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Abstract

Abstract

Background and aim: Vitamins, trace elements and certain polyunsaturated fatty acids are important in the
maintenance of physical functions and prevention of diet-related diseases. Several factors influence the
nutrient status, especially in women. Additionally, the nutritional requirement of women is increased in
specific life stages, for example during pregnancy. Therefore, the aim of this thesis was to evaluate the
status of vitamin D, long-chain (LC) omega-3 (n-3) polyunsaturated fatty acids (PUFAs) and iron in women
who are in certain stages of life.

Methods: The nutrient status was examined within the scope of the cross-sectional nationwide “Vitamin
and mineral status among German women” study, which analyzed the status of specific nutrients in 2367
women (18 - 66 years). The recruitment took place in cooperation with 125 general practitioners and
gynecologists between April 2013 and March 2015. The vitamin D status of pregnant (n = 429) and
breastfeeding women (n = 124) was assessed compared to non-pregnant and non-breastfeeding (NPNB)
women of the same age, region and season of recruiting. Serum 25-hydroxyvitamin D (25(OH)D) — indicator
of the vitamin D status — was determined by chemiluminescence immunoassay. The LC n-3 PUFA status
was investigated in pregnant women in the third trimester (n = 213), breastfeeding women (n = 127) and
middle-aged women (40 to 60 years) (n = 446). The evaluation was conducted by the omega-3 index, which
is the relative eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) of the total fatty acids in the
erythrocyte membranes. The iron status was estimated in women of reproductive age (n = 178) by the
concentration of hemoglobin (Hb), ferritin, soluble transferrin receptor (sTfR) and the sTfR-ferritin index.

Results: Pregnant and breastfeeding women had a 3.7 and 4.0, respectively, times higher risk of vitamin D
deficiency (25(0OH)D concentrations < 25.0 nmol/L) compared to NPNB women who also showed a high
prevalence of an inadequate vitamin D status. The omega-3 index was higher in pregnant women than in
breastfeeding women (6.40 £ 1.31% vs. 5.50 + 1.34%). However, the status is probably insufficient in
87.1% of these pregnant and breastfeeding women. A total of 97.3% of the middle-aged women (40 -
60 years) showed an omega-3 index less than 8%, which is associated with an increased risk of
cardiovascular death. An inadequate iron status (ferritin < 20 pg/L and/or Hb < 12 g/dL) was prevalent in

16.3% of women of reproductive age.

Conclusion: The vitamin D status of pregnant and breastfeeding women as well as of NPNB women of the
same age needs to be improved. The determination of the vitamin D status with the highest health
advantage is necessary. Middle-aged women and possibly also pregnant and breastfeeding women have to
increase their LC n-3 PUFA status. In further studies, the optimal LC n-3 PUFA status during pregnancy and
breastfeeding period should be investigated. For the enhancement of the vitamin D and LC n-3 PUFAs
status exist numerous opportunities, which suitability requires further investigations. Women of reproductive
age should ensure an adequate iron intake to maintain their iron status. Therefore, educational work is

necessary to inform about the different iron sources and their individual bioavailability.
Trial registration: German Clinical Trial Register DRKS00004789

Keywords: nutrient status, women, Germany



Zusammenfassung

Zusammenfassung

Hintergrund und Ziel: Vitamine, Spurenelemente und bestimmte mehrfach ungesattigte Fettsauren spielen
eine wichtige Rolle in der Aufrechterhaltung von Korperfunktionen und in der Pravention von
ernahrungsassoziierten Erkrankungen. Insbesondere bei Frauen wird der Nahrstoffstatus durch zahlreiche
Faktoren beeinflusst und ist zudem in bestimmten Lebensphasen, wie der Schwangerschaft, erhoht. Das
Ziel dieser Arbeit war daher den Status von Vitamin D, langkettigen Omega-3 Fettsduren und Eisen bei

Frauen in ausgewahlten Lebensperioden zu untersuchen.

Methodik: Der Nahrstoffstatus wurde im Rahmen der bundesweiten Querschnittsstudie ,Vitamin- und
Mineralstoffversorgung bei Frauen in Deutschland® erfasst. Die Studie analysierte den Status an
ausgewahlten Nahrstoffen bei 2367 Frauen (18 - 66 Jahre). Die Rekrutierung erfolgte in Zusammenarbeit
mit 125 Allgemeinmedizinern und Gynakologen zwischen April 2013 und Marz 2015. Der Vitamin D Status
von Schwangeren (n = 429) und Stillenden (n = 124) wurde im Vergleich zu Nichtschwangeren und
Nichtstillenden desselben Alters sowie der gleichen Rekrutierungsregion und -jahreszeit beurteilt. Die
Messung der Serum 25-Hydroxyvitamin D Konzentration (25(OH)D) — Indikator fir den Vitamin D Status —
erfolgte mittels Chemilumineszenz-Immunoassay. Der Omega-3 Status wurde bei Schwangeren im dritten
Trimester (n = 213), Stillenden (n = 127) und Frauen im mittleren Alter (40 - 60 Jahren) (n = 446) anhand
des Omega-3 Index analysiert — relative Eicosapentaensdure (EPA) und Docosahexaensaure (DHA)
Konzentration der Gesamtfettsduren in der erythrozytdren Membran. Der Eisenstatus von Frauen im
gebarfahigen Alter (n = 178) wurde mittels Hamoglobin- (Hb), Ferritin-, 16slichem Transferrinrezeptor-

