers and
the independent samphedst for the parametric numbers. The-8huardestwas used to find

the n (%). The-value was not presemtas the groups was randomized and there should be no

statistical significance.

The FAswere presenteth relative amount (%), which was the percentage content dfahe
out of the total FAs content. The FAs were also givabsoluteamount (ug/g) TheFAs were
nonparametricand was therefore stated in median (IQR). The-pemametric test Related
Wilcoxon signed rank was used to test for differenegikin the intervention group and
control group between baselin@nd posintervention While the norparametric Mann
Whitney Utestwere usedor differences between tlietervention and control groupat post

intervention

For the FFQ the numbers were Amarametrical and median (IQR) was used or percentages
where appropriatd.he frequency of seafoodtake at baselinend postintervention was stated

in percentage of participants in each consumption frequency for spread, lunch andTdiener.
media(IQR) were used for the FFQ seafood intakes with a seafood index as they were non
parametric. The nonpammetric test Related Wilcoxon signed rank was used to test for
differences within the contrelgroyp and interventiongroup between baselinend post
intervention. While the neparametric ManitWhitney U tested for differences between the

control and inervention groupat postintervention.

For the compliance test both mean (SD) and median (IQR) was used together with the minimum

and maximum intake of cod in grams for each category.

The nonparametricSp e a r memkodder correlationvasused to tedor correlatiors between
FAs and seafoodr cod intakesrom FFQ or weight registration formTrhere was considered
very weak correlatiowith an £=.00-.199 a weakcorrelationbetween¢=.200.399, moderate
correlationbetween ¢ =.400.599, strongcorrelation between ¢ =.600.799 and very strong
correlationfor rs =.8001.000[126, 127]
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3 Results

3.1 Participation rate

Figure 3.1 shows an overviest the study population witthe dropout and participation rates

at different stage of dateollection There was a dropout rate of 9.5%=13) during the
intervention period, with RBCsamples collectedrdm 99.2% (n=132) of participants at
baseline ad from 94.4% (n=117) at postintervention.For the baseline FFQ 92% (n=127
answered, with 86% (n=107) out of the remaining 124 participants answered the post

intervention FFQ.

Figure 3.1 Flowchart of participant numbers and the data at different GWs in the Mommy’s
Food trial.

ENROLLMENT

GW <18 Screening for eligibility
n=137
v

ENROLLMENT

GW 18 Informed consent,
Pre-FFQ n=127, Pre-RBC n=132
2 actively resigned
" 2 passively resigned
ENROLMENT
GW 19 Randomized group allocation
n=133 —l
INTERVENTION GROUP n=68 CONTORL GROUPF n=65
5 ac‘miely rESIg_HEd - 3 actively resigned
1 passively resigned —>
4 v
6%36 | pou.5rQ wese. Pou-REC we LA
ost-FFQ 136, Post-RBC n= Post-FFQ n=51, Post-RBC n=56
Weight registration n=62
Abbreviations: FFQ, food frequency questionnaire, GW, gestational week, RBC; red blood cell
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3.2 Baseline characteristics

3.2.1 Demographic of participantg preintervention

Baseline characteristics of the participantssii@vn in table 3.IThe aveage age in the study
population was?29.3 (3.8) years. 8&1% of participants had digher education at
university/college level, and 60% attended universitgbllege for more than four years.
Household income was skewed to the teftrards higher values ar8.2% hada cmbined
household income of 75000 NOK or higher. The average body mass indBki() for pre-
pregnancyvas23.2 kg/nt which is within the normal range (1825.0) for adult§128, 129]

Table 3.1Baseine characteristics afhepregnantstudy population from pratervention

FFQ, randomized to interventieor control group, in pregnat women i n Mommyos
Demographics Characteristics All Intervention  Control
(n=127) (n=65) (n=60)
Physical atibutesmean (SD)
Age (years) 29.3 (3.8) 29.6 (3.6) 29.1 (3.9)
Gestational Age (weeks) 19 (1.3) 19.1 (0.1) 19 (0.1)
Prepregnancy BMI (kg/rf) 23.2 (4,3) 23.2 (4.0) 23.3 (4.6)
Cohabitation, n (%)
Cohabitation 121 (96.8) 63 (96.9) 58(65)
Single or Other 4(3.2) 2(3.4) 2 (3.4)
Education level, n (%)
Lower secondary school 1(0.8) 1(1.5) 0 (0)
Higher secondary school 16 (12.8) 9 (13.8) 7@11.7)
<4 years university/college 33 (26.4) 18 (27.7) 15(25)
&4 years university/college 75 (60) 37 (56.9) 38 (63.3)
Total household income (NOK), n (%
C200,008349,000 11 (8.8) 5(7.7) 6 (10)
350,000749,999 35 (28) 19 (29.2) 16 (26.6)
750,0001,249,000 62 (49.6) 32 (49.3) 30 (50)
1,25Q0000->2,000,000 17 (13.6) 9 (13.8) 8 (13.4)
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3.3 Fatty acidcompositionin relative and absoluteamounts

Table3.2 and 3.3hows an overview ahedian(IQR) of the individuala n dFA%n relative
and absoluteamountat baseline and pesitervention Thee was nostatistically significant
changes between the groups at potgrventionfor eitherrelative nor absoluteamount

Therewerestatistically significantncreassin# s at ur at ed FA when compe
postintervention for theelativeamountin theintervention group andrelative and absolute

amounftor thecontrol group. There was alsastatistically significant ncr ease i n E un
FA for therelative and absoluteamountin both groupsThe 16:0 (PA), 18:1 and 24:1hall

had statistically significanincreasd in relative and absolut@mountbetween baseline and

postintervention for both groups.

