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Agrip

Bakgrunnur: Medgdngusykursyki er einn algengasti sjikdémur sem greinist 4
medgéngu og getur hin haft slaemar afleidingar fyrir baedi mésir og barn. Ymsir
paettir geta aukid haettuna & pvi ad greinast med medgdngusykursyki, baedi
umhverfis og genatengdir. Haekkandi aldur, ofpyngd og offita, hreyfingarleysi,
fyrri saga um sykursyki & me&géngu eda faedingu stérbura auk fjélskylduségu um
sykursyki eru med&al pekkira ahrifapétta. Nylegar rannséknir hafa einnig synt a®
geedi matarsedis geti tengst heettu & medgongusykursyki, jafnvel 6hés
likamspyngdarstusli (LbS) og &&rum pekktum &hrifapéttum. i fyrri rannséknum
hefur fyrst og fremst verid studst vid hefsSbundnar adfersir til ad kanna
mataraedi, en paer ekki alltaf sannreyndar me& maelingum & pekktum lifmerkjum i
blési. D-vitaminhagur barnshafandi kvenna & islandi hefur aldrei &éur verid
kannadur.

Markmid: Markmisid doktorsverkefnisins i heild var ad a) rannsaka faeduval og
baetiefnanotkun  kvenna  snemma & medgdngu, med notkun &
faedutidnispurningalista auk meelinga & lifmerkjum (greinar I-V) og b) kanna
tengsl vid medgdngusykursyki (greinar HIl). Auk pess var markmidid ad bera
saman nidurstédur faedutidnispurningalista vid nidurstédur  lifefnamaelinga
(greinar V).

Nénari markmid voru ad: Kanna neyslu kvennanna & D-vitamin gjéfum, meela
gildi 25-hydroxyvitamins (250HD) i sermi kvennanna og rannsaka tengsl vié
med&gdngusykursyki. Kanna tengsl & milli neyslu heilkorna snemma & me&gdngu
vid haettu & medgdngusykursyki, med pvi ad maela lifmerki heilkorna asamt
feedutidnispurningalista. Asetla faeduval &samt fitusyrusamsetningu i blédvékva
kvennanna snemma F medgdngu og kanna tengsl vid
medgéngusykursykigreiningar sidar 4 medgoéngu. Auk pess var markmidid ad
bera saman nidurstédur faedutidnispurningalista vid nidurstédur meelinga &
neeringartengdim lifmerkjum.

Adferdir: batttakendur voru barnshafandi konur sem maettu i fésturskimun 4
Landspitala vid 11.-14. viku medgdngu & timabilinu oktéber 2017 til mars 2018.
Konurnar svérudu fsedutidnispurningalista auk almennra spurninga um aldur,
haed, pyngd og bakgrunn vid pétitoku auk pess a& veita pvag- og blé&syni fyrir
rannsékna. Bl&&syni voru notud til meelinga & styrk 250HD i sermi, lifmerki
heilkorna og fitusyrum i blé&vékva. Upplysingar um pyngd & medgdngu og
greiningu & medgdéngusykursyki var aflad ar sjakraskram.

Nidurstodur: | heild greindust 127 konur (14,9%) med medgdngusykursyki.



Einungis 14,9% pétitakenda i rannsékninni fylgdi rdsleggingum um neyslu
tveggja skammta af heilkorni & dag (Grein ). béatttakendur bordudu magran fisk
um pad bil einu sinni 7 viku og feitan fisk ad jafnadi ménadarlega (Grein IV). Um
pridjungur pétitakenda meeldust med Sfullnaegjandi styrk 250HD <50 nmol/L i
blési, par af voru 5% me& D-vitaminskort (250HD <30 nmdél/L. Engin skyr
tengsl sdust & milli styrk 250HD i upphafi medgéngu og haettu & pvi ad greinast
sidar med medgongusykursyki (Grein 1). Heildargsedi matareedis snemma 4
medgdngu virtust vera sidri hjd peim konum sem greindust sidar med
medgdngusykursyki (Grein Ill). Hlutfallsleg dheetta (relative risk) pess ad greinast
med medgdngusykursyki var 50% (95% ClI: 0,27, 0,90) leegri hjad peim konum
sem tilheyréu efsta fjéréungi i styrk alkylresorcinol (AR) i blé&vékva borid saman
vid paer sem tilheyrdu fjéréungnum med leegstu gildi AR eftir ad leidrétt haféi
verid fyrir aldri, LPS 225 kg/m?, fjélda barna, menntun, reykingum & medgéngu
og fjolskylduségu um med&gdngusykursyki og marktaekt skammtahd®d samband
sast milli styrk AR og haettu & medgdngusykursyki (Grein I1).

Heildarstyrkur fitusyra var markteekt haerri hj& peim konum sem sidar greindust
med medgdngusykursyki bori® saman vié paer sem greindust ekki. Sama &tti vid
um heildarstyrk mismunandi flokka fitusyra, eindémettadra og fjdlémettadra, ad
undanskildum 16ngum dmega 3 fitusyrum (EPA og DHA). Leidréttur medalmunur
& styrk heildarfitusyra i blédvokva patttakenda sem sidar greindust med
medgongusykursyki og peirra sem greindust ekki var 133 pg/ml (95% Cl: 33 -
233) (Grein IlI).

Jakvaed fylgni sést & milli ti&ni neyslu & fiski 4samt bazetiefnum sem innihalda
dmega 3 fitusyrur vid styrk dmega 3 fitusyra i blé&vokva (r=0,34 P <0.001). bzer
konur sem téku inn baetiefni med émega 3 daglega héféu heerri gildi af EPA og
DHA bori& saman vi& pzer sem notudu aldrei slik baetiefni (midgildi: 108 sbr. 91
pg/ml og 103 sbr. 90 pg/ml). Pad var einnig jakvaed fylgni & inntéku D-vitamins
vid styrk $-250HD (r=0.31 P <0.001). Nisurstédur géfu til kynna ad heerri tidni
heilkornaneyslu endurspegladist i haerri styrk AR { blédvékva (Greinar I-V).

Samantekt: NidurstéSurnar syna ad pad eru fjélmoérg taekifseri til ad beeta
feeduval og D-vitaminstédu barnshafandi kvenna & islandi. Heildargeesi
mataraedis kvenna virtust meiri me&al kvenna sem greindust ekki med
medgdngusykursyki. En hlutverk D-vitamins var ekki eins skyrt i pessu samhengi.
Tengsl heilkornaneyslu vié &haettu & medgéngusykursyki voru sannreynd med
maelingum & styrk AR i blédvdkva, en bad hafsi ekki &48ur verid gert i rannsékn
medal barnshafandi kvenna. Nidusté&ur gefa einnig til kynna ad unnt er aé nota
fedutidnispurningalistann til ad 4aetla neyslu &kvedinna faeduflokka og baetiefna.

Lykilord:

Med&ganga, Naering, Me&gdngusykursyki, Lifmerki, Faedutidnispurningalisti



Abstract

Background: Gestational diabetes mellitus (GDM) is one of the most common
complications diagnosed in pregnancy and is associated with several adverse
outcomes for mothers and their offspring. Several factors, both genetic and
environmental, are thought to affect a person’s risk of being diagnosed with
GDM. Increased age, overweight and obesity, sedentary lifestyle, a previous
history of GDM or giving birth to a child with macrosomia and family history of
diabetes are among known risk factors. Recent studies have indicated that diet
can also affect GDM risk, regardless of a women’s body mass index (BMI) and
other known risk factors.

Aim: This PhD thesis aimed to (a) examine dietary intake and nutritional status in
early pregnancy by means of a subjective diet screening questionnaire as well as
objective biomarkers (papers IHV) and (b) explore associations with gestational
diabetes (papers |ll). Further aim was to compare results from the diet
screening questionnaire to biomarker results (papers I-V).

Specifically, the aims were to: Determine the women’s intake of vitamin D,
measure serum 25-hydroxyvitamin (250HD) and investigate associations to risk
of GDM diagnosis. Investigate associations between early pregnancy whole
grain infake, with the use of a whole grain biomarker and diet screening
questionnaire and explore associations to GDM diagnoses later in pregnancy.
Determine dietary intake as well as plasma fatty acid profiles in early pregnancy
and assess associations fo later GDM diagnoses. Compare results of the diet
screening questionnaire to those derived from biomarkers of consumption.

Methods: Subjects were women aftending ultrasound screening at the
Ultrasound Department at Landspitali - National University Hospital in their 11th to
14th week of pregnancy, from October 20178 to March 2018. During their visits,
the women answered a diet screening questionnaire as well as questions
regarding age, height, weight and background in addition to providing blood
and spot urine samples. The samples were analysed for concentrations of plasma
fatty acids, plasma alkylresorcinols (a biomarker for whole grain intake), and
serum 250HD. Data on weight and gestational diabetes diagnoses were later
gathered from their medical records.

Results: GDM was diagnosed in 127 women (14.9%). Only 14.9% of the women
adhered to the recommendation of consuming two portions of whole grains daily
(Paper 1l). The women's median intake of lean fish was approximately once
weekly, and their intake of fatty fish was approximately once monthly (Paper Il).
Approximately one-third of the cohort had S-250HD concentrations below
adequate levels (< 50 nmol/L) during the first trimester of pregnancy, thereof
5% had deficient concentrations (250HD <30 nmol/L). However, no clear



association was observed between S-250HD and GDM (Paper 1). Overall diet
quality in early pregnancy appeared to be lower among the women later
diagnosed with GDM (Paper Ill). The relative risk (RR) of being diagnosed with
GDM was 50% (95% CI: 0.27, 0.90) lower among individuals in the highest
quartile compared to those in the lowest quartile of plasma ARs (P4rend = 0.01)
after adjusting for age, pre-pregnancy BMI=25 kg/m?2, parity, education,
smoking during pregnancy, and family history of diabetes. There was a
significant dose-response relationship between AR levels and GDM risk (Paper

).

The total concentration of fatty acids (FAs) was significantly higher in women
diagnosed with GDM when compared to women without this diagnosis, as were
the concentrations of all types of FA—except for long-chain n-3 fatty acids
EPA+DHA. The mean adjusted difference for total FA between the women with
and without GDM was 133 pg/mL (95% CI 33 to 233) (Paper llI).

There was a positive correlation between the women's intake of all fish and total
omega-3 supplements and the concentrations of plasma omega-3 FA (r=0.34 P
<0.001). The women with a daily intake of cod liver oil or omega-3 oil
supplements displayed higher concentrations of EPA and DHA compared to
those who never used these supplements (median: 108 vs. 91 and 103 vs 90
Hg/ml, respectively). A positive correlation was seen between reported intake of
vitamin D supplements and S-250HD concentrations (r=0.31 P <0.001), and
higher reported frequency of whole grain intake was associated with a significant
increase in plasma AR concentrations (Papers I-V).

Conclusion: These results indicate several opportunities to improve the diet and
vitamin D status of pregnant women in Iceland. The women who were not
diagnosed with GDM appear to have a slightly better adherence to dietary
recommendations overall. The role of vitamin D was not as clear in this context.
The associations of whole grain intake to GDM risk were established by
measuring plasma AR concentration, something that has not been done
previously in a pregnancy cohort. Our findings also indicate that the diet
screening questionnaire used in our study, is a fool that can be used to estimate
food consumption of selected food groups and intake of specific nutrients
during pregnancy.

Keywords:
Pregnancy, Nutrition, GDM, Biomarkers, FFQ.
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1 Introduction

During pregnancy, all the nutrients necessary for foetal growth are provided by
the mother. Therefore, her diet must be both sufficient and varied to be able to
fuel a healthy foetal growth process. Not only is the maternal diet an important
factor for a healthy pregnancy, but it is also a period that may impact the future
health of the offspring [1]. When the foetus is either nuiritionally deprived or
exposed to nutritional excess, it may lead to the reprogramming of metabolic
pathways and adaptation to its environment. This response may be irreversible
and result in the increased risk of offspring metabolic disorders, obesity, and
type Il diabetes later in life [2-6].

Gestational diabetes mellitus (GDM) is one of the most common complications
diagnosed in pregnancy and has been associated with adverse outcomes for
both mother and child [7-10]. The rate of GDM diagnoses is said to be
increasing, which may be related to a higher obesity rate and maternal age [11,
12]. Common risk factors for GDM include a family history of diabetes, higher
maternal age, previous GDM diagnoses, high pre-pregnancy body mass index
(BMI; kg/m?), suboptimal nutrition and low levels of physical activity [13-17].
Several studies regarding diet during pregnancy have associated GDM with
dietary patterns, with healthier patterns being associated with a decreased risk of
GDM and unhealthier patterns being associated with increased risk [7-9].

Previous results from Icelandic studies have suggested that dietary quality during
pregnancy could be improved as very few women were adhering to dietary
recommendations [18, 19]. Most pregnant women in Iceland were not eating five
portions of fruits and vegetables per day (87%) or eating two portions of whole
grains or dairy daily (91 and 77%), respectively, which is recommended in the
Icelandic dietary guidelines [18, 19]. Many pregnant women also appear to have
a suboptimal intake of nutrients such as vitamin D and omega-3 fatty acids (FAs),
which are mostly found in fish [11, 12]. Fruits, vegetables, whole grains and fish
are nutrient-dense foods that have frequently been a part of healthy dietary
patterns associated with a lower risk of GDM [13-17]. The rate of GDM diagnoses
in Iceland is considered high when compared with other Nordic countries [20-
27].

This knowledge, as well as the results from recent Icelandic studies suggesting
that a healthy dietary pattern could minimise the risk of GDM regardless of the
women’s BMI [28] and that a short diet screening questionnaire could identify
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those in need of dietary counselling [11], present us with an opportunity for
prevention. In modern clinical practice, the need for nutritional intervention is
often based on pre-pregnancy BMI. However, previous diefary studies in Iceland
reported that women who had greater diet quality had a lower risk of excessive
weight gain and gestational diabetes, suggesting that screening for diet quality
could be a better method [11, 28]. Identifying those women who would benefit
most from dietary counselling during pregnancy requires information on the
women’s current diet.

However, obtaining reliable information on dietary intake can be a challenge
[29]. Notably, all previous pregnancy studies performed in Iceland regarding
diet have solely been based on dietary data obtained by subjective means, such
as food frequency questionnaires (FFQs) or food records [11, 12, 28, 30-37].

It is widely known that using subjective methods to obtain information has its
limitations [38]. Moreover, using objective methods such as biomarkers also has
certain limitations. However, these limitations are not the same as in the case of
subjective methods [39, 40]. Therefore, some studies have used biomarker
analyses alongside subjective methods of obtaining information on dietary intake
as a means of strengthening their results [41, 42].

This was the incentive for the 2017—2018 PREgnant Women in ICEland Il
(PREWICE 1) study. In this study, pregnant women were asked to answer a diet
screening questionnaire during early pregnancy (subjective) in addition to
providing urine - and blood samples for biochemical analysis (objective) as well
as permission to later obtfain information on pregnancy and birth outcomes. This
thesis is based on the part of the PREWICE Il study that pertains to data from the
diet screening questionnaire, blood sample analysis and information on GDM
diagnoses during pregnancy.



2 Background

2.1 Gestational diabetes mellitus

GDM is one of the most common complications diagnosed in pregnancy and is
associated with several adverse outcomes for mothers and their offspring [7-10].
GDM is a state of hyperglycaemia due to insulin resistance that is detected
during pregnancy [43]. Although insulin resistance is a normal part of pregnancy
and plays a role in supplying adequate nutrients to the foetus, it can progress to
GDM in many cases [8]. This usually occurs between weeks 20 to 24 of
gestation, when the growing placenta produces higher levels of hormones and
insulin resistance increases. This can result in an increased flow of glucose
across the placenta followed by a spike in insulin production in the foetus’s beta
cells. The resulting hyperinsulinaemia in the foetus may lead to the excessive
growth of fat and protein stores. Therefore, the children of GDM mothers are
more likely to be born large for gestational age (over 90th percentile for
gestational age) or macrosomic (>4000g) [10, 44, 45]. Having GDM increases
the risk of further complications during birth, such as shoulder dystocia or
having a caesarean section [10, 44, 46, 47]. There is also a further risk of the
child having cardiometabolic disorders in later life [7] and the mother being
diagnosed with type Il diabetes later [43, 46, 47].

2.1.1Prevalence of GDM

The rate of GDM diagnoses can vary depending on the population and
diagnostic criteria [48, 49]. lis prevalence is said to be increasing, possibly
following a greater rate of obesity and older mothers [48, 50]. Recent rates of
GDM reported in Iceland have been in the range of 11.8—19% [20, 21]. This is
fairly high when compared to recent rates in the other Nordic countries, such as
Sweden (1.4—2.6%) [22, 23], Denmark (2.3—2.9%) [24, 25] and Norway (5.2—
7.4%) [24, 26]. Yet in Finland, the rates seem to be higher (10.5—-11.3%) [26,
27] and closer to the rates in Iceland. However, this difference is largely due to a
difference in diagnostic criteria between the countries. A recent meta-analysis
estimated the worldwide GDM prevalence to be 4.4% when not discerning
between populations, recruitment or diagnostic criteria, and 10.6% when only
using the Infernational Association of the Diabetes and Pregnancy Study Groups
(IADPSG) criteria (utilised in Iceland) [51].
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2.1.2 Known risk factors for GDM

Several genetic and environmental factors are thought to affect a person’s risk of
being diagnosed with GDM. The most common risk factors are family history of
diabetes, higher maternal age, previous GDM diagnoses or the previous birth of
a macrosomic child, ethnicity other than Caucasian or a high pre-pregnancy BMI
(kg/m?) [52]. These are mostly non-modifiable risk factors. However, some risk
factors are modifiable, such as smoking, suboptimal nutrition and low levels of
physical activity [8, 53]. Several studies regarding diet during pregnancy have
presented associations between GDM and dietary patterns, where healthier
patterns have been associated with a decreased risk and patterns deemed
unhealthier have been associated with an increased risk [13, 28]. Following a
healthy dietary pattern has also been associated with a decreased risk of
developing type Il diabetes for women with a previous GDM diagnosis [54].
Epidemiological studies have repeatedly verified the importance of a healthy and
nutritious diet during pregnancy [2, 55-60], and nutrition interventions have
been successful in decreasing the risk of excessive weight gain in pregnancy
[61]. Evidence from intervention studies for pregnancy complications such as
gestational diabetes mellitus is considered to be of low quality [62]

2.1.3 Diagnosis of GDM

The GDM diagnoses in Iceland are based on the IADPSG from 2010 [63].
During the first routine maternal care visit in Iceland (before 12 weeks of
pregnancy), women are considered at risk of developing GDM due to one or
more of the following factors: age (= 40 years), BMI (= 30 kg/m?), ethnicity
(non-Caucasian) and previous history of diabetes or macrosomia (= 4500 g in
Iceland). Such women are invited to provide a fasting blood sample to measure
fasting blood glucose. If results are = 5.1 mmol/L, the women are diagnosed
with GDM—or, in some cases, type 2 diabetes—if fasting blood sugar is > 7
mmol/L or HbAlc is = 48 mmol/mol. The rate of women diagnosed with GDM
during this early selective screening is unknown in Iceland. However, a study in
France that also utilised selective screening and the IADPSG criteria reported an
early hyperglycaemia rate of 2.3% in a cohort of almost 800000 women,
corresponding to 26.9% of the women diagnosed with hyperglycaemia overall
[64]. Later in pregnancy, usually at weeks 24—28, the women considered at risk
of GDM that were negative in previous screenings undergo a 2-hour oral
glucose tolerance test (OGTT). During the OGTT, blood sugar levels are
measured during fasting, after 1 hour and after a second hour [65]. If a woman
is diagnosed with GDM during maternal care, she is provided with instructions
and the proper tools to monitor her own blood glucose levels. She is also
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provided with some dietary guidelines to assist in maintaining fasting blood
sugar between 3.5—5.9 mmol/L and below 7,8 mmol/L 60 minutes after meals
[66]. If the woman is unable to maintain blood sugar levels within those
guidelines in 85% of measurements, she is referred to more intensive
observation at a hospital maternity department.

2.2 Assessment of diet and nutrient intake

2.2.1 Subjective methods

Obtaining reliable information on diet can be a challenge. The most common
methods used to estimate dietary intake are subjective methods such as food
records, FFQs or dietary recall [67]. For example, FFQs represent an easy and
cost-effective method of obtaining dietary information over a longer period of
time [67]. However, using subjective methods in dietary studies is known to have
limitations [29, 68] since FFQs are usually meant to gather information regarding
diet over a long period of time and answering them relies on memory and
correct estimates of average intake. Additionally, people may underreport food
intake thought to be “undesirable”, and overestimate foods that are considered
healthy [69]. Additionally, estimating the correct portion size and type of dietary
intake can be a challenge due to variance in food composition data and self-
reporting errors [70, 71]. Sometimes weighed food records, which are often
considered more reliable [72], are used to validate the accuracy of FFQs despite
also being a subjective method associated with certain limitations [73]. Using
weighed food records to obtain diet information is time consuming and quite a
burden for people, making them unsuitable for use in clinical settings [72].

2.2.2 Objective methods

The means of objectively obtaining information on diet are mostly based on
biochemical analysis. However, while using biochemical analysis to assess the
status of specific nutrients is helpful in a clinical setting, it does not necessarily
provide any information on dietary intake. Often, the same nutrient can be
provided by different food types and supplements, or can even be synthesised
internally [74]. Recently, there has been an increase in the number of studies
where biomarkers have been identified and associated with different food types
[39]. Biomarkers can be objectively measured as markers of a biological process
or a response to an intervention. Notably, biomarkers can reflect intake over
various time periods based on different types of samples. Usually, samples taken
from urine, plasma or serum reflect dietary intake over a short period of time
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(days, for example) and samples taken from blood cells or tissue can reflect
intake over several weeks [68].

In some cases, using biomarkers can provide more detailed information on
specific nutrients than subjective methods. For instance, this can occur when
food is influenced by external factors such as soil composition, feed types or sun
exposure. For instance, differences in the amount of selenium found in soil can
be a major factor influencing the selenium content of food grown. Therefore,
using dietary databases to calculate intake could provide less reliable results.
Another biomarker affected by the environment is serum 25-hydroxyvitamin-D as
a biomarker of vitamin D. Since sunlight induces vitamin D synthesis, using 25-
hydroxyvitamin-D as a biomarker of dietary vitamin D intake is more reliable in
countries with little sun exposure [72].

Although using biochemical analysis can be considered desirable as a more
reliable impartial method, it can be a more intrusive and costly method than most
subjective methods. Moreover, differences in genetic variation, lifestyle factors,
interactions between nutrients, and the type of biological sample can affect
biomarker results [40, 72]. These differences can affect several internal factors
such as absorption, metabolism, biocavailability, enzymes and hormonal activity
[72]. Some studies have used objective biomarker analyses to validate subjective
methods [41, 42] or increase the strength of results from questionnaires [75].
When validating the results for diet and biomarkers, a correlation of 0.3—0.4 is
considered average, whilst a correlation of 0.4—0.7 or higher is considered
good [72, 76]. The use of subjective dietary assessment in addition to objective
biomarker methods can be useful when investigating a particular nutrient and its
associations with health risks. By combining these methods, it may be possible to
minimise the limitations associated with each method [39]. The biomarkers used
in this thesis are detailed in the following chapters.

2.2.2.1 Serum 25 hydroxy vitamin D (S-250HD)

Vitamin D can be synthesised in the skin following sun exposure or absorbed in
the diet. However, the form of vitamin D absorbed or synthesised is not the
active form that is used in biological functions [72]. The active form of vitamin D
is called 1.25 dihydroxy vitamin D (1.25(0OH),D) and is produced by the
hydroxylation of vitamin D into 25 hydroxy vitamin D (250HD), which is then
hydroxylated into the active form. However, using the active form of 1.25(0OH),D
as a biomarker of vitamin D status is not considered reliable since levels of
1.25(0OH),D are tightly regulated by levels of phosphate and calcium in addition
to the parathyroid hormone. Therefore, 250HD is considered a better alternative
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as a biomarker for vitamin D since this form is not as regulated [72]. The results
of a systematic review concluded that circulating 250HD increased following
vitamin D supplementation and could thus be used as a biomarker of vitamin D
[77, 78]. The reference values for vitamin D in North America, the UK, the
European Union and Nordic countries have been based on either plasma or
serum 25-OHD as biomarkers for vitamin D status and associations with health
[78, 79]. The reliability of using plasma or serum 25-OHD has been debated
since different types of assays have been known to provide different results, even
when the same samples are being analysed [80]. Furthermore, concentrations of
25-OHD can be affected by factors such as adiposity and exercise, resulting in
further variations in concentrations that are difficult to adjust for [72, 80]. Despite
this, S-250HD is still considered the best available vitamin D biomarker [79].

Although the levels of S-250HD that are considered optimal have been debated,
a global consensus has not been reached to date. According to the Institute of
Medicine, the European Food Safety Administration, and the Nordic Nutrition
Recommendations, 50 nmol/L of 250HD is considered sufficient, 30—49
nmol/L is insufficient, and <30 nmol/litre is deficient [79, 81, 82]. However,
The Endocrine Society views concentrations of 75 nmol/L as sufficient, with
concentrations of 50 nmol/L or less representing a deficiency [83].

2.2.2.2 Alkylresorcinols (AR)

Alkylresorcinols (ARs) are recently identified biomarkers that have been
demonstrated as a valid method used to measure whole grain intake from wheat
and rye [84, 85]. 5-n-alkylresorcinols are phenolic lipids that are mostly found in
the bran of wheat and rye, and minimal amounts in barley. They are usually
named based on their chain length and saturation [86]. They are derivatives of
1,3 dihydroxy benzene and have an odd-numbered alkyl chain at the 5th position
in the benzene ring. Since the length of their saturation tail in wheat and rye is
usually 15—27 carbons, their name represents their chain length (e.g., C17, C19,
and so on). In wheat and rye, the main ARs are C17, C19, C21, C23 and C25;
however, C25 appears to be most distinctive for barley. In wheat, the most
common ARs are C21 and C19, whereas they are C17, C19 and C21 in rye [86,
87]. Since both wheat and rye contain the same ARs, it is difficult to determine
whether they are derived from wheat or rye products. To this end, the ratio of
C17/C21 has been used to estimate the source. Therefore, the origin is more
likely to be increasingly wheat-based when the ratio is close to 0.1, and rye-
based when it is closer to 1.0 [87]. Since ARs are present in the bran of cereals,
they are not found in white flours. However, some amounts may linger in white
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rye flour since the rye milling process is more complex and some of the bran
layers remain in the rye flour [86].

ARs are absorbed in the lymphatic system of the small intestine and can be
quantitively measured in plasma as well as their metabolites dihydroxy benzoic
acid and dihydroxyphenyl propanoic acid (DHPPA) [88]. Their half-life is thought
to be approximately 5 hours, with an absorption half-life of approximately 3—5
hours. In controlled interventions, participants consuming whole grains regularly
had similar fasting plasma AR concentrations repeatedly (variance < 30%) [87].
When ARs were measured in non-controlled cohorts with 1 month to 3 years
between analyses, the correlation of AR results was approximately 0.4—0.6 [89-
91]. This suggests that a single plasma sample measurement may provide a
reliable estimate of an individual's average whole grain intake and be used as a
valid biomarker for whole grain wheat and rye intake [92].

2.2.2.3 Plasma fatty acids

Linoleic (LA) and a-linoleic acid (ALA) are essential FAs because the body is
unable to produce them on its own. Therefore, their levels are viewed as a
reliable reflection of dietary intake and a useful biomarker when validating
methods of acquiring intake data [93-95]. However, when FA levels are
measured, results may fluctuate between individuals due to differences in
absorption, metabolism, lifestyle or genetic factors, for example [72, 96]. FA
concentrations can represent the intake and absorption of both fatty acids and
carbohydrates [97]. When FAs are synthesised endogenously (often from
carbohydrates), it is referred to as de novo lipogenesis, which is stimulated by
insulin and suppressed by the hormones glucagon and adrenaline [98, 99]. It
can be difficult to distinguish between FAs that are derived from the intake of fat
and those that are synthesised internally. Differences in metabolism and enzyme
activity can also influence both the synthesis of FA and incorporation into cell
membranes, which often makes it difficult to properly interpret FA results [72].
Therefore, it has been suggested that displaying FA as a relative concentration of
total FA is preferable to absolute amounts due to the difficulty of distinguishing
individual differences that can affect a person’s FA profile [72].

FA samples can be measured from several sources in the body, such as adipose
tissue, blood cells, whole blood, erythrocyte membranes, plasma or serum
fractions that also include triglycerides, free fatty acids (FFAs), phospholipids
and cholesterol esters [72]. The composition of FA can be very different based
on the source of the sample. This is due to many factors, such as endogenous
synthesis and the different roles of FAs in function, structure, or transportation.
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For the same reason, samples taken from various sources can indicate the dietary
FA intake over different times frames [72]. For instance, samples from adipose
tissue can represent longterm FA intake over 1-1.5 years, samples from
erythrocytes can indicate intake over 120 days, and total plasma FA usually
represents intake over the last few days up to a few weeks [93, 97, 100].

2.3 Nutrition during early life

Pregnancy is a time of rapid physiological growth during which the mother is the
sole supplier of all energy and nutrients. Therefore, it is important to aim for an
optimal diet to best meet these needs during this time. This is also a time at
which the child’s metabolic programming is said to take place, which impacts
the rest of their life [1]. Nutrition in early life—sometimes referred to as the first
1000 days—plays a critical part in the child’s future health [55, 101]. Gestation is
a period of development that is affected by its environment. This means that
nutrition, hormones and metabolism during pregnancy can influence how the
offspring adapts and grows. When the foetus is either nutritionally deprived or
exposed to nutritional excess, it may lead to metabolic pathway reprogramming
and adaptation to its environment [55, 101]. Some studies have suggested that
even moderately poor nutrition during pregnancy can induce adverse foetal
programming [2]. Several micronutrient deficiencies during pregnancy have
been associated with various adverse effects on the child [2]. For example, an
iron deficiency may lead to anaemia, which has been associated with impaired
development of the foetus during early gestation [2]. Folate deficiency has also
been associated with an increased risk of anaemia as well as neural tube defects
and cardiovascular disease [2, 102]. lodine intake in pregnancy is important for
physical and mental development of the foetus [103]. Vitamin D is important for
healthy skeletal growth, and its deficiency during pregnancy can result in several
bone disorders in offspring [104]. When women'’s diet quality is poor and their
intake of nutrient-dense foods is low, the risk of multiple micronutrient
deficiencies increases [2].

In Iceland, the guidelines for a healthy diet during pregnancy are the same as
the public health dietary guidelines for Icelanders [19] with some additions [18].
The additional guidelines provide detailed information about the importance of
hygiene in food preparation as well as what foods should be avoided during
pregnancy (such as raw foods for example). The additional guidelines are also
provided because the need for specific nutrients can change during pregnancy,
and some are considered of such importance they need to be emphasised. For
example, taking vitamin D supplements containing 15 pg daily is recommended
for all Icelanders aged 10-70 years. This is emphasized in the additional
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guidelines, where use of cod liver oil, omega-3 oil with vitamin D or vitamin D
tablets is recommended. Omega-3 FAs are important for all individuals.
However, during pregnancy, the need for DHA is increased due to the child’s
developing nervous system [105]. Therefore, pregnant women are
recommended fo consume fatty and lean fish weekly. Alternatively, women could
supplement daily with cod liver oil to meet the need for DHA, which is estimated
at 200 mg per day [18].

2.4 Dietary intake and risk of GDM

Even in developed countries like Iceland, there is a risk of the maternal diet
containing excessive amounts of energy whilst still providing little to no nutrients
due to a low intake of nutrient-rich foods [2]. Energy-dense and nutrient-deficient
diets in pregnancy that consist of high intakes of sugar and fat can increase the
risks of adverse health outcomes for the child [106]. This can lead to an
increased risk for chronic diseases later in life [1-6, 107, 108]. When a child is
exposed to maternal diabetes in the womb, their own risk of disturbed glucose
homeostasis later in life increases [109]. This is likely due to a combination of
factors, such as the sensitivity of the developing pancreas to its environment in
relation to glucose [109]. This may result in the decreased function of B-cells later
in life. GDM can also negatively affect the placenta to various degrees
depending on when it is diagnosed and how well it is treated [109]. This
important period has been promoted as a window of opportunity to provide
dietary interventions aimed at positively impacting future health.

Several studies on diet in pregnancy have focused on isolated food types.
However, in recent years, the focus has shifted more towards dietary patterns
[110]. A diet with a high intake of whole grains [106], vegetables, fruits, fish and
legumes has been associated with overall improved pregnancy outcomes [106,
110]. Similarly, the results of a systematic review regarding dietary patterns that
may reduce the risk of GDM suggested that a diet containing fruits, vegetables,
whole grains, nuts, legumes, fish, and the decreased consumption of red and
processed meats might be effective [15]. Worldwide, healthy eating and exercise
are recommended during pregnancy to minimise the risk of excessive gestational
weight gain. However, more detailed dietary guidelines and nutrient emphasis
can somewhat differ between countries [111]. Although the results of dietary
interventions in relation to GDM risk indicate that improving diet quality may be
beneficial, but few studies exist and the quality of evidence is low [112].