Konzentration (sTfR) und dem sTfR-Ferritin Index bestimmt.

Ergebnisse: Das Risiko eines Vitamin D Defizits (25(OH)D < 25.0 nmol/l) war bei Schwangeren 3,7x und
bei Stillenden 4,0x hoher als bei Nichtschwangeren und Nichtstillenden, bei denen die Vitamin D
Versorgung allerdings ebenfalls Uberwiegend unzureichend war. Der Omega-3 Index war bei Schwangeren
héher als bei Stillenden (6,40 £ 1,31% vs. 5,50 + 1,34%). Moglicherweise wiesen 87,1% der Schwangeren
und Stillenden eine unzureichende Omega-3 Versorgung auf. Der Omega 3 Index lag bei 97,3% der Frauen
zwischen 40 und 60 Jahren unterhalb von 8%, womit ein erhohtes Risiko fir kardiovaskular bedingte
Todesfalle vorliegt. Einen inadaquaten Eisenstatus (Ferritin <20 pg/l und/oder Hb < 12 g/dl) hatten 16,3%

der Frauen im gebarfahigen Alter.

Schlussfolgerung: Der Vitamin D Status sollte bei Schwangeren, Stillenden, aber auch bei
nichtschwangeren und bei nichtstillenden Frauen derselben Altersklasse, verbessert werden. Zudem ist die
Festlegung des Vitamin D Status mit dem hochsten gesundheitlichen Nutzen erforderlich. Eine
ausreichende Omega-3 Versorgung muss bei Frauen im mittleren Alter und moglicherweise auch bei
Schwangeren und Stillenden sichergestellt werden. Weitere Studien sind notwendig, die den optimalen
Omega-3 Status wahrend der Schwangerschaft und Stillzeit ermitteln. Fir die Verbesserung der
Versorgung von Vitamin D und den langkettigen Omega-3 Fettsauren stehen verschiedene Moglichkeiten
zur Verfuigung, dessen Eignung in weiteren Studien untersucht werden muss. Frauen im gebarfahigen Alter
sollten eine ausreichende Eisenaufnahme sicherstellen, um den Eisenstatus aufrechtzuerhalten. Die

Aufklarung Uber die verschiedenen Eisenquellen und deren Verfligbarkeit sind hierflir obligatorisch.
Studienregistrierung: Deutsches Register Klinischer Studien DRKS00004789

Stichworter: Nahrstoffstatus, Frauen, Deutschland
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General introduction: Nutritional requirements and aim

1. General introduction

1.1. Nutritional requirements and aim of this dissertation thesis

As early as over 500 years before Christ, Hippocrates knew that “food be thy medicine and
the medicine your food”. Nutrition not only ensures the energy supply but is also essential to
maintaining physical, psychological and metabolic functions and to preventing diet-related
illnesses. Micronutrients, vitamins and also certain fatty acids (FA) have a special relevance
to these functions (WHO 1985). Therefore, reference values for the dietary intake are
recommended to ensure the required supply of nutrients for the majority of healthy people. In
Germany, the recommendations are established by the German Nutrition Society (Deutsche
Gesellschaft fur Erndhrung, DGE) in cooperation with the Austrian Nutrition Society
(Osterreichische Gesellschaft fir Ernadhrung) and the Swiss Society for Nutrition
(Schweizerische Gesellschaft fur Ernahrung) (D-A-CH) (D-A-CH 2015).