The E pol yrAshadaastatistieallyeignificantdecrease imelative and absolute
amountwithin in the controlgroup andabsoluteamountwithin theinterventiongroupwhen
comparing baseline to pesitervention(p<.000).

There was astatistically significantd e ¢ r e a 8-& 20i4m6 (AA) and 22:4r6 for both
intervention and control groupin bothrelative and alsoluteamountsTheE -3was stable
with no statistically significantincreasein either group.The interventiorgroup had a
statistically significanincreasen absolute amourdf 22:6 3 (DHA) at postintervention. he
controlgrouphad astatisticaly significantdecreasé the 22:5 A3 (DPA)in bothrelative and

absolute amount.

There was atatisticallysignificant change in the-8in-6 ratig the £ n-3 was stabl@ndE n-6

decreasetietween baseline and pasterventionfor both groups. The ietventiongroup had
higher levels of #8:n-6 (0.44) inmedianrelative and absolut@amourn, than thecontrol group
ratio (0.40. However there was natatisticallysignificant difference between tigegoups

The n3 indexwasa mediarof 8.4% at baselmand 8.5% at postiterventionfor all. However,
there was no changes within theogps between baseline and pmgérvention and no
significant difference between the groups
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Table 3.2Theabsolute amoun(iug/g) of theindividual fatty acids in redlood cells for the control and

intervention group at baseline and pesiterventionin

pregnant

WO men

i n

Mo mmy 6 s

All Intervention group Control group In
median (IQR) median (IQR median (IQR Both®
Pre Post Pre Post p? Pre Post p? p®

Fattyacid| n=132 n=117 | n=68 n==61 in n =64 n=>58 in btwn
14:0 10(10) 10(10) |10(10) 10(10) |.180|10(10) 10(10) |.052 |.252
16:0 PA ?1480) 500 (95) | 460 (97) ?10(?0) 003 ?fgo) 489 (88) | .000 | .666
18:0 SA 290 (70) 300 (65) | 300 (68) 300 (80) | .436 | 290 (70) 302 (50) | .431 | .956
22:0% 10 (0) 10 (10) |10(10) 10(10) |.480|10(10) 10(10) | .655 | .282
FEATIT O N R N P [ A R A R
18:10A 260 (50) 270 (65) | 260 (60) 280 (70) | .007 | 265 (45) 270 (60) | .012 | .991
24:1n9 30 (10) 40(20) |30(10) 40(20) |.017|30(10) 40(18) |.000 |.952
E Unsat| 308(65) 323(77) | 306 (71) 322(80) | .003 | 306 (57) 327 (75) | .002 | .900
18:2n6, LA | 190 (50) 190 (60) | 190 (47) 180 (55) | .411| 200 (40) 190 (68) | .734 | .545
20:3n-6 30(10) 30(10) |30(10) 30(15) |.103|30(10) 30(10) |.678 |.305
20:4n6, AA | 260 (40) 220 (55) | 260 (50) 230 (50) | .000 | 260 (38) 220 (60) | .000 | .904
22:4n6 40 (20) 40 (10) | 40(20) 40 (10) |.000|40(10) 40 (10) |.000 |.939
E -6 ?5’5’7) ?ffz) 535(122) ?18110) 024 | 533 (87) ?ffg) 003 | .923
205n3, EPA | 20 (20) 20(20) | 20(20) 120(20) | .271|20(20) 20(20) |.946 | .853
22:5n3, DPA | 40 (10)  40(20) |40(20) 40 (15) |.813|40(10) 40(20) |.010 |.270
22:6n3, DHA | 140 (40) 150 (40) | 140 (58) 150 (50) | .056 | 140 (30) 150 (38) | .176 | .189
n-3 index 155 (52) 167 (53) | 155 (64) 170 (54) | .137 | 155 (47) 166 (55) | .218 | .300
E -R 203 (66) 216 (72) | 203 (76) 225 (65) | .258 | 202 (54) 212 (72) | .697 | .216
n-3/n-6 0.38 (10) ?1'32) 0.39(20) 0.44(10) | .000 | 0.38 (10) 0.40 (10) | .005 | .085
Crsatomates, (714214) (711(;30) (7f4170) (712711) 2172 Zf;z) (7115?6) 023 | .727

Abbreviations n-6: omega 6, 13: omega FA: palmitic acid, SA: Stearic acid, OA: oleic acikA: Arachidonic
acid, EPA: Eicosapentaenoic acid, DPA: Docosapentaenoic acid, DHA: Docosahexaenoi auitExiZ EPA
and DHA, btwn: betweenQR: interquartié range, p: pvalue, in: within.
Fatty aciddellowthelimit of quantification<10pug/gwas15:00, 20:00, 16:1, 20:1, 22:1, 18:8n20:2r6, 22:5n
6,16:3n3, 18:3n3, 18:4n3, 203n-3, 20:4R3, 16:2n4, 20:3n9, and was therefore not included.
a2Relatel Wilcoxon signed rank for comparison for differences pred postintervention within the contreland
intervention group
®MannWhitney U Test for comparison for differences between the cenamad intervention group post

intervention

¢ Differencebetween groups at posttervention
d Diffrences within groups between baseline andnustvention.
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Table 3.3 Therelative amount(%) of the individual fatty acids ithe total fatty acid contenih red bloodcells,

for the controf and interventiongroup atbaseline and poshterventionj n pr egnant women
All Intervention group Control Group Both®
median (IQR median (IQR median (IQR