10
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2.4.1 Vitamin D

Insufficient concentrations of vitamin D during pregnancy appear to be a
widespread problem in several countries, with reports ranging anywhere
between 18 and 84% [113]. Taking vitamin D supplements is recommended for
everyone in Iceland [19] and is emphasised in the guidelines for diet during
pregnancy [18]. This is partially due to the limited sunshine in Iceland due to its
northern latitude, especially during winter (October—March), making the
possibility for vitamin D formation in the skin limited [79]. Vitamin D plays an
important role in controlling blood calcium concentrations and maintaining bone
health [81]. However, vitamin D deficiency has also been associated with an
increased risk of diseases such as diabetes and GDM [114-116]. While the
mechanism behind this association remains under investigation, it is considered
manifold [117]. Several cells express vitamin D receptors, including pancreatic
beta cells, which could play a part in glucose metabolism, insulin secretion or
insulin resistance [118, 119]. Recent meta-analyses have indicated that vitamin D
insufficiency is associated with increased GDM risk [120, 121] and that the
women who had serum 25-hydroxyvitamin D (25(OH)D) levels of 40—90 nmol/L
had reduced GDM risk [116]. A randomised trial tested the effect of
supplementing vitamin D in a cohort of women at high risk of GDM (at least one
risk factor). Their results demonstrated that the women who took 5000 IU of
vitamin D daily until week 26 had lower rates of GDM when compared to the
placebo group (11.4 vs 34.8%) [115].

A systematic review and meta-analysis of randomised control trials on vitamin D
supplementation and glycaemic control in women with GDM reported that
vitamin D supplementation in women with GDM could lead to improved
glycaemic control [122]. Notably, in many of the studies on vitamin D during
pregnancy, most of the women displayed low vitamin D concentrations despite
the majority of them taking vitamin D supplements [113]. Since evaluating serum
(25(0OH)D) concentrations can be expensive, using common dietary assessment
methods to screen populations is more cost effective and rapid [123]. Previous
studies regarding vitamin D during pregnancy in Iceland have been based on
subjective dietary assessment. Their results have indicated that many pregnant
women in Iceland could be at risk of vitamin D deficiency [11, 12]. The vitamin D
status of the pregnant population in Iceland has not been previously studied via
biochemical analysis.

1



Ellen Alma Tryggvadéttir

2.4.2 Whole grains and alkylresorcinols

Whole grain foods contain all parts of the grain and thus provide more nutrients
and fibre than refined grains. Therefore, a diet rich in whole grains can result in
positive health effects. For example, these include increased satiety and a slower
digestion transit time, resulting in increased gut health and a slower glycaemic
response [124]. Whole grain intake has been associated with decreased risk of
obesity, type Il diabetes, metabolic syndrome and some types of cancers [70,
86, 88]. On the other hand, the intake of refined grains has been linked to a
greater risk of metabolic syndrome and increased adiposity in adults [7, 125].

Whole grains are also a part of healthy dietary patterns that have been associated
with GDM prevention [13, 15, 126]. Whole grain intake is recommended during
pregnancy due to its high nutritional content and as a possible means of
reducing the risk of GDM [2]. The literature regarding the effect of refined grain
intake during pregnancy on offspring is limited. However, results from an animal
study suggest that refined carbohydrate exposure in ufero may predispose
offspring to exhibit an obese phenotype [127]. This was supported by another
study suggesting that the intake of refined carbohydrates during GDM
pregnancies increased the offspring’s risk of being overweight or obese at 7
years old [7]. Therefore, increasing whole grain intake during pregnancy is a
modifiable factor that could benefit both the mother and her offspring.

The few previous studies using AR concentrations to investigate associations
between diabetes and whole grains appear to have conflicting results. One study
found no associations between total AR concentrations and diabetes risk in a
Scandinavian cohort of men and women but suggested that the increased ratio
of rye to wheat could lower odds ratios for diabetes type Il [71]. Another
Scandinavian study showed an association between a higher AR indicator of rye
whole grains and increased insulin sensitivity [128]. On the other hand, a
different study demonstrated an association between the AR metabolite DHPPA
and lower ORs of diabetes type Il and impaired glucose regulation, respectively
[88]. Notably, no previous studies regarding AR and GDM associations were
found.

2.4.3 Fatty acids

2.4.3.1 Omega-3 fatty acids

Long omega-3 FAs such as eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA) are important for healthy foetal development during pregnancy.
Although the conversion of ALA to EPA and DHA is possible, it remains limited.
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Therefore, intake of dietary sources of EPA and DHA is recommended [93-95].
The recommended DHA intake during pregnancy is 200 mg/day, which is
equivalent to approximately three fish meals per week [129]. These
recommendations are based on infervention studies regarding DHA during
pregnancy and its associations with adverse outcomes during pregnancy or
birth. According to those results, 200 mg/day is the minimum recommendation;
however, an intake of up to 1 gram/day appeared to be safe [130].

2.4.3.2 Fatty acids and GDM

During pregnancy, FAs are transferred to the foetus through the placenta based
on foetal need, which varies throughout pregnancy. The available FA stores of
the mother are influenced by maternal intake, metabolism and storage. During
early pregnancy, there is an increase in maternal fat storage in preparation for
increased need later in pregnancy. During this time, the sensitivity to insulin
increases, resulting in greater lipid formation and decreased lipid catabolism
[131]. FA concentrations normally increase slightly throughout pregnancy, but for
women with GDM, the increase appears to be greater [132]. This may be a result
of abnormal insulin metabolism due to being overweight or obese, which leads
to the ineffective suppression of lipolysis [132]. B-cell dysfunction and excessive
insulin resistance (IR) are known to be the key components behind GDM
development [133]. An increase in FFAs can result in the decreased uptake of
glucose [134] and altered secretion of insulin and IR [97, 133, 135, 136].
Circulating maternal lipids normally increase during the third trimester due to the
hormone oestrogen and increased IR. This results in the increased catabolism of
fatty stores, which provides a greater supply of FAs for placental transfer. Fatty
acid delivery to the foetus is controlled by the placenta [137]. This delivery
system is thought to be impaired in women with GDM, which limits the levels of
DHA ftransferred to the foetus [138, 139]. However, the reason behind the
reported difference remains unknown [140] and there are no specific dietary
recommendations for women with GDM regarding FA intake [97].

Previous studies have demonstrated that levels of saturated FAs (SFA) appear to
be higher in women with GDM when compared to a control group [97], even in
early pregnancy [141], and that the proportions of PUFA and SFA are associated
with glucose tolerance and the risk of women being diagnosed with type 2
diabetes (T2D) after GDM pregnancies [142]. The concentrations of
polyunsaturated FAs (PUFAs) have been reported as lower in women with GDM
[138, 139]. However, in some instances, PUFA n-6 has been reported as
significantly higher for women with GDM, whereas PUFA n-3 was lower [143].
Although a recent meta-analysis found that PUFA 6 and PUFA 3 were both
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reduced for women with GDM, most analyses therein were performed after
GDM diagnoses [97]. Another recent meta-analysis reported that women with
GDM had higher total concentrations of FFAs in the second and third trimesters
when compared to non-GDM women, and that the concentrations were greater
in the second trimester [134].

A few of these studies investigating FA have also looked at diet where it was
suggested that obese women diagnosed with GDM may consume more
processed meat [144] and that total- and saturated fat intake may be higher—and
PUFA intake lower—for women with GDM [97]. However, it remains unclear
whether the differences in FA levels between GDM and non-GDM women are
due to dietary or metabolic factors.
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2.5 Diet and nutritional status during pregnancy in Iceland

Diet during pregnancy has been studied on several occasions in Iceland
(see Table 1).
Table 1. Studies on diet during pregnancy in Iceland.
Year of Method
Author Study and
study
reference
Combined effects of maternal
smoking status and dietary intake
1999— Olafsdéttir, AS. et | related to weight gain and birth size FFQ
2001 al. parameters [30, 31]
Maternal diet in early and late
pregnancy in relation to weight gain.
odi ; ) FFQ and
2007—- Gunnarsdéttir, |. et odine sta‘tus ° pregnanf wom'en 'na urine
population changing from high to .
2009 al. . . . biomkarker
lower fish and milk consumption
(32]
Gunnarsdéttir, I et Diet anc.i nutrient i.ntake of pregnant
2012 al women in the capital area of Iceland Food
2013 T d ',ﬁ, EA Association between healthy maternal records
ryggvadoti, EA. dietary pattern and risk for gestational [10, 27]
et al. . . !
diabetes mellitus
Can a simple dietary screening in
2015—- early pregnancy identify dietary habits
2016 Hrélfsdéttir, L. associated with gestational diabetes? FFQ
PREWICE etal. Development of a dietary screening [11, 33]
| questionnaire fo predict excessive
weight gain in pregnancy
Adalsteinsdéttir, S. | Insufficient iodine status in pregnant
et al. women as a consequence of dietary
changes
Magnsdéttir, KS. | Vitamin D status and association with
et al. gestational diabetes mellitus in a
2017— pregnant cohort in Iceland FFQ, urine
1 |
2018 Higher alkylresorcinol concentrations, a.nd blood
PREWICE . biomarkers
a consequence of whole grain intake,
I [34-37]

Tryggvadéttir, EA
et al.

are inversely associated with
gestational diabetes mellitus in
Iceland
Early pregnancy plasma fatty acid
profiles of women later diagnosed
with gestational diabetes

T Current study
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In an Icelandic study investigating early and late pregnancy diets during the
1999—2001 period, intake was assessed using an FFQ. The results indicated that
the women had a low intake of vegetables (highest median 76 g/day) and a high
intake of soft drinks (median 118 g/day) during early pregnancy [30]. During
late pregnancy, the women had a high intake of dairy (median 500-700 g/day)
[31]. Following results from an Icelandic population dietary survey in 2002,
indicating a significant decrease in fish and dairy consumption [145], iodine
status was assessed with an FFQ and urine iodine concentration in pregnant
women over the 2007-2009 period [32]. The results showed that iodine status
appeared to be within the optimal range, defined by the World Health
Organization [32].

In 2012/2013, 4-day weighed food diaries were used for the first time in Iceland
to estimate food and nutrient intake between the 19" to 24" weeks of pregnancy
[12]. The results suggested that up to 25% of the participants had an intake of
iodine, iron and vitamin D lower than the estimated average requirement. The
intake of DHA reached 200 mg daily for only 35% of the women. The same
study also reported that only 20% of the women reached the recommended
minimum of 25 g/day of fibre [12]. Intake of these nutrients has also been shown
to be low in other pregnant populations [146, 147]. Results from the same cohort
reported a healthy dietary pattern that was associated with a decreased risk of
GDM, independent of the women’s BMI [28]. The pattern consisted of a higher
intake of seafood, eggs, vegetables, fruits and berries, vegetable oils, nuts and
seeds, pasta, breakfast cereals, coffee, tea and cocoa powder, and a lower
intake of soft drinks and French fries [28].

In the 2015/2016 cohort, 1651 women answered a short diet screening
questionnaire (FFQ) during gestational weeks 11—14 [11]. The results indicated
that most of the women were not eating five portions of fruits and vegetables per
day (87%) nor eating two portions of whole grains or dairy daily (91 and 77%,
respectively), which is recommended in the Icelandic dietary guidelines [19,
148]. The proportion of pregnant women that reported drinking sugar or
artificially sweetened drinks =5 times per week was 28%, while the proportion of
those eating sweets, ice cream, cakes or cookies =2.5 times/week was 59%, and
the proportion of those eating processed meat weekly or more was 31% [11, 33].
It was also reported that approximately onethird of the pregnant women
consumed vitamin D supplements fewer than 5 times per week [11], which is one
of the risk factors for an inadequate diet in the cohort [33]. These results suggest
that diet quality during pregnancy in Iceland can be greatly improved. There is
also a potential nutritional risk in part of the pregnant population, which warrants
further research using objective measurements of nutritional status (i.e.,
biochemical analysis) [11, 12, 28].
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2.6 Diet recommendations during pregnancy in Iceland

The Icelandic clinical guidelines for providing maternal care during pregnancy
are based on guidelines from the National Institute for Clinical Excellence (NICE)
[149, 150]. Maternal care takes place through primary health care at local health
care centres throughout the country, with scheduled visits to a midwife.
Primipara women and those considered in need of more frequent observations
visit their midwife 10 times, while multiparas have 7 visits. The first visit is usually
before 12 weeks gestational age for most women. During the first visit, the
midwives obtain information regarding several health factors, such as height,
weight, family history, overall health, blood pressure, a test for protein in urine
and more. Additionally, they provide information on diet and should, according
to clinical guidelines, direct the women towards pamphlets regarding Icelandic
dietary recommendations [19] as well as other recommendations during
pregnancy [18]. They also discuss tobacco and alcohol use during pregnancy, a
healthy lifestyle, as well as all available tests, services and more. During the first
visit, the midwives also perform a risk assessment for thyroid disease, gestational
diabetes and the need for preventative acetylsalicylic acid [150, 151].

Previous studies have shown that Iceland has a high rate of gestational diabetes
diagnoses [20, 21] and that it may be possible to identify dietary habits
associated with the disease via a short diet screening questionnaire [11]. A
healthier and more prudent dietary pattern during pregnancy has also been
suggested as a means of GDM prevention [28]. Currently, Icelandic maternal
healthcare does not provide any diet assessment or counsel from specialised
dietitians regarding optimal diet in pregnancy. Most pregnant women meet their
midwife about 6—10 times, during which all clinical measurements must be
performed in addition to discussing the mother’s physical and mental well-being.
This allows for very little opportunity to explore dietary intake and assist the
mother regarding an optimal diet. Considering the serious health impact that diet
and lifestyle during pregnancy have on both mother and child, this situation
holds potential for improvement. Diet is a modifiable factor, and it is vital to
identify mothers who have poor quality diets or require personalised dietary
counselling. By doing so, they can be guided into making the relevant changes
needed to improve the future health of both mother and child.

The clinical guidelines refer to two healthy diet brochures that provide dietary
information and emphasise guidelines regarding specific supplements [150].
One of the brochures contains the official Icelandic dietary recommendations for
all adults [19] and the second contains additional guidelines for pregnant women
in Iceland [18]. According to clinical guidelines, all pregnant women in Iceland
should receive the brochure providing these specific recommendations during
their visits to the midwife. However, when the source of dietary information was
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investigated in 1009 pregnant women in Iceland in 2017/2018, only 44% had
received it. Most of the women had obtained dietary information from websites
and apps or family and friends. Over half of the women (55%) reported an
interest in receiving more individualised dietary information [152].

2.7 Summery and purpose of the study

Overall, GDM can have negative consequences for both mother and child and
the rate of diagnoses is high in Iceland [7-10, 20, 21]. Nutrition during
pregnancy is important and healthy dietary patterns have previously been
associated with a decreased risk of GDM [2, 15, 55-60]. However, according to
previous studies in Iceland, pregnant women appear not to be adhering to
dietary guidelines for a healthy diet [11, 12]. Previous studies during pregnancy
in Iceland have for example indicated a low intake of vitamin D, wholegrains and
fish, which have been associated with GDM risk [11, 12, 15, 120, 121].
However, aquiring reliable dietary information can be complicated both in
studies as well as in a clinical setting [29, 68]. All previous studies on diet
during pregnancy in Iceland have been based on subjective data and results
have not been confirmed with objective biochemical analysis. If previous results
are indeed accurate it highlights the need for means to identify pregnant
women, who would benefit from dietary changes. The purpose of this study was
to assess diet during pregnancy in Iceland, using both objective and subjective
methods, and study associations to GDM risk. It was also to evaluate the use of a
short diet screening questionnaire as a clinical tool to guide maternal care.

2.7.1 Study hypothesis

e The prevalence of insufficient vitamin D status in the pregnant
population in Iceland is high.

e Lower S-250HD during pregnancy is associated with an increased risk
of GDM.

e Dietary intake of whole grains is low during pregnancy in Iceland.

e Lower intake of whole grains during pregnancy is associated with GDM
risk.

e Plasma FA concentrations during early pregnancy are associated with
GDM risk.

e A short dietary screening questionnaire can identify those in need of
dietary changes.

The specific aims are presented in Chapter 3.
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3 Aims

This PhD thesis intended to answer the following research questions:

a)
b)
<)

d)

What is the prevalence of insufficient vitamin D status in the pregnant
population in Iceland and it’s associations to GDM risk?

Is the frequency of whole grain intake, estimated by a diet screening
questionnaire in early pregnancy, associated with risk of GDM?

Are plasma FA concentrations, measured in early pregnancy,
associated with risk of GDM?

Is dietary intake estimated by a diet screening questionnaire reflected
in concentrations of corresponding biomarkers?

This PhD thesis aimed to examine dietary intake and nutritional status during

early pregnancy by means of a short dietary screening questionnaire as well as

biomarkers of consumption and explore their associations with gestational

diabetes. Further aim was to compare results from the short dietary screening

questionnaire to those from biochemical analysis.

More specifically, the aims were to:

a)

b)

<)

d)

Assess the vitamin D status of pregnant women in Iceland during
early pregnancy and its associations with gestational diabetes (Paper
1).

Explore associations between whole grain intake and gestational
diabetes in early pregnancy and diagnoses later in pregnancy by
utilising plasma alkylresorcinol concentrations (a biomarker for whole
grain intake) together with results from a diet screening
questionnaire (Paper Il).

Determine dietary intake as well as the plasma fatty acid
concentrations of pregnant women in early pregnancy (Paper Ill and
IV) and explore their associations with gestational diabetes diagnoses
later in pregnancy (Paper Ill).

Compare results of the diet screening questionnaire to those derived
from nutritional biomarkers. (Paper I-V)
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4 Materials and methods

This PhD project is based on the PREWICE Il study (PREgnant Women of
ICEland). The study took place at the Foetal Ultrasound Department at Landspitali
National University Hospital from October 2nd, 2017 to March 28th, 2018. The
study protocol was approved by the National Bioethics Committee (VSN-17-057-
S1) and the Medical Directorate of Landspitali National University Hospital (LSH
5.17).

4.1 Participants

All pregnant women who attended their firsttrimester prenatal screening
between October 2017 and March 2018 at Landspitali National University
Hospital were invited to participate in the study. During the é-month study
period, 1,684 women were scheduled for their first ultrasound screening at the
hospital, corresponding to approximately 77% of the pregnant population in
Iceland in the study period.

1,684
women scheduled
for screening

1,350 33: .
eligible women S

- EEL]

declined

1,015
participated in
PREWICE Il

participation

853
data on GDM
Missing data on > diagnosis,
GDM diagnosis alkylresorcinols
and fatty acids

.

101

954
provided blood
samples

.

P .
&« Y
Paper Il Paper lll | Paper IV

942 samples

analysed for
837 with data
on GDM

diagnosis

Figure 2 Participation flowchart, for which results are presented in Paper I-IV.
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Of these 1,684 women, 244 (15%) were excluded from the study because they
were not able to read Icelandic and could thus not answer the questionnaire,
which was provided in Icelandic only. Other exclusion factors included falling
short of or exceeding the 11- to 14-week gestational age, missing the scheduled
appointment time, or miscarriage. This in tofal excluded 90 additional women,
leaving 1,350 women eligible to participate in the study. Of these, 128 women
declined due to personal time constraints and 207 declined without further
explanation. Of the eligible women, 76% (n=1,015) agreed to participate in the
study. The participation flowchart, for which results are presented in Papers |—
IV, is shown in Figure 2.

4.2 Data collected

During the prenatal screening, visit subjects answered a diet screening
questionnaire along with questions on height, pre-pregnancy weight, smoking,
parity, education, marital status and residency. Subjects provided a spot urine
sample for the analysis of urine iodine concentration [34] (an issue outside the
scope of the present thesis) and allowed for additional blood samples to be
drawn at their upcoming blood test. Samples taken at that time was used for
biochemical analysis. The participants also gave study staff permission to collect
data regarding their pregnancy and birth from medical records. The information
from medical records includes variables of importance for the present thesis,
such as information on weight throughout pregnancy as well as diagnosis of
gestational and family history of diabetes mellitus. Information regarding height
and measured weight were collected at the first and last maternal care visits. The
dates of visits were gathered from maternal records. The information from
medical records provided information on weight during pregnancy as well as
gestational age. These data were used to calculate total weight gain (difference
between last and first weight recorded) and weight gain per week by dividing
total weight gain by the number of weeks between visits. Pre-pregnancy BMI
(kg/m?) was calculated based upon self-reported pre-pregnancy weight and
height. We defined BMI <18.5 kg/m? as underweight, 18.5—24.9 kg/m? as
normal weight, 25—29.9 kg/m?2as overweight and =30.0 kg/m? as obese.

Other information gathered from medical records that was outside the scope of
the present thesis included measurements of blood pressure, diagnosis of
hypertension that starts in pregnancy or pre-eclampsia, as well as the mode of
delivery and other complications during pregnancy or delivery.
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4.3 Dietary intake and participants’ characteristics

PREWICE Il
2017-2018

Pregnant women answered the short diet
screening questionnaire and provided urine
PREWICE | and blood samples for biomarker analysis

2015-2016
Pilot testing Pregnant women Results:

answered the short - Insufficient iodine status in pregnant women
2012-2013 diet screening as a consequence of dietary changes

Diet screening questionnaire -Vitamin D status and association with
questionnaire pilot gestational diabetes mellitus in a pregnant

tested and validated Results suggested cohortin Iceland (Paper )
against four day an inadequate - Higher Alkylresorcinol Concentrations, a
weighed food intake of: Consequence of Whole-Grain Intake, are
records in a cohort - Dairy Inversely Associated with Gestational

Diabetes Mellitus in Iceland (Paper II)

- Fish
. - Early pregnancy plasma fatty acid profiles of
- Fruits and women later diagnosed with gestational
vegetables diabetes (Paper [11)
- Wholegrains - Correlation between intake of fish or
- Vitamin-D supplements containing omega-3 fatty acids

and early pregnancy plasma concentrations.
(Paper IV)

of pregnant women.

Figure 3. Timeline for the the development of the short diet screening questionnaire.

The diet screening questionnaire was applied in an electronic format and
inquired about the frequency of consumption of 40 different food items and
beverages in addition to dietary supplement intake. On average, it takes
approximately 5—10 min to answer the questions in an electronic format. The
questionnaire provides instructions on how to answer questions regarding
dietary consumption based on the past 3 months (approximately from the
beginning of pregnancy). It also provides a selection of 10 potential frequency
responses ranging from “less than once a month” to “more than five times a
day”. The development of the diet screening questionnaire has previously been
described in detail [11, 33, 34] and the timeline can be seen in Figure 3.
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In brief, the questionnaire was pilot tested in a group of 25 pregnant women
and results were compared to a 4-day weighed food record, with acceptable
correlation (Spearman’s correlation >+0.3) for most food groups/items [33].
Following this, the diet screening questionnaire was used in the PREWICE |
study (2015—2016), a population-based observational study wherein a ftotal of
2113 pregnant women answered the questionnaire [33]. The diet screening
questionnaire used in the PREWICE studies (I and Il) was designed to capture
the total healthiness of the diet according to current food-based dietary
guidelines at that time, and sources of nutrients known to be of importance for
foetal development [18, 19]. As an example, according to results from the
2010/2011 dietary survey, the contribution of fish and dairy to total iodine intake
in the Icelandic diet is 68% (47 and 21%, respectively). Together, fish liver oil
(48%) and fish (19%) provide 67% of the vitamin D in the Icelandic diet.
Furthermore, fish liver oil and fish provide a large proportion of long-chain
omega-3 in the Icelandic diet. A similar short questionnaire has been validated
against a reference method in different age groups and was shown to be
capable of ranking individuals according to their intake of food such as
vegetables, fruits, dairy etc., and be indicative of the consumption of added
sugar, dietary fibre from the diet and fat quality [153].

4.4 Biochemical analysis

The voluntary ultrasound assessment provided at Landspitali National University
Hospital in gestational weeks 11—14 involved blood samples for genetic testing.
On this occasion, exira tubes were drawn from women consenting to participate
in the present study. Blood samples were processed within 1 hour after collection
to separate plasma from red blood cells and buffy coats through centrifugation
for 10 min.

4.4.1 Serum 250HD

Serum samples were stored at —80°C until the analysis of serum 250HD (S-
250HD) with an electro-chemiluminescence immunoassay at the Clinical Core
Laboratory, Landspitali National University Hospital in the spring of 2019.
Control samples measured daily at the laboratory have shown that the Coefficient
of Variation % of the method is approximately 4—5%. Concentrations of S-
250HD that were =50 nmol/L were considered sufficient, while 30—49.9
nmol/L were insufficient and those below 30 nmol/L were defined as deficient
[79, 81].
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4.4.2 Plasma

Plasma was aliquoted into cryotubes and stored in a freezer at —~80°C until being
shipped for AR and FA analysis at the Department of Biology and Biological
Engineering, Chalmers University of Technology, Gothenburg, Sweden.

4.4.2.1 Plasma AR

Plasma AR concentrations of the homologues C17:0, C19:0, C21:0, C23:0 and
C25:0 were measured with normal-phase liquid chromatography-tandem mass
spectrometry as described in detail in Paper Il, with some modifications for
instrumentation. Firstly, 100 pl of plasma was loaded on HybridSPEPlus
phospholipid removal 96-well plates (Sigma-Aldrich, St. Louis, MO) and
recovered with acetone. The eluted samples were evaporated and resuspended
in heptane-ethanol (95:5 volume/volume). Thereafter, the extracts were
transferred to chromatographic vials and analysed by liquid chromatography—
tandem mass spectrometry (QTRAP 6500+, AB SCIEX, Framingham, MA). The
analytes were separated by using a 50 x 2.1-mm amino column with 1.8 mm
particles (Blue Orchid, Knauer, Berlin, Germany) using a gradient programme
with heptane and ethanol (99.7%) solvents. The liquid chromatography column
was kept at 30°C. Atmospheric pressure chemical ionisation in positive mode
was used for ionisation. For individual AR homologues, optimal conditions were
set for multiple reaction monitoring modes. To assess intra- and inter-batch
variation, each batch included quality control samples (<15% for all
homologues).

4.4.2.2 Plasma FA

In total, 24 FAs ranging from C12:0 to C24:1 were quantified in plasma
samples. An internal standard solution (100 pL of 0.1 mg C23:0 methyl ester/mL
toluene) was added to 50 pL of thawed out plasma samples, and 1.8 mL of acetyl
chloride-MeOH solution (10% v/v) fortified with BHT (2.78 pg/mL) was added.
Samples were incubated at 70 °C for 60 min in a water bath with shaking. Single
extractions of fatty acid methyl esters (FAMEs) were separated using the GC-FID
system equipped with a Zebron ZB-FAME column. Single extraction of FAMEs
was performed by adding 1.5 mL of hexane. The extraction solvent was
evaporated using a vacuum concentrator (125 mbar, 30 °C, 30 min). FAME was
dissolved in 200 pL of hexane before injection into the GC-FID for analysis. Two
water blanks (Millipore-purified water) and six quality controls (pooled plasma)
were prepared and run together with the study samples for each batch of a
maximum of 50 study samples. FAMEs were separated using the GC-FID system
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(Thermo Scientific Focus GC, FID detector, Pal GC-xt autosampler, AD-100 H2
generator, MicroClip XT hydrogen gas alert and a ZA 1500 zero air generator)
equipped with a Zebron ZB-FAME column (20 m x 0.18 ym ID x 0.15 pm). The
oven programme was performed as follows: initial 80 °C with a 1.5 min hold;
ramp: 40 °C/min to 160 °C, 5 °C/min to 185 °C with a O min hold; 30 °C/min to
260 °C with a O min hold. The instrumental conditions were as follows: nitrogen
as the carrier gas, constant flow, carrier flow 1.25 mL/min, inlet temp. 260 °C,
split flow 12.5 mL/min, split ratio 15, detector temp. 260 °C; gas flow: air 450
mL/min, hydrogen 35 mL/min, makeup gas 10 mL/min. The injection volume
was 1 pL. The concentration of fatty acids in samples was quantified against
external standard calibrations made from GLC-462 mixed FAMEs (Nu-Check
Prep, Elysian, MN, USA) dissolved in toluene. The external standard included 24
FAMEs ranging from C12:0 to C24:1. An equal amount of internal standard
(C23:0 methyl ester) was added to the external standards as added to the study
samples, and all analyte peaks were normalised with the peak of the internal
standard before calibration.

4.5 Gestational diabetes diagnoses

Information on GDM diagnoses (based on IADPSG [63]) was gathered from
medical records. If results after the OGTT were = 5.1 mmol/L when fasting, =
10.0 mmol/L after 60 minutes or = 8.5 mmol/L after 120 minutes, the women
were diagnosed with GDM. Since it was not always obvious in the records
whether the diagnoses were GDMAT (controlled with diet) or GDMA2
(medication needed), all diagnoses were combined (yes/no). We were only able
to gather information regarding GDM diagnoses for the women who gave birth
at Landspitali National University Hospital, or 84% of eligible women (n=853).
The reason was that the ethical approval only covered medical records in the
possession of Landspitali National University Hospital.

4.6 Statistical analysis

Data from the dietary questionnaire and maternal hospital records were compiled
in Microsoft Excel and then imported into Statistical Package for Social Sciences
(SPSS). Both IBM SPSS for Windows (version 24.0/26.0; Armonk, NY) and
Statistical Analysis Software (SAS; version 9.2) were used to analyse the data.
The level of significance was accepted as P < 0.05.

Overall, the data are presented as mean t standard deviation for normally
distributed variables, median and interquartile range/10th—90th percentile for
skewed variables, as well as frequencies and percentages for dichotomous
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variables. For continuous variables, the independent sample T4est for equality of
means was used to formally test for differences between two groups for normally
distributed variables, while the Mann—Whitney U test for two independent
samples was used to compare differences for skewed variables. The chi-square
test was used to test for differences across groups for dichotomous variables.

In Paper |, we used logistic regression to examine the association between
categories of serum 250HD status (<30, 30—49.9, 50—74.9 and =75 nmol/L)
and GDM. Results were presented as odds ratios with 95% confidence intervals
before and after adjustment for covariates using 250HD status (<30 nmol/L) as
the referent category. The covariates included in the adjusted models were
maternal age, pre-pregnancy BMI, parity and smoking during pregnancy. The
chi-square test was used as a formal test for association, based on modelling
categorical variables as a continuous term in the regression model.

In Paper I, we used multivariate log-binomial regression to evaluate the RR of
GDM across quartiles of dietary whole grain consumption and serum AR
concentrations. By using the median value in each quartile and modelling the
whole grain and serum AR variables as continuous in the regression model, a P
value for trend was evaluated. Results from the regression model were presented
as both univariate- and multivariate-adjusted. The covariates included in the
adjusted models were age, pre-pregnancy BMI, parity, education, maternal
smoking during pregnancy and family history of diabetes. In cases when missing
values for covariates were low (<5%) or missing, they were imputed using the
median or the most probable value. This was the case for pre-pregnancy BMI.
Missing values for family history of diabetes (15%) were accounted for by using a
missing category for covariate adjustment.

In Paper lll, the concentrations of different types of FA were combined to
determine the total for SFA, MUFA, PUFA n-6, PUFA n-3 as well as EPA and
DHA. Ratios of individuals and groups of FAs were calculated by dividing their
concentration by the total FA concentration. To compare means between the
women who were later diagnosed with GDM and those who were not, a linear
regression model was used to evaluate adjusted differences in FA types.
Multivariate binary logistic regression was used to evaluate the odds ratio of
GDM across quartiles of FA types as well as relative FA. P value for trend was
evaluated by using the median value in each quartile and modelling the plasma
FA and relative FA variables as continuous in the regression model. Spearman
correlation was used fo assess correlations between dietary intake and FA.

In Paper IV, the results of EPA and DHA concentrations are described as total
and relative amounts of plasma FA. Spearman correlation was used to assess
correlations.
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5 Results

In the following sections, the main findings from the PhD studies are presented,
starting with a description of the GDM diagnosis and characteristics of the
participants. This is followed by a presentation of the main results from the four
papers. More detailed results can be found in Papers I-IV.

5.1 Diagnosis of GDM and characteristics

In our cohort, 127 women (14.9%) were diagnosed with GDM. The highest rates
of GDM diagnosis were among women with a BMI 230 kg/m?2. Among these
women, the rate of GDM was 26.5%—compared to 14,2% in the overweight
group and 11,1% in the normal weight group. The characteristics of all the
participants in PREWICE Il who provided blood samples and had available data
on GDM diagnoses are summarised in Table 2. The mean age of all participants
was 30 years, and 44% were nulliparae. In total, 59% had a university-level or
higher academic education, and 14% smoked before pregnancy. The rate of
GDM was 14.9% (n = 127), and the women in the GDM group were more likely
to be older and have a higher pre-pregnancy BMI. Women diagnosed with GDM
were more likely to be overweight or obese (74.8%) when compared to non-
GDM women (43.0%). Information on pre-pregnancy BMI was missing for 10
(7.9%) women with GDM.