For the assessment of the nutrient supply, the dietary intake of food is usually evaluated by
validated questionnaires such as food frequency questionnaires or food records. Based on
these data, the nutrient intake is calculated using food composition tables. The resulting
intake is compared with the dietary intake recommendations of professional societies.
However, the calculated nutrient intake allows only estimations about the nutrient status
because of several influencing factors (Elmadfa & Leitzmann 2015). For example, the
nutrient content in foods are subject to fluctuations (Souci et al. 2015). Moreover, the
bioavailability of micronutrient is affected by food processing (Platel & Srinivasan 2016) as
well as absorption-promoting and absorption-inhibiting factors, which is especially relevant to
the micronutrient iron (Collings et al. 2013). In contrast, the nutrient intake of vitamin D
contributes only insignificantly to the vitamin D status because the human body can
synthesize the vitamin D requirement endogenously via ultraviolet B (UVB) radiation
(Seckmeyer et al. 2013). In addition, the nutrient requirements of women are partially
dependent on the physiological status (D-A-CH 2015). For example, the maternal nutrient
status of specific nutrients, such as long-chain (LC) omega-3 (n-3) polyunsaturated fatty
acids (PUFAs), also provides the fetal and infantile nutrient supply with these nutrients (Gil-
Sanchez et al. 2010; Meldrum et al. 2012). In addition, the status of certain nutrients is
influenced by the menstruation (Napolitano et al. 2014) and possibly even by hormones
(Magnusardottir et al. 2009; Pilz et al. 2017). These factors are partly considered in the
dietary intake recommendations (D-A-CH 2015). Nevertheless, biochemical parameters
should be analyzed instead of dietary intake to reflect the current nutrient status. The
biochemical parameters have a high accuracy when assessing the actual nutrient status and

detect nutrient deficiencies at an early stage. In this respect, the measured biochemical
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values are compared with the scientific biochemical reference values (Elmadfa & Leitzmann
2015).

For Germany, biochemical data on various vitamins and minerals were collected by as early
as the 1980s as part of the “Nutrition Survey and risk factors analysis” study on 2,000
subjects (Heseker et al. 1994; Kohimeier et al. 1995). Newer nationwide data on the nutrient
supply are available for certain nutrients and partly only for specific population groups, such
as for LC n-3 PUFAs (Geppert et al. 2005; Kroger et al. 2011) or vitamin D (Hintzpeter et al.
2008; Weisse et al. 2013; Wuertz et al. 2013; Richter et al. 2014; Jungert & Neuhauser-
Berthold 2015; Rabenberg et al. 2015). Surveys of the nutrient status of women in specific
stages of life are limited or nonexistent, although this aspect should be assessed due to the

changing requirements during the lifetime of women.

Study objectives

To gain knowledge about the nutrient supply situation of women, the status of vitamin D, LC
n-3 PUFAs and iron was investigated in women with an increased requirement or in certain
phases of life for which the supply situation is most likely critical. The following issues are the

basis of this dissertation thesis and are described in the scientific publications (chapter 2):

1. How does the risk of an inadequate vitamin D status in pregnant women compared to
non-pregnant women of the same age, region and season of recruiting? (Paper I, chapter
2.1.1)

2. Do breastfeeding women have a higher risk of an inadequate vitamin D status than non-
pregnant and non-breastfeeding women of the same age, region and season of
recruiting? (Paper I, chapter 2.1.2)

3. How is the status of LC n-3 PUFAs in pregnant and lactating women? (Paper Ill, chapter
2.2.1)

4. Are middle-aged women adequately supplied with LC n-3 PUFAs? (Paper IV, chapter
2.2.2)

5. Do women of reproductive age show an adequate iron status, and how do oral
contraceptives affect the iron status depending on several other influencing factors?
(Paper V, chapter 2.3)
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1.2. Vitamin D
1.2.1. Structure, metabolism and endogenous synthesis

Structure and metabolism

The fat-soluble vitamin D derivatives have a secosteroid structure with different substituents
among the various compounds. One of the important derivatives is vitamin D,
(ergocalciferol), which is produced by provitamin D, (ergosterol) in plants. The second is
vitamin D3, which is formed by provitamin D; (7-dehydrocholesterol, 7-DHC) in the skin (Bikle
2014) (Figure 1).

Vitamin D, and vitamin D; are metabolized by the same pathway within the fat absorption
and metabolism. The absorption rate of vitamin D; is approximately 78.6% (Thompson et al.
1966) and increases with the intake of fat during a meal (Dawson-Hughes et al. 2015).
Vitamin D is released in the liver by the degradation of chylomicrons. Precholecalciferol is
hydroxylated to calcidiol (25-hydroxyvitamin D = 25(OH)D), which is transported to the kidney
via vitamin D binding protein (VDBP). The active form of vitamin D — calcitriol (1,25-
dihydroxyvitamin D = 1,25(0OH),D) — is converted by 1a-hydroxylase (1a(OH)ase, CYP27B1).
For constant concentrations, 25(OH)D and 1,25(0OH),D can be cleaved by 24-hydroxylase
(24(OH)ase) to calcitroic acid (Bikle 2014). Vitamin D is mainly stored in the fatty tissue
(Mawer et al. 1972) with a half-life of about two months (Preece et al. 1975; Dlugos et al.
1995; Vieth 1999).