Pre Post Pre Post p? Pre Post | p? pP

Fatty acid| n=132 n=117 | n=68 n=61 Ind n=64 n=58 ind btwn
14:0 0.7(0.2) 0.7(0.3) |07(.2 07(.3) |.010 |0.7(0.3) 0.7(.3) |.023 |.239
16:0 PA 233 (2.1) 249(1.8) | 235(2.3) 25(1.8) |.000 |23(1.8) 24.8(2.1)|.000 | .416
18:0 SA 15.4(1.8) 15.3(1.9) | 15.5(16) 15.2(1.6) | .005 | 155(1.8) 15.5(2.2) | .935 | .326
22:0% 04(0.2) 05(0.2) |04(.2) 05(0.2) |.097 |05(0.2 05(0.1) |.002 |.102
E Sat url 40.2(3.7) 42.1(3.1) |40.8(3.5) 42.0(3.1)|.001 |40.0(4.4) 423(3.6)|.000 |.974
18:10A 13.5(2.0) 13.9(2.1) | 13.3(1.4) 13.8(2.1) | .000 | 13.8(2.1) 13.9(2.3) | .001 | .516
24:1n9 1.8(05) 2.1(06) |1.9(05) 2.1(.6) 003 |1.8(05) 2.2(0.7) |.000 | .563
E Unsat 16.0(20) 16.6(2.1) | 159(1.6) 16.6(2.2) | .000 | 16.1(1.9) 16.7(2.3) | .000 | .451
18:2n6, LA | 10.1(1.7) 9.9(1.9) | 100(1.7) 9.6(1.8) |.344 |10.3(1.5) 10.2(1.9) | .030 | .247
20:3n6 1.4(04) 1.4(05) |1.4(05) 15(5) 672 | 1.4(0.4) 1.4(03) |.411 | .147
20:4n6, AA | 13.3(1.7) 11.6 (1.6) | 13.2(1.7) 11.4(1.5) | .000 | 13.4(1.7) 11.7(2.0) | .000 | .106
22:4n6 22(0.7) 1.8(6) 22(0.9) 1.8(5) 000 |22(0.7) 1.8(.09) |.000 |.922
E -t 27.9(25) 255 (2.4) | 27.6 (2.6) 25.2(2.6) | .000 |28.3(2.4) 26(2.6) |.000 |.124
205n-3, EPA | 1.1(0.8) 1.0(0.7) |1,1(0.8) 1.0(0.7) |.190 |1.1(0.8) 1.0(0.7) |.203 |.961
22:5n3,DPA | 2.2(0.6) 2.1(0.4) |22(0.6) 21(05) |.349 |22(05) 21(05) |.000 |.651
22:6n3,DHA | 7.3(1.9) 75(1.7) |75(1.6) 7.7(1.6) |.002 |7.2(2 7.4(8) |.080 |.917
n-3 index 84(25) 85(24) |86(25 86(22) |.05 |83(228) 8327 |.309 |.202
E -T 109 (2.8) 10.9(2.9) | 109 (2.6) 11.1(2.5) | .117 | 10.8(3.3) 10.7(3.3) | .796 | .211
n-3/n-6 0.38(0.1) 0.43(0.1) | 0.39(0.2) 0.44(0.1) | .000 | 0.38(0.1) 0.40(0.1) | .005 | .085
Ensai;fat'e dy 38.8(2,5) 36.7(2.4) | 38.6(2.2) 36.4(2.2) | .000 | 39.2(3.0) 36.7(2.8) | .000 | .698

Abbreviations n-6: omega 6, 13: omega 3PA: palmitic acid, SA: Stearic acid, OA: oleic adié: Arachidonic
acid, EPA: Eicosapentaenoic acid, DPA: Docosapentaenoic acid, DHA: Docosahexaenoi auitExiZ EPA

and DHA, btwn: letweenlQR: interquartilerange, P: pralue, in: within.

Fatty acidsbellow limit of quantification<10 pug/gwas15:00, 20:00, 16:1, 20:1, 22:1, 18:8n20:2n6, 22:5r6
,16:3n3, 18:3n3, 18:4n3, 20:3R3, 20:4n3, 16:2nr4, 20:3R9, and was therefore hincluded.
aRelated Wilcoxon signed rank for comparison for differencesand posiintervention within the contreland
intervention group
bMann-Whitney U Test for comparison for differences between the cenémd intervention group post

intervention

¢ Difference between groups postintervention
d Differenceswithin groups between baseline and piostrvention.
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3.4 Reported Seafood intake baseline and-po&rvention

3.4.1 Summary question from FFQ.

The summary questions for dinner, warm lunob apread at baseline and pwderventionare
shown in figure 3.2nd figure3.3 as frequenc{fo) of intake. The highest frequenoyseafood
as dinner weréhe 43% thatreportedeatingseafood 23 times peweek, this increased to @Pat
postinterventon. At baselinespreadwas the only category that hadfrequency intake of4

times a weekAt postintervention all categories werepresentedn the >4 times/weekwith

2.8% for spreadand bothdinner and warm lunch wefrom 0% to 1.9% The lowestfequency
for dinner at posinterventionwas 13 times/monthcompared to the 4% at baseline tiegtorted
consumi ng s e aneve@uddlftime/mortia Tienpercentage of spread wentfop

the three lowest frequenciaspostintervention

Figure 3.2Frequency of seafood intake as dinner, lunch and spread at baseline in percentage
from the food frequency questionairn pr egnant women i n Mommy?®o6s

Frequancy of seafood intake pre-intervention

I 5%
never P 26%
0,8%

I 7%

>1 time/month F 34%
3%
21%
1-3 ttmes/month 20%
I—

22%

29%
1 time/week 14%

|— 30%
14%
2-3 times/week 6%
e 43%
B 2
=4 times/week 0
0
0 5 10 15 20 25 30 35 40 45 50