GDM diagnoses, based on BMI (kg/m?)

500
450
400
350
300
250 402
200

150 205
100 119

50
o I 50 34 - 43

18.5-24.9 25.0-29.9 >30

mGDM No GDM

Figure 4. Number of gestational diabetes diagnoses, based on Body Mass Index.
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Table 2. Characteristics of the women in PREWICE Il that did or did not have Gestational diabetes’.

All Non-GDM GDM 5
{n =853) (n = 726) (n=127) P
Age, years 30.3+49 299148 324155 <0.01
_ 3
Pre-pregnancy BMI, 258457 25.4+54  284+68  <0.01
kg/m
Total weight gain®, kg 12.3+55 12.8+5.2 9.6+6.1 <0.01
Weight gain, kg/week® 04510.2 0.5010.2 0.3510.2 <0.01
Parity, %
0 44 45 41
1 36 35 40
22 20 20 19 0.60
Education?, %
Elementary school 11 11 13
Technical/High school 30 29 31
University education 35 36 28
Higher academic 24 24 28 0.36
Marital status®, %
Married 24 23 26
Living together 71 72 69
Single 5 5 5 0.77
Smoking®, %
before pregnancy Yes 14 14 17 0.39
during pregnancy Yes 5 4 6 0.55
Family history of 2 6 14 «0.01

diabetes (Yes)1, %

‘Data are presented as means & std. deviation or ratios.
2 Differences between Non-GDM and GDM using T-test for equality of means, Pearson’s chi-square test and the
Mann-Whitney U test for two independent samples.

¥ Information on pre-pregnancy BMI is missing for 22 women.

4Information on weight gain is missing for 45 women. Total weight gain is the difference between measured

weight at the first and last maternal care visit.

5Weekly weight gain is the total weight gain divided by of weeks between the first and last maternal care visit.

¢ Information on parity is missing for 6 women.

T Information on education is missing for 5 women,
8Information on marital status is missing for 21 women.
¢Information on smoking is missing for & women.

0 Information on family history of diabetes is missing for 128 women.

BMI: Body mass index. GDM: Gestational diabetes mellitus. PREWICE II: Pregnant wornen in Iceland 11,
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5.2 Vitamin D status of pregnant women in Iceland and
associations with GDM (Paper 1)

The first aim of this thesis was to assess the vitamin D status of pregnant women in
Iceland during early pregnancy and its associations with gestational diabetes.

The mean * standard deviation of the serum 250HD (S-250HD) concentration
in this cohort was 63124 nmol/L (Table 3). The proportion of women with an S-
250HD concentration considered adequate (=50 nmol/L) was 70%, while 25%
had a concentration considered insufficient (30—49.9 nmol/L) and 5% had a
concentration considered deficient (<30 nmol/L).

Table 3. S-250HD concentration (nmol/L) in all subjects (n=938) and their reported use of
supplements containing vitamin D (n=935).

<30 30-49.9 50-74.9 275

M *
n esall; nmol/L, nmol/L, nmol/L, nmol/L,
n (%) n (%) n (%) n (%)
All subjects 63.0 234
938 51(54 398 (42.4) 255 (27.2
24.4 (54) (24.9) ( ) ( )
Not taking any
| t 44.6 +
suppiements © o4 19 (18.3) 50 (48.1) 29 (27.9) 6 (5.8)
containing vitamin 17.5
D
Irregular use of
I t 551+
supplements = 65 6(9.2) 24(36.9) 25(38.5) 10 (15.4)
containing vitamin 21.1
D1
Daily vitamin D 65.9 + 342
766 26 (3.4) 160 (20.9 238 (31.1
supplementation 24.1 (3.4 ( ) (44.6) (11

" Subjects reported use of vitamin D supplements from 1—2 times per month up to 4—6 times per week.

Most of the women (n=766, 82%) used supplements containing vitamin D
daily, with an S-250HD concentration (mean = SD) of 66 * 24 nmol/L.
Interestingly, approximately 24% of the women using vitamin D supplements
daily still had insufficient status. Women that reported never using supplements
containing vitamin D (n=104, 11%) had an S-250HD concentration (mean * SD)
of 45 £ 18 nmol/L. In this group, approximately 66% were defined as having
insufficient S-250HD concentration (<50 nmol/L), of which 18% were defined
as deficient (<30 nmol/L).
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Both non-users and irregular users of vitamin D supplements had significantly
lower S-250HD when compared to those taking supplements containing vitamin
D daily (P <0.01). Most of the women (89%) who had sufficient vitamin D status
(=50 nmol/L) used vitamin D supplements daily. Approximately one-third of this
cohort had S-250HD concentrations below adequate levels (< 50 nmol/L)
during the first trimester of pregnancy.

As seen in Table 4, there was a modest non-significant decrease in the
proportion of women diagnosed with GDM alongside increased S-250HD
concentrations: from 17.8% in the group with <30 nmol/L S-250HD to 12.8% in
the group with 275 nmol/L (P for trend = 0.17). After adjustment for covariates,
the association was somewhat strengthened but still non-significant (P for trend =
0.11). In terms of effect size, the OR for GDM among those with =75 nmol/L
compared to those with <30 nmol/L was 0.60 (95% Cl: 0.25, 1.45). Therefore,
no clear association was observed between vitamin D status and GDM.

Table 4. Vitamin D status in women with and without GDM (n=837).

Serum 250HD (nmol/L)

P for
<30 30-49.9 50-74.9 275
trend’
8
No cases 36 53 29
(17.8%)/4
(%)/n ; (17.2%)/209 (14.9%)/356 (12.8%)/227
Unadjusted 0.96 0.81 0.68
1.00 0.177
OR (95% Cl) (0.41, 2.24) (0.36, 1.83) (0.29, 1.60)
Adjusted OR 0.90 0.77 0.60
1.00 0.1
(95% CI)2 (0.38,2.12) (0.33,1.76) (0.25, 1.45)

Chi-square test.
2Adjusted for maternal age, parity, maternal pre-pregnancy body mass index and smoking
during pregnancy.
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5.3 Whole grain intake early in pregnancy and associations
with GDM (Paper II)

The second aim of this thesis was to explore associations between whole grain
consumption in early pregnancy, plasma alkylresorcinol (AR) concentration (a
whole grain consumption biomarker) and later GDM diagnoses.

In total, 14.9% of the women adhered to the national food-based dietary
guidelines (n = 127), which recommend two portions of whole grains daily. The
frequency of whole grain consumption was lower in women who were later
diagnosed with GDM when compared to women without GDM (median: five
portions/week vs. six portions/week, respectively; P = 0.02). This difference
was reflected in the lower median concentration of total AR among women
diagnosed with GDM (163 vs. 209 nmol/L, respectively; P < 0.01).

The associations between the frequencies of both whole grain consumption and
AR concentrations with GDM, respectively, were assessed in a multivariate
model while adjusting for age, pre-pregnancy BMI=25 kg/m?, parity, education,
smoking during pregnancy and family history of diabetes. The results are
presented for unadjusted and adjusted models (Table 5). The median frequency
of whole grain consumption was 7.8 times per week in the highest quartile of AR
concentrations and 3.6 times per week in the lowest. The RR of being diagnosed
with GDM was 50% (95% Cl: 0.27, 0.90) lower among individuals in the
highest quartile when compared to those in the lowest quartile of plasma ARs (P-
trend = 0.01). There was a significant dose response related to GDM risk with
higher AR levels.

Regarding whole grain consumption, similar risk estimates were observed for
both quartiles 3 and 4, where the two quartiles with the highest frequency of
whole grain consumption were significantly associated with a lower risk of being
diagnosed with GDM in comparison to the lowest quartile RR (95% Cl: 0.26,
0.83) and (95% Cl: 0.27, 0.86), respectively. Moreover, a test for dose
response was significant (P4rend > 0.01).

Additionally, we calculated the median ratio of the ARs C17/C21, which was
0.09 (0.03-0.27) (not shown in a table).

The findings from this paper suggest that the higher consumption of whole
grains, reflected both by reported consumption according to the diet screening
questionnaire and AR biomarkers, is associated with a decreased risk of
receiving a GDM diagnosis.
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Table 5. Associations of quartiles of plasma alkylresorcinols and FFQ-reported weekly
consumption of whole grains with GDM.

Crude Adjusted
Total plasma AR
quartile? {median,
nmol/L) Cases, n (%)/total n RR (95% Cl) RR (95% Cl)
n=2853
AR Quartile 1 {(66) 40 (19.0)/210 1.00 - 1.00 -
AR Quartile 2 {140) 36(17.0)/212 0.87(0.53,1.43) 1.00{0.59, 1.70)
AR Quartile 3 (279) 30 (13.8)/217 0.68 (0.41,1.14) 0.71{0.41, 1.23)
AR Quartile 4 (706) 21(9.8)/214 0.46(0.26,0.82) 0.50{0.27,0.90)
P-trend 0.006 0.01

FFQ weekly whole
grain consumption

{median, Cases, n (%)/total n RR (95% Cl} RR (95% Cl)
times/week)

n = 834%
FFQ Quartile 1 {1.2) 40 (19.9)/201 1.00 - 1.00 -
FFQ Quartile 2 (3.8) 31(14.5)/214 0.68 (0.41,1.14) 0.71{0.41, 1.22)
FFQ Quartile 3 (7.6) 25(12.3)/204 0.56 (0.33,0.97) 0.47{0.26, 0.83)
FFQ Quartile 4 {14.5) 25(11.6)/215 0.53(0.31,0.91) 0.48{0.27,0.86)
P-trend 0.03 0.01

1Aadjusted for age, pre-pregnancy BMI kg/m2, parity, smoking during pregnancy, family
history of diabetes, and reported intake of beans, nuts, seeds, fruit juice and coffee.

2 The medians of FFQ weekly whaole grain consumption for each AR guartile are: Q1=3.6,
Q2=5.3, Q3=6.5 and Q4=7.8.

3FFQ data on whole grain intake is missing for 19 women.

BMI: Body mass index. Cl: Confidence Interval. GDM: Gestational diabetes mellitus.

RR: Relative risk.
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5.4 Fatty acid profiles during early pregnancy and
associations with later GDM diagnoses (Paper Ill)

The third aim of this thesis was fo defermine the fafty acid concentrations of
pregnant women at the 11th—14th week of pregnancy and explore associations to
GDM diagnoses later in pregnancy.

The concentrations of total SFA, MUFA, and PUFA n-6 and n-3 at gestational
weeks 11-14, as well as the ratio of different groups of FA, are presented in
Table 6. Differences in FA profile in early pregnancy between women who were
later diagnosed with GDM and those who were not were evaluated using the
Mann—Whitney U test. The total concentration of FA was significantly higher in
women diagnosed with GDM, as were the concentrations of all types of FA,
except for long chain n-3 fatty acids EPA+DHA. The median concentration of
total FA in early pregnancy was 2898 pg/mL for women who were later
diagnosed with GDM and 2681 pg/mL for those without GDM. The mean
adjusted difference for total FA between the groups was 133 pg/mL (95% CI 33
0 233).

When stratified by pre-pregnancy BMI (<25 vs =25 kg/m?), the same tendency
towards a higher concentration of total FA and MUFA in women who were later
diagnosed with GDM was observed in both groups. When comparing the
relative FA concentrations of women later diagnosed with GDM to those who
were not, MUFA was significantly higher and PUFA n-6 was significantly lower
for the women who later developed GDM. This difference in relative FA
concentrations also remained after stratifying by pre-pregnancy BMI (<25 vs =25

kg/m2).

The results we observed in pre-pregnancy normal weight women and overweight
women/women with obesity were similar. Therefore, the findings from this paper
suggest that plasma FA profiles in early pregnancy are different for women later
diagnosed with GDM compared to those who were not, independent of the
women's BMI.
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5.5 Resulis of the diet screening questionnaire and related
biomarkers. (Paper I-1V)

The fourth aim of this thesis was to compare results of the diet screening
questionnaire to those derived from nutritional biomarkers.

In this chapter the emphasis will be results from paper IV in addition to results of
reported intake of vitamin D supplements and whole grain intake to related
biomarkers.

The intake of fish and/or the supplements containing omega-3 FAs available on
the Icelandic market is shown in Table 7. The median intake of lean fish was
approximately once weekly, and fafty fish was consumed approximately once

monthly. There was a positive correlation between the intake of lean and fatty fish
(r=0.39 P<0,001) (not shown in a table).

Table 7. FFQ-reported weekly intake of foods at 11th—14th week of pregnancy and
correlations1 with total (pg/ml) and relative (%) EPA and DHA concentrations. Data
presented as medians and percentiles (10th—90th

FFQ, frequency per Median Total Ratio’
quency p {10%—90t EPA+DHA p EPA+DHA p
week (n=853) . . .
percentile} correlation correlation

All fishand omega-3 = oy o 169 0.34 <0.001 0.41 <0.001
supplements
Allfish, cod liver il 5 55 514 7 037 <0.001 0.46 <0.001
and omega-3
All fish 1.3 {0.4-3.0) 0.24 <0.001 0.28 <0.001

Fish, lean 1.0 {0.1-2.5) 0.18 <0.001 0.23 <0.001

Fish, fatty 0.3 {0.1-1.0) 0.24 <0.001 0.28 <0.001
A 3

ny omega 0.7 (0.3-14.0) 0.31 <0.001 0.40 <0.001
supplements

Cod liver oil® 0.1{0.1-7.0) 0.21 <0.001 0.27 <0.001

Omega-3 oil® 0.2{0.2-7.1) 0.19 <0.001 0.25 <0.001
Maternal 0.1{0.1-7.0) 0.01 0.835 0.001 0.977

supplement®

! Spearman correlation.

? Relative FA concentrations as a ratio of total fatty acids.

% Does not contain the maternal multivitamin.

4 Recommended dally intake provides 114 mg EPA and 150 mg DHA according to the manufacturer.
* Recommaended daily intake provides 160 mg EPA and 100 mg DHA according to the manufacturer.
* Recommended daily intake provides 150 mg EPA and 100 mg DHA according to the manufacturer.
FFQ: Food frequency questionnaire.
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There was a positive Spearman correlation between the women's intake of all fish
and total omega-3 supplements and the total (r=0.34) and relative (r=0.41)
concentrations of plasma omega-3 FA.

Similarly, a positive correlation was observed between intake of cod liver
oil/capsule and omega-3 oil/capsule supplements and concentrations of EPA
and DHA (r=0.21 and r=0.19, respectively). However, when assessing the
correlation between the frequency of intake of a popular pregnancy multivitamin
supplement (tablets) containing omega-3 and concentrations of plasma EPA and
DHA, no correlations were observed (r=0.01).

The rate of women taking various supplements containing omega-3 daily, less
than daily or never is presented in Table 8 alongside total and relative FA
concentrations. Overall, approximately half of the women were taking omega-3-
containing supplements daily and some used more than one product.

When comparing the women’s total and relative values of EPA and DHA
stratified by frequency of intake, we observed that women with a daily intake of
cod liver oil/capsules or omega-3 oil/capsules had higher concentrations of EPA
+ DHA when compared to those who never used the supplements (median: 108
vs. 91 pg/ml and 103 vs 90 pg/ml).

The rate of women taking maternal multivitamins daily was 17.1%. Moreover,
there were no significant differences between total or relative EPA + DHA values
for those who had a daily intake of the multivitamin when compared to those who
never took it.
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Table 8. Median and relative values of EPA and DHA for women taking different omega-3

supplements daily or more compared to those taking them less than daily or never.

38

Median (10th—-90th percentile) % EPA+DHA, EPA+DHA,
pg/ml %!
> Daily 504 102 (70-148) 3.7 (2.7-5.3)
< Daily 12.5 89 (64-120) 3.3(2.4-4.2)
Total omega-3
supplements never 37.0 86 (62-118) 3.1{2.4-4.0)
p? <0.01 <0.01
> Daily 39.7  105(72-151) 3.9 (2.8-5.5)
Cod liver and omega- < Daily 12.1 91 (66-128) 3.4 (2.5-4.5)
3 oil/capsules hever 48.2 87 (62-118} 3.1(2.4-4.0)
p? <0.01 <0.01
> Daily 188  108(76-157) 4.0 (3.0-5.6)
cod liver < Daily 10.4 93 (66-128) 3.4(2.6-4.7)
oil/capsules never 70.8 91 (64-129) 3.3(2.5-4.5)
p? <0.01 <0.01
> Daily 275 103 (70-145) 3.8(2.8-5.2)
Omega-3 < Daily 6.8 92 (71-144) 3.5 (2.5-4.7)
oil/capsules never 65.7 90 (64-130) 3.3(2.5-4.4)
p? <0.01 <0.01
> Daily 17.1 98 (65-134) 3.4 (2.6-0.5)
Maternal < Daily 5.3 88 (65-125) 3.2(2.4-4.3)
multivitamin never 77.6 93 (66-136) 3.4(2.5-4.8)
p? 0.25 0.41

! Relative FA concentrations as a ratio of total FAs.
? Kruskal Wallis test used to compare differences.
EPA: Eicosapentaencic acid. DHA: Docosahexaenoic acid.



Results

Results of S-250HD concentrations stratified by reported use of supplements
containing vitamin D are presented in Table 9. The women who reported taking
supplements containing vitamin D had higher concentrations of S-250HD.

Reported intake of fish as well as use of supplements containing vitamin D
correlated positively with S-250HD. The strongest correlations were seen for
intake of vitamin D supplements (r=0.31 P <0.001) and consumption of fish
together with any vitamin D containing supplements (r=0.24 P <0.001).

Table 9. S-250HD concentration (nmol/L) in all subjects (n=938) and their reported use
of supplements containing vitamin D (n=935).

Serum 250HD {nmol/L)

<30, 30-49.9, 50-74.9, 275,

n Mean £ SD n (%) n (%) n (%) n (%)

Not taking any

supplements 104 446+17.5 19{18.3} 50{48.1) 29{27.9) 6 (5.8)
containing vitamin D

Irregular use of

supplements 65 55.1+21.1 6{9.2) 24(36.9] 25{(385] 10(15.4)
containing vitamin D!

Daily vitamin D
. 766 65.9+24.1 26(3.4} 160(20.9) 342 (44.6) 238(31.1)
supplementation
P for trend? <0.001

tSubjects reported use of vitamin D supplements from 1-2 times per menth up to 4-6 times per week.
2 Kruskal Wallis test used to compare differences.

Frequency quartiles for reported consumption of whole grains and
corresponding concentrations of alkylresorcinols are are shown in table 10.

There was a significant increase in plasma AR concentrations along with a
higher reported frequency of whole grain intake.
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Table 10 Frequency quartiles of reported whole grain intake and plasma
alkylresorcinol concentrations (nmol/L).

n =834
Plasma AR

FFQ weekl whole rain
Y 9 n Median (10"—90" percentile)

consumption
(median, times/week)

FFQ Quartile 1 (1.2) 201 129 (43-476)
FFQ Quartile 2 (3.8) 214 207 (53-794)
FFQ Quartile 3 (7.6) 204 208 (62-1004)
FFQ Quartile 4 (14.5) 215 294 (90-1047)
Pitrend’ <0.001

T Kruskal Wallis test used to compare differences.

Results of correlation analysis between reported consumption of whole grain
foods and total plasma concentrations of alkylrecorcinols were also significant
(r=0.26 P <0.001).

5.6 Dietary intake

Although the assessment of overall diet was not one of the main aims of the
present thesis, additional information on the median consumption of food from
different food groups in early pregnancy is provided in this chapter.

The comparison of reported weekly intake of foods groups between the women
who were later diagnosed with GDM and those who were not is shown in table
1.

The main differences observed when comparing intake frequency between the
groups, are regarding consumption of fatty fish, fruit juice, coffee and
wholegrains. The women who were later diagnosed with GDM reported a
significantly lower intake frequency for these food groups. Intake frequencies of
skimmed milk as well as beans, nuts and seeds were also significantly different
between the groups, with a tendency of frequency being skewed towards a
lower intake among the women later diagnosed with GDM. The medians,
however, were the same for both groups.
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Reported intake of omega-3 supplements and vegetable oil for cooking also
tended to be lower for the women later diagnosed with GDM, with differences
being close to significance.

Table 11. Reported weekly median intake of foods groups for women with and without
GDM.

FFQ, frequency per week® Non-GDM (n = GDM (n = 123) p?
724)

Fish, fatty 0.5 (0.1-1.0) 0.1 (0.1-1.0) <0.01
Fish, lean 1.0 (0.1-2.5) 1.0 (0.1-2.5) 0.39
Omega-3 supplements 1.0 (0.3-14.7) 0.3 (0.3-10.9) 0.09
Red meat 1.0 (0.1-2.5) 1.0 (0.1-2.5) 0.94
Poultry 1.0 (0.1-2.5) 1.0 (0.1-2.5) 0.41
Processed meat 0.5 (0.1-2.5) 0.5 (0.1-1.3) 0.39
Whole milk 0.1(0.1-5.0) 0.1(0.17.0) 0.68
Low fat milk 1.0 (0.27.1) 0.6 (0.214.1)  0.55
Skimmed milk 0.2 (0.2-1.7) 0.2 (0.2-1.7) 0.02
Sour dairy 2.5 (0.17.0) 2.5 (0.17.0) 0.18
Cheese 5.0 (1.0-14.0) 5.0 (1.0-14.0) 0.1
Butter on bread 5.0 (0.5-14.0) 5.0 (0.37.0) 0.42
Butter for cooking 1.0 (0.1-5.0) 2.5(0.1-5.4) 0.76
Vegetable oil for cooking 5.0 (1.0-7.0) 2.5(0.37.0) 0.07
French fries and chips 0.5 (0.32.5) 0.5 (0.12.5) 0.53
Cakes, sweets, Ice cream 3.5 (1.0-8.0) 3.0(0.67.5 0.1
and cookies
Soft drinks 1.5 (0.2:7.1) 2.6(0.210.8)  0.44
Fruit juice 1.0 (0.1-7.0) 0.5 (0.1-7.0) 0.01
Coffee 0.5 (0.10-14.0) 0.1(0.17.0) 0.01
Fruits and vegetables 14.0 (5.0-39.0) 14.0 (3.4-39.0) 0.12
Beans, nuts and seeds 0.5 (0.1-5.0) 0.5 (0.1-2.5) 0.01
Whole grain products 6.0 (1.2-15.0) 4.0 (0.5-19.2) <0.01
White bread 2.5 (0.1-7.0) 2.5(0.17.0) 0.97

'Data presented as medians and percentiles (10th—90th).

2Differences between Non-GDM and GDM using the Mann—Whitney U test for two

independent samples.

FFQ information on intake is missing for 6 participants.

FFQ: Food frequency questionnaire. GDM: Gestational diabetes mellitus.
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6 Discussion

6.1 GDM diagnoses and Characteristics

The rate of women diagnosed with GDM in our cohort was 14.9% which can be
considered fairly high when compared to a worldwide estimate of 10.6% when
only using the IADPSG criteria which is used in Iceland [51]. This rate is however
similar fo those seen in previous Icelandic studies such as 11.8 - 16% [154, 155].
When comparing characteristics between the women who were and were not
diagnosed with GDM we saw some differences between the groups. The women
who were diagnosed with GDM were older, had on average a higher BMI and a
higher rate of family history of diabetes. These are all known risk factors for
GDM. However, gestational weight gain for the women diagnosed with GDM
was lower overall as well as weight gain per week. This is to be expected since
the women diagnosed with GDM tended to have a higher BMI and
recommended gestational weight gain is based on BMI ranges.

The guidelines from the Institute of Medicine recommend a certain range of
optimal GWG based on four classes of pre-pregnancy BMI (underweight, normal
weight, overweight and obese) [156]. According to the guidelines, women with
a higher pre-pregnancy BMI should gain less weight than those with a lower BMI.
In Iceland the GWG recommendations used by the maternal healthcare [157] are
based on a cohort from 1998 and are divided to two BMI classes, where
underweight/normal weight women should aim at a weight gain of 12-18 kg
[148, 158], which is a broader range than proposed by the IOM (11.5-16 kg).
According to the Icelandic recommendations an optimal weight gain of
overweight/obese women is considered to be 7-12 kg, whereas the Institute of
medicine recommends a weight gain of 7—11.5kg for overweight women and 5-
9 kg for those who are obese.

6.2 Paper I: Vitamin D

The first aim of this thesis was to assess the vitamin D status of pregnant women
in Iceland early in pregnancy and its associations with dietary and supplemental
intake as well as gestational diabetes.

In this study, the vitamin D status of pregnant women in Iceland was studied for
the first time. The results indicated that approximately one-third of the pregnant
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women had S-250HD concentrations below adequate levels during the first
trimester of pregnancy, despite taking vitamin D supplements regularly.

Overall, most of the women (70%) had 250HD levels that are considered
sufficient (=50 nmol/L). However, 25% had concentrations considered
insufficient (30—49.9 nmol/L) and 5% had deficient concentrations (<30
nmol/L). Interestingly approximately 24% of the women who reported taking
vitamin D supplements daily were among those classified as having insufficient
vitamin D. Some of these women used multivitamin supplements that contain
about 5—10 pg of vitamin D, which does not meet the recommended daily intake
of 15 pg [18, 19].

Therefore, it is possible that the women were not taking enough vitamin D, or
that the women only recently began taking vitamin D supplements. This could
imply that they already had low concentrations of 250HD when they became
pregnant. Since the recommended intake of vitamin D is not meant to correct
deficiency [159, 160], it may be necessary for vitamin D-deficient women to
temporarily take higher dosages to correct a previous deficiency. A practical
method used to calculate the dose of vitamin D required to correct vitamin D
deficiency in individuals was developed by Van Groningen et al. [161].
According to this method, if a woman (72 kg) is taking 10 pg of vitamin D and
has a 250HD concentration of 24 nmol/L prior to pregnancy, it would take her
over 6 months to reach the sufficient concentration of 50 nmol/L. Thus, if the
goal was to reach this concentration of 250HD before week 20 of pregnancy,
the dose would need to be up to 45 pg/day. In response to these results, the
Icelandic Directorate of Health has now updated its guidelines regarding vitamin
D during pregnancy. Women who have not taken vitamin D supplements prior to
pregnancy are recommended to take supplements containing 25—50 pg daily
for a few weeks [162].

We found no significant difference in vitamin D status between women with and
without later GDM diagnoses. Moreover, we found no significant relationship
between low vitamin D levels in early pregnancy and the increased risk of GDM.
The proportion of women with vitamin D deficiency (S-250HD <30 nmol/L) was
relatively low in our cohort, and the number of women taking vitamin D-
containing supplements might have been higher in this study compared to
previous studies (data is not always shown). Clinical trials on vitamin D
supplementation in GDM patients have yielded unclear results [163], however a
recent meta-analysis has shown that vitamin D supplementation in women with
GDM could lead to improved glycaemic control [122]. Notably, researchers
have identified several possible factors that might lead to misleading results. For
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example, low vitamin D concentration might not be a contributing factor to GDM
since it might be causal the other way around. Also, this could be due to the
study design, whether the subjects were at high risk for developing GDM or
whether they were vitamin D deficient at baseline. Doses, supplementation
periods and methods to assess serum 250HD can also vary since the
measurements are done at different weeks of gestation. In some studies, all
participants were supplemented with vitamin D due to ethical reasons, which can
affect the results [164-166]. The fact that 250HD levels were measured during
the first trimester and that most GDM diagnoses occur during the second
trimester may also be a factor in our study. Since some of the women may have
recently started taking vitamin D (recommended during the first maternal care
visit), they may have had higher levels of 250HD at the time of the OGTT.

6.3 Paper IlI: Alkylresorcinols and whole grains

The second aim of this thesis was to explore the associations between whole
grain intake early in pregnancy and later gestational diabetes mellitus diagnoses
by utilising plasma alkylresorcinol concentrations as well as the results of an FFQ.

We used a novel objective method to measure whole grain consumption during
early pregnancy. To the best of our knowledge, ours is the first study to
investigate the association between AR concentrations and GDM. Similarly, we
found that the frequency of whole grain consumption was lower in women who
were later diagnosed with GDM compared to the women without GDM.

We reported that women with greater consumption of whole grains in early
pregnancy reflected a higher plasma concentration of AR and had a decreased
risk of developing GDM. Furthermore, we observed a significant decrease in
GDM risk with higher AR levels. Several factors affect GDM risk, such as age,
ethnicity, smoking and family history of GDM [167]. However, obesity in
pregnancy and suboptimal nutrition are also associated with GDM risk [8].
Therefore, our results emphasise the importance of further investigating the
impact that diet can have on GDM risk.

Whole grain foods contain all parts of the grain and thus provide more nutrients,
fibre and phytochemicals than refined grains [168]. A whole grain-rich diet can
result in increased satiety, a slower digestion transit time, increased gut health
and a slower glycaemic response [124]. Dietary patterns that contain whole
grains have repeatedly been presented as possible means of GDM prevention
[13, 15, 126]. GDM has been associated with increased pro inflammatory
cytokines and lower levels of anti-inflammatory adiponectin which can lead to IR
and damaged B cells [169, 170]. Previous studies have suggested that women
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who are diagnosed with GDM may have entered pregnancy with some level of
insulin resistance and P cell dysfunction, making it difficult for them to handle the
metabolic changes brought on by pregnancy [171]. Inflammation and oxidative
stress are interconnected, as inflammation can cause oxidative stress and
oxidative stress can induce inflammation [172]. Several nutrients have been
presented as beneficial in lowering oxidative stress, such as selenium, vitamins
E, - C, - D, omega-3 fatty acids and plant flavonoids [172]. It has been suggested
that a diet rich with micronutrients may lower the risk of GDM, as the nutrients
provide a positive protective effect [173]. Several healthy dietary patterns have
been associated with a decreased risk of GDM. These dietary patterns usually
consist of foods such as vegetables, fruits, whole grains, fish and a decreased
consumption of red- and processed meat [171]. Most of these recommended
healthy foods are nutrient dense foods containing fibre, vitamins, micronutrients,
antioxidants and phenolic compounds [171]. The combination of these factors
may promote health and protect against free radicals and oxidative stress [171].
A meta-analysis showed that an increased intake of fibre rich foods resulted in
lowered blood lipids, - inflammation and improved glycaemic control [174]. It
was also suggested that increasing the daily intake of fibre of about 15 - 35 g,
could be an important part of dietary management for people with diabetes
[174].

In contrast, the consumption of refined grains has been linked to a greater risk of
metabolic syndrome and increased adiposity in adults [7, 175], as well as an
increased risk of GDM [13]. Therefore, increasing whole grain consumption
during pregnancy is a modifiable factor that could benefit both the mother and
her offspring.

In a recent pregnancy cohort (2013/2014) in Iceland, only 20% of the women
reportedly reached the recommended minimum of 25 g/day of fibre (34). In our
study, only approximately 15% of the women adhered to the food-based dietary
guidelines (FBDG) for whole grains, which recommends two portions daily,
while 29% consumed at least one portion of whole grains daily. Use of the same
diet screening questionnaire as that utilised in the previous PREWICE study
found that the rate of women reaching a minimum whole grain consumption of
two portions daily to be 9%. This indicates that whole grain consumption might
have increased somewhat among pregnant women in Iceland since 2016 [11].
This positive change may stem from the increased availability of whole grain
breads and other whole grain food sources in Iceland.

The AR homologue elimination half-life is approximately 5 hours [176]. However,
since the absorption halflife of AR is approximately 3—5 hours, plasma
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concentrations remain more stable than expected. During interventions where
whole grains rich in AR were consumed regularly, the fasting plasma AR
concentrations had similar variations within and between individuals [177]. In
normal conditions where AR was measured 1 month to 3 years apart, the intra-
class correlation was 0.4—0.6 [89-91]. This suggests that an AR measurement in
a single plasma sample can provide a fair estimate of an individual's AR
concentrations—and thus their average longterm whole grain consumption.
Moreover, several studies have shown positive correlations between estimated
whole grain wheat and rye consumption in adults and plasma AR concentrations
(r=0.3-0.6) [92], suggesting that AR are valid as biomarkers of whole grain
wheat and rye consumption in those with stable and frequent whole grain
consumption.

However, since the participants were not fasting in our study, the median tofal
plasma AR was high in our cohort in comparison to a similar study on pregnant
women in Singapore. In that study, the fasting median was extremely low (9
nmol/L). To our knowledge, this is the only other study that has measured AR in
pregnant women; however, it did not investigate associations with GDM risk
[70]. Usually, when diets are whole grain-free under controlled circumstances in
non-pregnant studies, the fasting median is below 60 nmol [178]. For instance,
the fasting medians for total AR were 20 nmol/L in an elderly US cohort [179],
43 nmol/L in a Scandinavian cohort [71] and 87.7 nmol/L in the WHOLE heart
study [180].