Endogenous synthesis
Vitamin D has a special position within the vitamins because vitamin D; can be synthesized
endogenously via UVB radiation (290 - 315 nm) (MacLaughlin et al. 1982) (Figure 1). In this
way, 7-DHC in the skin is cleaved by sunlight to form precholecalciferol, which is
metabolized. Inactive vitamin D isomers are formed by strong UVB radiation to avoid
vitamin D intoxication (hypervitaminosis) (Holick 2007).
The vitamin D requirement can be achieved by endogenous vitamin D synthesis (Seckmeyer
et al. 2013). However, several conditions influence the conversion rate and therefore the
vitamin D status. On the one hand, the endogenous synthesis depends on the UVB radiation
(Bogh et al. 2011) and therefore geo-climate conditions are determinative for the synthesis:
¢ Latitude: The availability of UVB radiation declines with higher latitude (O'Neill et al. 2016).
e Season: It is feasible to synthesize vitamin D in Central Europe during the whole year
(Seckmeyer et al. 2013). However, in northern latitudes such as Germany, the synthesis is
limited between October and March (Engelsen et al. 2005) because the UVB radiation for
the production of vitamin D is considerably lower in the winter months than in the summer
months (Serrano et al. 2017). For example, three days in December are necessary to

synthesize adequate vitamin D amount (25 pg [21000 international units; conversion factor:
3
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40]) in Central Europe, whereas only 18 minutes are required in June (Seckmeyer et al.
2013).
¢ Time of day: The effective solar UVB radiation to produce vitamin D is the highest around

noon (Serrano et al. 2017).
¢ Thick ozone, clouds (Engelsen et al. 2005) and shade reduce the synthesis capacity

(Turnbull et al. 2005).
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Moreover, vitamin D synthesis capacity is negatively affected by personal factors:

¢ Non-modifiable factors: increasing skin pigmentation (Webb & Engelsen 2006; Libon et
al. 2013; Xiang et al. 2015), increasing age (MacLaughlin & Holick 1985; Need et al. 1993)
and burns (Schumann et al. 2012)

¢ Modifiable factors: lower skin area (Osmancevic et al. 2015) and therefore wearing
clothing (Seckmeyer et al. 2013) with increasing darkness (Matsuoka et al. 1992), vertical

body posture (Seckmeyer et al. 2013) and the use of sunscreens (Matsuoka et al. 1987)

1.2.2. Function

The effects of vitamin D are mediated non-genomic and genomic by binding on the vitamin D
receptor (VDR). Non-genomically, 1,25(0OH),D is bound on the VDR in the caveolae of the
plasma membrane (Haussler et al. 2011). Genomically, 1,25(0OH).D cooperates with the
VDR and forms a heterodimer with the retinoid X receptor (RXR). This VDR/RXR complex
binds to a specific deoxyribonucleic acid region of the genes — the vitamin D response
element — which leads to the activation or suppression of the transcription (Christakos et al.
2016).

Skeletal effects

1,25(0OH),D regulates the calcium and phosphate homeostasis by influencing the intestinal
calcium absorption (Pansu et al. 1983; Aloia et al. 2014), the intestinal phosphate absorption
(Rizzoli et al. 1977) and the renal calcium reabsorption (Yamamoto et al. 1984). In the bone,
1,25(0OH),D affects the bone mineralization as well as the bone resorption and thus effects
on the calcium and phosphate level. The stimulation of osteoblasts by 1,25(OH),D results in
a bone mineralization (Matsumoto et al. 1991). However, 1,25(0OH),D also promotes the
osteoclastic bone resorption via stimulation of a soluble factor by osteoblasts (McSheehy &
Chambers 1987). The regulation of the serum calcium levels is also indirectly affected by
1,25(0OH),D because it suppresses the parathyroid hormone (PTH) (Silver et al. 1986). PTH
is responsible for the release of bone mineral by osteoclasts (Weisbrode et al. 1978).

As a result, an inadequate vitamin D status could cause rickets in children (Shaw 2016),
osteomalacia in adulthood (Bhan et al. 2012) as well as fractures (Brincat et al. 2015; Fu et
al. 2015), falls (Rothenbacher et al. 2014; Brincat et al. 2015) and secondary
hyperparathyroidism (Lips 2001).