Frequency (%) Hspread ®lunch @ dinner
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Figure 3.1Frequency intake of seafood as dinner, lunch and spread atrgestention in
percentagd r om t he food frequency questionair,

Frequency of seafood intake post-intervention
never I— 26%
>1 time/month — 27%

1-3 times/month r 23%
9%

1 time/week 16%

|
. , 8%
2-3 times/week 6%
|

d 69%
) 3%
>4 times/week 2%
2%
0 10 20 30 40 50 60 70 80
Frequency (%) Wspread MWlunch sdinner

3.4.2 Seafood and omegasupplement intake
The ®afood ntake in portions per week from thaseline and posihtervention FFQ is given
in table 3.4 Theinterventiongrouphad astatistically significanhigher intake of safood as

dinner, lean fish, total fistand lowerfatty fishthan thecontrolgroupat postintervention.

There was no statistically significant difference in the seafood intake ioothteolgroup
betwesn baselineand posintervention. The interventiegroup hadstatistically significant
increase of lean fish, a®od for dinner and total fish. There wastatistically significant
decrease of fatty fish, seafoadspread and processed fish. There iwasever no significant
change in the total seafood intake either between or withinpgrdAmong the participants
82.8% reported taking a form of-8 supplement at baseline, with no change at-post

intervention, and no statistically significant differenedvizeen the groups
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Table 3.4 The reported seafood intakrom the FFQst baseline and gstintervention given in portions peweek, in pregnant women in

Mommyoés food trial

Seafoodcategories All Intervention group pa Control Group pa PP
Median (IQR) Median (IQR) Median (IQR)

Summary question n Pre interv. n Post, interv. | Pre interv. Postinterv. in. Pre interv. Postinterv. In. Btw
Seafood dinner 127 13(1.8 107 2.50(1.29 1.5 (2.0) 2.5 0.0) .000 | 1.0 (1.9 1.5(1.9 .288 | .000
Seafood lunch 127 0.2(0.5) 107 0.15 (0.5) 0.2(0.5) 0.3 (0.5) .764 | 0.2(.50) 0.08 (.50) |.976 |.328
Seafood spread 127 1.0@.9 106 0.5(1.9 1.0@.9) 0.5(0.9) .025 1.0 2.9 0.8(1.55 .761 | .632

Detailed questions

Warm meal
Fatty fish 121 0.6(0.9) 104 0.4 (08) 0.5(.85) 0.3(0.4) .001 (0.9 (.9 0.8 (0.9 .630 |.000
Lean fish 123 05(0.9 105 1.0(0.7) 0.6(.90) 1.1 (0.9 .000 | 0.5(0.5) 0.5(0.5 459 | .000
Cod 123 0.3(0.4) 106 1.0 (0.8) 0.3 (0.8) 1.0 (0.1) .000 | 0.3 (0.3) 0.3 (0.3) .566 |.000
Processed fish 113 05(0.3 106 0.3(0.3 0.5(0.3 0.2 (0.3 .000 | 0.4 (0.5 0.3(0.3) .003 |.118

Spread
Total spread 121 0.9 (2.4) 106 0.8(1.9 0.6 (2.3) 0.8(1.9 105 | 1.0 (2.6 0.6(2.4) 137 | .586

Warm meal & spread
Total shellfish 124 0.1 (0.2) 107 0.08 (0.2 0.1 (0.9 0.07 0.2 176 | 0.1 (0.2) 0.08(0.2) .538 |.493
Total fish 120 1.4(1.2) 104 1.4(1.1) 1.3(1.4) 1.5 (0.9) .001 | 1.5 (0.9) 1.2 (1.3) 513 | .029
Total seafood 114 3.1(3.9) 100 2.8 (2.8) 3.0(4.1) 2.70(2.3) |.258 | 3.1(3.7) 2.9 (3.4) 163 | .825

Supplements43, n(%) n=122 n=106 n=63 n=56 n=59 n=50
Yes 101 (82.8) 87 (82.1) 53(84.1) 46 (82.1) 1.00 | 48 (81.4) 41 (82.0) 1.00 |.985
No 21 (17.2) 19 (17.9) 10 (15.9) 10 (17.9) 11(18.6) 9 (18.0)

Abbreviations interv: intervention, btwbetween, in=within.
2Related Wilcoxon signed rank for comparison for differencesgmme mstintervention within the control and intervention group.
b MannWhitney U Test for comparison for differences between the control and intervention groimtgrosintion
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3.4.3 Complianceof intervention

The mean compliance score wé&andranging fron 35to 102 as shown in table 3.5hat

gives a mean total intake of 4884 g out of maximum of 6400 g of cod, the mean weekly intake
was 305 g. About 50% of the group had a compliance score of 80 or more, and less than 10%

had a compliance score under(8&tanot shown)

Table 3.5 Theinterventiong r o wanipl@ance irconsumption of cod from the weight

registration form during th&6-weekinterventionperiod i n t he Mommydés Food

Compliance of intervention Mean (SD) Median (IQR) Min-max
Total intake 6cod (grams) 4884 (987.1) 5084 (1279) 22546556
Weekly intake of cod (grams 305 (62) 318 (80) 141-410
Compliancescore 76 (15) 79 (20) 35102

3.5 Correlationbetweerfatty acidsandseafood codand omegs

A Spear mands r an&rundrassessthecetatromskigiwaedn thetatal seafood
and fish intakeand therelative or absolute amount ofn-3 indexin both groups at post
intervention In the interventiorgroup there was a statistibalsignificant, weak positive
correlationin the elativeamount rs = .295 (p<.032),and theabsoluteamountrs = .458
(p<.00), There was no statisticallgignificant correlation in the control groufor the total
seafood and fish intake and the&nndexin the relative amountrs= .245 (p<.109) orthe
absolute amount=.280 (p<.06%.