Previous non-pregnancy studies that have used AR concentrations to investigate
associations between whole grains and T2D have shown conflicting results. One
Scandinavian cohort study found no associations between total AR concentrations
and diabetes risk in men and women but suggested that a higher ratio of rye to
wheat—as measured by the plasma C17:0/C21:0 homologue ratio—was
associated with a lower T2D risk [71]. In contrast, another study showed results
similar to ours, with an inverse association between an AR metabolite and T2D
risk [88]. To the best of our knowledge, ours is the first study to investigate the
association between AR concentrations and GDM.

The ratio of the ARs C17/C21 has previously been used to determine whether
the dietary source of whole grains is more wheat- or rye-based. The calculated
median ratio of C17/C21 in our cohort was 0.09 (0.03—0.27), suggesting that
the whole grain origin is more likely to be increasingly wheat-based for the
women in PREWICE Il since the ratio is closer to 0.1 [87].
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6.4 Paper lll: Fatty acids and GDM

The third aim of this thesis was to determine fatty acid concentrations of pregnant
women in early pregnancy and explore associations with GDM diagnoses later.

We reported both total and relative concentrations of all FA subgroups and
stratified our FA results by BMI, a process that, to our knowledge, has not been
previously done in a pregnancy cohort. Our findings suggest that plasma FA
profiles in early pregnancy are different for women later diagnosed with GDM
when compared to those who were not, independent of the women’s BMI.

We found that women who were later diagnosed with GDM had a higher
concentration of total plasma FAs, total MUFA and MUFA ratios, as well as lower
PUFA n-6 ratios in early pregnancy independent of the women’s BMI, when
compared to women who remained free of GDM. The fact that stratifying by BMI
did not alter our results is important to note because obesity, IR and fatty acid
profiles in GDM are strongly interrelated [97]. In most previous studies
regarding FA profiles in pregnancy, FA analysis was performed either during or
after GDM diagnoses [97]. The results of these studies indicated that SFA
concentrations were higher in women diagnosed with GDM when compared to
controls and that PUFA n-6 and PUFA n-3 concentrations were lower in women
with GDM [97]. Similarly, a recent meta-analysis reported higher tofal
concentrations of FFAs in the second and third trimesters in women with GDM
when compared to women without GDM, and those concentrations decreased as
pregnancy progressed [134].

The few studies that have investigated FA in early pregnancy as we did showed
similar results to ours: a higher concentration of total SFA [141, 144, 181] and
MUFA [144, 181] as well as PUFA n-6 [143] and PUFA n-3 [181] in women who
were later diagnosed with GDM compared to those who were not. However,
some studies reported lower PUFA n-6 [144, 181] and PUFA n-3 [143, 144, 182]
concentrations in women who later received a GDM diagnosis.

These results suggest that fatty acid biomarkers in early pregnancy may predict
GDM. However, further studies are required to confirm this hypothesis. FA
profiles have been proposed as a means of predicting later T2D diagnosis in
non-pregnant populations, where higher relative concentrations of FFA [183],
PUFA n-6 [100], MUFA [100, 183] and SFA [100, 183] have been associated
with an increased risk of impaired glucose tolerance and T2D risk. These studies
have reported similar results to those observed for circulating FA in the pregnant
population in our study.
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FA concentrations are influenced by differences in the intake or absorption of
both carbohydrates and fat [97]. Plasma MUFA and SFA concentrations represent
both dietary intake and synthesis since FAs can be endogenously synthesised,
mainly from carbohydrates (lipogenesis) [98, 99]. Lipogenesis is stimulated by
insulin and suppressed by hormones glucagon and adrenaline. Some studies
have suggested that higher free FA can alter insulin signalling, secretion and
glucose production [184, 185]. An abnormal increase of insulin in the blood may
thus lead to higher FA concentrations and vice versa. Red- and processed meat
contains saturated fat, cholesterol, heme-iron and nitrosamines, and sometimes
trans-fat, which have all been associated with increased oxidative stress, B cells
damage. insulin resistance and a higher GDM risk [16, 171]. A high intake of
meat has also previously been associated with insulin resistance and T2D [16].
Saturated fat can induce insulin resistance as the accumulation of lipids may
possibly lead to inflammation resulting in diabetes development [186]. Higher
dietary MUFA intake has on the other hand been shown to decrease insulin
resistance [186] and higher intake of fish has been inversely associated with
GDM risk, possibly as a result of inflammation inhibition [16].

The women who were not diagnosed with GDM tended to have better diet
quality in early pregnancy. It remains unclear how differences found in food
consumption in the first trimester between women with and without GDM
diagnoses, might be reflected in the plasma FA profile. It could have been
expected to see a difference in EPA and DHA concentrations between the two
groups because women who later were diagnosed with GDM had a less frequent
intake of both fatty fish and omega-3 supplements. However, since FA can be
synthesised endogenously from excess carbohydrates, the overall quality of the
diet—including carbohydrate quality and the amount consumed—might explain
some of the differences observed in FA concentration between the two groups,
overall carbohydrate quality being one [11, 28, 36].

6.5 Results of the dietary screening questionnaire

The fourth aim of this thesis was to compare results of the use the short diet
screening questionnaire to results of related biomarkers.

Throughout all of the papers presented in this thesis, we have compared the
results of the PREWICE Il diet screening questionnaire to the results of
biochemical analyses of Vitamin D, whole grains and alkylresorcinols, as well as
plasma FAs. A previous paper from the PREWICE Il study group additionally
investigated results regarding the dietary intake of iodine and its biochemical
analysis [34]. In that paper the median of Urinary lodine Concentrations
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increased along with higher frequency of dairy intake, ranging from a median of
55pg/L for women who reported consuming dairy products <1 time per week to
124pg g/L in the group who reported consuming dairy products >2 times per
day (p for trend <0.01) [34].

Dietfary intake of the most common omega-3-containing foods and supplements
was reflected in EPA and DHA plasma levels, apart from a popular Icelandic
maternal multivitamin that should contain omega-3. This may be due to
insufficient absorption since the omega-3 FA were in the form of ethyl esters,
which have been associated with decreased uptake [187]. The multivitamin also
contains other nutrients that might interfere with FA uptake.

The median intake of lean fish was approximately once weekly, whilst fatty fish
was consumed approximately once monthly. There was a positive correlation
between the intake of lean and fatty fish. Overall, approximately half of the
women were taking omega-3 containing supplements daily. These results
indicate that many pregnant women in Iceland do not have a sufficient intake of
long chain omega-3 FA. This suggests a need to obtain information regarding
fish consumption in early pregnancy to evaluate whether omega 3 supplements
are required.

For vitamin D, we saw an increase in S-250HD concentrations along with higher
reported intake frequencies of vitamin D containing supplements. The intake also
correlated positively with S-250HD (r=0.31, p<0.001), which is considered an
average correlation for dietary data [72, 76]. However, we do not have
information on quantity of supplementation and supplements do provide varying
amounts of vitamin D. Vitamin D is also derived from alternative sources besides
supplements such as vitamin fortified foods and sun exposure [72].

Regarding whole grain intake, we saw that the median concentrations of total AR
were significantly higher in the women who reported a more frequent
consumption of whole grains. The correlation between all reported consumption
of whole grains and AR was r=0.26 P <0.001, which is considered below
average [72, 76]. These low correlation values may be explained by the women
reporting all whole grain consumption and AR concentrations represent mostly
whole grains from wheat and rye [86]. This excludes other dietary sources of
whole grains such as oats, brown rice, quinoa etc. Concentrations of AR also
represent recent whole grain intake while the diet screening questionnaire is
based on intake during the previous month [87].

Our findings indicate that the diet screening questionnaire used in our study is a
tool that can be used to estimate the dietary and nutrient intake of pregnant
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women as a means of identifying women in need of dietary intervention.
Therefore, our findings have provided important insights into the existing gaps in
maternal nutrition and may help to guide maternal care, hopefully resulting in
more healthy pregnancies. This was the ultimate aim of the PREWICE diet
screening questionnaire. Fortunately, following these results indicating its use as
a clinical screening tool, the Icelandic health care system is working on
incorporating it into the website National Citizen Health Portal (Heilsuvera) in
Iceland [188]. The portal is a centralized web-application where all citizens have
secure, digital access to their own health information (e.g., maternal records)
and official eHealth services currently available in the country. When completed,
it will be made available to midwives for use in maternal care. To begin with, the
diet screening questionnaire will aim to identify factors associated with the risk of
nutrient deficiency or excessive intake. However, in the future, the hope is to
incorporate the means of identifying overall dietary patterns associated with the
risk of GDM and excessive weight gain. This would provide a great opportunity
to investigate the effects of dietary intervention during pregnancy based on
dietary patterns.

By changing in utero exposure, such as by aiming for optimal maternal nutrition
and recommended weight gain levels, it may be possible to minimise the risk of
adverse metabolic programming [189]. Our overall results underline the
importance of assessing dietary intake during early pregnancy to identify which
women require dietary counselling. This illustrates the importance of introducing
prevention strategies during pregnancy to reduce the future risk to offspring [5].
Early diefary interventions could be beneficial in reducing unfavourable
outcomes during pregnancy [190] and increasing diet variety [191]. Some
intervention studies have also reported a decrease in GDM rates in addition to
improved maternal and neonatal outcomes [192]. However, approaches to
prevent GDM are still needed [193]. Many previous interventions during
pregnancy have recruited participants based on their BMI. However, not all
women with a higher BMI have low diet quality [28]. By using the diet screening
questionnaire to screen for pregnancy diet quality first and foremost, it may be
possible to recruit participants in true need of intervention. This method could
determine whether providing dietary intervention during pregnancy has a
positive effect on the GDM rate when compared to standard maternal care.
Since Iceland is a small country with established and frequently used prenatal
care, we believe that it is a suitable place to test the feasibility of diet screening
and inferventions in early pregnancy.

Screening diets using the questionnaire provides an opportunity to identify the
women in need of improved diet and vitamin D status.
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6.6 Diet during pregnancy in Iceland

Both the Icelandic dietary guidelines and the specific guidelines for diet during
pregnancy emphasize the importance of taking vitamin D supplements [19, 150].
Despite this, there were 104 women (11%) in this cohort who were not taking any
vitamin D supplements. Many of the women who reported taking vitamin D
supplements also demonstrated surprisingly low concentrations of S-250HD,
suggesting that they may not be meeting their requirements or have started
taking the supplements recently. This suggests that the message regarding the
importance of vitamin D supplements is not reaching everyone successfully,
which needs to be addressed. Vitamin-D is important for calcium uptake and
dietary sources are limited to fatty fish, egg yolks and some fortified foods [106].

Overall, the women’s adherence to dietary recommendations regarding whole
grains, unsaturated fats and fish was inadequate. In total, 85.1% (n = 726), of the
women were not adhering to the recommended consumption of two portions of
whole grains daily. Even though this is a high rate, consumption of whole grains
does appear to be greater when compared to results from PREWICE | (2015-
2016)[194]. There the median weekly intake of whole grains was 2.8 times/week
in PREWICE | to 5.6 times/week in our study. This is a positive change which
could possibly be explained by an increase in availability of wholegrain breads
and other wholegrain products in Iceland. However, this is still a low rate,
especially when considering the vast nutritional and health benefits that the
consumption of these foods provides in pregnancy [71].

The use of vegetable oil for cooking also appears to have increased since 2015-
2016 going from a median of 2.5 times/week to 5.0 times/week in 2017-2018.
Only 35% of the women consumed fish at least twice a week (as recommended)
[18, 19] and they were more likely to have lean fish as opposed to fatty fish.
However, there was a correlation between the intake of lean and fatty fish.
Therefore, it was likely the same women who were consuming both fatty and lean
fish. The median fish intake was 1.3 times per week, which is very similar to
results from previous Icelandic studies [12, 194], suggesting that consumption of
fish has not increased over the past decade. Fish is one of the main dietary
sources of long chain omega-3 FA and has few dietary alternatives. However, the
internal synthesis of EPA and DHA from ALA is possible [195]. This process
requires enzymes to elongate ALA from 18:3 into 20:5 (EPA), which can
subsequently be elongated to 22:6 (DHA) [196]. This process can be affected by
several factors, such as the dietary intake of fat, genetics, age and health status
[197]. Overall, it does appear that the amount of ALA elongated into DHA is
quite limited [130, 198].
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Overall, 50% of the women used supplements containing omega-3 FA daily,
which was reflected in their plasma levels. However, of the 554 women (65%)
who were not eating fish at least twice per week, only approximately half were
taking any supplements containing omega-3. Fish and dairy are the main dietary
sources of iodine in Iceland. Therefore, pregnant women are recommended to
ensure regular consumption of these foods. Substituting these with seaweed or
seaweed containing supplements is not recommended as they may confain
harmful substances for the fetus [18]. Omega-3 fatty acids are necessary for all
individuals but during pregnancy the need for DHA is especially important for
the normal development of the child’s nervous system. To meet this requirement
the pregnant women are recommended to consume fatty fand lean fish weekly.
Alternatively the women could supplement with cod liver oil daily, to meet the
need for DHA which is estimated at 200 mg per day [18]. These results indicate
that many pregnant women in Iceland do not have an intake of long omega-3 FA
that can be considered sufficient. This suggests the need to obtfain information
regarding fish consumption in early pregnancy to evaluate whether omega-3
supplements are required. It also appears to be important to consider the form
of recommended omega-3 supplements.

When we compared dietary intake of foods groups between the women who
were later diagnosed with GDM and those who were not we saw few
differences. The main differences observed are regarding consumption of fafty
fish, fruit juice, coffee and whole grains. The women who were later diagnosed
with GDM reported a significantly lower intake frequency for these food groups.
Intake frequencies of skimmed milk as well as beans, nuts and seeds were also
significantly different between the groups, with a tendency of frequency being
skewed towards a lower intake among the women later diagnosed with GDM.
The medians, however, were the same for both groups. Reported intake of
omega-3 supplements and vegetable oil for cooking also tended to be lower for
the women later diagnosed with GDM, with differences being close to
significance.

Interestingly, four of the food groups that women, who were not diagnosed with
GDM, consumed more of (fish, coffee, vegetable oil, nuts and seeds) were also
part of an Icelandic prudent dietary pattern associated with a decreased risk of
GDM [28]. This prudent pattern also confains breakfast cereals and pasta/cous
cous, without discerning between whole grain versions or not.
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6.7 Strengths and limitations

The main strengths of the study this thesis is based on are that it features a large
sample size, high participation rate and data that were collected prospectively.
Results are based on a combination of objective biochemical analysis and a
subjective questionnaire.

In the current study, vitamin D status of pregnant women in Iceland was studied
for the first time. Therefore, it has provided important new information. Further
strengths include our use of a novel objective method to measure whole grain
consumption and analysis of plasma FA during early pregnancy. We reported
both total and relative concentrations of all FA subgroups and stratified our FA
results by BMI, a process that, to our knowledge, has not been previously
performed in a pregnancy cohort.

Recruitment was limited to the capital of Iceland (Reykjavik), which might be
considered a limitation. However, according to Statistics Iceland, approximately
70% of all women in Iceland live in the capital area. However, we cannot
exclude the possibility that the dietary and supplemental intake of women living
outside the capital area could be different from those who could participate in
the study.

The limitations regarding blood samples are that the women were not fasting at
the time of sampling. This factor, as well as the time of day and individual
absorption, may have affected the results of biochemical analyses. However, we
assessed the rate of women later diagnosed with GDM based on whether they
participated in the morning or afternoon, and the rates were similar. Other
limitations are that we did not have information on physical activity nor exact
information on the date of GDM diagnosis.
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7 Conclusion

Previous results suggest that there is a potential nutritional risk in part of the
pregnant population and that the nutritional quality of diet during pregnancy in
Iceland can be greatly improved. In our studies we have provided valuable
information on early pregnancy dietary intake, nutritional status, and associations
to risk of gestational diabetes. Approximately one third of pregnant women in
Iceland have vitamin-D concentrations below adequate levels during the first
trimester of pregnancy, indicating that necessary actions must be taken to
remedy this. The findings also suggest that increasing the overall nutritional
quality of the diet, especially regarding wholegrain intake, during pregnancy
may lower the risk of gestational diabetes. In our study of early pregnancy
plasma fatty acids, a difference in the fatty acid profile for the women who were
diagnosed with gestational diabetes later in pregnancy was observed,
independent of the women’s body mass index. This suggests that fafty acid
profiles could be a possible gestational diabetes predicter, although this requires
further research. Overall intake of fish was low and about half of the women
were not faking any omega-3 containing supplements daily. These results
indicate that many pregnant women in Iceland do not have a sufficient intake of
long omega-3 FA. This suggests a need for obtfaining information regarding fish
consumption in early pregnancy fo evaluate if omega-3 supplements are
required. Our findings also indicate that the diet screening questionnaire used in
our study, is a tool that can be used to estimate food consumption of selected
food groups and intake of specific nutrients during pregnancy. Its use may
therefore indicate those women who need dietary intervention. These findings
have therefore provided important information into the existing gaps of maternal
nutrition and may contribute a tool to guide maternal care.
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Popular scientific summary

» Vitamin D supplementation is encouraged by the Icelandic authorities and was quite widespread
(80%) in the population studied.

» Approximately one-third of this cohort reported S-250HD concentrations below adequate levels
(< 50 nmol/L) during the first trimester of pregnancy.

* No clear association was seen between vitamin D status and GDM in the population studied.

Abstract

Background: Vitamin D deficiency has been associated with an increased risk of gestational diabetes mellitus
(GDM), one of the most common pregnancy complications. The vitamin D status has never previously been
studied in pregnant women in Iceland.

Objective: The aim of this research study was to evaluate the vitamin D status of an Icelandic cohort of preg-
nant women and the association between the vitamin D status and the GDM incidence.

Design: Subjects included pregnant women (rn = 938) who attended their first ultrasound appointment, during
gestational weeks 11-14, between October 2017 and March 2018. The use of supplements containing vitamin
D over the previous 3 months, height, pre-pregnancy weight, and social status were assessed using a question-
naire, and blood samples were drawn for analyzing the serum 25-hydroxyvitamin D (250HD) concentration.
Information regarding the incidence of GDM later in pregnancy was collected from medical records.

Results: The mean * standard deviation of the serum 250HD (S-250HD) concentration in this cohort was
63+24 nmol/L. The proportion of women with an S-250HD concentration of > 50 nmol/L (which is consid-
ered adequate) was 70%, whereas 25% had concentrations between 30 and 49.9 nmol/L (insufficient) and 5%
had concentrations < 30 nmol/L (deficient). The majority of women (n = 766, 82%) used supplements con-
taining vitamin D on a daily basis. A gradual decrease in the proportion of women diagnosed with GDM was
reported with increasing S-25OHD concentrations, going from 17.8% in the group with S-250HD concentra-
tions < 30 nmol/L to 12.8% in the group with S-250HD concentrations 275 nmol/L; however, the association
was not significant (P for trend = 0.11).

Conclusion: Approximately one-third of this cohort had S-250HD concentrations below adequate levels
(< 50 nmol/L) during the first trimester of pregnancy, which may suggest that necessary action must be taken
to increase their vitamin D levels. No clear association was observed between the vitamin D status and GDM
in this study.
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itamin D deficiency or insufficiency during preg-
s / nancy is believed to be a common problem re-
ported worldwide (1). However, the vitamin D
status of pregnant women has never been studied in Ice-
land. In countries that receive limited sunshine, such as
Iceland, vitamin D formation in the skin can be very lim-
ited, especially during the winter months (from October
to March) (2, 3). A very few natural sources of vitamin D
exist, and all Icelanders are, therefore, encouraged to con-
sume vitamin D in the form of supplements or cod liver
oil, especially during the winter season (4).

Although the most well-established role of vitamin D
involves the control of blood calcium concentrations and
the maintenance of healthy bones (5), vitamin D defi-
ciency has also been associated with several other condi-
tions and diseases, including gestational diabetes mellitus
(GDM) (1, 6). The mechanisms that underlie this asso-
ciation are not fully understood and are thought to be
manifold (7). Vitamin D receptors are expressed by many
different cells, including muscle cells and pancreatic beta
cells (8), and may influence glucose metabolism, insulin
secretion, and insulin resistance (9, 10). Studies that have
investigated the association between the vitamin D sta-
tus and the increased gestational diabetes risk have been
somewhat conflicting, with some studies showing that vi-
tamin D is associated with an increased risk of GDM,
and others reporting no relationship between these two
factors (11).

The primary aim of this study was to assess the vitamin
D status of pregnant women in Iceland and to determine
whether the intake of dietary supplements containing
vitamin D was associated with 25-hydroxyvitamin D
(250HD) concentrations in the serum. The secondary
aim of this study was to investigate the association be-
tween the vitamin D status and the gestational diabetes
incidence.

Methods

Subjects

All women who visited the Prenatal Diagnostic Unit at
Landspitali National University Hospital, Reykjavik,
Iceland during gestational weeks 11-14, between 2 Oc-
tober 2017 and 28 March 2018, were invited to partici-
pate in this study. During the study period (6 months),
1,684 women were scheduled to undergo their first ultra-
sound screening at Landspitali, corresponding to approx-
imately 77% of the total pregnant population in Iceland.
Of these 1,684 women, 244 women (15%) were excluded
from the study because they did not speak Icelandic and
could, therefore, not respond to the questionnaire. Other
exclusion criteria included women outside of the ges-
tational weeks 11-14 defined in this study, women who
failed to appear at their scheduled appointment times,

(page number not for citation purpose)

and women who experienced miscarriage, which resulted
in the exclusion of an additional 90 women. Of the re-
maining 1,350 women deemed to be eligible for participa-
tion, 329 declined to participate for various reasons. Of
the 1,015 women who were enrolled in this study, blood
samples were obtained from 942 women. Information re-
garding GDM diagnosis later in pregnancy was retrieved
from the medical records of 837 women who also had
their blood drawn for the assessment of vitamin D status.
The study was approved by the National Bioethics Com-
mittee and the Medical Directorate of Landspitali Uni-
versity Hospital. Written informed consent was obtained
from all participants.

Assessment of vitamin D status

Blood samples were obtained from subjects during ges-
tational weeks 11-14. Serum samples were stored at
—80°C until analysis of serum 250HD (S-250HD)
concentration using an electrochemiluminescence im-
munoassay at the Clinical Core Laboratory, Landspitali
University Hospital, which was performed during spring
2019. Control samples, which are measured daily by the
laboratory, have shown that the CV% of this analysis
method is approximately 4-5%. S-250HD concentrations
> 50 nmol/L were considered adequate, 30-49.9 nmol/L
were considered insufficient, and < 30 nmol/L was defined
as deficient (2, 5). We also report the number and rate of
women with S-250HD concentrations > 75 nmol/L, as no
consensus exists regarding optimal S-250HD levels, and
some researchers use a cut-off value of 75 nmol/L as an
indicator of adequate vitamin D status (12, 13).

Dietary and supplement intake and background variables
Women who agreed to participate in this study answered
a questionnaire presented in an electronic format. The
questionnaire included questions regarding background
information, including maternal age, education, smoking
habits, parity, nausea in pregnancy, pre-pregnancy weight,
and height. Information regarding weight and height was
used to calculate the pre-pregnancy body mass index
(BMI, in kg/m?). BMI < 18.5 kg/m? was defined as under-
weight, 18.5-24.9 kg/m? as normal weight, 25-29.9 kg/m?
as overweight, and > 30.0 kg/m? as obese.

Supplement intake during the previous 3 months
(starting at approximately the onset of pregnancy) was
assessed by a short food frequency questionnaire (FFQ),
which included questions regarding the frequency of cod
liver oil (a traditional source of vitamin D in Iceland),
vitamin D supplement, and multivitamin consumption.
Information regarding the consumption of other po-
tential dietary sources of vitamin D, such as vitamin D-
enriched milk and oily fish, was also assessed through the
FFQ. The development of the FFQ has previously been
described in detail (14-16).
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Information regarding the occurrence of GDM was re-
trieved from maternal hospital records (ICD-10 codes
024.4 and 024.9, but 024.9 is used at Landspitali GDM
treated with medications). The criteria for GDM diag-
noses were based on the recommendations of the 2010
International Association of Diabetes and Pregnancy
Study Groups (IADPSG) Consensus Panel (17). Other
information gathered from medical records included
gestational age, family history of diabetes mellitus, and
measured weight at the first and last maternal care visits,
and were used to calculate the total weight gain during
pregnancy.

Statistical analysis

Data from the dietary questionnaire and maternal hos-
pital records were entered in SPSS (IBM SPSS Statistics,
version 26), where all statistical analysis was conducted.
Data are expressed as mean * standard deviation (SD) for
normally distributed variables and as the median and inter-
quartile range (IQR) for skewed variables. Dichotomous
variables are reported as frequencies and percentages (%o).
For continuous variables, an independent sample T-test
was used to formally test the significance of differences
between the two groups of normally distributed variables,
and the Mann-Whitney U test was used to assess the dif-
ferences among skewed variables. The Chi-square test was
used to test differences in dichotomous variables across
groups.

Logistic regression analysis was used to examine as-
sociations between categories of S-250HD status (< 30,
30-49.9, 50-74.9, and > 75 nmol/L) and GDM occur-
rence. The results are presented as odds ratios (ORs) with
95% confidence intervals (95% Cls), both before and after
adjustment for covariates, using the deficient S-25SOHD
status (< 30 nmol/L) as the reference category. The co-
variates included in our adjusted models were maternal
age, pre-pregnancy BMI, parity, and smoking during
pregnancy. As a formal test for an association, we used
the Chi-square test by modeling categorical variables as
continuous terms in the regression model and using the
median S-250HD value for each category. P < 0.05 was
considered to be statistically significant. All reported
P-values are two-sided.

Results

The characteristics of the study participants are presented
in Table 1, both for the whole cohort and for subgroups
of women with and without a later GDM diagnosis.
Maternal age was 25-34 years for 66% of cases, and the
median (IQR) pre-pregnancy BMI was 24.4 (6.3) kg/m?.
Approximately 93% of participants were married or lived
with a partner. Women who later developed GDM were
more likely to be primi/multiparous and had higher
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pre-pregnancy BMI [median (IQR) 26.6 (8.8) kg/m? vs.
24.2 (5.9) kg/m?] but lower gestational weight gain [mean
(SD) 9.7 (6.1) kg vs. 12.7 (5.2) kg] than those who did not
develop GDM. No association was found between the vi-
tamin D status and BMI or social status, other than mar-
ital status. Single mothers tended to have lower S-25SOHD
concentrations than married or partnered mothers (P <
0.05).

Table 2 shows the vitamin D status of the whole cohort,
as well as the use of vitamin D supplements. The propor-
tion of women with S-250HD concentrations > 50 nmol/L
(adequate) was 70%, whereas 25% of them had S-250HD
concentrations of 30-49.9 nmol/L (insufficient) and 5%
had concentrations < 30 nmol/L (deficient). The majority
of women (n = 766, 82%) who consumed supplements of
vitamin D daily had a mean + SD S-250HD concentra-
tion of 66 * 24 nmol/L. Interestingly, approximately 24%
of women who took vitamin D supplements daily were
classified as having an insufficient vitamin D level (< 50
nmol/L). Women who reported never using vitamin D
supplements (n = 104, 11%) had a mean + SD S-250HD
concentration of 45 + 18 nmol/L. In this group, approx-
imately 66% of women were defined as having an insuffi-
cient S-250HD concentration (< 50 nmol/L), including
18% who were defined as deficient (< 30 nmol/L). Both
non-users and irregular users of vitamin D supplements
had significantly reduced S-250HD concentrations com-
pared with those taking daily supplements containing
vitamin D (P < 0.01). A majority of the women (89%)
who had sufficient vitamin D status (> 50 nmol/L) used
vitamin D supplements on a daily basis.

The amounts of vitamin D found in the most com-
monly used supplements available in Icelandic markets
are shown in Supplementary file. The number (%) of sub-
jects taking various daily supplements containing vitamin
D, their 250HD concentrations, and the number (%) of
subjects categorized as having deficient (< 30 nmol/L), in-
sufficient (< 50 nmol/L), and sufficient (> 50 nmol/L) vita-
min D status are also shown in the same Supplementary
file. Relatively few women used vitamin D (1 pg/100 g)
enriched milk daily (n = 100). A large majority of women
who consumed vitamin D-enriched milk daily also con-
sumed daily supplements containing vitamin D (n = 81).
The average frequency of oily fish consumption was <
0.5 times per week. The consumption of neither vitamin
D-enriched milk nor oily fish was associated with vitamin
D status.

Medical records were obtained for 837 women, includ-
ing 126 women (15%), who were eventually diagnosed
with GDM (Table 3). The mean = SD S-250HD concen-
tration of the GDM group was 60 * 24 nmol/L, compared
with 63 * 24 nmol/L in the non-GDM group (P > 0.05).
Approximately 35% of subjects with GDM and 30% of
non-GDM subjects had S-25SOHD concentrations < 50
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Tuble 1. Characteristics of the subjects divided according to the diagnosis of gestational diabetes

Characteristics All (n=938) GDM (n = 126) Non-GDM (n =711) Pa
Maternal age (year),n (%) n % n % n % 0.06°
18-24 144 15.3 14 1.1 114 16.0
25-29 341 36.2 48 38.1 261 36.7
30-34 281 29.8 33 26.2 218 30.7
35-39 138 14.6 24 19.0 95 13.4
40-45 27 29 7 5.6 19 2.7
Parity, n (%) 0.03°
Nulliparous 411 43.6 51 40.5 316 44.4
Primi/multiparous 524 55.6 73 57.9 394 55.4
Marital status, n (%) 0.76°
Married/cohabitant 874 92.7 106 95.1 661 95.0
Single 42 4.5 6 4.9 35 5.0
Smoking in pregnancy, n (%) 43 4.6 7 5.6 31 44 0.12°
Education level, n (%) 0.34
Less than elementary school 5 0.5 0 0.0 5 0.7
Elementary school 104 11.0 16 12.9 73 10.3
High school and technical school 273 29.0 38 30.6 208 29.3
Bachelor’s degree 317 249 35 28.2 257 362
Master’s or doctorate degree 235 249 35 28.2 167 235
Height (cm), mean + SD 167.5+7.4 168.1 +5.2 167.3+78 0.34¢
Pre-pregnancy weight (kg), mean + SD 723+ 157 792+ 19.0 71.3+15.0 <0.01¢
Pre-pregnancy body mass index (BMI), median (IQR) 244 6.3 26.5 88 242 59 <0.01¢
Pre-pregnancy BMI (groups), n (%) <0.01°
<18.5 kg/m? 18 1.9 2 1.6 13 1.8
18.5-24.99 kg/m? 498 529 50 41.0 388 55.0
25-29.99 kg/m? 240 255 30 24.6 186 26.4
>30 kg/m? 171 18.2 40 328 118 16.7
Gestational weight gain (kg), mean + SD 123+ 6.9 9.7 6.1 127 £52 <0.01¢
Gestational week at delivery, median (interquartile range) 39.7 33 39.6 23 399 2.7 0.76°
Family history of type 2 diabetes, n (%) I 1.2 2 1.8 6 1.0 <0.01°
Missing data in the total group: maternal age n = 7; height n = 7; pre-pregnancy weight n = | |; pre-pregnancy BMI n = | |; pre-pregnancy BMI (groups)
n = | |;parity n = 3; marital status n = 22; prenatal smoking n = 8; education level n = 4. Information on GDM diagnosis was available for 837 subjects.

*Differences between GDM and non-GDM.
®Chi-square test for differences among groups.
“T-test for differences among groups.
9Mann-Whitney U test for difference among groups.

Table 2. S-250HD concentration (nmol/L) in all subjects (n = 938) and according to the use of supplements containing vitamin D (n = 935)

n mean + SD <30 nmol/L 30-49.9 nmol/L  50-74.9 nmol/L > 75 nmol/L

n % n % n % n %
All subjects 938 63.0+244 51 54 234 249 398 42.4 255 272
Not taking any supplements containing vitamin D 104 446+ 175 19 18.3 50 48.1 29 27.9 6 5.8
Irregular use of supplements containing vitamin D* 65 55.1 £21.1 6 9.2 24 36.9 25 385 10 15.4
Daily vitamin D supplementation 766  65.9 +24.1 26 34 160 20.9 342 44.6 238 311

*Subjects reporting use of vitamin D supplements from -2 times per month up to 4-6 times per week.

nmol/L. A gradual decrease in the proportion of women the group with S-25OHD concentrations > 75 nmol/L (P
diagnosed with GDM was found to occur with increasing for trend = 0.17). After adjustment for covariates, as pre-
S-250HD concentrations, going from 17.8% in the group sented in Table 3, the association was somewhat strength-

with S-250HD concentrations < 30 nmol/L to 12.8% in ened but remained non-significant (P = 0.11). The OR
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Tuble 3. Vitamin D status in subjects who later were diagnosed with gestational diabetes mellitus (n = 126) or not (total number of subjects

included in the analysis n = 837)

Serum 250HD (nmol/L)

P for trend®

<30 30-49.9 50-74.9 >75
No cases (%)/n 8 (17.8%)/45 36 (17.2%)/209 53 (14.9%)/356 29 (12.8%)/227

Unadjusted OR (95% Cl) 1.00 0.96 (0.41,2.24) 081 (0.36, 1.83) 0.68 (0.29, 1.60) 017
Adjusted OR (95% CI)* 1.00 0.90 (0.38,2.12) 0.77 (0.33,1.76) 0.60 (0.25, 1.45) 011

2Chi-square test.