Extra skeletal effects
VDR and 1a(OH)ase are also expressed in tissues such as the cardiovascular system (Chen
et al. 2008), brain (Eyles et al. 2005), colon (Matusiak et al. 2005) and breast (McCarthy et

al. 2009). Therefore, a probably association of vitamin D with many diseases is conceivable:
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e Cardiovascular diseases (Anderson et al. 2010; Ford et al. 2014)

¢ Diabetes mellitus type 2 (Mitri et al. 2011) and diabetic nephropathy (Derakhshanian et al.
2015)

¢ Inflammatory diseases (Duan et al. 2014; Lin et al. 2016; Sadeghian et al. 2016)

e Cancer such as colon (Ma et al. 2011; Ying et al. 2015) and breast cancer (Chen et al.
2010; Kim & Je 2014)

¢ All-cause mortality (Garland et al. 2014; Pilz et al. 2016)

However, the data situation is inconsistent for some of these diseases (James et al. 2013;

Sperati et al. 2013; Seida et al. 2014; Lugg et al. 2015; Jacobs et al. 2016) and partially

intervention studies are missing.

Effects during pregnancy and breastfeeding period

During pregnancy, the maternal vitamin D status is not only important for the mother's health,
but also for the health of the fetus and infant (Table 1). The fetal and infant vitamin D status
depends on the maternal vitamin D supply (Wagner et al. 2012). This arrangement is shown
by having a high correlation of the maternal 25(OH)D concentration — biochemical parameter
of vitamin D status — with the 25(OH)D concentration of the cord blood (Dror et al. 2011;
Wouertz et al. 2013; Pena et al. 2015) and breastmilk (vid Streym et al. 2016). Moreover, VDR
is present in the placenta (Pospechova et al. 2009) and even in fetal tissues (Betts et al.
2015). The maternal vitamin D status also influences the protein expression of 1a(OH)ase in
the placenta (O'Brien et al. 2014) and the 25(OH)D concentration in the breast milk upon
delivery (Mohamed et al. 2014).

During pregnancy, the vitamin D metabolism changes with a two-three times higher
1,25(0OH),D concentration than in non-pregnant women (Papapetrou 2010; Hollis et al.
2011). This increase is independent of the rise of VDBP (Bikle et al. 1984). Calcitonin is
probably responsible for the higher 1,25(0OH),D concentration (Hollis et al. 2011) because it
controls the 1a(OH)ase activity (Zhong et al. 2009) and is enhanced during pregnancy (Silva
et al. 1981). It is suggested that at this time the 1,25(OH),D concentration is disengaged from
the calcium, phosphorus and PTH metabolism (Hollis et al. 2011). Therefore, the enhanced
1,25(0OH),D concentration does not result in a hypercalcemia and hypercalciuria (Hollis et al.
2011). A 25(0OH)D concentration of at least 100.0 nmol/L (2 40 ng/ml, conversion factor:
2.496) is needed to ensure an optimal production of 1,25(OH),D during pregnancy (Hollis et
al. 2011).
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Table 1 Influence of vitamin D on the course of pregnancy, development and health of the

fetus and infant and the m

other’s health.

Influence on the course of pregnancy

Preterm birth

e Maternal 25(OH)D concentrations > 100.0 nmol/L compared
with < 50.0 nmol/L are associated with a lower risk for preterm
birth (< 37th week of gestation) (RR 0.41; 95% CI 0.20, 0.86)
(Wagner et al. 2016).

Caesarean section

e Maternal 25(OH)D concentrations < 37.5 nmol/L versus
= 37.5 nmol/L are related with a higher risk (OR 3.84; 95% CI
1.71, 8.62) (Merewood et al. 2009).

e The results are inconsistent (Aghajafari et al. 2013).

Small for gestational
age infant

e Maternal 25(OH)D concentrations < 37.5 nmol/L  versus
= 37.5 nmol/L are associated with a higher risk (OR 1.85; 95%
Cl 1.52, 2.26) (Aghajafari et al. 2013).

Influence on the develo

pment and health of fetus and infant

Neuropsychological
development

¢ Maternal 25(OH)D concentrations > 75.0 nmol/L compared with
< 50.0 nmol/L result in a higher mental score (3 2.60; 95% CI
0.63, 4.56) and psychomotor score (3 2.32; 95% CI 0.36, 4.28)
of their infants (11 - 23 months) (Morales et al. 2012a).

Bone health

e Per 10.0 nmol/L increase of the maternal 25(OH)D
concentration, the bone mineral content (19.2 g; 95% CI 5.60,
32.70) and bone mineral density are higher (4.6 mg/cm? 95%
Cl1 0.10, 0.90) (Zhu et al. 2014).

e Lower maternal and infantile 25(OH)D concentrations in active
rickets than in healed rickets (Elidrissy 2013).

Type 1 diabetes

¢ Vitamin D supplementation — regardless of amount — in infants
during the first year of life is associated with a lower incidence
and risk (RR 0.12; 95 % CI1 0.03, 0.51) (Hypponen et al. 2001)

Allergy

¢ Possible U-shaped relation (Rueter et al. 2014), but the results
are inconsistent (Rueter et al. 2014; Papadopoulou et al. 2015).