The Spearmandés rank order correlation was al
intake from the FFQ and tladsoluteamountof theZ -3in the groups at postitervention.n

the interventiorgroup there was statisticallysignificant, weak positive correlation,= .359

(p<.007) There was no statistically significance correlation in the control gnaup.206
(p<.165).Runnigp a S p e ar ma nhérs was aonstatistecallydsegmificanttcorrelation
betweerthe cod intake from the FFQ and tiedativeamount ot h e1-3 & postintervention

in theinterventiongroup,rs= .111(p<420), orthe controlgrouprs= .097 (p<.517.
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A S p e ar markmordes correlation wasin to assess the relationship between the cod intake
from the FFQ and theslative or absolute amount o DHA in bothgroups at posintervention.

In the interventiorgroup there was statisticallysignificant weak positivecorrelation between

the cod intake from the FFQ and the abselateount of DHA, ¢= 0.334 (p<.013)However,

this correlation was not observiedtweerthe cod intake from the FFQ and the relatamount

of DHA, rs = 0.098 (p<.477)For the control group there was no statistically significant
correlations between the cod form the FFQ and CAB8oluteamount ¢ = 0.199 (p<.179) or
DHA relativeamount & 0.060 (p<.688).

A

Spear mands r an lsweaerudagainto @assess tleelredatishipbetween the total
cod intake from weight registration forms and relatimeabsoluteamounts of DHA oZ -
for both groups at poshtervention. There was found no statistically significant correlation

between any combination or grap; <.200(p>.05).
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4 Discussion

Seafood is a good source of the L8BRAS EPA and DHA, and during pregnancy héey levels
of DHA has been linked to beneficial health outcomes for mother altd[£BO, 131] There
is aurrently lackingin RCT studies of seafood intake during pregnaang FAs and the
existingonesdoes notdcus specificallyon FAsin relation toleanfish [5, 11]. Consequently,
this thesis may shed some light on wimapactlean fishconsumptionn pregnancy have on
marine associated LE3FAs. The overall aim of thishesis wado investigate if an increased
intake of cod during pregnancy have an impact océiftent in RBCwith focus on the marine
associated LGIBPUFASs, in addition to evaluating seafood anr8 supplement intakeat
baselineand postintervention.In thetwo-armed RCTMo mmy 6 s  Fydhe A cantent d
was measured by UFGEID, and seafood intakeeportedin FFQs at baseline and post
intervention.The interventiorgroupwere instructed toconsumet00g of cod betwen GW 20

36, while the controlgroupcontinued theihabitual diet.

4.1 Discussiorof mainfindings

Therewereno significant changes betweéme interventionand controlgroupFA statusesit
postintervention respectively There were however significant changéghin both groups
between badine andpostinterventonTh er e wer e si gni f6FAsaseenin decr e
both groups fotherelative and absoluteamounts, this is likely due to the maternal decrease
in -6 FAscommonlyseen in the last trimestgt15]. Women are ab known to havehis
progressive decline in DHA and otheBr-As during pregnancy due to the increased demands
of the fetus in th&“ trimestef114, 115, 132] However, thi© H A , -3 End A3index decline

was not present ireither the control or interventiongroup. Then-3 index levels stayed
desirable andtable without significant changes within, or between the grdiyesintervention
group had a statistically significant increase inrdlativeamount ofDHA between baseline
and postintervention.The n3:n-6 increased for both grougikely linked with the decreada

F n-6 and stability irZ n-3.

4.1.1 Increase imelativeamount ofDHA in the intervention group

During pregnancy there is a decrease in the maternal DHA due to a selective transfer of this FA
to the developing fetus, and transfer is highest in the thirdstenevhen the poshtervention

blood sample was drawn (GW J@&)L3, 114] In the current study this pattern was not observed.
The intervention group had a sifioant increase in the relatisemount of DHA from 7.% to

7.7% (p<0.002), though the increase was not significant in absohuadent.
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The DHA levels of the controfroupdid not have a statistically significant increaased there
wasno significant difference between the groups. The increase in the nh@etAandicates
that the intervention group had a highed mtake than reported otherstudies wherenaternal
declineis present. fie higher A3 intake enabled the mother to meet the fétuseasediemand
without depleting the maternal DHA storadd 3, 115] The maternal EPA and DHAevels
are found to be reflected in the3rstatus of the fetu3herefore a goodmaternal DHAlevel
without dedine would indicate that the fetd@sstatus is goodnd it isgetting adequat®©HA
levels duringdevelopmen{28]. High maternalDHA in pregnancy isassociated wit better
vision acuity and brain developmeim the fetusas large levels of DHA resided both the
brain, CNS ad thereting133]. Having an increase in th&&imester is especially good as this
is the time of increased fetal demands duthébrain growth spurtChildren of mother with
good DHA levels are seen to hawhigherbirth weight,and higher scores on standardized 1Q
testg[3, 84-88]. In the mothershigher DHA levels arassociated witlower levels of preterm
delivery, inflammation and postpartum depressidg, 5, 61, 84, 130]The increasén DHA
levels in the intervention grouypnd stability in DHAlevels of the control group therefore a

favorable outcome

Cod is a good source afCn-3PUFAs as oneportion of 200g contains double the daily
adequate level of EPA and DHet by EFSA7, 13]. The increase in DHA levels seen only in

the intervention group suggesithat cod could be an influence, as it was the oeported