Adjusted for maternal age, parity and maternal pre-pregnancy body mass index, and smoking during pregnancy.

for GDM among women with S-250HD concentrations
> 75 nmol/L compared with those with S-25OHD concen-
trations < 30 nmol/L was 0.60 (95%CI: 0.25, 1.45).

Discussion

In this study, 70% of the women (n = 942) had S-250HD
concentrations > 50 nmol/L, which is considered ad-
equate. The remaining 30% had insufficient S-250HD
concentrations, with 25% presenting S-250HD concen-
trations between 30 and 49.9 nmol/L (insufficient) and
5% presenting S-250HD concentrations < 30 nmol/L
(deficient). Approximately 27% of the women had
S-250HD concentrations > 75 nmol/L. No clear asso-
ciation was observed between the vitamin D status and
GDM in this study.

A majority of subjects in this study (approximately
82%) used supplements containing vitamin D daily, in line
with guidelines established by Icelandic health authorities
(18). The frequency of vitamin D supplement intake in
Iceland appears to be higher in this study than has been
reported in other countries (19). The most common type
of vitamin D supplements used in this study included
vitamin D tablets (51%), whereas fewer than 20% of par-
ticipants reported using the traditional Icelandic source
of vitamin D, cod liver oil. A concerning finding was that
25% of those who claimed they used supplements daily
had inadequate vitamin D status. Some but not all of
these participants reported the use of multivitamin sup-
plements, which typically contain 5-10 pg (200-400 1U)
vitamin D in a daily dose. This dose is lower than the
current 15 pg/day (600 TU) recommended daily intake
(RDI) for adults, including pregnant women, established
by Icelandic health authorities (18). In comparison, most
single-nutrient vitamin D supplements available on the
Icelandic market contain 25-50 pg (1,000-2,000 IU)
vitamin D per daily serving. Some women may have only
recently begun to take supplements containing vitamin
D, and may have entered pregnancy with low S-250HD
concentrations. The RDI for vitamin D is the required
amount necessary to maintain an adequate vitamin D
status, and may not be high enough to correct an insuffi-
cient status (20, 21). Van Groningen et al. (22) developed
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a practical method for calculating the vitamin D dose re-
quired to rapidly correct vitamin D deficiency in individu-
als using the following equation to estimate the necessary
loading dose to increase vitamin D levels to 50 nmol/L:
dose (IU) = 40 x [50 — serum 25-OHD (nmol/L)] x [body
weight (kg)]. According to this equation, a 72-kg woman
with a pre-pregnancy S-250HD concentration of 24
nmol/L would require 6 months to achieve an S-250HD
concentration of 50 nmol/L when consuming 10 pg vita-
min D daily, which is the amount of vitamin D provided
in many of the most commonly used multivitamins on the
Icelandic market. If the goal is to achieve an S-250HD
concentration > 50 nmol/L before week 20, the dose would
need to be increased to as high as 45 pg/day (1,800 IU). In
a recent study, a dose of 30 pg/day (1,200 1U) was sug-
gested to be necessary to maintain a sufficient vitamin D
status (50 nmol/L) for the majority of pregnant, white-
skinned women at northern latitudes, which would also
maintain an umbilical cord S-250HD concentration of
> 25-30 nmol/L for almost all newborns (23). Other stud-
ies have suggested that doses greater than the current RDI
dose are necessary to maintain adequate vitamin D levels
in pregnancy (24-26).

Previous studies conducted to examine the associa-
tion between the vitamin D status and GDM risk have
reported somewhat conflicting results. Recent systematic
reviews and meta-analyses found a relationship between
low vitamin D status (insufficient or deficient) and an in-
creased risk of GDM (11-13, 27-29). These studies also
reported that vitamin D levels were lower in women with
GDM than in those with normal glucose levels. However,
in this study, no significant difference in vitamin D status
was observed between women who developed GDM later
in pregnancy and those who did not, and no significant
relationship was identified between low vitamin D levels
and an increased risk of GDM. The proportion of women
with vitamin D deficiency (S-250HD < 30 nmol/L) was
relatively low in our cohort, and the number of women
taking supplements containing vitamin D may have
been higher than in previous studies (these data are not
always reported). Clinical trials examining the effect of
vitamin D supplements on GDM patients have yielded
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unclear results (30). Researchers have identified several
possible factors that might confound results. For example,
low vitamin D concentrations might not be a contribut-
ing factor for GDM, or a causal relationship may exist
in the opposite direction. In addition, factors associated
with study design and whether the subjects were at high
risk of developing GDM or vitamin D deficiency at base-
line could also affect the outcomes. The supplementation
doses, supplementation periods, and methods used to
assess S-250HD concentrations can vary, and measure-
ments may be performed at different pregnancy stages.
In some studies, all participants were supplemented with
vitamin D for ethical reasons, which could also affect the
results (24, 31, 32).

The primary strengths of this study are the inclusion
of a large sample size and a high participation rate. Ac-
cording to Statistics Iceland, 2,188 infants were born in
Iceland between April 2018 and September 2018 (which
corresponds with the expected delivery dates for women
attending 11-14-week ultrasound examinations during
the study period). This study, therefore, includes 45% of
the total population of pregnant women in Iceland. One
of the limitations may be that recruitment was limited to
the capital of Reykjavik. According to Statistics Iceland,
approximately 70% of women in Iceland live in the capital
region. However, we cannot exclude the possibility that
the vitamin D status of women living outside the capital
area may be different from that of the women included in
this study. Furthermore, the number of women that were
excluded for not speaking Icelandic indicates the impor-
tance of including English versions of the questionnaires
for future studies performed in Iceland. The vitamin
D status of pregnant women in Iceland has never been
studied before; therefore, this study provides new and im-
portant information regarding the vitamin D status of
this sensitive group during the winter months when skin-
based vitamin D production is limited in Iceland due to
limited sunlight.

This study also features some limitations. Although
we obtained the estimated vitamin D levels from var-
ious types of supplements available on the Icelandic
market, additional details would be preferable, includ-
ing the total vitamin D intake from food. However, the
results of this study suggested that the contributions
of dietary vitamin D sources to total vitamin D intake
and status are minimal. Although the Roche method
used to analyze serum 250HD concentration in this
study has been successfully applied over the years, a re-
cent issue was identified that Roche has not yet been
able to solve, in which the method occasionally falsely
reports high measurements (33). Because of this issue,
vitamin D results are particularly closely monitored,
and all samples that report high levels are repeated for
confirmation.
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Conclusion

Vitamin D supplementation is encouraged by Icelandic
authorities and was widely used (approximately 80%)
in the studied population. However, approximately one-
third of our cohort had serum S-250HD concentrations
below adequate levels (< 50 nmol/L) during the first tri-
mester of pregnancy, which suggests the necessary actions
to increase vitamin D levels to be taken among this pop-
ulation. No clear association was observed between the
vitamin D status and GDM in this study.
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1 Supplement table 1. Number (%) of subjects taking different types of supplements containing

2 vitamin D daily, concentration of 250HD and number (%) of subjects defined with deficient,

3 insufficient, and sufficient vitamin D status.

Cod liver oil (15-20 pg Ds)* n (%)** 175 (18.7)
250HD nmol/L, mean + SD 66.1 +25.6
250HD <30 nmol/L, n (%) 4(2.3)
250HD 30-49.9 nmol/L, n (%) 39 (22.3)
250HD 50-74.9 nmol/L, n (%) 76 (43.2)
250HD 275 nmol/L, n (%) 56 (32.0)
Vitamin D supplement (25-50 ug D3)* n (%)** 477 (51.0)
250HD nmol/L, mean + SD 70.2+255
250HD <30 nmol/L, n (%) 12 (2.5)
250HD 30-49.9 nmol/L, n (%) 76 (15.9)
250HD 50-74.9 nmol/L, n (%) 211 (44.2)
250HD 275 nmol/L, n (%) 178 (37.3)
Omega-3 with vitamin D (20 pug Ds)* n (%)** 164 (17.5)
250HD nmol/L, mean + SD 65.4 +20.3
250HD <30 nmol/L, n (%) 4(2.5)
250HD 30-49.9 nmol/L, n (%) 28 (17.1)
250HD 50-74.9 nmol/L, n (%) 80 (48,8)
250HD 275 nmol/L, n (%) 52 (31.7)
Multivit with vitamin D (5-10 pg D3)* n (%)** 264 (28.2)
250HD nmol/L, mean + SD 62.5+235
250HD <30 nmol/L, n (%) 12 (4.5)
250HD 30-49.9 nmol/L, n (%) 71 (26.9)
250HD 50-74.9 nmol/L, n (%) 111 (42.0)
250HD 275 nmol/L, n (%) 70 (26.5)

4 *Vitamin D3 content of the most popular brands in each category, available in the Icelandic market.

5 ** Some subjects reported daily use of more than one product containing vitamin D.
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ABSTRACT

Background: A diet rich in whole grains may provide benefits for pregnant women due to whole grains’ high nutritional

value and dietary fiber content.

Objectives: To study the associations of whole-grain consumption, as well as the plasma alkylresorcinol concentration,

a whole-grain consumption biomarker, in early pregnancy with gestational diabetes mellitus (GDM) diagnoses.

Methods: Subjects were women from the prospective study Pregnant Women in Iceland Il (PREWICE II; n = 853)

who attended their ultrasound appointment in gestational weeks 11-14 during the period from October 2017 to March

2018. During that visit, whole-grain consumption was estimated using a diet screening questionnaire, and blood samples

were collected for analysis of plasma alkylresorcinols (ARs). Information on GDM diagnoses was later extracted from

medical records. Multivariate log-binomial regression was used to evaluate the association of dietary whole-grain and

AR concentrations with GDM.

Results: In total, 14.9% of the women adhered to the national food-based dietary guidelines (n = 127), which

recommend 2 portions of whole grains daily. GDM was diagnosed in 127 women (14.9%). The frequency of whole-

grain consumption was lower in women who were later diagnosed with GDM compared to the women without GDM

(median, 5 times/week vs. 6 times/week, respectively; P = 0.02). This difference was reflected in the lower median

concentration of total AR in women diagnosed with GDM (163 nmol/L vs. 209 nmol/L, respectively; P < 0.01). The
quartile with the highest concentrations of AR had a RR of 0.50 (95% CI: 0.27-0.90) of being diagnosed with GDM, in
comparison to the lowest quartile. There was a significant dose response in the GDM risk with higher AR levels.

Conclusions: \We found that a higher consumption of whole grains, reflected both by reported consumption according

to the FFQ and AR biomarkers, was associated with a decreased risk of receiving a GDM diagnosis. J Nutr2021;0:1-8.

Keywords: alkylresorcinol, biomarkers, pregnancy, whole grains, diet, gestational diabetes

Introduction

Gestational diabetes mellitus (GDM), a state of hyperglycemia
due to insulin resistance (1), is among the most common
complications diagnosed in pregnancy. It is associated with
several adverse outcomes for both mother and offspring (2-4).
The rates of GDM diagnoses differ among studies and have been
demonstrated to vary depending on populations and diagnostic
criteria (5, 6). Even though some level of insulin resistance is
a normal part of a pregnancy that plays a role in supplying

adequate nutrients to the fetus, it can progress to GDM in
many cases (3). This usually occurs between weeks 20 and 24 of
gestation, when the growing placenta produces higher levels of
hormones and the insulin resistance of the mother increases. The
result can be an increased flow of glucose across the placenta,
followed by a spike of insulin production in the fetus’ beta
cells. The resulting hyperinsulinemia in the fetus may lead to
excessive growth of fat and protein stores in late gestation.
Therefore, children of mothers with GDM are more likely to be
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born large for their gestational age (over the 90th percentile for
their gestational age) or macrosomic (>4000 g) (7, 8), which
increases the risk of further complications, such as shoulder
dystocia or caesarean section (7, 9, 10). Moreover, both the child
and the mother are at greater risk of developing type 2 diabetes
and cardiometabolic disorders later in life (1, 2, 9, 10).

Consumption of whole grains is recommended during preg-
nancy, as they provide more nutrients, fiber, and phytochemicals
than refined grains. Consumption of whole grains also leads to a
lower glycemic response than habitual consumption engenders,
which might reduce the risk of developing GDM (11); this
pattern is further supported by studies that demonstrate that
high whole-grain consumption is a central component of
healthy dietary patterns, which have been associated with GDM
prevention (12-14).

Obtaining reliable information on diet can be challenging
due to the fact that subjective methods, such as food records,
FFQs, or dietary recalls, are known to be prone to relatively
large measurement errors (15), while objective methods, which
incorporate analyses of blood or urine, are sometimes limited
due to cost and other factors, such as proper sample storage
(16). Additionally, estimating the correct portion size and type
of whole-grain consumption can prove to be a challenge due to
variance in food composition data and self-reporting errors (17,
18). Metabolomic studies, which identify biomarkers associated
with different food items (19, 20), are therefore valuable.
Alkylresorcinols (ARs) are an example of such biomarkers
for whole-grain consumption: they are phenolic compounds
that are found mostly in the bran of wheat and rye among
commonly consumed foods and are usually named based
on their chain length and saturation (21). ARs measured in
plasma samples have been demonstrated as a valid method by
which to reflect whole-grain wheat and rye consumption, with
sufficient validity and reproducibility to render the data useful
for epidemiological investigations (22, 23). The aim of this
study was to examine the associations between the frequency of
whole-grain consumption, as well as plasma AR concentrations
in early pregnancy, and the risk of developing GDM.

Methods
Subjects

All women who attended first trimester screenings, at 11-14 weeks of
gestation, at the Prenatal Diagnostic Unit at The National University
Hospital, Reykjavik, Iceland, during a 6-month period between October
2017 and March 2018 were invited to participate in the study
(Supplemental Figure 1). During the study period, 1684 women were
scheduled for first trimester screenings with ultrasounds and biomarker
measurements at Landspitali, which corresponded to approximately
77% of the pregnant population in Iceland. Of these 1684 women,
244 women (15%) were excluded from the study because they did not
speak Icelandic, and therefore could not fill out the questionnaire. Other
exclusion factors included not being within the 11-14-week pregnancy

This study was funded by the University of Iceland Research Fund and the
Science Fund of Landspitali University Hospital.

Author disclosures: The authors report no conflicts of interest.

Supplemental Figures 1 and 2 and Supplemental Tables 1-7 are available from
the “Supplementary data” link in the online posting of the article and from the
same link in the online table of contents at https://academic.oup.com/jn/.
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Abbreviations used: AR, alkylresorcinol; FBDG, food-based dietary guidelines;
GDM, gestational diabetes mellitus; IADPSG, The International Association of
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Iceland; T2D, type 2 diabetes.
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range, missing the scheduled appointment time, or miscarriage, which
in total excluded an additional 90 women. This left 1350 women
eligible to participate in the study. Of these, 128 women declined
due to personal time constraints, and 207 declined without further
explanation. Therefore, 75% of eligible women (n = 1015) agreed to
participate in the study. Blood samples for plasma AR concentrations
were provided by 954 of the 1015 participating women. We were only
able to gather information regarding GDM diagnoses for the women
who gave birth at Landspitali University hospital, or 84% of study
participants (7 = 853). When comparing characteristics between the
162 women with unavailable GDM data to our final cohort of 853
women (Supplemental Table 1), we found no significant differences
between the groups except in BMI, which was higher for the women
with unavailable GDM data. However, information on BMI was only
available for 52 of the 162 women with unavailable GDM data.

The study was approved by the National Bioethics Committee
(VSN-17-057-51) and the Medical Directorate of Landspitali University
Hospital (LSH 5-17). Written consent was obtained from the
participants.

Dietary intake and background

Subjects answered a short questionnaire in an electronic format on their
dietary intake (FFQ), maternal age, education, smoking habits, parity,
nausea in pregnancy, pre-pregnancy weight, and height.

The questionnaire was pilot tested in a group of 25 pregnant
women and compared with a 4-day weighed food record prior to its
use in Pregnant Women in Iceland I (PREWICE I; 2015-2016), with
acceptable correlations (Spearman’s correlation > +0.3) for most food
groups/items (24). A dose-dependent association has previously been
described in the present cohort between consumption of dairy (a main
source of dietary iodine in Iceland) and urine iodine concentration (25).

The FFQ assessed dietary habits through inquiring about the
frequency of consumption of 40 different food items and beverages,
as well as dietary supplement intake. The instructions were to record
dietary consumption reflecting the past 3 months (approximately from
the beginning of pregnancy). Women selected between 10 potential
frequency responses, ranging from “less than once a month” to “more
than 5 times a day.” The development of the FFQ has previously
been described in detail (24-26). The frequency responses for whole-
grain breads (labeled with the Nordic keyhole or similar labels, which
are most commonly whole wheat), rye breads, and other whole-grain
products (such as pasta, oatmeal, barley, and whole-grain products
other than bread) were used to categorize women to compare rates of
whole-grain consumption.

Information on GDM diagnoses, based on The International
Association of the Diabetes and Pregnancy Study Groups (IADPSG)
(27), was gathered from medical records. As it was not always obvious
in the records if the diagnoses were GDM A1 (controlled with diet) or
GDM A2 (medication needed), all diagnoses were combined (yes/no).
We also gathered information on height and measured weight at the
first and last maternal care visits, in addition to other visits. The
weight information was used to calculate total weight gain during
pregnancy. The number of weeks between visits was calculated based
on visitation dates, since the amount of time that passed between the
first and last maternal visits varied between women. Total weight gain
was subsequently divided by the number of weeks passed to acquire
information on the rate of weight gain per week. The pre-pregnancy
BMI (kg/m?) was calculated based upon self-reported pre-pregnancy
weight and height. A BMI <18.5 kg/m? was defined as underweight,
a BMI of 18.5-24.9 kg/m? was defined as normal weight, a BMI of 25~
29.9 kg/m? was defined as overweight, and a BMI >30.0 kg/m? was
defined as obese.

Measurement of plasma alkylresorcinols

The voluntary ultrasound assessment provided at Landspitali University
Hospital in weeks 11-14 involved blood samples for genetic testing.
At this assessment, an extra tube of blood was drawn from women
consenting to participate in the present study. Blood samples were
processed within 1 hour after collection to separate plasma from red
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TABLE 1 Characteristics of the women in Pregnant Women in Iceland Il that did or did not have gestational diabetes mellitus

All Non-GDM GDM

Characteristics n=853 n=726 n=121 P
Age,y 303+49 299+48 324455 <0.01
Pre-pregnancy BMI? kg/m? 25857 254 +54 284468 <0.01
Total weight gain,® kg 123 £55 128 £52 96 £6.1 <0.01
Weight gain,* kg/week 049402 0.50+0.2 039+02 <0.01
Parity,® %

0 44 45 41

1 36 35 40

>2 20 20 19 0.60
Education,® %

Elementary school 1 " 13

Technical/high school 30 29 31

University education 35 36 28

Higher academic 24 24 28 0.36
Marital status,” %

Married 24 23 26

Living together 7l 72 69

Single 5 5 5 0.77
Smoking.® %

Before pregnancy 14 14 17 0.39

During pregnancy 5 4 6 0.55

Family history of diabetes, yes,’ % 7 6 14 <0.01

Data are presented as means =+ SDs or ratios. Abbreviation: GDM, gestational diabetes mellitus.
'Differences between non-GDM and GDM using a t-test for equality of means and a Pearson'’s chi-squared test and the Mann-Whitney U test for 2 independent samples.

2Information on pre-pregnancy BMI is missing for 10 women.

3Information on weight gain is missing for 45 women. Total weight gain is the difference between the measured weights at the first and last maternal care visits.
“Weekly weight gain is the total weight gain divided by number of weeks between first and last maternal care visit.

5Information on parity is missing for 6 women.

Sinformation on education is missing for 5 women.

7Information on marital status is missing for 21 women.
8|nformation on smoking is missing for 6 women.

9Information on family history of diabetes is missing for 128 women.

blood cells and the buffy coat through centrifugation for 10 min. Plasma
was aliquoted into cryotubes and stored in a freezer at —80°C until
shipped for an AR analysis of homologues C17:0, C19:0, C21:0, C23:0,
and C25:0 at the Department of Biology and Biological Engineering,
Chalmers University of Technology, Gothenburg-Sweden. Plasma AR
concentrations were measured by using normal-phase LC-MS/MS, as
described elsewhere (28), with some modifications for instrumentation.
Briefly, 100 xL of plasma was loaded on HybridSPEPlus phospholipid
removal 96-well plates (Sigma-Aldrich) and recovered with acetone.
After evaporating and resuspending the eluted samples in heptane-
ethanol (95:5 volume/volume), extracts were transferred to chromato-
graphic vials and analyzed by LC-MS/MS (QTRAP 6500+, AB SCIEX).
Analytes were separated using a 50 x 2.1-mm amino column with
1.8-mm particles (Blue Orchid, Knauer) using a gradient program
with solvents A and B, which were, respectively, heptane and ethanol
(99.7%). The LC column was kept at 30°C. Ionization was conducted
using atmospheric pressure chemical ionization in positive mode.
Optimal conditions for the multiple reaction monitoring mode were set
for individual AR homologues. The method has been validated against
GC-MS, and results were found to be comparable (28). Quality control
samples were included in each batch to assess intra- and interbatch
variations, which were <15% for all homologues.

Statistical analysis

Data are presented as means and SDs for normally distributed variables
or medians and 10th-90th percentiles for skewed distributions. A
t-test for equality of means was used to compare the normally
distributed variables and a Pearson’s chi-squared test was used to
compare rates of dichotomous variables. The Mann-Whitney U test for
2 independent samples was used to compare differences for skewed
variables. Multivariate log-binomial regression [as implemented in

“proc genmod” in SAS (SAS Institute)] was used to evaluate the relative
risk of GDM across quartiles of dietary whole-grain consumption
and plasma AR concentrations. A P for trend was evaluated using
the median value in each quartile and modeling the whole grain
and plasma AR variables as continuous in the regression model.
Results from the regression model were presented as both crude
(univariate) and multivariate adjusted data. The covariates included
in our adjusted models were age, pre-pregnancy BMI kg/m?2, parity
(0, 1, and >2), maternal smoking during pregnancy, family history
of diabetes, reported intake of beans, nuts and seeds, fruit juice and
coffee. In cases when missing values for covariates were low (<5%),
missing values were imputed using the median or the most probable
value, which was the case for pre-pregnancy BMI. For family history
of diabetes (missing = 15%), missing values were accounted for using
a missing category for a covariate adjustment. The covariates included
in the adjusted models were selected a priori based on their potential
influence on GDM diagnoses. Both IBM Statistical Package for Social
Sciences (SPSS) for Windows, version 24.0, and SAS, version 9.2,
were used to analyze the data. The level of significance was accepted
as P < 0.05.

Results

The characteristics were summarized for all the participants
(Table 1). The mean age of all participants was 30 years,
and 44% were nulliparous. In total, 59% had a university-
level or higher academic education, and 14% smoked before
pregnancy. The rate of GDM was 14.9% (n = 127), and
the women in the GDM group were more likely to be older
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TABLE 2 \Vhole-grain and other carbohydrate-rich food consumption and plasma alkylresorcinol concentrations

Plasma AR nmol/L All Non-GDM GDM P
n=853 n=726 n=127

Alkylrecorcinols total 198 (59-795) 209 (62-804) 163 (44-577) <0.01
c17 8(2-42) 9(2-45) 5(1-27) <0.01
c19 49 (15-196) 52 (15-205) 38(10-128) <0.01
Cc21 85 (22-345) 90 (24-347) 67 (17-302) <0.01
C23 33(9-141) 34(10-145) 26 (7-105) 0.01
C25 18 (5-91) 19(5-100) 15 (4-67) 0.03
FFQ, frequency per week? n=2834 n=713 n=121

Whole grains® 5.8(1.2-15.1) 6.1(1.2-15.1) 5.1(0.7-19.4) 0.02
Cakes, sweets, ice cream, and cookies 35(1.0-7.5) 35(1.0-8.0) 3.3(0.8-7.5) 0.1
French fries and chips 0.5(0.3-2.5) 0.5(0.3-2.5) 0.5(0.1-2.5) 0.53
White bread 25(0.1-7.0) 25(0.1-7.0) 2.5(0.1-7.0) 0.62
Soft drinks* 2.0(0.2-7.5) 1.5(0.2-7.1) 26(0.2-12.8) 0.18
Fruit juice 1.0(0.1-7.0) 1.0(0.1-7.0) 0.5(0.1-7.0) 0.03
Beans, nuts, and seeds 0.5(0.1-5.0) 0.5(0.1-5.0) 0.5(0.1-2.5) 0.03
Vegetables and fruits 14 (5.0-39.0) 14.1(5.0-39.0) 14.0(3.5-39.0) 0.52
Fish, lean and fatty 1.3(0.4-3.0) 1.3(0.4-3.0) 1.1(0.2-3.4) 0.52
Processed meat 0.5(0.1-2.5) 0.5(0.1-2.5) 05(0.1-1.9) 0.16
Dairy® 10.5(1.5-25.1) 10.5(1.6-24.7) 10.7 (140-27.4) 0.99
Coffee 0.3(0.1-14.0) 0.5(0.1-14.0) 0.1(0.1-7.0) 0.03

Data are from weeks 11-14 of pregnancy in women in Pregnant Women in Iceland Il that did or did not have GDM. Data are presented as medians and percentiles (10th-90th).

Abbreviations: AR, alkylresorcinol; GDM, gestational diabetes mellitus.

'Differences between non-GDM and GDM data were calculated using the Mann-Whitney U test for 2 independent samples.

2FFQ information on intake is missing for 19 participants.

3Including whole-grain bread such as whole-wheat and rye bread, whole-grain pasta, oatmeal, barley, and other whole-grain products.

“With sugar or sweetener.
5Not including cheese.

and have a higher pre-pregnancy BMI. Women diagnosed with
GDM were more likely to be overweight or obese (74.8%)
compared to non-GDM women (43.0%). Information on pre-
pregnancy BMI was missing for 10 (7.9%) women with GDM.
The data on plasma AR concentrations are presented along
with the frequencies of consumption reported for whole-grain
products and several different food sources (Table 2). The AR
concentrations for all homologs were significantly lower among
women who had developed GDM, compared with those who
had not.

The proportion of pregnant women who reached the food-
based dietary guideline (FBDG) of consuming whole grain twice
a day was 14.9% (14.9% of non-GDM women and 15.0% of
GDM women). The frequency of whole-grain consumption in
weeks 11-14 of pregnancy was lower among women who were
diagnosed with GDM later in pregnancy than among non-GDM
women. The difference was mainly due to a lower consumption
of whole-grain breads among the GDM women (median 1.5
times/week vs. 2.6 times/week among non-GDM women).

The frequency of consumption of fruit juice, as well as coffee.
was significantly lower among women who had developed
GDM, while consumption of beans, nuts, and seeds was skewed
towards a higher consumption frequency among the non-GDM
women, though the medians were the same.

The associations between the frequencies of both whole-
grain consumption and AR concentrations with GDM, respec-
tively, were assessed in a multivariate model, adjusting for age,
pre-pregnancy BMI kg/m?, parity, education, smoking during
pregnancy, family history of diabetes, reported intake of beans,
nuts and seeds, fruit juice and coffee. Results are presented
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for unadjusted and adjusted models (Table 3). The median
for the frequency of whole-grain consumption was 7.8 times
per week in the highest quartile of AR concentrations and
3.6 times per week in the lowest quartile. The RR of being
diagnosed with GDM was 0.50 (95% CI: 0.27-0.90) lower
among individuals in the highest quartile compared with those
in the lowest quartile of plasma ARs (P-trend = 0.01).

For whole-grain consumption, similar risk estimates were
observed for both quartiles 3 and 4, where the 2 quartiles
with the highest frequency of whole-grain consumption were
significantly associated with a lower risk of being diagnosed
with GDM compared with the lowest quartile [RR = 0.47
(95% CI: 0.26-0.83) and RR = 0.48 (95% CI: 0.27-0.86)
respectively], and a test for dose response was significant (P-
trend > 0.01).

Associations between quartiles of individual plasma alkyl-
resorcinol homologs and GDM were additionally explored
(Supplemental Table 2). We also attempted to stratify the
GDM associations of quartiles of plasma alkylresorcinols and
FFQ reported weekly intake of whole grains with both age
(Supplemental Table 3) and BMI (Supplemental Table 4).We
further analyzed our model with the BMI from the first maternal
visit (clinically measured) as an adjustment factor instead of
the pre-pregnancy BMI (self-reported), and the results remained
unchanged (data not shown). We additionally explored associ-
ations of weight gain to GDM diagnoses (Supplemental Table
5), finding no significant associations between weight gain in
pregnancy and GDM diagnoses. In addition, the rates of GDM
diagnoses were similar for women who had blood drawn the
morning and afternoon (Supplemental Table 6).
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TABLE 3 Associations of quartiles of plasma alkylresorcinols and FFQ reported weekly consumption of whole grains with

gestational diabetes mellitus

Crude Adjusted'
Total plasma AR quartile,? (median, nmol/L), Cases, n(%)/total n RR (95% Cl) RR (95% CI)
n=853
AR, Quartile 1(66) 40(19.0)/210 1.00 1.00
AR, Quartile 2 (140) 36(17.0)/212 0.87(0.53,1.43) 1.00(0.59, 1.70)
AR, Quartile 3 (279) 30(13.8)/217 0.68(0.41,1.14) 0.71(0.41,1.23)
AR, Quartile 4 (706) 21(9.8)/214 0.46(0.26, 0.82) 0.50(0.27, 0.90)
P-trend 0.006 0.01
FFQ weekly whole grain consumption,® Cases, n(%)/total n RR (95% CI) RR (95% Cl)
(median, times/week), n = 834
FFQ, Quartile 1(1.2) 40(19.9)/201 1.00 1.00
FFQ, Quartile 2 (3.8) 31(145)/214 0.68(0.41,1.14) 0.71(0.41,1.22)
FFQ, Quartile 3 (7.6) 25(12.3)/204 0.56(0.33,0.97) 0.47(0.26,0.83)
FFQ, Quartile 4 (14.5) 25(11.6)/215 0.53(0.31,0.91) 0.48(0.27, 0.86)
P-trend 0.03 0.01

Abbreviation: GDM, gestational diabetes mellitus.

" Adjusted for age, pre-pregnancy BMI kg/m?, parity, smoking during pregnancy, family history of diabetes, and reported intakes of beans, nuts and seeds, fruit juice, and coffee.
2The medians of FFQ weekly whole-grain consumption for each AR quartile are: Q1 = 3.6, Q2 = 5.3, Q3 = 6.5, and Q4 = 78.

3FFQ data on whole-grain intake are missing for 19 women.

Discussion

In our study, we found that women who reported greater
consumption of whole grains in early pregnancy, reflected in
higher plasma concentrations of AR, had a decreased risk
of developing GDM. Furthermore, we observed a significant
decrease in the GDM risk with higher AR levels, emphasizing
the importance of further investigation into the impact of diet
on the GDM risk.

Several genetic and environmental factors, such as age,
ethnicity, and family history of diabetes (29), are thought to
affect a person’s risk of being diagnosed with GDM, but it
is clear that obesity in pregnancy and suboptimal nutrition
are strong indicators (3). Whole-grain foods contain all parts
of the grain, and therefore provide more nutrients, fiber, and
phytochemicals than refined grains (30). The positive effects
of a whole grain-rich diet include increased satiety, a slower
digestion transit time, increased gut health, and a slower
glycemic response (31). Dietary patterns that contain whole
grains have repeatedly been presented as possible means of
GDM prevention (12-14). Consumption of refined grains,
in contrast, has been linked to a greater risk for metabolic
syndrome and increased adiposity in adults (2, 32), as well as
to an increased risk of GDM (13). The literature regarding
the effects of refined-grain consumption during pregnancy
on offspring is limited; nevertheless, results from an animal
study suggest that refined carbohydrate exposure in utero may
predispose offspring to an obese phenotype (33). This was
supported by a study demonstrating that higher consumption
of refined carbohydrates during GDM pregnancies increased
the offspring’s risk of being overweight or obese at 7 years
old (2). Therefore, increasing whole-grain consumption during
pregnancy is a modifiable factor that could benefit both the
mother and her offspring.

In another recent pregnancy cohort (2013/2014) in Iceland,
only 20% of the women reportedly reached the recommended
minimum of 25 g/day of fiber (34). In our study, only about
15% of the women adhered to the FBDG for whole grains,
which recommends 2 portions daily, while 29% consumed at
least 1 portion of whole grains daily. Use of the same FFQ
as that utilized in a previous PREWICE study found the rate

of women reaching whole-grain consumption at least twice
daily to be 9%. This indicates that whole-grain consumption
might have increased somewhat among pregnant women in
Iceland since 2016 (26). This is a positive change that may stem
from the increased availability of whole-grain breads and other
whole-grain food sources in Iceland. However, this is still a low
rate, especially when considering the vast nutritional and health
benefits that consumption of these foods provides in pregnancy
(18, 35).