Respiratory tract
infections

¢ The highest quartile of maternal 25(OH)D concentration versus
the lowest quartile is related with a lower risk (OR 0.67; 95% CI
0.50, 0.90) in the offspring of the first year (Morales et al.
2012b).

Influence on the maternal health

Preeclampsia

¢ Maternal 25(OH)D concentrations < 30.0 nmol/L compared with
= 50.0 nmol/L are associated with a higher risk (OR 2.23; 95%
Cl 1.29, 3.83) (Achkar et al. 2015).

Postpartum
depression

e Maternal 25(OH)D concentrations <47.0 nmol/L versus
> 70.0 nmol/L are related with a higher risk (OR 2.72; 95% CI
1.42, 5.22) (Robinson et al. 2014).

Gestation diabetes
mellitus

e Maternal 25(OH)D concentrations < 50.0 nmol/L compared with
= 50.0 nmol/L are associated with a higher risk (OR 1.38; 95%
Cl 1.12, 1.70) (Wei et al. 2013).

Bacterial vaginosis

e Higher risk at a lower maternal 25(OH)D concentration

(Aghajafari et al. 2013).

Abbreviations: 3, standardized coefficient; 25(0OH)D, 25-hydroxyvitamin D; Cl, confidence interval; OR,

odds ratio; RR, relative risk.
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During breastfeeding period, prolactin also stimulates 1a(OH)ase (Ajibade et al. 2010).
Postpartum, the 1,25(0OH),D concentration is higher in breastfeeding women than in bottle-
feeding women, however, lies in a normal range comparable with non-pregnant (NP) and
non-breastfeeding (NB) women (Carneiro et al. 2010). The vitamin D activity of milk varies
and is only between 0.125 and 2.0 pg/L (Hollis et al. 1981; Specker et al. 1985; Ala-Houhala
et al. 1988; Hollis & Wagner 2004; Wagner et al. 2006). Therefore, a daily vitamin D intake of
10 pg is recommended for infants up to the age of one year (D-A-CH 2015). This estimated
value is recommended, regardless of the vitamin D intake via breastmilk or formula as well
as the endogenous synthesis. Nevertheless, a maternal vitamin D supplementation
(160 pg/day) during breastfeeding period is as effective as an infant supplementation (Hollis
et al. 2015).

1.2.3. Nutritional requirements, recommendations and supply situation

Vitamin D intake

Only a few foods contain vitamin D in relevant amounts. Fatty fish such as smoked eel
(smoked: 90.0 ug/100 g), herring (25.0 pg/100 g) or salmon (16.0 ug/100 g) contain the
highest amounts (Souci et al. 2015).

Recommendation for vitamin D intake is challenging due to the endogenous vitamin D
synthesis. The D-A-CH society recommends a vitamin D intake of 20 ug/day for adults (from
15 years up) as well as for pregnant and breastfeeding women (D-A-CH 2015). This
estimated value is recommended in case of absent endogenous vitamin D synthesis (D-A-
CH 2015) and based on the fact that 20.0 ug/day ensures a sufficient vitamin D status
(25(OH)D concentration > 50.0 nmol/L) in 90.0 - 95.0% of the population (Cashman et al.
2008). Corresponding to the German nutrition report, an average vitamin D intake of 1.5 -
1.7 yg/day is only ingested by women (19 - 35 years) (DGE 2012). Therefore, an excess of
the tolerable upper intake level (UL) of 100 ug/day (EFSA 2012b) is not expected with food.

Classification of vitamin D status

For the assessment of the vitamin D status, the 25(OH)D concentration is suitable because it
includes both — dietary intake and endogenous synthesis of vitamin D (Ross et al. 2011).
25(0OH)D has a half-life of approximately 15 days (Jones et al. 2014). However, there is no
consistency about the vitamin D status that results in the highest health advantage in the
general population (Souberbielle et al. 2010; Holick et al. 2011; Ross et al. 2011; Pludowski
et al. 2013) and also during pregnancy and breastfeeding periods (Wagner et al. 2012;
Pludowski et al. 2013). A 25(OH)D concentration < 25.0 nmol/L can be classified as
deficiency for bone health (Zittermann & Gummert 2010). The DGE considers a vitamin D

status of at least 50.0 nmol/L for bone health (Linseisen et al. 2011). This value is also
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recommended by the Institute of Medicine to ensure the requirements of 97.5% of the
population (Ross et al. 2011). However, there is also an evidence that a 25(OH)D
concentration of =275.0 nmol/L should be achieved (CPS 2007; Souberbielle et al. 2010;
Holick et al. 2011; Vieth 2011) (Table 2).