DHA source tosignificantly increaseduringthe interventiorperiod The cod intake from the
FFQorthecodintakefrom theweight registration forgrandrelative or absoluteamountDHA

levelwas tested for a correlatiofhere was no correlatidretween theod intake from weight
registratiorforms or the FFQand thesignificant increase in thelativeamount of DHAThere

was a weak correlation between tissoluteamount of DHAandFFQ cal intake. However

this correlation was not seen between the absalueunt of DHA and the actual caatake

from the weight registration forsnAs the cod intake fronthe weight registratioforms are

more accurate than the FFQ there is likely no relationship between the cod intake and the
absolute amourdf DHA. The cod intake watherefore notorrelatedwith the increase seen in

the relativeamount of DHA or the stability in thabsoluteamounti n t he Mo mmy s
study The n3 supplementatiocan bea possibleexplanation for thencrease irthe relative

amount ofDHA. As it is found to bean effective meas to retain maternal DHA levetkiring
pregnancy and &a482% of t he p a3rsupplenendacughsutthestpdy r t e d
[115].
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4.1.2 Stability of theZ omega3 andomega3 indexin both groups

An n-3 index of>8%is associated with greateardio protectiorand is set as the desirabl&n
index While 8%-4% is considered to offéntermediate protection and <4dsnsidered to have
lower protection134]. Though an index 0£5% is still found toreducethe risk of primary
cardiac arrest ith 70%[107, 135] The interventionand control group hadhe same median
n-3 index at bothbaseline and posttervention with no significant difference between or
within the groupsBoth groups had an-8 index >8%, meaning they had an optimal level of
EPA and DHA in relation to CHIand other 8 associated health benefi1s34].

The stabilityand highn-3 indexpresent in both groupedicatesa supplementation habit @r

diet richin EPA and DHA. When testing for a relationship between th& index andseafood

intake from the FFQ the interventigmnoup had a weak positive correlation.ottever no
correlation was seen in the control group. The intervergronp 8-3 index waghan tested

for a correlation with theod intake The sameorrelation pattern seen cod intake and DHA
waspresentThere was no relationship between the increase3nnaex relativeamount and

the cod intakdrom the FFQ or the cod intake frothe weight regisation form.There was
howevera weak positiveorrelationbetween the FFQ cod intake ane i3 index absolute
amount This indicates the same with DHA, that there is10 correlatiorbetween the dietary

cod intake and thstabilityin n-3 index.The irtervention groups had a weak correlation unlike

the control group, indicating that the seafood consumed in the intervention group have a large
impact on the 8 index than the seafood in the diet of the control group, despite the fact the
intervention codvas not correlatedife contr ol groupbébs EPA and DH
the seafood intake and therefore suggesting that-thsupplementation is responsilide the

high n3 index in this group

The study population had a media3 mdexof 8.4% a& baseline and 8.5% at post intervention
which washigherthan the averaggreviously found in Norwegian pregnant women of 6.4%,
and USavera@ between %-6% [20, 105, 108, 136, 137An n-3 index can be used as a
biomarker to check for compliance of3nintakes from supplemeéordiet[105]. A higher than
averagen-3 indexsuch as in this study population would therefmidicate intakes ofLCn-
3PUFAs that wasigher than average populatioat both baseline and post intervent[@n].
Thelack of decline inZ -HhFAs and alesirablestablen-3 indexsuch as the study group had
throughout theirpregnancy is associated witithe same beneficial health outcomes as
aforementioned with higher levelof DHA [87].
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4.1.3 Increase in thernega3:omegab ratio

AA, like DHA is important for brain and retinal development during gestation, though a much
higher levels of ¥6:n-3 is not beneficial for the health as the humans evolved on aladier

to 1:1[77,138]. There was aignificant increase in the-3tn-6 ratio for both groups between
baseline and postervertion. The main influencer of the change in ratio is likely owing to the
significant decrease of the -GhFAs. When the diet is rialr3 the n6 levels in the body have

been known to decreastoughin this studythe n-6 decrease is lidy due to the maternal
declinecommonlyseen in the last trimestgr13, 114] Since there were significant increases

for the n3:n-6 ratio seen in both groups, and no significant difference between the two it is
likely due to metabolic and dietafgctors present in both groups. Therefore the dietary cod is
unlikely to be the reason for the significamtrease in the-8:n-6 ratio. The study population

had an-3:n-6 ratio at baselinand postnterventionthatwasclose t o 1: 2 (= 0.5 ¢€g
ratio of 1:2 is higher in R3 than thatassociated with aaverage western dietwhich ranges

from 1:10upto the American avege of 1:2578,80] The st udy p o psuésisable o n 0 s
asit is the recommended ratio 0f3:n-6 set by a panel of lipidxpertg81]. Higher levels of

n-3:n-6, like the ones ithe study populatigns associated with beneficial health outcomes for
childhood obesit, neuraldevelopment an@€HD. As well as being less inflammatodye to

higher levels of 8 derivedantrinflammatoryeicosanoidand cytokines which is associated

with lower levelsof autoimmune diseasegsthmaeczemandallergies[2, 77, 79, 139141].