It is widely known that using a subjective method, such as
an FFQ, to acquire information on diet can result in errors,
since FFQs are usually meant to gather information regarding
diet over a long period, and answering them relies on both
memory and correct estimates of average intakes. In addition,
people may underreport consumption of foods thought to
be “undesirable,” and portion sizes are difficult to estimate
correctly (36). AR measurements have been presented as a
valid, objective method of measuring whole-grain consumption
(22, 23) and as a means by which to assess consumption in
populations that regularly eat whole grains (37).

The apparent elimination half-life of AR homologues is
about 5 hours (38). However, because the absorption half-life
of AR is about 3-5 hours, the plasma concentration remains
more stable than would be expected when solely considering the
apparent elimination half-life. Under intervention conditions
in which whole grains rich in AR were consumed regularly
during the day, the fasting plasma AR concentration showed
small variation (<30% within and between individuals) (39).
Under free-living conditions, the intra-class correlation of AR,
measured 1 month up to 3 years apart, was in the range 0.4-0.6
(37, 40, 41); this suggests that an AR measurement in a single
plasma sample provides a reasonable estimate of an individual’s
AR concentrations over time, which are related to average
long-term whole-grain consumption. Moreover, several studies
have shown good correlations between estimated whole-grain
wheat and rye consumption and plasma AR concentrations
in controlled whole-grain intervention studies and under free-
living conditions (range = 0.3-0.6) in adults (42), suggesting AR
measurements are valid as concentration biomarkers of whole-
grain wheat and rye consumption in populations with stable
and frequent whole-grain consumption.
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In our study, the participants were not fasting; as such,
the median total plasma AR concentration in our cohort was
fairly high compared to that of a similar study in pregnant
women in Singapore, in which the fasting median was extremely
low (9 nmol/L). This is, to our knowledge, the only other
study that measured AR concentrations in pregnant women,
although it did not investigate an association with GDM (17).
For comparison, when diets are free of whole grains under
controlled circumstances, the fasting median is usually below
60 nmol (43). In studies of nonpregnant participants, the fasting
medians for total AR concentrations have been presented as
20 nmol/L in an elderly US cohort (44), 43 nmol/L in a
Scandinavian cohort (18), and 87.7 nmol/L at baseline in the
WHOLE heart study (a wholegrain intervention study) (45). In
our study, the women were not fasting because that is not a
requirement during the routine checkup in pregnancy through
which we recruited participants for our study.

The few previous studies of nonpregnant participants that
used AR concentrations to investigate the associations between
whole-grain consumption and type 2 diabetes (T2D) have
shown conflicting results. One study found no associations
between total AR concentrations and diabetes risks in a
Scandinavian cohort of men and women, but suggested that
the increased ratio of rye to wheat, measured by the plasma
C17:0/C21:0 homologue ratio, was associated with a lowered
risk of developing T2D (18). A second study, in contrast,
demonstrated results similar to ours, with an inverse association
between a metabolite of AR (DHPPA) and T2D risk, as well as
an association between the AR metabolite and impaired glucose
regulation (46). To the best of our knowledge, ours is the first
study to investigate the association between AR concentrations
and GDM.

In our study, we observed similar results from both the FFQ
reported consumption and the AR concentration, suggesting
that the short FFQ may present reliable results. Additionally,
the AR concentrations mostly represent whole grains in the
form of wheat, rye, and barley, while the FFQ contains
information regarding consumption frequencies of other whole-
grain products as well, such as oatmeal, which may explain
some differences.

In our cohort, 127 women (14.9%) in total were diagnosed
with GDM, which is high in comparison to numbers seen in
most other Nordic countries, such as Sweden (1.4-2.6%) (47,
48), Denmark (2.3-2.9%) (49, 50), and Norway (5.2-7.4%)
(49, 51). However, in Finland, the rates seem higher (10.5-
11.3%) (51, 52), and are closer to the rates seen in Iceland
(11.8-16%) (53, 54). The diagnostic criteria do vary among
the Nordic countries and, according to a recent meta-analysis,
the worldwide GDM prevalence was estimated at 4.4% when
not discerning based upon population, diagnostic criteria, or
recruitment and was 10.6% when only using the IADPSG
criteria (utilized in Iceland) (55).

The strengths of our study include our use of a novel,
objective method to measure whole-grain consumption in
the pregnant female population, in addition to the usual
subjective methods of acquiring information on diet. Our study
also features a large sample size (853 pregnant women), a
high participation rate (75%), and data that were collected
prospectively. Another strength is that we explored associations
of both BMI (data not shown) and weight gain with GDM
(Supplemental Table 5), which are known risk factors for a
GDM diagnosis (56, 57). The limitations may stem from the fact
that even though AR measurements have been demonstrated
as valid for measuring whole-grain consumption (22, 23), AR
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does have a short to medium half-life (58). We realize that
the time of day during which the subjects were assessed, as
well as individual absorption, may affect results; the women
were not fasting when the blood sample was taken. However,
AR measurements have been presented as a reliable method
of gaining information on mean whole-grain consumption in
groups (22, 59), and a person eating whole-grain wheat or rye
regularly is likely to display high levels of AR (21). In addition,
the rates of GDM diagnoses were similar for women who
had blood drawn in the morning and afternoon (Supplemental
Figure 2).

Other limitations are that we did not have information on
physical activity and that AR measurements only represent
whole grains found in wheat and rye, meaning that the results
do not take into account consumption of whole-grain rice and
oats, for example. Despite this, we observed similar results
both for reported consumption of whole grains and for AR
concentrations, suggesting that this limitation did not affect our
results.

In conclusion, a higher reported consumption of whole
grains, also reflected by AR biomarkers, was associated with
a decreased risk of a GDM diagnosis.
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Supplemental Table 1. Characteristics of the women in PREWICEII compared those not
included due to unavailable data’.

Our cohort missing p
(n =853) (n=162)

Age, years 30.3+£49 29354 <0.27
BMI?, kg/m? 26.3+£5.5 289+7.1 <0.0°
Parity, %

0 44 39

1 36 34

>2 20 24 0.24
Education, %

Elementary school 11 13

Technical/High school 30 27

University education 35 28

Higher academic 24 28 0.79
Marital status, %

Married 24 22

Living together 71 69

Single 5 4 0.90
Smoking, %
before pregnancy  Yes 14 14 0.91
during pregnancy  Yes 5 4 0.95

! Data is presented as means + std. Deviation or ratios (%).

2 Information for BMI is missing for 32 participants in our cohort and 110 in the missing cohort
8 Comparing BMI for only 52 of the missing cohort to 821 in our cohort

BMI: Body mass index
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Supplemental Table 2. Associations between quartiles of plasma alkylresorcinol homologs and

GDM, respectively.

n =853 Crude Adjusted*
(n?:; aAn,Rntrir;'l'ﬁ_) Cases, n (%)ftotaln ~ RR (95% CI) RR (95% CI)
Q1 (L9) 41 (19.2)/213 100 - 100 -
Q2 (4.9) 41 (19.2)/213 1.00 (0.62, 1.62) 1.00 (0.59, 1.67)
Q3 (11.5) 27 (12.6)/214 0.61 (0.36, 1.03) 0.56 (0.32, 0.98)
Q4 (33.2) 18 (85)/213 0.39 (0.21, 70) 0.35 (0.19, 0.65)

P-trend

C19 AR Tertile
(median, nmol/L))
Q1 (15.9)
Q2 (33.0)
Q3 (69.6)
Q4 (171.2)
P-trend
C21 AR Tertile
(median, nmol/L)
Q1 (25.7)
Q2 (60.1)
Q3 (120.6)
Q4 (311.7)
P-trend

C23 AR Tertile
(median, nmol/L)
Q1 (10.5)
Q2 (24.2)
Q3 (44.7)
Q4 (123.5)
P-trend

C25 AR Tertile
(median, nmol/L)
Q1 (5.4)
Q2 (13.1)
Q3 (25.4)
Q4 (77.6)
P-trend

Cases, n (%)/total n

44 (20.7)/213
36 (16.9)/213
26 (12.1)/214
21 (9.9)/213

Cases, n (%)/total n

43 (20.2)/213
30 (14.1)/213
33 (15.4)/214
21 (9.9)/213

Cases, n (%)/total n

41 (19.2)/213
32 (15.0)/213
35 (16.4)/214
19 (8.9)/213

Cases, n (%)/total n

40 (18.8)/213
31 (14.6)/213
32 (15.0)/214
24 (11.3)/213

0.0006
RR (95% CI)

100 -
0.78 (0.48, 1.27)
0.53 (0.31, 0.90)
0.42 (0.24, 0.74)
0.003

RR (95% CI)

1.00 -
0.65 (0.39, 1.08)
0.72 (0.44, 1.19)
0.42 (0.25, 0.76)
0.009

RR (95% CI)

1.00 -
0.74 (0.45, 1.23)
0.82 (0.50, 1.35)
0.41 (0.23, 0.73)
0.004

RR (95% CI)

100 -

0.74 (0.44, 1.23)

0.76 (0.46, 1.27)

0.55 (0.32, 0.95)
0.06

0.0003
RR (95% CI)

1.00 -
0.82 (0.49, 1.38)
0.52 (0.30, 0.91)
0.43 (0.24, 0.77)
0.001

RR (95% CI)

1.00 -

0.75 (0.43, 1.28)

0.73 (0.43, 1.23)

0.46 (0.26, 0.84)
0.01

RR (95% CI)

1.00 -
0.80 (0.47, 1.38)
0.81 (0.48, 1.37)
0.42 (0.23, 0.77)
0.009

RR (95% CI)

1.00 -

0.71 (0.41, 1.23)

0.76 (0.45, 1.31)

0.53 (0.30, 0.95)
0.05

! Adjusted for age, pre-pregnancy BMI kg/m2, parity, smoking during pregnancy, family history of
diabetes, reported intake of beans, nuts and seeds, fruit juice and coffee.

BMI: Body mass index. Cl: Confidence Interval. GDM: Gestational diabetes mellitus.

RR: Relative Risk
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Supplemental Table 3. Associations of quartiles of plasma alkylresorcinols and FFQ reported
weekly intake of whole grains with GDM, stratified by age.

Age <30 years (n=401) crude adjusted’
TOt?'mpe'giS;‘f‘ nAn?o?/lf;mle Cases, n (%)/totaln ~ RR  (95% ClI) RR  (95% ClI)
AR-Quartile 1 (63) 14 (13.7)/102 1.00 - 1.00 :
AR-Quartile 2 (137) 13 (12.0)/108 0.86 (0.38, 1.93) 0.72 (0.31, 1.68)
AR-Quartile 3 (281) 11 (10.6)/104 0.74 (032, 1.73) 0.70 (0.32, 1.69)
AR-Quartile 4 (682) 8 (9.2)/87 0.64 (0.25, 1.60) 0.62 (0.23, 1.63)

P-trend

0.35

0.43

FFQ weekly wholegrain

consumption

(median, times/week)?

Cases, n (%)/total n

RR  (95% CI)

RR  (95% Cl)

FFQ Quartile 1 (1.2) 16 (15.5)/103 1.00 - 1.00 -
FFQ Quartile 2 (3.6) 15 (12.8)/117 0.80 (0.37, 1.71) 0.84 (0.37, 1.87)
FFQ Quartile 3 (7.6) 8 (10.5)/76 0.64 (0.26, 1.58) 0.49 (0.18, 1.31)
FFQ Quartile 4 (14.1) 7 (7.3)/96 0.43 (0.17, 1.09) 0.34 (0.12, 0.95)

P-trend

0.06

0.03

Age >30 years (n=452)

Total plasma AR quartile

(median, nmol/L)

Cases, n (%)/total n

RR  (95%CI)

RR  (95% Cl)

AR-Quartile 1 (68) 26 (24.1)/108 1.00 - 1.00 -
AR-Quartile 2 (142) 23 (22.1)/104 0.90 (0.47, 1.70) 1.02 (0.53, 1.98)
AR-Quartile 3 (278) 19 (16.8)/113 0.64 (0.33, 1.24) 0.67 (0.34, 1.33)
AR-Quartile 4 (713) 13 (10.2)/127 0.36 (0.17, 0.74) 0.43 (0.20, 0.91)

P-trend

0.004

0.01

FFQ weekly wholegrain

consumption

(median, times/week)?

Cases, n (%)/total n

RR  (95% Cl)

RR  (95% Cl)

FFQ Quartile 1 (1.4) 24 (24.5)/98 1.00 - 1.00 -
FFQ Quartile 2 (3.8) 16 (16.5)/97 0.61 (0.30, 1.24) 0.56 (0.27, 1.18)
FFQ Quartile 3 (7.6) 17 (13.3)/128 0.47 (0.24, 0.94) 0.47 (0.23, 0.96)
FFQ Quartile 4 (15.0) 18 (15.1)/119 0.55 (0.28, 1.09) 0.56 (0.27, 1.16)

P-trend

0.13

0.18

! Adjusted for pre-pregnancy BMI kg/m2, parity, smoking during pregnancy, family history of diabetes,
reported intake of beans, nuts and seeds, fruit juice and coffee.
2FFQ data on wholegrain intake is missing for 19 women.

BMI: Body mass index. CI: Confidence Interval. GDM: Gestational diabetes mellitus.

RR: Relative Risk.
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Supplemental Table 4. Associations of quartiles of plasma alkylresorcinols and FFQ reported
weekly intake of whole grains with GDM, stratified by BMI.

BMI <25 kg/m? n= 435

crude

adjusted?!

Total plasma AR quartile Cases, n
(mpedian, nmo?/L) (%)/total n RR (95%CI) RR(95%CI)
AR-Quartile 1 (64) 15 (15.0)/100 1.00 - 1.00 -
AR-Quartile 2 (140) 16 (13.9)/115 0.92 (0.43, 1.96) 0.96 (0.43, 2.11)
AR-Quartile 3 (265) 14 (12.2)/115 0.79 (0.36, 1.72) 0.75 (0.33, 1.63)
AR-Quartile 4 (686) 6 (4.9)/123 0.29 (0.11, 0.78) 0.25 (0.09, 0.69)
P-trend 0.009 0.004
FFQ weekly wholegrain Cases. n
consumption (%)/tO'[:’ﬂ n RR  (95% CI) RR  (95% CI)
(median, times/week)?
FFQ Quartile 1 (1.2) 16 (15.5)/103 1.00 - 1.00 -
FFQ Quartile 2 (3.8) 14 (12.8)/109 0.80 (0.37, 1.74) 0.79 (0.36, 1.75)
FFQ Quartile 3 (7.6) 8 (6.9)/116 0.40 (0.16, 0.99) 0.33(0.13,0.83)
FFQ-Quartile 4 (14.5) 10 (8.7)/115 0.52 (0.22, 1.20) 0.42 (0.17, 1.02)
P-trend 0.09 0.04
BMI >25 kg/m? n=396
Total plasma AR quartile Cases, n
(mpedian, nmo?/L) (%)/total n RR (95%CI) RR (35%CI)
AR-Quartile 1 (67) 25 (22.7)/110 1.00 - 1.00 -
AR-Quartile 2 (140) 20 (20.6)/97 0.88 (0.46, 1.72) 0.97 (0.48, 1.96)
AR-Quartile 3 (283) 16 (15.7)/102 0.63(0.32, 1.27) 0.66 (0.32, 1.39)
AR-Quartile 4 (721) 15 (16.5)/91 0.67 (0.33, 1.37) 0.86 (0.40, 1.79)
P-trend 0.27 0.64
FFQ weekly wholegrain Cases. n
consumption (%)/tot:al n RR  (95% ClI) RR  (95% CI)
(median, times/week)?
FFQ Quartile 1 (1.4) 24 (24.5)/98 1.00 - 1.00 -
FFQ Quartile 2 (3.8) 17 (16.2)/105 0.60 (0.30, 1.19) 0.60 (0.29, 1.26)
FFQ Quartile 3 (7.8) 17 (19.3)/88 0.74 (0.37, 1.49) 0.61 (0.29, 1.29)
FFQ-Quartile 4 (14.5) 15 (15.0)/100 0.54 (0.27,1.11) 0.51(0.24, 1.11)

P-trend

0.18

0.14

1Adjusted for parity, smoking during pregnancy, family history of diabetes, reported intake of beans,
nuts, and seeds, fruit juice and coffee.
2FFQ data on wholegrain intake is missing for 19 women.

Cl: Confidence Interval. GDM: Gestational diabetes mellitus. RR: Relative Risk.
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Supplemental Table 5. Associations of weight gain in pregnancy, according to IOM guidelines,

and GDM.
crude adjusted?

N=7952 Cases, n (%)/total n RR (95% CI) RR (95% CI)
ALL
GWG continuous (kg) 110 (13.8)/795 0.90 (0.86, 0.93) 0.91 (0.87, 0.95)
Recommended 32 (12.4)/259 1.61 (0.97, 2.67) 1.76 (1.03, 3.02)
Below 40 (18.5)/216 100 - 100 -
recommendations
Above 38 (11.9)/320 0.96 (0.58, 1.58) 0.63 (0.36, 1.09)
recommendations ' ’ DA ' D

P-trend?®

BMI>25 kg/m?
GWG continuous (kg)

Recommended

Below

recommendations

Above

recommendations
P-trend®

BMI<25 kg/m?
GWG continuous (kg)

Recommended

Below

recommendations

Above

recommendations
P-trend?®

67 (17.9)/374
21 (20.8)/101
17 (38.6)/44

29 (12.7)/229

43 (10.2)/421

11 (7.0)/158
23 (13.4)/172

9 (9.9)/91

0.03

0.88 (0.83, 0.93)
2.40 (1.11, 5.20)
.00 -

0.55 (0.30, 1.03)
<0.0001

0.92 (0.87, 0.98)

2.06 (0.97, 4.38)
100 -

1.47 (0.58, 3.69)
0.29

0.0006

0.89 (0.83, 0.95)
2.22 (0.94, 5.24)
1.00 -

0.48 (0.25, 0.95)
0.0003

0.93 (0.87, 0.99)

1.98 (0.92, 4.29)
100 -

1.64 (0.63, 4.28)
0.47

!Adjusted for pre-pregnancy BMI kg/m2, parity, smoking during pregnancy, family history of diabetes,
reported intake of beans, nuts and seeds, reported intake of fruit juice and reported intake of coffee.
2 Total of women with information on both pre-pregnancy BMI and total weight gain.

3 Chi-square test

CI: Confidence Interval. GDM: Gestational diabetes mellitus. GWG: Gestational weight gain. IOM:

Institute of medicine. RR: Relative Risk
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Supplemental Figure 2. Plasma total alkylresorcinol and time of participation. Simple

scatterplot of Log total alkylresorcinols and time of recruitment.
All women n:853

Spearman correlation between Total AR and time of participation 0.24

P-value <0.01
Non-GDM women n:726

Spearman correlation between Total AR and time of participation 0.241

P-value <0.01

GDM women n:127

Spearman correlation between Total AR and time of participation 0.242

P-value

<0.01
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Supplemental Table 6. Time of participation and GDM diagnoses

Before noon After noon Missing time info
n (%) n (%) n (%)
No GDM diagnoses 486 (85) 237 (86) 3(43)

GDM diagnoses 85 (15) 38 (14) 4 (57)
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Supplemental Table 7. Correlations of total plasma alkylresorcinol and FFQ reported whole
grain intake?.

n Spearman correlation P-value
All women 853/834 0.26 <0.01
726/713 0.25 <0.01
Non GDM women
127/121 0.33 <0.01

GDM women

L FFQ reported whole grain intake is missing for 19 women.
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ABSTRACT

Introduction Fatty acid (FA) concentrations have
previously been associated with gestational diabetes
mellitus (GDM). However, few studies on GDM have
examined FA profiles in early pregnancy or before
diagnosis. This study aimed to compare early pregnancy
plasma FA profiles of women with and without GDM
diagnoses as well as their reported dietary consumption.
Research design and methods The subjects comprised
853 women from the prospective study: Pregnant Women
in Iceland Il (PREWICE Il), attending their 11-14 weeks
ultrasound appointment in 2017—-2018. During the visit,
blood samples were collected for plasma FA analysis, and
dietary habits were assessed using a short food frequency
questionnaire. Information on GDM diagnoses was then
later extracted from medical records. Differences in FA
profile between GDM cases and non-cases were evaluated
using the Mann-Whitney U test.

Results GDM was diagnosed in 127 women (14.9%).
Concentrations of saturated fatty acids, monounsaturated
fatty acids, polyunsaturated fatty acids (PUFA) n-6,

PUFA n-3 and total FA were higher in the women who
later developed GDM compared with those who did not
(p<0.05). The medians for total FA were 2898 pg/mL for
the women with GDM and 2681 pg/mL for those without
GDM. Mean adjusted difference for total FA between the
groups was 133 pg/mL (95% Cl 33 to 233). Similar results
were observed in prepregnancy normal-weight women
and overweight women/women with obesity. Overall diet
quality in early pregnancy appeared to be lower among the
women later diagnosed with GDM.

Conclusion We found that plasma FA profiles in early
pregnancy were different for women later diagnosed with
GDM compared with those who were not, independent of
the women’s body mass index.

INTRODUCTION

Gestational diabetes mellitus (GDM) is one
of the most common pregnancy complica-
tions and a strong risk factor for later devel-
opment of type 2 diabetes (T2D).! Potential
risk factors for GDM include prepregnancy
overweight and obesity, age and unhealthy
dietary habits.? With respect to dietary fat
intake, high maternal intake of total fat,3 satu-
rated fatty acids (SFA) as well as cholesterol*

Significance of this study

What is already known about this subject?

» Fatty acid (FA) profiles have been associated with
gestational diabetes; however, most studies were
performed during or after gestational diabetes mel-
litus (GDM) diagnoses and few have additionally in-
vestigated dietary intake.

What are the new findings?

» Plasma FA profiles in early pregnancy were different
for women with and without GDM diagnoses later in
pregnancy.

» Differences in plasma FA profiles were independent
of the women’s body mass index.

» Women that were later diagnosed with GDM ap-
peared to have lower overall diet quality in early
pregnancy.

How might these results change the focus of

research or clinical practice?

» Further research is needed on early pregnancy FA
profiles as a predicter for GDM.

» Increased dietary quality during pregnancy should
be a clinical focus in GDM prevention.

have previously been associated with an
increased risk of GDM,3 % whereas intake of
polyunsaturated fatty acid (PUFA) and alpha-
linolenic acid (ALA) has been associated
with reduced risk.® Circulating FA can derive
from both dietary intake’ and catabolism or
endogenous synthesis, both of which being
partly influenced by glucose homeostasis.”
As an example, free fatty acid (FFA) levels
have been associated with altered secretion
of insulin as well as insulin resistance (IR),
which may progress to diabetes.”'?

In most previous studies on FA profiles in
pregnant cohorts, FA analysis was performed
during or after GDM diagnoses,'* whereas
few studies have investigated the FA profile
during the first trimester, before GDM diag-
noses.™'” Their results indicated that women
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1,684 women
scheduled for

screening
1_,350 334 excluded
eligible —————
women
l 335 declined
1,015 participated e
in PREWICE Il
954 101 GDM

provided blood
samples

I

Figure 1 Participant flow chart. GDM, gestational diabetes
mellitus; PREWICE I, Pregnant Women in Iceland II.

information not
available

853 present
study cohort

diagnosed later with GDM had higher total concentra-
tions of SFA,"'° MUFA,"” ' PUFA n-6'° and PUFA n-3"
and sometimes lower concentrations of PUFA n-6'>'° and
PUFA n-3.""7

Our aim was to investigate whether the total plasma
FA profile during the first trimester was associated with
increased odds of GDM diagnoses. Because overweight
and obesity can increase the risk of IR and GDM and is
associated with altered FA profiles,'”® we also stratified
our analysis according to pre-pregnancy body mass index
(BMI). Furthermore, self-reported dietary consumption
was also compared between the two groups of women.

SUBJECTS AND METHODS

Subjects

Between October 2017 and March 2018, all pregnant
women attending routine screening at gestational weeks
11-14 at the Prenatal Diagnostic Unit at The National
University Hospital (Reykjavik, Iceland) were invited to
become participants in the study. Of the 1684 women
scheduled for an appointment, 1350 were eligible by
being able to answer an Icelandic Food Frequency Ques-
tionnaire (FFQ) in addition to their gestational age
being between 11 and 14 weeks. Participant flow chart
is shown in figure 1. A total of 1015 women agreed to
participate (75%). Most of the women provided a blood
sample during this routine visit, at which time additional
tubes were drawn for the purpose of FA analysis. A total
of 954 participants provided a non-fasting blood sample.
We were able to acquire information on GDM diagnoses
from medical data for 853 of these women; hence, the

entire analysis consisted of 853 women or 84% of the
enrolled study participants. The source population and
cohort has been described in detail in previous publica-
1819

tions.

Dietary intake and characteristics
During recruitment, the participants answered a short
FFQ in electronic format on dietary intake, which also
contained questions on age, education, smoking, parity,
prepregnancy weight and height. The FFQ assessed the
frequency of consumption of 40 food items and beverages
and dietary supplement intake, requiring participants to
refer to their intake during the previous 3 months. The
women chose between 10 potential frequency responses
ranging from ‘less than once a month’ to ‘more than 5
times a day’. The FFQ development has previously been
described in detail.'® 22

In brief, the FFQ was pilot-tested and compared with
results from a 4-day weighed food record with accept-
able correlation for most food groups/items (Spear-
man’s correlation >0.3).%” Recent publications from our
PREWICE II study have described a dose-dependent
association between the consumption of dairy and
urine iodine concentration,' wholegrain consumption
and alkylresorcinol concentrations (a biomarker for
wholegrains)'? and reported intake of vitamin D supple-
ments and 25-OH-D in plasma.?

Measurement of plasma fatty acids in plasma
The voluntary blood samples provided at Landspi-
tali University Hospital in weeks 11-14 by consenting
participants were processed within 1 hour after collec-
tion to separate plasma from red blood cells and buffy
coat via centrifugation at 3000 rpm for 10 min. Plasma
was aliquoted into cryotubes and stored in a freezer at
-80°C until shipped for FA analysis at the Department of
Biology and Biological Engineering, Chalmers University
of Technology, Gothenburg, Sweden. The total plasma
fatty acid (FA) composition was determined according to
the method described by Stravik et al® which is a modi-
fication of the method described by Masood et al** In
total, 24 FA were quantified. An internal standard solu-
tion (100 pL of 0.1 mg C23:0 methyl ester/mL toluene)
was added to 50 pL of thawed plasma samples, and 1.8
mL of acetyl chloride-MeOH solution (10% (v/v) fort-
fied with butylated hydroxytoluene (2.78 pg/mL) was
added. Samples were incubated at 70°C for 60 min in a
water bath with shaking. Single extraction of fatty acid
methyl esters (FAMEs) was carried out by adding 1.5 mL
of hexane. The extraction solvent was evaporated using
a vacuum concentrator (125 mbar, 30°C, 30 min). FAME
was dissolved in 200 pL of hexane before injection into
the GC-FID for analysis. Two water blanks (Millipore-
purified water) and six quality controls (pooled plasma)
were prepared and run together with the study samples
for each batch of a maximum of 50 study samples.
FAMEs were separated using the GGC-FID system
(Thermo Scientific Focus GC, FID detector, Pal GC-xt
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autosampler, AD-100 H, generator and a MicroClip XT
hydrogen gas alert and a ZA 1500 zero air generator)
equipped with a Zebron ZB-FAME column (20 mx0.18
pm IDx0.15 pm). The oven program was as follows: initial
80°C with a 1.5 min hold; ramp: 40°C/min to 160°C,
5°C/min to 185°C with a 0 min hold and then 30°C/min
to 260°C with a 0 min hold. The instrumental condition
was as follows: nitrogen as the carrier gas, constant flow,
carrier flow 1.25 mL/min, Inlet temperature 260°C, split
flow 12.5 mL/min, split ratio: 15. Detector temperature
260°C. Gas flow: air 450 mL/min; hydrogen 35 mL/
min; makeup gas 10 mL/min. The injection volume was
1 pL. The concentration of FAs in samples was quanti-
fied against external standard calibrations made from
GLC-462 mixed FAMEs (Nu-Check Prep, Elysian, Minne-
sota, USA) dissolved in toluene. The external standard
included 24 FAMEs ranging from C12:0 to C24:1. An
equal amount of internal standard (C23:0 methyl ester)
was added to the external standards as added to the study
samples, and all analyte peaks were normalized with the
peak of the internal standard before calibration.

Gestational diabetes mellitus diagnoses
The GDM diagnoses are based on The International
Association of the Diabetes and Pregnancy Study Groups
(IADPSG) » During the first routine maternal care visit
in Iceland (around 10 weeks of pregnancy), women at
risk of developing GDM, based on age (=40 years), BMI
(=30 kg/mg), ethnicity and history of diabetes or macro-
somia (24500 g), are invited to provide a fasting blood
sample to measure fasting blood glucose. If results are
>5.1 mmol/L, the women are diagnosed with GDM or in
some cases T2D, if fasting blood sugar is >7 mmol/L or
hemoglobin Alc is 248 mmol/mol. The rate of women
diagnosed with GDM during this early selective screening
is unknown in Iceland. However, a study in France also
using selective screening and the IADPSG criteria
reported an early hyperglycemia rate of 2.3% in a cohort
of almost 800 000 women, corresponding to 26.9% of the
women diagnosed with hyperglycemia overall.?®

Later in pregnancy, usually at weeks 24-28, the women
considered at risk of GDM undergo a 2-hour oral glucose
tolerance test (OGTT). During the OGTT blood sugar
levels are measured during fasting, after 1 hour and
after the second hour.” Previously reported rates of
GDM diagnoses in Iceland have been in the range of
11.8%-16%.%* * Information on GDM diagnoses for this
study was gathered from medical records at the National
University Hospital. The records did not always differen-
tiate between early detected GDM, GDMA1 (controlled
with diet) or GDMA2 (medication needed); therefore,
the GDM diagnoses cover all categories.

Statistical analysis

Data are presented as means and SD for normally distrib-
uted variables or median and 10th-90th percentiles for
skewed distributions. A t-test for equality of means was
used to compare the normally distributed variables, and

Pearson’s 2 test was used to compare dichotomous vari-
ables. The Mann-Whitney U test for two independent
samples was used to compare differences for skewed
variables.

For classification of FA groups, the concentrations of
different types of FA were combined to determine the
total for SFA, MUFA, PUFA n-6, PUFA n-3 as well as
eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) especially. Ratios of individual and groups of FA
were calculated by dividing their concentration by the
total FA concentration.

The value for six of the FA was below the limit of quan-
tification in a few cases. For four of the FA 0.1%-0.2% of
the participants had levels below quantification, but for
myristoleate (14:1) the rate was 3% and for docosatetrae-
noic (22:4) it was 10%. Values below limit of quantifica-
tion were set to half of the lowest value quantified for an
FA in our data.

A linear regression model to compare means was used
to evaluate the adjusted difference in FA types, between
the women who were diagnosed later with GDM and
those who were not.

Multivariate binary logistic regression was used to eval-
uate the OR of GDM across quartiles of FA types as well as
relative FA. P for trend was evaluated by using the median
value in each quartile and modeling the plasma FA and
relative FA variables as continuous in the regression
model. Results from the regression model are presented
as multivariate-adjusted. A Spearman’s correlation was
used to investigate correlations between dietary intake
and FA. IBM Statistical Package for Social Sciences for
Windows, V.24.0 (Armonk, New York, USA), was used to
analyze the data. The level of significance was accepted
as p<0.05.

Covariates

The covariates included in the adjusted models were
selected a priori based on their potential influence on
GDM diagnoses.”*™" In the adjusted linear regression
model, covariates were age, prepregnancy BMI (kg/ m2),
weekly weight gain (kg/week) and maternal smoking
during pregnancy.

The covariates included in our multivariate adjusted
models were age; prepregnancy BMI (kg/m?); weekly
weight gain (kg/week); parity (0, 1 and >2); maternal
smoking during pregnancy (yes/no) and family history
of diabetes (yes/no/unknown). In cases when missing
values for covariates were low (<5%), they were imputed
using the median or the most probable value, which was
the case for prepregnancy BMI. When prepregnancy BMI
values were missing (2.6% overall, 7.6% of the women
diagnosed with GDM), values were imputed using the
median or the most probable value based on BMI at the
first maternal care visit. For family history of diabetes
(missing=15%), missing values were accounted for by use
of the missing category for covariate adjustment.