Table 2 Classification of vitamin D status depending on the 25-hydroxyvitamin D

concentration.
25(0OH)D Biochemical modifications
concentration
[nmol/L]'
<25.0 Rickets, osteomalacia, calcium malabsorption, severe

hyperparathyroidism, low 1,25(0OH),D concentrations, muscular
diseases, death, dysfunction of immune and cardiovascular system?
25.0 -49.9 Reduced bone mineral density, impaired muscle function, low
absorption of calcium, increased PTH concentrations, slightly
decreased 1,25(0H).D levels, increased mortality ratio

50.0 - 74.9 Low bodily stores of vitamin D, slightly increased PTH levels

275.0 No disturbance of vitamin D dependent functions, assurance of
skeletal health, lower risk of fractures and falls, assurances of
optimal health in case of an increased risk for cancer,
cardiovascular disease, muscoskeletal disorders, autoimmune

disorders
>125.0 Increased mortality rate ratio
> 372.0 Hypercalcemia, acute toxicity

Table was designed in accordance with Melamed et al. 2008; Priemel et al. 2010; Souberbielle et al.
2010; Zittermann & Gummert 2010; Ross et al. 2011; Vieth 2011.

Abbreviations: 1,25(0OH),D, 1,25-dihydroxyvitamin D; 25(OH)D, 25-hydroxyvitamin D; PTH,
parathyroid hormone.

! Conversion in ng/ml: divided by 2.496 nmol/L

In addition to the endogenous vitamin D synthesis and the vitamin D intake, the vitamin D

status is influenced by several factors. The following factors have a negative impact on the

vitamin D status:

¢ Higher body fat mass (Oliai Araghi et al. 2015) and obesity (Tonnesen et al. 2016)

e Smoking (Shinkov et al. 2015; Tonnesen et al. 2016)

¢ Physical inactivity (Daly et al. 2012; Tonnesen et al. 2016)

e Genetics (Wang et al. 2010) as shown by the vitamin D dependent rickets type 1B
(Thacher & Levine 2016)

¢ Diseases such as inflammatory bowel diseases (Del Pinto et al. 2015), granuloma-forming
diseases (Adams & Hewison 2012), primary and secondary hyperparathyroidism (Clements
et al. 1992) and chronic kidney diseases (Oh et al. 2012)

¢ Drugs like anti-epileptics, which increase the decomposition of vitamin D (Wang et al. 2013)
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Supply situation with vitamin D

An inadequate vitamin D status is common in the general population of Europe as well as in
pregnant and breastfeeding women. In the general population of Europe, a total of 40.4%
show 25(0OH)D concentrations below 50.0 nmol/L (Cashman et al. 2016), and in Germany,
the frequency is approximately between 50.8% and 75.0% (Hintzpeter et al. 2008;
Zittermann et al. 2009; Richter et al. 2014; Rabenberg et al. 2015). Only 17.5% of the
German women aged 18 - 44 years demonstrate 25(OH)D concentrations = 75.0 nmol/L
(Rabenberg et al. 2015).

Information on the vitamin D status for pregnant and breastfeeding women in Germany are
only available at the end of preghancy (34th week of pregnancy). 44.4% of these women
show 25(OH)D levels below 50.0 nmol/L (Weisse et al. 2013). Moreover, another study
demonstrates that in 77.0% of German women after birth the vitamin D status is below
50.0 nmol/L (Wuertz et al. 2013).

1.3. Long-chain omega-3 fatty acids

1.3.1. Structure and metabolism

Fatty acids consist of a carbon (C) chain and a carboxyl (COOH) group. The chain length,
number of double bonds and location of the double bond from the end of the methyl are
characteristic of the fatty acids. The different structures result in the specific functions of the
fatty acids. The n-3 PUFAs have their first double bond between carbon atoms 3 and 4. The
most important n-3 PUFAs are a-linoleinic acid (ALA, C18:3n-3) and the LC n-3 PUFAs
eicosapentaenoic acid (EPA, C20:5n-3) and docosahexaenoic acid (DHA, C22:6n-3)
(Bazinet & Laye 2014).

After the intake from the diet, the LC n-3 PUFAs are emulsified in the stomach and
transported to the small intestine. Here, the LC n-3 PUFAs are enzymatically cleaved to free
FAs and 2-monoacylglycerides. Both reach the enterocytes in the form of micelles. A re-
esterification of the n-3 FAs to triacylglycerides (TG) ensues. In chylomicrons, the TGs enter
the systemic circulation. From there, TGs are transported via blood to the target tissues
(Schuchardt & Hahn 2013).