4.2 Discussion of findings iseafood intakeand study population
4.2.1 Changes in seafood intake reported from the food frequency questionnaire

The significandifferences seen in seafood intatgostintervention between thietervention

and control group canall belinked to the interventioc g r o u p 0 sSntake mfcod.eThes e d
control group followed their habitual diet during the intervention period and had no significant
differences between their baseline and fagrvention seafood intake The intervention

gr oup 6 s intakemfleandfisheedulted in a significantly lower intake of fatty fitey

went from consuming 0.5 portion of fatty fish per week to 0.3 portions per week. This is not
desirable as thBIDH recommenddalf of theof 2-3 portions of fish per weeto comefrom

fatty fish, in order toachieve theecommendedmount of EPA and DHALO]. However, there

was no reduction i -HiFAsor the R3 index despite the decrease in the fattyifisike This
means that thimterventiongroup was getting adequate levels of EPA and DHA and would still
have protection against CHD despite reduction in fatty fish intake.
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EFSA concludedhat afish/seafood intake of-2 up to 34 portions per weetturing pregnancy
was associated with better neural development and protection againgZ/CHBe majority
of the study populatiofollowed this adviceas 73% at baseline and 91&btpostintervention
reported eating seafood for dinrer time/weekThereportedrequancy of seafood for dinner
increasedt post interventionas71% reported consumed seafood for dirm@r3 times/week
compared the 43% at ®aline In additionat post interventioB8%reportedeating seafood as
spread> 1 time/weekand 24% eating seafood as warm lurchtime/week.

4.3 Discussion of mthod limitation and strengths
4.3.1 High intakeseafoodand omeg#8 supplemenin the study poputson

The women of study population had a high intake of seadoddi3 supplementas shown in
the n3 index and thehigherthan averagsocialeconomic status apossible explanation for
this. As 86% of participants had a higher education, Wwasmore than double of the national
average 37% for womefl42]. The national average household incofoe couples with
children of 06 year is 74300 NOK, and couples without children under the age of 45 is
586000 NOK. This falls within the household income category of 860749999 NOK,
where only 28% of the study population reported their combinaddhold income to §&43].

In addition,63% reported a household ormoe between 75000 NOK and up, which is above
the national average in both categories. The average age was the same as the Norwegian average
age for first time mothers of 29 ygdr4]. A higher sociakconomic status is associated with
a healthy habits such as taking recommended supplementsgirad intake of healthy foods
such asruit, vegetable and fish, artdis may explain théigh baselineintake of seafoodnd

n-3 supplements this studypopulation[145, 146]

Anotherpossible explanation for the high seafonthke is that the study requirpdrticipants

in theintervention goup to consume cod twice a weekid requirement would not have the
same appeal to women who neeatfish compared to the women regularly consumed fish.
This is shown in th€9.2% ofwomen who reportedatingseafood for dinner at basedi. The
NDH have no A3 recommendation for the general population, lttommendgpregnant
women to consume&00 mg/day of DHA, possibly explaining why the pregnant study
population have &igh n3 intake[147]. Having a baseline population with hightake of
seafoodand nr3 suppementscontainng LCn-3PUFA makes it hard to assess the impact of
dietary LCr3PUFA from cod.
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4.3.2 Presentation of relativend absolute amount of fatty acids.

FAs werepresented ioth relative and absoluteamount When there is ndear methodology

of which to use it can be beneficial to presboth[148, 149] Presenting FA as relativer

absolute amounts can yield different results. When Mocking (2012) analyzed the difference
bet ween t he t veecorreldionnhg found tieearelaiannod/ary frgm 0.3 to

rs= 1.0 for the same FA. The variation is greatest when the FA is strongly correlated to the total

FA concentratior{148]. This is seen in the results for
acid) which makes up a large partbfée concentration (15% and 30
variation in the pvalues at posintervention for the retave amount(p<.005) and absolute

amount (p<.436).

4.3.3 The impact of omeg8 supplemeration.

Throughoutthestudg 8 2 % of t he s draialling nPsogplenhentatiorikhis was
7% higher than the national average for pregnant woaresh 47% higher than the national
average for adultf8]. Therewere no changes in the amount of women taking supplement
between baseline argbstintervention (p<1.000) or between the groups (p<.985). However,
the amaint and frequency of-8 supplementation was not taken into consideration during
statistical analysis, onlwhether participantaere taking supplements or n@tue to this e
actualamount ofn-3 providedfrom supplementsould vary between participantgoups, and
between baseline and pastervention. It is therefore difficult to say how large an impact the
n-3 supplementatiohason the R3 FA stats. As 3 supplements have been found to increase
the n3 status during pregnancgnd the control g@r u p é3sindex was not correlated with
seafood intakehe highn-3 supplemenintake in the study population might be responsible for
the stabilityobservedn n-3 FAs[115]. Optimally, in order to find the truempact of cod and
seafood on marine associate® rAs neither group would take supplementation, but that is
not ethicallypossibleas pregnant women are recommended by EFSA to ged350ng/day

of EPA+DHA per dayand 200mg/day of DHAy the NDH[7, 147]

4.3.4 Seafoodindexcalculation of dietary cod

Getting selfreported intake fromn FFQ is a relatively inexpensive methas it is easier for
participants to undertake and does not require trained intervi¢id€ys However, FFQs are
also prone to overand underreporting[151]. It is therefore important to use a validated FFQ
which is a strength of this studys the FFQ is based on a validated seaféie@Q[120].

38



The lowest consumptiomdquency was used when calculating seafood index in the detl

guestios, because of a tendency among participants of over reporting intakes when asked
detailed gestionsabout specific seafood specj&1]. This was in accordance with the method

[120]. When participants reported eatingdcl-2 times peweek that wade calculated as 1
timeperweek,andne portion of cod equals 200g. The
intake of lean fish was 1.1 gam per week equaling a maximm of 220 grams of cod. The

median intake of cod wadsocalculated from the weight registration forms to be 318 g or 1,6
portions of cod per week. The difference seen betwsemneported intakéom the FFQ and
themedianintakefrom the weight registration formsdicated that the method underestimates

the cod intake for the intervention group. This is further supported by the compliance score
showing lesghan 10% ha@é compliance score under 50, whis 1 portion of cogher week.
Thereforemost oftheparticipants likely had intake closer t@@rtionsper weekhan 1 portion

per wekCod was such a | arge part o f the 1nter
underestimation would affect the other calculations frotaibdquestionsuch adotal seafood

and fish intake. Using an average intake instead of the lowest frequency could rastdtin

intake closer to the trumedianin this particular study
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4.4 Conclusion

In conclusionthere was no significant défenceor the FA contenbetween the groups at post
intervention Therefore, in this study, an intervention with dietary cod did not have a significant
impact on the marine associated L8RUFA inRBC of pregnant women with a high intake of
seafood and krge percentage takinghsupplementsThere was a significant increase in the

i ntervent i tveramguntoiDplA, thougheHisavas not correlated withittiake of

cod A plausibleexplanationfor the increaseis the high percentage of womeraking n3
supplement, though further testing is needed to establish this.