Medical records provided information on gestational
age and maternal weight at maternal care visits. From
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Table 1 Characteristics of the women in PREWICE ||
All Non-GDM GDM
(n=853) (n=726) (n=127) P value*

Age, years 30.3+4.9 29.9+4.8 32.4+5.5 <0.01
Prepregnancy BMIt, kg/m? 25.8+5.7 25.4+5.4 28.4+6.8 <0.01
BMI >25 kg/m*, % 47 45 60
Total weight gaint, kg 12.3+5.5 12.8+5.2 9.6+6.1 <0.01
Weight gain, kg/week§ 0.49+0.2 0.50+0.2 0.39+0.2 <0.01
Parityq], %

0 44 45 41

1 36 35 40

>2 20 20 19 0.60
Education™, %

Elementary school 11 11 13

Technical/High school 30 29 31

University education 35 36 28

Higher academic 24 24 28 0.36
Marital statustt, %

Married 24 23 26

Living together 71 72 69

Single 5 5 5 0.77
Smokingtt, %

Before pregnancy: yes 14 14 17 0.39

During pregnancy: yes 5 4 6 0.55
Family history of diabetes§§, % 7 6 14 <0.01

Data are presented as means+SD or ratios.

*Differences between non-GDM and GDM using t-test for equality of means, Pearson’s xz test and Mann-Whitney U test for two independent
samples. Bold text indicates a statistically significant difference with a p-value < 0.05.

TInformation on prepregnancy BMI is missing for 22 women.

FInformation on weight gain is missing for 45 women. Total weight gain is the difference between measured weight at first and last maternal

care visit.

§Weekly weight gain is the total weight gain divided by number of weeks between first and last maternal care visit.

{linformation on parity is missing for 6 women.

**Information on education is missing for 5 women.

TtInformation on marital status is missing for 21 women.
FtInformation on smoking is missing for 6 women.

§§Information on family history of diabetes is missing for 128 women.

BMI, body mass index; GDM, gestational diabetes mellitus; PREWICEII, Pregnant women in Iceland II.

these data, we were able to calculate total weight gain and
weight gain per week by dividing total weight gain with
the number of weeks between visits.

Self-reported prepregnancy weight and height from
the FFQs was used to calculate prepregnancy BMI (kg/
m?). A BMI <18.5 kg/m” was defined as underweight,
18.5-24.9 kg/m2 as normal weight, 25-29.9 kg/rn2 as
overweight and >30.0 kg/m? as obese.

RESULTS
Characteristics of the participants are presented in
table 1.

The mean age of all participants was 30 years, and
44% were nullipara. In total, 59% had a university-level

or higher academic education, and 14% smoked before
pregnancy. The prevalence of GDM diagnoses was 14.9%
(n=127). The women diagnosed with GDM were more
likely to be older and have a higher prepregnancy BMI.
They were, therefore, also more likely to be overweight or
obese prior to pregnancy (59.8%) compared with women
without GDM (44.6%).

The concentrations of total and relative SFA, MUFA,
PUFA n-6 and n-3 at gestational weeks 11-14 are provided
in table 2, whereas the concentrations of individual FAs
for women with and without later GDM diagnoses are
presented in online supplemental table 1.

The total concentration of FA was significantly higher in
women diagnosed with GDM, as were the concentrations
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Table 2 Fatty acid concentrations at gestational weeks 11-14 in women with and without GDM diagnosis later in pregnancy,
also stratified by BMI*

Non-GDM GDM Mean adjusted Non-GDM GDM

Median (10th-90th percentile) difference Median (10th-90th percentile)

Total pg/mL Pvalue pg/mL (95% CI)t Ratio %t P value
All (n=726) (n=127) (n=726) (n=127)
SFA 906 (712-1166) 966 (747-1230) <0.01 37 (1to 75) 34 (32-36) 33 (31-36) 0.39
MUFA 688 (521-928) 784 (562-1041) <0.01 75 (40 to 110) 26 (23-29) 27 (24-31) <0.01
PUFA n-6 955 (793-1178) 989 (813-1188) 0.02 21 (-11to 52) 36 (32-40) 35 (31-38) <0.01
PUFA n-3 128 (94-177) 134 (99-180) 0.05 -0,3(-8t07) 4.7 (3.7-6.2) 4.6 (3.8-5.9) 0.38
EPA+DHA 93 (66-135) 97 (73-133) 0.11 -2 (-8to05) 3.4 (2.5-4.8) 3.4 (2.6-4.5) 0.40
Total fatty 2681 (2174-3392) 2898 (2287-3632) <0.01 133 (33 to 233) - -
acids
BMI <25 kg/m® (n=396) (n=44) (n=396) (n=44)
SFA 887 (705-1153) 941 (730-1282) 0.17 45 (-11to 100) 34 (32-36) 34 (31-36) 0.54
MUFA 660 (516-906) 753 (522-1034) <0.01 88 (38 to 138) 25 (22-29) 27 (23-30) <0.01
PUFA n-6 947 (789-1178) 969 (769-1203) 0.18 24 (-23to0 72) 36 (32-40) 35 (32-38) 0.02
PUFA n-3 126 (93-178) 133 (99-176) 0.14 3 (-8to 15) 4.7 (3.8-6.2) 4.7 (3.8-6.0) 0.99
EPA+DHA 92 (64-133) 98 (73-136) 0.14 2 (-7to 12) 3.4 (2.5-4.8) 3.5 (2.6-5.0) 0.87
Total fatty 2615 (2127-3340) 2773 (2178-3701) 0.04 161 (14 to 307) - -
acids
BMI >25 kg/m? (n=324) (n=77) (n=324) (n=77)
SFA 918 (727-1186) 973 (766-1231) 0.01 30 (-23 to 83) 34 (31-36) 33 (31-36) 0.68
MUFA 717 (535-962) 822 (570-1092) <0.01 60 (12 to 109) 26 (23-30) 27 (24-32) <0.01
PUFA n-6 963 (796-1180) 990 (814-1191) 0.07 16 (-27 to 59) 36 (32-39) 35 (30-38) 0.01
PUFA n-3 131 (95-181) 134 (104-182) 0.34 -3 (-13to0 6) 4.7 (3.7-6.2) 4.6 (3.8-5.9) 0.30
EPA+DHA 96 (67-136) 95 (74-132) 0.52 -5(-12t0 3) 3.5(2.6-4.7) 3.3 (2.5-4.5) 0.27
Total fatty 2769 (2210-3412) 2944 (2323-3632) <0.01 103 (-35t0240) - -
acids

Bold text indicates a statistically significant difference with a p-value < 0.05.
*BMI information is missing for 12 women.

TAdjusted for age, prepregnancy BMI, weekly weight gain and smoking during pregnancy when all women are included. No adjustment for prepregnancy BMI when

stratifying for BMI.
tRelative FA concentrations as a ratio of total FA.

BMI, body mass index; DHA, docosahexaenoic acid; EPA, eicosapentaenoic acid; FA, fatty acids; GDM, gestational diabetes mellitus; MUFA, monounsaturated

fatty acids; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids.

of all types of FA, except for long n-3 FAs EPA+DHA.
When stratified by prepregnancy BMI (<25 kg/m” vs
>95 kg/m?), the same tendency toward a higher concen-
tration of total FA and MUFA in women who later were
diagnosed with GDM was observed in both groups. When
comparing relative FA concentrations of women later
diagnosed with GDM with those who were not, MUFA
was significantly higher, and PUFA n-6 was significantly
lower for the women who later developed GDM. This
difference remained after stratifying by prepregnancy
BMI (<25 kg/m” vs >25 kg/m”).

Table 3 shows the OR for developing GDM according
to quartiles of FA concentrations (total plasma concen-
tration and ratio of total plasma concentration).

When examining the total concentration, a significant
trend toward increased odds of GDM was noted with
higher concentrations of MUFA, PUFA n-6 and total FA.
However, when FA was expressed as a ratio of total plasma
concentration, increased odds for GDM were seen with a
higher ratio of MUFA. The odds of GDM were lower in

the highest quartile of PUFA n-6 ratio compared with the
lowest quartile, although p for trend did not reach signif-
icance. No association was observed between PUFA n-3
and GDM; neither for total concentration nor the ratio
of total plasma PUFA n-3.

Table 4 shows a comparison of dietary intake in early
pregnancy between the women who were later diagnosed
with GDM and those who were not.

Women who were later diagnosed with GDM had a
significantly lower intake of fatty fish and skimmed milk
compared with women who did not develop GDM. They
also tended to use a higher proportion of saturated fat
but a lower proportion of vegetable oil when cooking
(50% vs 29% p=0.06) versus (50% vs 71% p=0.06),
respectively. Reported intake of omega-3 supplements
also tended to be lower for women who were later diag-
nosed with GDM, with differences close to significance.
Other differences observed in dietary intake between the
two groups included a lower frequency intake of whole
grains, fruit juice, beans, nuts, seeds and coffee during
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Table 3 The associations between quartiles of fatty acid concentrations and ratios with GDM diagnoses

Total plasma* Ratiot of total plasma*

N=853 Median (png/mL) No. cases (%)/n OR (95% CI) Median % No. cases (%)/n OR (95% CI)

SFA quartile

SFA-Q1 736 22 (10.3)/213 1.00 31.7 36 (16.8)/214 1.00

SFA-Q2 855 28 (13.1)/214 1.05 (0.55t0 1.99) 33.0 29 (13.5)/215 0.67 (0.37 to 1.22)
SFA-Q3 970 33 (15.5)/213 1.11(0.58t0 2.13) 34.0 34 (16.1)/211 1.14 (0.64 to 2.03)
SFA-Q4 1145 44 (20.7)/213 1.69 (0.92t0 3.11) 35.8 28 (13.1)/213 0.76 (0.41 to 1.40)
P-trend 0.059 0.65

MUFA quartile

MUFA-Q1 541 21(9.9)/213 1.00 23.1 16 (7.5)/213 1.00

MUFA-Q2 646 21(9.8)/214 0.77 (0.39t0 1.58) 25.0 19 (8.9)/214 0.89 (0.42 to 1.87)
MUFA-Q3 750 29 (13.6)/213 0.87 (0.45t0 1.70) 26.6 37 (17.4)/213 1.82 (0.94 to 3.52)
MUFA-Q4 925 56 (26.3)/213 2.21(1.22t03.99) 29.0 55 (25.8)/213 3.01 (1.16 to 5.67)
P-trend 0.001 <0.001

PUFA n-6 quartile

PUFA n-6-Q1 812 26 (12.2)/213 1.00 32.2 41 (19.2)/213 1.00

PUFA n-6-Q2 916 26 (12.1)/214 0.94 (0.49t0 1.81) 34.6 36 (16.7)/215 1.03 (0.58 to 1.81)
PUFA n-6-Q3 1009 28 (13.1)/213 1.02 (0.54t0 1.92) 36.5 34 (16.0)/212 1.08 (0.61 to 1.91)
PUFA n-6-Q4 1161 47 (22.1)/213 1.67 (0.94t02.99) 38.9 16 (7.5)/213 0.47 (0.24 to 0.94)
P-trend 0.046 0.065

PUFA n-3 quartile

PUFA n-3-Q1 97 22 (10.3)/213 1.00 3.8 31 (14.6)/213 1.00

PUFA n-3-Q2 120 34 (16.0)/213 1.62 (0.85 to 3.07) 4.4 37 (17.3)/214 1.13 (0.63 to 2.02)
PUFA n-3-Q3 140 35 (16.4)/214 1.22 (0.64 to 2.34) 5.0 33 (15.5)/213 0.97 (0.53 to 1.79)
PUFA n-3-Q4 173 36 (16.9)/213 1.37 (0.72 to 2.59) 5.9 26 (12.2)/213 0.67 (0.35 to 1.25)
P-trend 0.59 0.14

Total plasma

concentration

Total FA-Q1 2237 23(10.8)/213 1.00 - - -

Total FA-Q2 2570 22 (10.3)/214 0.74 (0.38t0 1.47) - - -

Total FA-Q3 2886 32 (15.0)/213 1.10 (0.59 t0 2.07) - - -

Total FA-Q4 3323 50 (23.5)/213 1.76 (0.98 t0 3.16) — - -

P-trend 0.014

Bold text indicates a statistically significant difference with a p-value < 0.05.

*Adjusted for age, prepregnancy BMI, parity, weekly weight gain, smoking during pregnancy, family history of diabetes.

tRelative FA concentrations as a ratio of total FA.

BMI, body mass index; FA, fatty acids; GDM, gestational diabetes mellitus; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids;
SFA, saturated fatty acids.

early pregnancy in women who later were diagnosed with
GDM.

There were no clear correlations between dietary
intake and FA concentrations except in the case of fatty
fish and omega-3 supplements, both of which correlated
positively with concentrations of PUFA n-3 and EPA+DHA
(online supplemental tables 2 and 3) pregnancy (59.8%)
compared with women without GDM (44.6%).

One limitation of our study is that we did not have
exact data at the time of diagnoses for our GDM cases.
As subjects with known risk factors are more likely to be
diagnosed early (online supplemental table 4), we exam-
ined the concentrations of total and relative SFA, MUFA,

PUFA n-6 and n-3, excluding all women with known risk
factors that prompt early GDM screening (BMI 230 kg/
m?, age 240 years and parity 21, to exclude all women
with previous GDM/macrosomia).

DISCUSSION

We found that the total concentrations of plasma FAs, as
well as total MUFA and MUFA ratio measured at 11th—
14th week of pregnancy, were significantly higher and
PUFA n-6 ratios lower in women who were later diag-
nosed with GDM, independent of the women’s BMI. The
fact that stratifying by BMI did not alter our results is
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Table 4 FFQ reported weekly intake of foods at 11th—14th week of pregnancy*

Non-GDM (n=742) GDM (n=123)
FFQ, frequency per weekt Median (10th-90th percentile) P valuet
Fish, fatty 0.5 (0.1-1.0) .1(0.1-1.0) <0.01
Fish, lean .0(0.1-2.5) .0(0.1-2.5) 0.39
Omega-3 supplements 0(0.3-14.1) 3(0.3-10.9) 0.09
Red meat 0(0.1-2.5) 0(0.1-2.5) 0.94
Poultry (0 1-2.5) (O 1-2.5) 0.41
Processed meat 5(0.1-2.5) 5(0.1-1.3) 0.39
Whole milk (0 1-5.0) (0 1-7.0) 0.68
Low fat milk 0(0.2-7.1) 6 (0.2-14.1) 0.55
Skimmed milk 2 (0.2-1.7) 2 (0.2-1.1) 0.02
Sour dairy (0 1-7.0) (O 1-7.0) 0.18
Cheese 0 (1.0-14.0) 0 (1.0-14.0) 0.11
Butter on bread (0 5-14.0) (O 3-7.0) 0.42
Butter for cooking .0 (0.1-5.0) .5(0.1-5.4) 0.76
Vegetable oil for cooking 0(1.0-7.0) 5(0.3-7.0) 0.07
French fries and chips (0 3-2.5) (0 1-2.5) 0.53
Cakes, sweets, ice cream and cookies 5(1.0-8.0) 0 (0.6-7.5) 0.11
Soft drinks (0 2-7.1) (0 2-10.8) 0.44
Fruit juice .0 (0.1-7.0) .5(0.1-7.0) 0.01
Fruits and vegetables 14.0 (5.0-39.0) 14.0 (3.4-39.0) 0.12
Beans, nuts and seeds .5(0.1-5.0) .5(0.1-2.5) 0.01
Wholegrains .0 (1.2-15.0) .0 (0.5-19.2) <0.01
White bread 5(0.1-7.0) 5(0.1-7.0) 0.97
Coffee 5 (0.10-14.0) 1(0.1-7.0) 0.01

*Data are presented as medians and percentiles (10th-90th).
TFFQ information on intake is missing for six participants.

iDifferences between non-GDM and GDM using the Mann-Whitney U test for two independent samples. Bold text indicates a statistically

significant difference with a p-value < 0.05.

FFQ, Food Frequency Questionnaire; GDM, gestational diabetes mellitus.

important to note because obesity, IR and FA profiles in
GDM are strongly inter-related.'?

In most previous studies on FA profiles in pregnancy
cohorts, FA analysis was performed during or after GDM
diagnoses.'? These studies found that SFA concentrations
appeared to be higher in women diagnosed with GDM
when compared with a control group and that PUFA n-6
and PUFA n-3 concentrations were both lower in women
with GDM." A recent meta-analysis similarly reported
that women with GDM had higher total concentrations
of FFAs in the second and third trimester compared with
women without GDM, w1th concentrations decreasing as
pregnancy progressed.”

The results of the few studies that have investigated FA
concentrations in early pregnancy, prior to GDM diag-
nosis, agree with the present study’s findings, showing
higher total concentrations of SFA'™*™* and MUFA' ! a
well as PUFA n-6'® and PUFA n-3" in women who were
later diagnosed with GDM compared with those who were
not. On the other hand, some of these studies reported

lower PUFA n-6'%'® and PUFA n-3'""7 concentrations in
women who later received a GDM diagnosis.

FA profiles have been proposed as a means of
predicting later T2D diagnosis in non-pregnant popu-
lations, where higher relative concentrations of FFA,36
PUFA n—6,37 MUFA***” and SFA*®*7 have been associated
with an increased risk of impaired glucose tolerance and
T2D risk. These studies have reported similar results as
observed for circulating FA in the pregnant population
in our study. Associations between higher PUFA n-6 rela-
tive to total FA and increased insulin sensitivity have also
been found in previous studies in non-pregnant popula-
tions,* which is in accordance with the results seen in the
present pregnancy cohort.

The FA profiles may be a result of differences in intake or
absorption of both carbohydrates and fat."? Plasma MUFA
and SFA concentrations do not only represent dietary intake
as FAs can be synthesized endogenously, mainly from carbo-
hydrates, which is then referred to as de novo lipogenesis.™*
Other factors that could influence FA profile are FA synthesis
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and incorporation of FA into cell membranes. It remains
unclear how the plasma total FA profile is physiologically
associated with diabetes. Lipogenesis is stimulated by insulin
and suppressed by the hormones glucagon and epineph-
rine. Some studies have suggested that higher FFA may alter
insulin signalling, secretion and glucose production.40 oy
is, therefore, possible that an abnormal increase of insulin
in the blood may lead to higher FA concentrations and vice
versa.

Some differences were found in food consumption in
the first trimester between women with and without GDM
diagnoses, and it is not clear how this difference might
be reflected in the plasma FA profile. It could have been
expected to see a difference in EPA and DHA concentra-
tions between the two groups because women who later were
diagnosed with GDM had a less frequent intake of both fatty
fish and omega-3 supplements. However, because FA can be
synthesized endogenously from excess carbohydrates, the
overall quality of the diet, including carbohydrate quality
and amount consumed, might explain some of the differ-
ence observed in FA concentration between the two groups,
overall carbohydrate quality being one.'?* **

As we have previously reported in this cohort, the women
who were later diagnosed with GDM had lower quality of
carbohydrate intake as they had a lower intake of wholegrains
(estimated by biomarkers) ¥ Intake of soft drinks also tended
to be greater for women diagnosed with GDM as well as use
of saturated fat for cooking, even though the difference was
not statistically significant. This could suggest that the overall
diet quality in early pregnancy was lower among the women
later diagnosed with GDM.

In summary, a stronger association has been observed
between plasma FA and diabetes risk compared with
dietary intake estimates.”” It is important to note that
different sources of FA measurements can represent
varying dietary intake periods, such as adipose tissue
(long-term FA intake 1-1.5 years), skeletal muscle cells,
erythrocytes (120 days), serum, total plasma, phospho-
lipids (1-2 weeks'?), cholesteryl esters and FFAs.” Eryth-
rocytes have been claimed as a preferable option to
evaluate differences in recent FA intake, atleast regarding
PUFA n-3.% However, FA from erythrocytes and plasma
have been found to correlate.” In our study, we analyzed
total plasma FA, which includes the FAs from cholesteryl
esters, phospholipids, triacyclglycerols and FFA thought
to represent very recent intake (1-2 weeks), whereas the
answers in the FFQ covered intake during the previous 3
months.

It might be considered a limitation that our partic-
ipants were not fasting. This might have resulted in
lower concentrations of FFA because they are reduced in
response to higher insulin levels postmeals®” and makes
a comparison with other studies challenging. However,
comparisons of our results with other studies may be
affected by the non-fasting state of our participants and
by the difference in methodology used when analysing FA
profiles. Another limitation is that we did not have exact
information on date of diagnoses, thereby part of our

GDM cases may have received their diagnosis at or close
to drawing of the blood sample in which FA profiles were
quantified. However, we did see a similar trend in the
results (online supplemental 4) when we ran our analysis
excluding all women with known risk factors that prompt
early GDM screening (BMI, age and previous GDM/
macrosomia). We therefore believe that this limitation
did not majorly affect our main results.

The strength of our study is that we analyzed plasma
FA early in pregnancy, in addition to acquiring subjective
data on dietary intake. Our study also features prospec-
tively collected data from a large sample size of 853
pregnant women with high participation rate (75%). We
report both total concentrations of all FA subgroups as
well as their ratios. We adjusted for BMI, and stratified our
FA results by BMI, a process that, to our knowledge, has
not been previously performed in a pregnancy cohort.

In conclusion, we found that women who were later
diagnosed with GDM had a higher concentration of total
plasma FA, total MUFA and MUFA ratios as well as lower
PUFA n-6 ratios in early pregnancy, independent of the
women’s BMI, compared with women who remained free
of GDM. The women who were not diagnosed with GDM
also tended to have better diet quality in early pregnancy.
These results suggest that FA biomarkers in early preg-
nancy may predict GDM. However, further studies are
required to confirm this hypothesis.
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Supplemental Table 1. Early pregnancy oncentrations of individual fatty acids in women
with and without later GDM diagnosis, in Iceland.

All in ug/ml

SAFA

12:0 Lauric

14:0 Myristic
16:0 Palmiate
18:0 Stearic
20:0 Arachidic
22:0 Behenic
24:0 Lignoceric
MUFA

14:1 Myristoleate
16:1 Palmitoleic
18:1n9 Oleic
18:1n7 Vaccenic
20:1 11-eicosenoate
24:1 Nervonic
PUFA n-6

18:2 LA

18:3n6 GLA
20:2 11-14-
eicosenoate
20:3n6 DGLA
20:4 ARA

22:2 Docosadientoate
22:4 Docosatetraenoic

PUFA n-3
18:3n3 ALA
20:5 EPA
22:5n3 DPA
22:6 DHA

Non-GDM (n=726)

GDM (n=127)

median (10th - 90th percentile)

3(1-10)
33 (20 - 59)
649 (506 - 859)
186 (148 - 233)
7(6-10)

10 (8- 13)
9(7-12)

2(1-3)
51(29-87)
561 (427 - 760)
46 (34 - 62)
5(4-8)

20 (16 - 26)

712 (577 - 894)
6(3-11)

6(4-9)

49 (33 - 69)
177 (133 - 229)
1(0.4-1)
4(0.1-7)

22 (14 - 35)

19 (10.5 - 37.3)
11 (7.7 - 16.3)
73 (52 - 102)

3(1-9)

34 (19 - 63)
703 (528 - 934)
191 (153 - 234)

8(6-11)
10 (8 - 13)
9(7-11)

1.6(1-4)
62 (34 -104)
635 (456 - 849)
53 (37 - 70)
6(4-9)
22 (18-27)

728 (581 - 920)
6(4-11)

6(4-8)

55(35-71)
194 (146 - 252)
1(0.5-1)
5(0.1-7)

23 (14 -38)
21 (13 -36)
11 (8-16)

75 (56 - 100)

0.08
0.93
0.00
0.16
<0.01
0.06
0.09

0.22
<0.01
<0.01
<0.01

0.05
<0.01

0.31
0.02

0.88

<0.01

<0.01

<0.01
0.17

0.07
0.14
0.97
0.09
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Supplemental Table 2. Spearman correlations between frequency of dietary intake and total concetrations of fatty
acid types (pug/ml), in pregnant women in Iceland.

SFA MUFA PUFA n-6 Total PUFA n-3

PUFA n-3
EPA+DHA
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Spearman Spearman Spearman Spearman Spearman
Correlation Correlation Correlation Correlation Correlation
Fatty fish -0.01 0.77 0.09 0.01 0.00 0.92 0.20 <0.01 0.24 <0.01
Lean fish -0.02 0.57 -0.06 0.08 -0.04 0.31 0.14 <0.01 0.18 <0.01
<0.01 <0.01
Omega 3 009 001 015 000  -0.07 003 025 0.31
supplements
Red meat 0.02 0.55 0.01 0.81 0.03 0.38 0.08 0.02 0.10 <0.01
Poultry 0.03 0.38 0.04 0.23 0.01 0.87 0.03 0.39 0.03 0.32
[Pnré’;essed 0.01 0.81 0.03 0.43 20.02 0.62 0.00 0.89 0.03 0.43
Whole milk 0.02 0.59 0.02 0.51 0.05 0.13 0.07 0.06 0.08 0.02
;‘K fat 002 055 00l 079 004 025 005 018 004 02
;‘;‘l‘l‘:med 0.03 0.38 0.04 0.28 0.03 0.40 0.05 0.11 0.04 0.21
Soured dairy 0.25 0.0 <0.01 -0.08 0.02 0.04 0.27 0.06 0.10
products
Cheese -0.01 0.67 010 <001 -0.02 0.54 -0.03 0.44 0.02 0.52
Butter on 0.00 0.89 20.06 0.10 -0.01 0.79 0.04 0.30 0.04 0.23
bread
Butter 0.01 0.88 0.03 0.46 0.01 0.71 0.04 0.29 0.03 0.41
(\)’i‘l"getable 002 050 004 024 00l 074 009 00 009 001
French fries -0.08 0.02 20.01 0.83 0.05 0.15 015 <001  -019 <001
Cakes and 003 042 005 013 -004 021  -005 017 004 023
condiments
Soft drinks 0.06 0.07 0.11 <0.01 0.01 0.67 -0.03 0.34 -0.08 0.02
Fruit juice 0.02 0.63 20.01 0.71 -0.06 0.07 0.00 0.89 0.00 0.90
Fruits and .10  <0.01 014 <001 0.04 0.25 0.02 0.48 0.06 0.06
vegetables
Bens nuts 011 <001 012 <001 0.04 0.22 0.01 0.69 0.01 0.82
and seeds
Wholegrains ~ 0.00 0.94 0.02 0.58 -0.01 0.83 0.03 0.40 0.03 0.35
Coffee 0.06 0.07 012 <001 -0.02 0.56 0.02 0.48 0.02 0.61

Supplemental Table 3. Spearman correlations between frequency of dietary intake and ratios' of fatty acid
types, in pregnant women in Iceland.

PUFA n-3

.1 .1 .1 ;1
SFA ratio MUFA ratio PUFA n-6 ratio PUFA n-3 ratio EPA+DHA ratio!
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Spearman Spearman Spearman Spearman Spearman
Correlation Correlation Correlation Correlation Correlation
Fatty fish 0.01 0.69 -0.17 0.00 0.05 0.17 0.26 <0.01 0.28 <0.01
Lean fish 0.04 0.30 -0.09 0.01 -0.01 0.67 0.21 <0.01 0.23 <0.01
Omega 3 -0.05 0.16 0.18 <001 0.05 0.19 0.38 <0.01 0.39 <0.01
supplements
Red meat 0.00 0.98 0.04 0.29 0.02 0.56 0.09 0.01 0.10 <0.01
Poultry 0.02 0.63 0.06 0.07 0.08 0.02 0.02 0.61 0.02 0.58
Processed 0.01 0.75 0.05 0.12 0.05 0.17 0.01 0.71 20.04 0.28
meat
Whole milk 0.1 <001  -0.02 0.50 -0.08 0.01 0.10 <0.01 0.10 <0.01
II;EEZ fat 0.06 0.08 0.01 0.75 -0.07 0.05 0.04 0.21 0.04 0.30
;lfillrl?med 0.00 0.93 20.01 0.88 20.03 0.33 0.04 0.23 0.03 0.43
Sour dairy 0.10 0.00 011 <001 0.00 0.98 0.11 <0.01 0.11 <0.01
Cheese 0.11 0.00 0.15 <001 0.07 0.04 0.01 0.70 0.01 0.78
Butter on 007 004  -0.0 <001  0.03 0.44 0.06 010 006  0.10
bread
Butter 0.02 0.49 20.06 0.08 0.02 0.49 0.05 0.15 0.03 0.33
(\)’i‘;getable 002 053 -008 003 004 020 011 <001 010 <00l
French fries .10 <001 0.08 0.02 0.04 0.27 .0.14 <001  -018  <0.01
Cakes and 0.07 0.03 0.04 0.23 0.00 0.99 -0.01 070  -0.01 0.72
condiments
Soft drinks 0.02 0.52 0.14 0.00 011 <001 0.10 <001  -0.15 0.00
Fruit juice 0.05 0.19 0.02 0.62 0.05 0.19 0.03 0.44 0.01 0.83
Fruits and 0.04 0.22 013 <001 0.12 <0.01 0.10 <0.01 0.12 <0.01
vegetables
Bens nuts 007 005 012 <001 012 <00l 0.07 0.04 0.08 0.02
and seeds
wholegrains 0.03 0.33 0.03 0.35 0.01 0.76 0.05 0.15 0.04 0.23
Coffee 0.02 0.61 0.15 <001 0.12 <0.01 0.05 0.17 0.04 0.22

! Relative FA concentrations as a ratio of total FA.
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Inngangur

Langar émega-3 fjolomettadar fitusyrur likt og eikésapentaensyra
(EPA) og dokdsahexaensyra (DHA) eru taldar mikilveegar fyrir
heilbrigdi modur og barns par sem peer gegna medal annars mik-
ilveegu hlutverki i proska midtaugakerfis."* Algengasta fitusyran i
heilavef er til ad mynda DHA og eykst pvi porf hennar 8 medgongu
vegna uppbyggingar a heilavef fosturs.! Pegar hana skortir getur
paod valdid sjontruflunum, hegdunarbreytingum og breytingu a
efnaskiptum ymissa bodefna.’ Samantekt sem gerd var & nidur-
stooum ihlutandi rannsokna, sem konnudu tengsl inntoku 8 DHA
4 medgongu vid ttkomubreytur 4 medgdngu og faedingu, svo sem
vaxtarskerdingu fésturs, haprysting og fyrirburafeedingar, gaf til
kynna ad til ad fullnaegja pérfum baedi médur og vaxandi fosturs
a medgongu purfi medalinntaka DHA ad vera ad lagmarki um
200 mg & dag.**Pa virdist vera oheaett ad neyta allt ad eins gramms
a dag an neikveaedra afleidinga.* Steerri skammtar af DHA hafa
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AGRIP

TILGANGUR

Fyrri rannsoknir benda til ad hluti barnshafandi kvenna a islandi uppfylli
ekki radlogd vidmid fyrir neyslu langra dmega-3 fitusyra, sem eru taldar
mikilvaegar fyrir fosturproska. Markmid rannséknarinnar var ad meta
neyslutiéni barnshafandi kvenna & faedutegundum og baetiefnum sem
innihalda langar fjélomettadar 6mega-3 fitusyrur og kanna fylgni vid styrk
peirra i blédvokva.

ADFERBIR

patttakendur voru 853 barnshafandi konur sem maettu i fosturgreiningu vid
11.-14. viku medgongu. Upplysingar um faduval, notkun 6mega-3 baetiefna
sem innihalda eikdsapentaensyru (EPA) og dokésahexaensyru (DHA) og
bakgrunn patttakenda var aflad med faedutidnispurningalista. Blodsyni
voru tekin til melinga a styrk fitusyra i blddvokva. Fylgni var metin med
Spearman-fylgnistudli.

NIBURSTOBUR

Midgildi neyslu & mogrum fiski var 1,3 skipti i viku og & feitum fiski eitt skipti i
manudi. Um 50% toku émega-3baetiefni daglega eda oftar. Haerri heildartidni
fiskneyslu og notkun baetiefna med émega-3 fitusyrum endurspegladist i
haerri heildarstyrk peirra i blodvokva (r=0,37 p<0,001). Jakvaed fylgni var &
milli tidni lysisneyslu (r=0,23, p=0,001) sem og neyslutidni 6mega-3 hylkja/
oliu (r=0,20, p=0,001) vid styrk 6mega-3 fitusyra i blédvokva. Hins vegar sast
engin fylgni & milli neyslutidni islensks fjolvitamins fyrir pungadar konur
(sem inniheldur 6mega-3) vié styrk 6mega-3 i blodvokva (r=0,03, p=0,98).