There was a si gni f 46 within bothdreups beteveer baselme andost £ n
intervention This wadikely due to the increased demand from the fetus in the thireés$tan

rather thandietary changs[113, 114] T h e -Fwasistable for both groups meaning the
mothers had adequaletaryintakes to maintain theCn-3PUFA level. The stableand higher

than average-3 indexof >8% for both groupsndicate a diet rich and above average in LCn
3PUFAs at both baseline and pogervention The increaseeenn the n3:n-6 ratio was likely

due to the decrease irGstatus, and asted by the stable 31 status.

The study populatiohad a highntake of seafood and 3 supplementation, possibly due to the
higher social economic status. There was a change in the seafood intake of the intervention
group; the increaskcod intake resulted iareduction in fatty fish intake, this didtreegatively

impact then-3 levels. A possible underestimation of the cod intake in the intervention group

for the detail question when comparing it to the weight registration forms was seen.

4.5 Future perspectives

This thesis providesew information abotidietaryc o d 6 s oh mariaecassociated LEn
3PUFAs status in pregnant womeiith a habitual diet relatively high in-8. Future studies

should have a larger study population that assess the impact of cod on pregnant populations
with a habitual dietloser to theaverage 8 intake which would beanore representative of the
general Norwegian population. A future studiesildalsotestthe impact of cod consumption

in other populations than pregnant womas the impact might be different during pregnanc

due to physiological changds a larger studyticould be beneficial to calculate the exa@& n
supplementationntake, as it can have a large impact on the marine assoti@aed@PUFA

status in RBC
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Hvis du har spist fisk, fiskeprodukter eller annen sjemat til middag'varm lunsj, hvor mye har du
vanligvis spist de siste 16 ukene? Inkluder torsken de eventuelt fikk utlevert av oss.
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Middag | ] [= o ;
Lunsj @ @ @ @ e @

Hvor ofte og hvor mye har du vanligvis spist av felgende sjemat som middag oa'eller vamm
lunsj de siste 16 ukene? Inkluder torsken du eventuelt fikk utlevert av oss.

MB Sushi og fiskemat (fiskekaker, fiskeboller 0.1} er egne spersmal og kommer senere.

Vennligst seft 1 kryss per linje.

. Sjeldnere, enn 1 1-2 ganger/ 3 ganger eller
Aldri gangimaned maned 1-2 gangerfuke meriuke

Laks, amet - middag @ @ @ @
Laks, amet — lunsj (] (] (] (=] @
Torsk - middag @ @ @ .

Torsk - luns] @ @ @ @ @
Sei - middag 8 & 8 (7] @
Sei - luns] @ @ @ (=] @
Makrell — middag @ @ @ @

Maikrell - lunsj @ @ =] @
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) 1 1-3 ganger! 3 ganger elier (& % persion eller mindre
Aldri ﬁ;mﬁe’é maned 1-2 gangesiuke meniuke _ Ws_jm ™
Sid - middag @ ® @ @ ® ipegm
Sid - lunsj & = & P = [0 1% porsjon
Ly - middag @ @ @ = @ & Zporsioner
Lyr —lunsj @ @ & @ & Jporsioner
Du har svart at du spiser laks/@met til middag. Hvor stor porsjon spiser du vanligvis? En porsjon = 150 Du har svart at du spiser sei til middag. Hvor stor porsjon spiser du vanligvis? En porsjon = 200 gram.
gram.
() % porsion eller mindre (0} ¥:porsjon eller mindre
) 1 porsion (3 1porsion
(0 1% porsjion 2 1% porsion
) 2 porsjener 2 porsjoner
) 3 porsjoner (3 3 porsjoner
Du har svart at du spiser laks/emet il lunsj. Hvor stor porsjon spiser du vanligvis? En porsjon = 150 Du har svart at du spiser sei til lunsj. Hvor stor porsjon spiser du vanligvis? En porsjon = 200 gram.
gram.
(0 ¥ porsion efler mindre () % porsjon eller mindre
@ #pogm £ 1porsion
3 1% parsjon 0 1% porsion
() 2 porsjoner (& 2parsjoner
() 3 porsjoner (0 3 porsjoner
Du har svart at du spiser torsk fil middag. Hvor stor porsjon spiser du vanligvis? En porsjon =200 Du har svart at du spiser makrell til middag. Hvor stor porsjon spiser du vanligvis? En porsjon = 150
gram. gram.
() ¥ porsion eller mindre () % porsjon eller mindre
1 1 parsjon 0 1porsign
i1 1% porsjon 0 1% porsjion
) 2 porsjoner (2 2 parsjoner
() 3porsijoner (3 3 porsioner
Du har svart at du spiser torsk il lunsj. Hvor stor porsjon spiser du vanligvis? En poersjon = 200 gram. Du har svart at du spiser makrel til lunsj. Hvor stor porsjon spiser du vanligvis? En porsjon = 150
gram.
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