ALYKTANIR

Neysla matveela og beetiefna sem innihalda émega-3 fitusyrur
endurspegladist i styrk peirra i blédvokva, ad undanskildu islensku
medgdngu fjdlvitamini. Helstu nidurstodur okkar eru ad rétt rimlega
pridjungur barnshafandi kvenna bordadi fisk ad minnsta kosti tvisvar sinnum
i viku i samraemi vid radleggingar. Um pad bil helmingur kvennanna notadi
einhver baetiefni med dmega-3 fitusyrum daglega.



hins vegar verid tengdir vid auknar likur & 6gledi, brjostsvida og
aukinni bleedingu 1 feedingu vegna blodpynnandi ahrifa.® Langar
6mega-3 fitusyrur er helst ad finna i sjavarafurdum eins og fiski
og fiskioliu. Barnshafandi konum er radlagt ad borda fisk tvisvar
til prisvar 1 viku, par af feitan fisk { ad minnsta kosti eitt skipti,
medal annars til ad na aeskilegum markmidum um neyslu 4 EPA
og DHA *7 Sem deemi er i medalskammti (150 g) af porski um 105
mg EPA og 228 mg DHA, 1 ysu um 143 mg EPA og 195 mg DHA
og i laxi 621 mg EPA og 987 mg DHA. Pessar prjar maltidir a einni
viku myndu pvi gefa um pad bil 200 mg DHA og 124 mg EPA a dag
a0 jafnadi.® Undanfarin ar hafa nidurstodur rannsokna a mataraedi
islenskra kvenna a medgongu, bent til pess ad hluti barnshafandi
kvenna fullneegi ekki radlogoum vidomioum fyrir neyslu a 1ong-
um 6mega-3 fitusyrum. Paer adferdir sem eru almennt notadar til
a0 kanna mataraedi geta po haft vissa galla’ og pvi getur verio
gagnlegt a0 sannreyna nidurstédur med lifmerkjamaelingum.!
Markmi0 rannséknarinnar var ad meta neyslutioni barnshafandi
kvenna a fedutegundum og beetiefnum sem innihalda langar
omega-3 fitusyrur, med fedutionispurningalista, dsamt pvi ad
meela styrk fitusyranna i blodvokva.

Efnividur og adferdir

Pétttakendur voru 853 barnshafandi konur ur rannsékninni
PREgnant Women in ICEland II (PREWICE II), sem for fram a
6 manada timabili frd oktdber 2017 til mars 2018. Konunum var
bodin patttaka vid foésturgreiningu i 11.-14. viku a fésturgrein-
ingardeild Landspitala. A pessu timabili voru 1684 konur békadar
1 fésturgreiningu sem samsvarar um 77% af heildarfjélda pung-
adra kvenna 4 fslandi 4 rannsoknatimabilinu. Af pessum hépi
voru 1350 konur sem maettu i skodun asamt pvi ad uppfylla énnur
skilyrdi fyrir patttoku i rannsékninni sem voru: stadfest pungun
med fosturskimun, ad vera i 11.-14. viku medgongu vid patttoku
og ad geta svarad islenskum spurningalista. Af peim 1350 konum
sem bodin var patttaka i rannsokninni, vildu 335 konur ekki taka
patt, en 1015 konur sampykktu (76%). Af peim voru 853 konur sem
veittu blédsyni dsamt pvi ad hafa adgengilegar upplysingar um
medgonguna i rafreenni sjukraskra og eru niourstodur birtar ein-
gongu fyrir pennan hop.

Feeduval var kannad med rafreenum faedutidnispurninga-
lista sem innihélt einnig spurningar um notkun beetiefna, aldur,
menntun, fjolda barna, 6gledi 4 medgongu, pyngd fyrir medgongu
og haed. Vid svorun & spurningalistanum er midad vid feeduval
undanfarinna priggja manada. Svarmoguleikar vardandi tioni
feeduvals eru 10 talsins og eru allt fra: ,sjaldnar en einu sinni 1
manudi” upp 1 ,oftar en 5 sinnum & dag”. Fjallad hefur verid nanar
um spurningalistann i fyrri visindagreinum."*

Blodsyni voru fengin til fitusyrumaelinga hja peim konum sem
foéru 1 blédsynatoku sem hluta af fosturskimun vio 11.-14.viku med-
gongu 4 Landspitalanum. Synin voru unnin innan klukkustundar
par sem blodvikvi var adgreindur i skilvindu vid 3000 snninga a
minttu { 10 minGtur. T kjélfarid var blédvokvinn frystur vid -80°C
par til hann var sendur til fitusyrugreininga vid Chalmers-Teekni-
haskolann 1 Gautaborg. Styrkur 24 tegunda fitusyra var meeldur
med adferd sem adur hefur verio lyst.”® Nidurstodum fyrir styrk
DHA og EPA i blodvokva er baedi lyst sem heildarstyrk og sem
hlutfalli af heildarstyrk allra fitusyra i blodvokva. Nidurstodur

Tafla I. Lysandi einkenni patttakenda i PREWICE Il rannsékninni.
Niéurstédur eru settar fram sem medaltél + stadalfrévik eda hlutfoll.
Nidurstééur fitusyrumeaelinga eru settar fram sem midgildi og hundrads-
hlutar (10-90).

(n=853)
Aldur, ar 30,3+4,9
LPS fyrir medgéngu’, kg/m? 25857
LPS 225 kg/m?, % 47
Heildarpyngdaraukning?, kg 12,3+55
Pyngdaraukning @ medgdngu, kg/viku? 0,49+0,2
0 44
Fyrri fedingar, % 1 36
=22 20
Grunnskoli 1"
Menntaskoli 30
Menntun’, % Grunnnam 35
héskoéla
o |
Gift 24
Hjuskaparstada® %
Sambud 71
Einstaed 5
Reykingar’, %
fyrir medgdngu Ja 14
4 medgongu Ja 5
Heildarstyrkur, pg/ml
EPA 19 (11-37)
DHA 74 (52-102)
EPA+DHA 94 (66-135)
Hlutfallslegur styrkur, %
EPA 0,7 (0,4-1,3)
DHA 2,7 (2,0-3,5)
EPA+DHA 3,4(2,5-4,7)

"Upplysingar um LPS fyrir medgdngu vantar fyrir 22 konur.

2Upplysingar um pyngdaraukningu vantar fyrir 45 konur. Heildarpyngdaraukning er
mismunur & milli fyrstu og sidustu maeldri pyngd i maedraeftirliti.

3Vikuleg pyngdaraukning er heildarpyngdaraukning deilt med fj6lda vikna & milli malinga.
“Upplysingar um fyrri faedingar vantar fyrir 6 konur.

SUpplysingar um menntun vantar fyrir 5 konur.

sUpplysingar um hjaskaparstodu vantar fyrir 21 konu.

"Upplysingar um reykingar vantar fyrir é konur.

EPA: eikésapentaensyra. DHA: dokdsahexaensyra. .LPS: Likamspyngdarstudull. PREWICEII:
Pregnant women in Iceland II.

eru settar fram sem medaltdl og stadalfravik fyrir normaldreifdar
breytur, hlutf6ll eda midgildi og 10.-90. hundradshlutar. Mann-
-Whitney U-proéf var notad til ad kanna markteekan mun milli
breyta sem voru ekki normaldreifdar og fylgni var metin med Spe-
arman-fylgnistudli. Markteaekni var skilgreind sem <0,05.

Nidurstddur
[ t6flu 1 mé sjé upplysingar um aldur, likamspyngdarstudul (LPS)

fyrir medgongu, pyngdaraukningu 4 medgongu, fjolda fyrri
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Tafla Il. Nidurstédur fadutidnispurningarlista vardandi vikulega fadutidéni matvala vié 11.-14. viku medgongu og fylgni' vid heildar- og hlut-

fallslegan styrk EPA og DHA. Sett fram sem hlutfoll eéa midgildi og hundradshlutar (10-90).

(n=853)
Vikuteg fedutioni (10-90 :]li]?\?ii::iéshluti) EPA+DHA, pg/ml P EPA+DHA, %? P
Allur fiskur og 61l 6mega-3 baetiefni 7.5(1,0-16,3) 0,34 <0,001 0,41 <0,001
Allur fiskur, lysi og 6mega-3 baetiefni’ 3,3(0,9-14,7) 0,37 <0,001 0,46 <0,001
Allur fiskur 1,3 (0,4-3,0) 0,24 <0,001 0,28 <0,001
Fiskur, magur 1,0(0,1-2,5) 0,18 <0,001 0,23 <0,001
Fiskur, feitur 0,3(0,1-1,0) 0,24 <0,001 0,28 <0,001
0Oll 6mega-3 baetiefni 7,0 (0,4-14,2) 0,28 <0,001 0,35 <0,001
Lysi og Omega-3 olia/hylki 0,7 (0,3-14,0) 0,31 <0,001 0,40 <0,001
Lysi 0,1(0,1-7,0) 0,21 <0,001 0,27 <0,001
Omega-3 olia/hylki 0,2 (0,2-7,1) 0,19 <0,001 0,25 <0,001
Medgdngu fjolvitamin 0,1(0,1-7,0) 0,01 0,835 0,001 0,977

'Spearman fylgnistudull. ?Hlutfall fitusyra af heildarstyrk fitusyra i blodvdkva. *Inniheldur ekki medgdngu fjélvitamin med 6mega-3.

EPA: yra. DHA:

syra.

Tafla . Heildar- og hlutfallslegur styrkur EPA og DHA i blédvikva skipt upp eftir neyslutidni fisks, sett fram sem hlutfoll eéa midgildi

og hundradshlutar (10-90).

N% EPA+DHA, pug/ml EPA+DHA, %
22 vikulega 35,1 100(71-142) 3,7(2,7-5,1)
1x manadarlega - 1x vikulega 55,9 90 (66-131) 3,3(2,5-4,6)
Allur fiskur
Aldrei 9.0 87 (60-118) 3,0 (2,2-4,1)
P <0,01 <0,01
21 vikulega 59,0 98 (70-139) 3,6 (2,6-4,9)
1x méanadarlega - <1x vikulega 29,7 87 (64-128) 3,3(2,5-4,6)
Fiskur, magur
Aldrei 1.3 89 (62-132) 3,1(2,3-4,5)
P <0,01 <0,01
21 vikulega 22,5 103 (68-144) 3,7(2,8-5,2)
1x manadarlega - <1x vikulega 42,0 97 (70-137) 3,5(2,7-4,9)
Fiskur, feitur
Aldrei 35,5 86 (61-122) 3,1(2,4-4,3)
P! <0,01 <0,01

'Kruskal Wallis préf notad til kanna mun & milli neyslutidnihépa.
EPA: eiko yra. DHA: doké

1syra.

barna, menntunarstig, hjuskaparstédu og reykingar, baedi fyrir
og 4 medgongu, asamt heildar- og hlutfallslegum styrk EPA og
DHA i bl6ovokva patttakenda. Upplysingar um neyslutioni faed-
utegunda og betiefna sem innihalda langar 6mega-3 fitusyrur
ma sja { toflu II. Patttakendur bordudu magran fisk ad jafnadi
1,3 sinnum { viku og feitan fisk um einu sinni { manudi. Jakveed
fylgni var & milli neyslu magurs fisks og feits fisks hja konunum
(r=0,39 p<0,001) (ekki birt { toflu). Heerri heildartioni fiskneyslu og
notkun beetiefna sem innihéldu langar émega-3 fitusyrur endur-
spegladist i heerri heildarstyrk 6mega-3 1 blédvokva (plasma)
(r=0,34 p<0,001) og einnig heerri hlutfallslegum styrk EPA + DHA
1 blédvokva (r=0,41 p<0,001). Einnig sast jakvaed fylgni 4 neyslu-
tidni fisks (r=0,24 p<0,001 og r=0,28 p<0,001) og dmega-3 beetiefna
(r=0,28 p<0,001 og r=0,35 p<0,001) vid beedi heildar- og hlutfalls-
legan styrk EPA og DHA i blodviokva. Pegar skodud var sérstak-
lega fylgni stakra tegunda beaetiefna sem innihalda langar 6mega-3
fitusyrur vio styrk og hlutfall EPA og DHA i bl6dvikva sast ad
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baedi neysla a lysi og 6mega-3 oliu eda hylkjum endurspegladist i
haerri styrk, en ekki neysla a islensku medgongu fjolvitamini sem
inniheldur EPA og DHA (r=0,01 og r=0,001). Pegar islenska med-
gongu fjolvitaminid var undanskilid og fylgni konnud a ny, sast
heerri fylgni a milli neyslu fisks og beetiefna (r=0,37 p<0,001 og
r=0,46 p<0,001) vio heildar- og hlutfallslegan styrk EPA og DHA.
[ toflu TIT er samanburdur & heildar- og hlutfallslegum styrk EPA
og DHA i blédvokva tt fra neyslutioni kvennanna a fisk. Um 35%
bordudu einhvern fisk tvisvar i viku eda oftar og voru paer med
heerri heildar- og hlutfallsstyrk EPA og DHA 1 bl6di, borid saman
vi0 peer sem bordudu fisk sjaldnar eda aldrei.

[ toflu TV sést samanburdur 4 heildar og hlutfallslegum styrk
EPA og DHA 1 blodvokva, milli kvennanna sem toku beetiefni
sem innihalda langar 6mega-3 fitusyrur ad minnsta kosti daglega
og peirra sem toku pau sjaldnar eda aldrei. T heild téku um 50%
kvennanna einhver beetiefni sem innihalda émega-3 og voru um
40% a0 taka lysi og/eda 6mega-3 oliu/hylki daglega. Af peim sem



Tafla IV. Heildar- og hlutfallslegur styrkur EPA og DHA i bléévékva skipt upp eftir neyslutiéni 6mega-3 batiefna. Sett fram sem

hlutféll eda midgildi og hundradshlutar (10-90).

N% EPA+DHA, pug/ml EPA+DHA, %1
>Daglega 50,4 102 (70-148) 3,7(2,7-5,3)
Ol baetiefni med 6mega-3 <Daglega 12,5 89 (64-120) 3,3(2,4-4,2)
Aldrei 37,0 86 (62-118) 3,1(2,4-4,0)

P! <0,01 <0,01
>Daglega 39.7 105 (72-151) 3,9 (2,8-5,5)
Lysi og 6mega-3 baetiefni <Daglega 12,1 91 (66-128) 3,4 (2,5-4,5)
Aldrei 48,2 87 (62-118) 3,1 (2,4-4,0)

P! <0,01 <0,01
>Daglega 18,8 108 (76-157) 4,0 (3,0-5,6)
Lysi <Daglega 10,4 93 (66-128) 3,4 (2,6-4,7)
Aldrei 70,8 91 (64-129) 3,3(2,5-4,5)

P! <0,01 <0,01
>Daglega 27,5 103 (70-145) 3,8(2,8-5,2)
Omega-3 olia/hylki <Daglega 6,8 92 (71-144) 3,5(2,5-4,7)
Aldrei 65,7 90 (64-130) 3,3(2,5-4,4)

P! <0,01 <0,01
>Daglega 171 98 (65-134) 3,4(2,6-0,5)
Medgéngu fjdlvitamin <Daglega 53 88 (65-125) 3,2(2,4-4,3)
Aldrei 77,6 93 (66-136) 3,4 (2,5-4,8)

P! 0,25 0,41

"Kruskal Wallis préf notad til kanna mun a milli tidnihépa.
EPA: eiko yra. DHA: doko 1syra.

Tafla V. Magn EPA og DHA sem baetiefni veita samkvamt innihaldslysingu
framleiéanda.’

Medgongu fislvitamin Lysi Omega-3 olia
(mg)
EPA 150 M4 160
DHA 100 150 100

"Byggt a radlagdri inntoku vidkomandi baetiefnis.
EPA: eikdsapentaensyra. DHA: dokdsahexaensyra

toku daglega beetiefni toku 27,5% 6mega-3 oliu/hylki, 18,8% toku
lysi og 17,1% toku islenskt medgongu fjolvitamin sem inniheldur
6mega-3 fitusyrur. Markteekur munur var & heildar- og hlutfalls-
styrk EPA og DHA i bl6dvokva peirra kvenna sem toku lysi og
6mega-3 baetiefni { formi oliu eda hylkja daglega borid saman vid
styrk peirra sem toku pau sjaldnar. Hins vegar var enginn mark-
teekur munur & heildar- og hlutfallsstyrk EPA og DHA hja peim
konum sem toku medgongu fjolvitaminid daglega, borid saman
vid peer sem téku pad sjaldnar. { toflu V eru upplysingar um pann
styrk EPA og DHA sem helstu beetiefnin eru sogo veita samkvaemt
upplysingum fra framleidenda.'**

Umrzda

Nidurstddur okkar syna ad einungis um 35% barnshafandi kvenna
borda fisk samkveemt radleggingum fra Embeetti landlaeknis, eda

ad minnsta kosti tvisvar sinnum i viku.”" Algengara er ad kon-
urnar velji magran fisk frekar en feitan fisk, en par sem jakvaed
fylgni var & milli neyslu magurs og feits fisks hja konunum eru
pad liklega sému konurnar sem borda magran og feitan fisk. Mid-
gildin & neyslutioni fisks voru pau sému og saust 1 fyrri nidur-
stooum PREWICE fra 2015/2016, eda 1,3 skipti i viku.? Pess ber po
a0 geta ad tioni neyslu var konnud i 11.-14.viku medgoéngu beedi i
fyrri og niverandi PREWICE-rannsokn, par sem konur voru bedn-
ar um ad meta tioni neyslu valinna feedutegunda sidastliona prja
manudi. Pad er pvi mogulegt ad 6gledi sem er algengur kvilli &
fyrsta pridjungi medgongu geeti hafa haft ahrif & tioni neyslu a
fiski. Hins vegar sast mjog sambeerileg fiskneyslutioni (ad medal-
tali einu sinni i viku) i annarri islenskri rannsokn medal barnshaf-
andi kvenna fra 2012-2013.2' Par var fiskneysla kénnud a 6drum
pridjungi medgéngu, med fjogurra daga matardagbokum, pegar
ogledi er yfirleitt 1idin hja. bvi virdist allt benda til ad fiskneysla
barnshafandi kvenna hafi nokkurn veginn stadio i stad sidast-
lidinn aratug.

Samkveemt opinberum radleggingum er barnshafandi konum
radlagt ad borda fisk tvisvar til prisvar i viku og ad velja feitan fisk
helst einu sinni { viku.” Fiskur er ein helsta feeduuppspretta langra
6mega-3 fitusyra og afar faar adrar faedutegundir innihalda langar
6mega-3 fitusyrur. Myndun EPA og DHA getur p6 att sér stad i
likamanum ur lifsnaudsynlegu émega-3 fitusyrunni alfa-lindlen-
syra (ALA).2 P4 eru ensim notud til ad lengja ALA fitusyruna ur
18:3 yfir 1 20:5 (EPA) og i kjolfarid er heegt ad lengja EPA yfir i 22:6
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(DHA).” Pessi umbreytingarhaefni er b6 misg60 milli einstaklinga
og geta ymsir peettir haft par dhrif, likt og heildar fitusyrusam-
setning faedunnar, erfdir, aldur og heilsufar.* Pannig virdist mik-
il neysla & faedi sem er rikt af dmega-6 fitusyrunni linoleic (LA)
eda mjog mikil neysla & ALA riku feedi geta takmarkad myndun a
longum 6mega-3 fitusyrum.?*? Stada pekkingar i dag bendir hins
vegar til pess ad pad magn ALA sem er umbreytt { DHA i likam-
anum sé afar takmarkad.**

Styrkur DHA og EPA hefur meelst laegri hja greenmetisaetum,
sem borda ekki kjot eda fisk, borid saman vid aletur og enn leegri
hja peim sem teljast graenkerar.*?*?” Greenmetiseetur og greenkerar
geta po tekid beetiefni, sem eru unnin ur pérungum og innihalda
EPA og DHA fitusyrur.?** Mikilveegt er p6 ad taka fram ad neysla
& porungum eda para er talin 6zeskileg fyrir barnshafandi konur,
par sem heetta er & ad jod-innihald geti verid umfram heettulaust
vidmid. T rannsékninni fra 2012-2013 kom fram ad dagleg medal-
neysla barnshafandi kvenna a lysi og 6drum fiskiolium var mjog
lag, eda um eitt gramm og ad adeins 35% kvennanna fullnaegoi
radlogoum vidmidum um inntéku DHA (2200 mg/dag ad jafn-
adi).2' T PREWICE T fra 2015/2016 voru birt midgildi 4 sameinadri
inntokutioni D-vitamins og fiskioliu, sem var 71 skipti 1 viku.?
Pegar vi0 sameinum inntokutioni D-vitamins og fiskioliu i okkar
rannsoknarhdp eru nidurstédurnar svipadar, eda 7,3 skipti i viku.

T okkar rannsoknarhépi notadi 50% barnshafandi kvenna baeti-
efni sem innihalda émega-3 daglega. Neysla langra fitusyra endur-
spegladist 1 styrk peirra i blodvokva. Um 17,1% kvennanna tok
fjolvitamin aetlad barnshafandi konum, sem inniheldur 6mega-3,
daglega en neysla pess endurspegladist ekki 1 styrk 6mega-3 i
blédvokva. Mogulega er pad vegna ahrifa lifadgengis baetiefnisins.
Lifadgengi 6mega-3 fitusyra er mismikio og spila margir peettir
par inn 1.% Pad form sem fitusyrur eru a getur haft ahrif, syru-
pol hylkis getur hamlad upptoku, fita sem neytt er samhlida getur
aukio upptoku og onnur efni geta truflad ferlid.” Algengustu form
6mega-3 beetiefna eru: friar fitusyrur, priglycerid, monoacylglycer-
ol, etylester og fosfolipid.* Samkveemt rannsoknum sem gerdar
hafa verid a upptoku fitusyra virdist besta lifadgengio vera pegar
peer eru & formi frirra fitusyra eda priglycerida og pad sista pegar
peer eru a formi etylestera.*® bar sem friar fitusyrur eru ostodugri
og liklegri til a0 skemmast eru beetiefnin oftast 4 formi priglycer-
i0a eda etylestera.®

Samkveemt upplysingum um innihaldsefni beetiefnanna fra
framleidendum kom 1 ljés ad islenska fjolvitaminid fyrir barns-
hafandi konur inniheldur fiskioliu & forminu etylester & medan
o6mega-3 toflur og lysi eru & priglyserio formi.*™ Likleg asteeda
fyrir pvi ad styrkur 6mega-3 fitusyra peirra kvenna sem toku
inn fjolvitaminid, endurspegladist ekki 1 i blédvokva peirra er ad
frasog fitusyrunnar er 6fullneegjandi 4 forminu etylester. Einnig
skiptir b6 mali ad fitu sé neytt med notkun a émega-3 baetiefnum
til ad auka a frasog peirra.’ Pa er frasog einnig had meltingar-
kerfinu, par sem porf er 4 meltingarlipésum frd brisi til ad vinna
ar pryglyceridum og etylesterum, og er pad nidurbrot talid mun
haegar pegar um etylestera er ad reeda.**® Onnur moguleg skyring
4 pessum mismun er st ad par sem beetiefnid inniheldur fjolda
annarra neringarefna, geta énnur innihaldsefni mogulega hind-
rad upptoku fitusyranna. Sem deemi ma nefna ad kalkjonir geta
bundist émega-3 fitusyrum i meltingarkerfinu og pannig hindrad
upptoku pess.?” Petta geeti pvi verid raunin pegar um fjélvitaminio
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fyrir barnshafandi konur er ad reda, par sem radlagt magn inni-
heldur 300 mg af kalki, dsamt 60rum neeringarefnum.'

Pad geeti talist takmarkandi ad ekki var gerd krafa um ad patt-
takendur veeru fastandi pegar blodprufan var tekin. Pad sama
atti p6 vido um allar konurnar og eettu nidurstddurnar pvi ad vera
samanburdarhafar. Eins erum vid ekki med upplysingar um na-
kvaemar skammtasteerdir, er kemur ad fiskneyslu og toku beeti-
efna, heldur adeins feedutioni. Aftur 4 moti sast jakveed fylgni a
milli feedutioni matveela og baetiefna vid styrk émega-3 i bl6di. Pad
a0 myndun EPA og DHA getur att sér stad i likamanum, i mis-
miklu magni milli einstaklinga og ad hluti pessara fitusyra flyst
yfir til fosturs getur haft ahrif 4 nidurstoour meelinga og fylgni
utreikninga. Sterkasta fylgnin sem séast i gognunum, var a milli
neyslu alls fisks og allra baetiefna med 6émega-3, ad undanskildu
medgongu fjolvitamininu (r=0,46). Vid gildismat matveela og lif-
merkja er fylgni um 0,3-0,4 talin medalgéd en dkjosanlegust er
fylgni & bilinu 0,4-0,7 eda haerra.”*

Fyrri nidurstodur PREWICE II stydja einnig ad svor barnshaf-
andi kvenna vid spurningum fedutionispurningalistans endur-
spegla raunverulega neyslu peirra 4 heilkornum® og tioni mjolk-
ur- og fiskneyslu tengist styrk jods i pvagi.”> Nidurstodur okkar
syna a0 eeskilegt er ad hvetja enn frekar til pess ad fiskur sé a bord-
um barnshafandi kvenna, en pad geeti einnig dregid tr heettu &
jodskorti sem greint hefur verid fra i pydinu 4 66rum vettvangi.”

Styrkleikar rannsoknarinnar eru medal annars ad vid erum
med stéran rannsdéknarhép med hau patttokuhlutfalli (75%) par
sem vi0 hofum baedi upplysingar ur fedutionispurningalista
asamt nidurstodum lifmerkja sem voru maeld 1 bl6di.

Helstu nidurstodur okkar eru ad rétt rimlega pridjungur
barnshafandi kvenna bordadi fisk ad minnsta kosti tvisvar sinn-
um i viku i samreemi vid radleggingar. Um pad bil helmingur
kvennanna notadi einhver beetiefni med 6mega-3 fitusyrum dag-
lega. Af peim 554 konum (65%) sem bordudu ekki fisk tvisvar i
viku eda oftar, var um helmingur sem tok einhver beetiefni med
6mega-3 (ekki birt i toflu). Neysla matvela og baetiefna sem inni-
halda 6mega-3 fitusyrur endurspegladist i styrk peirra i bl6d-
vokva, ad undanskildu islensku fjolvitamini fyrir barnshafandi
konur. Likleg asteeda er 6fullnaegjandi frasog fitusyrunnar a pvi
formi sem hun er i beetiefninu (etylester). Nidurstodurnar benda
til pess ad stor hluti barnshafandi kvenna fullneaegi ekki porf sinni
fyrir langar 6mega-3 fitusyrur 4 medgongu. bvi er mikilveegt ad
afla upplysinga um fiskneyslu i upphafi medgongu og tut fra pvi
akvarda hugsanlega porf fyrir beetiefni, ef konan getur ekki aukio
fiskneyslu sina. Einnig er mikilvaegt ad hafa i huga 4 hvada formi
radlagda beetiefnio er til pess ad upptaka pess sé naegileg.

bakkir

Sérstakar pakkir faer starfsfolk fosturgreiningardeildar Landspit-
alans fyrir adstod vid oflun patttakenda. Einnig pakka héfundar
6llum peim sem unnu vid framkvamd rannsoknarinnar. Rann-
séknin fékk styrk frd baedi Rannsoknasjodi Haskola fslands og
Visindasjodi Landspitala.

Greinin barst til bladsins 25. jantar 2022,
sampykkt til birtingar 25. mars 2022.
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Correlation between intake of fish or supplements containing omega-3 fatty acids

and early pregnancy plasma concentrations.
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Laufey Hrdlfsdéttir'?

INTRODUCTION: Long-chain polyunsaturated omega-3 fatty acids are considered
important for fetal development, but previous studies suggest suboptimal intake in
part of pregnant women in Iceland. The study aim was to evaluate intake of food and
supplements containing omega-3 fatty acids, among pregnant women in Iceland and

correlations to fatty acid composition in plasma.

Rikard Landberg®

Ingibjarg Th. Hreidarsdottir'*
Hildur Hardardattir®
Ingibjorg Gunnarsdattir'’

MATERIALS AND METHODS: Subjects were 853 pregnant women attending their
11-14 weeks ultrasound appointment. Information on intake of food and supplements
containing long-chain omega-3 fatty acids (eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA)) as well as background was obtained by a questionnaire.

Blood samples were collected for analysis of plasma fatty acids. Correlation was

'Unit for Nutrition Research, Landspitali University Hospital
and Faculty of Food Science and Nutrition, University of Iceland,

evaluated using the Spearman correlation.
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RESULTS: Median intake of lean fish was 1.3 times per week, while fatty fish was
consumed once monthly. About 50% of the women took omega-3 containing supplements
daily. Higher intake of both fish and omega-3 containing supplements was reflected in
higher omega-3 plasma levels (r=0.37 p<0.001). A positive correlation was seen between
intake of cod liver oil/capsules (r=0.23, p=0.001), omega-3 oil/capsules (r=0.20, p=0.001)
and plasma concentration of omega-3. However, no correlation was seen between intake
of a maternal multivitamin containing omega-3 and corresponding plasma concentration
(r=0.03, p=0.98).

CONCLUSION: Intake of food and supplements containing omega-3 fatty acids was
reflected in plasma concentration, except for an Icelandic maternal multivitamin. One
third of the women followed the recommendation of eating fish at least twice weekly.
About 50% had a daily intake of supplements containing omega-3 fatty acids.
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Translation of the dietary screening list from PREWICE I

Participant Number:

It is not necessary to answer all questions in the list if they make you feel uncomfortable
or if you are unsure regarding the answer. It is however recommended that as many
guestions as possible are answered, for the purpose of the study.

FOOD SELECTION

Do you avoid (or never eat) certain types of food? Yes No

If yes, check the types of food that you avoid or do not eat.

Cereal products
Vegetables
Fruits

Fish

Meat

Eggs

High-fat foods
Dairy products

CONSUMPTION OF VARIOUS FOODS

Keeping in mind the last 4 weeks, put one cross in each row.

How many times per month or week or day do you eat the following types of food?
Questions on fish and meat (including processed meat products) apply to main meals, not
sandwich meats or spreads.
Per month Per week Per day
<1 1 23 1 23 46 1 2 34
Vegetables
Fruits
Lean fish (e.g., haddock or cod)
Fatty fish (e.g., salmon, trout or large
halibut)
Red meat (beef, lamb or pork)
Poultry
Processed meat products, meat dough
products or sausages
Soured dairy products (sour milk, skyr or
yogurt)
Cheese on bread
Whole-grain products, other than bread*



Translation of the dietary screening list from PREWICE I

Bean dishes

Nuts and seeds (not in breads)
French fries and/or packaged snacks
Cakes and/or cookies

Candy

Ice cream

*E.g., brown rice, barley or whole-wheat pasta, as accompaniment or part of main meals. Oatmeal or

other whole grain porridges as a meal.

FATTY FOODS

Keeping in mind the last 4 weeks, put one cross on each row.

How often do you use the following high-fat foods?

Per month
<1 1 23
Oil or other soft fat for food preparation
Butter or other hard fat for food
preparation
Butter or oil-blended butter as bread spread
BEVERAGES

Keeping in mind the last 4 weeks, put one cross on each row.

How many portions per month or per week or per day do you drink of the following

beverages?
Assume that one portion is about 250 mi.

1

Per week
2-3 4-6

1

Per day

2

3-4 >5

Remember to include milk used on morning cereal or porridges and in coffee. Carbonated and

non-carbonated beverages with added sugar or sweeteners include all types of carbonated
beverages, sports drinks, fruit drinks (other than pure fruit juices) and energy drinks.

Pure fruit juice

Whole milk

Low-fat milk

Low-fat milk fortified with vitamin D
Fortified nonfat milk (vitamin D- and
protein fortified)

Nonfat milk

Carbonated and non-carbonated drinks with
added sugar

Carbonated and non-carbonated drinks
with sweeteners

Coffee

Alcohol

Per month

<1

1

2-3

1

Per week
2-3 4-6

1

Per day

2

3-4 >5



Translation of the dietary screening list from PREWICE I

BREAD

Keeping in mind the last 4 weeks, put one cross on each row.

How many slices per month or per week or per day do you eat of the following kinds of
bread?

Per month Per week Per day
<l 1 23 1 23 46 1 2 34 >5

Whole-grain bread. This means breads

marked with the Keyhole or specified as

fiber rich or whole grained with at least

25% wholegrains or a fiber content >6¢g per

100g.

Other breads. This means “common” wheat

breads (Heimilisbraud, Bonus/Kronu-braud,

ciabatta, soft-cheese bows, etc.)

Rye bread with added sugar. Here, this

pertains only to Icelandic rye bread. Please

record other rye bread, e.g., Danish rye

bread, as whole-grained bread.

SUPPLEMENTS

Do you use the following supplements?

Yes No
Cod liver oil
Maternal multivitamin with child
Vitamin-D
Omega 3 with vitamin D
Omega 3 without vitamin D
Folate
Iron
Multivitamin with vitamin A
Multivitamin without vitamin A
Another supplement

If yes, how often per month or per week or per day do you use the following
supplements?

Per month Per week Per day

<1 1 23 1 23 46 1 2 34 25 <1
Cod liver oil
Maternal multivitamin with child
Vitamin-D



Translation of the dietary screening list from PREWICE I

Omega 3 with vitamin D
Omega 3 without vitamin D
Folate

Iron

Multivitamin with vitamin A
Multivitamin without vitamin A
Another supplement

Additional questions

Did you have a fishmeal yesterday? Yes/No
Did you use dairy products yesterday? Yes/No - if yes: How much
Did you eat eggs yesterday? Yes/No - if yes: How much

Do you take a supplement containing iodine? Yes/No/Not sure. IF yes, what is it
called

Thank you for participating!
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