Humans can convert ALA to EPA and DHA by desaturation, elongation and oxidation

(Figure 2) (Baker et al. 2016). However, the conversion rate is very low (ALA to DHA < 1%)

(Plourde & Cunnane 2007; Brenna et al. 2009) and several factors influence the necessary

enzymes for this conversion process:

e Co-factors such as zinc (Eder & Kirchgessner 1996), iron (Zhou et al. 2011), magnesium
(Mahfouz & Kummerow 1989), folate and vitamin B4, (Wadhwani et al. 2012) as well as

vitamin Bg (Tsuge et al. 2000)show a positive impact on the fatty acid desaturase.
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¢ Insulin promotes (Arbo et al. 2011) and glucagon suppresses the fatty acid desaturase
(Rimoldi et al. 2001).

¢ Estrogen may enhance the conversion (Burdge & Wootton 2002; Giltay et al. 2004; Kitson
et al. 2013).

¢ Genetic polymorphisms of the elongase (Zhang et al. 2016a) and fatty acid desaturase
(Horiguchi et al. 2016; Zhang et al. 2016a) inhibit the synthesis.

e The omega-6 (n-6) PUFA linoleic acid (LA, C18:2n-6) competes for the same conversion
enzymes and is therefore a limiting factor in the conversion of LC n-3 PUFAs (Portolesi et
al. 2007) (Figure 2).

Moreover, a retroconversion of DHA to EPA is possible (Stark & Holub 2004; Plourde et al.

2011; Park et al. 2016).

a-linoleic acid (C18:3n-3)
E— —_— —_ COOH Linoleic acid (C18:2n-6)

A6-desaturase (Fads2)

v "
Stearidonic acid (C18:4n-3) y-linoleic acid (C18:3n-6)
Elongase (Elovi5)

A "
Eicosatetraenoic acid (C20:4n-3) Dihomo-y-linolenic acid (C20:3n-6)
A5-desaturase (Fads1)

A "
Eicosapentaenoic acid (C20:5n-3)

— — — — COOH Arachidonic acid (C20:4n-6)
l Elongase (Elovi2 or 5)
4
Docosapentaenoic acid (C22:5n-3) Docosatetraenoic acid (C22:4n-6)
l Elongase (Elovi2)
4
Tetracosapentaenoic acid (C24:5n-3) Tetracosatetraenoic acid (C24:4n-6)
l A6-desaturase (Fads2)
4
Tetracosahexaenoic acid (C24:6n-3) Tetracosapentaenoic acid (C24:5n-6)
l Peroximal R-oxidation
"
Docosahexaenoic acid (C22:6n-3) Docosapentaenoic acid (C22:5n-6)

COOH
Figure 2 Biosynthesis of omega-3 fatty acids and omega-6 fatty acids.

This figure was modified according to Bazinet & Laye 2014 and Baker et al. 2016.
Abbreviations: C, carbon; COOH, carboxyl group; Elovi2 or 5; elongation of very long-chain fatty acids
2 or 5; Fads1 or 2, fatty acid desaturase 1or 2; N-3, omega-3; N-6, omega-6.
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1.3.2. Function

DHA exists in many organs such as in the brain, retina and testis (Sassa & Kihara 2014).

Several physiologic effects are associated with the LC n-3 PUFAs (Table 3). Therefore, LC

n-3 PUFAs have various benefits on the health of the general population (Table 4). However,

more intervention studies are partly necessary to determine the evidence for these potential

effects.

Table 3 Physiologic mechanism of long-chain omega-3 fatty acids.

Mechanism of LC n-3 PUFAs

Membrane fluidity

¢ DHA is incorporated in lipid rafts (Schley et al. 2007) and enhances
their membrane fluidity (Aliche-Djoudi et al. 2013). DHA leads to a
modification of the fatty acid composition and decreases epidermal
growth factor receptor in the lipid rafts (Schley et al. 2007).

Neurite Growth

¢ LC n-3 PUFAs enhance the neurite outgrowth in adults and aged
neurons, as shown in sensory neuronal culture of dorsal root ganglia
from rat (Robson et al. 2010). The effects are the result from the
incorporation of LC n-3 PUFAs in Apo E containing lipoproteins in
the form of fatty acid moiety of phospholipids. These lipoproteins
promote the number of branches and therefore the neurite
outgrowth (Nakato et al. 2015)

Synaptogenesis

¢ DHA increases the synaptic transmission (Connor et al. 2012) and
improves the PSD95 level as well as the expression of
synaptophysin (Tao et al. 2016)

Gene expression

e LC n-3 PUFAs regulate the expression of several genes, which
regulate the inflammation, neuronal processes or the fatty acid
metabolism, such as CD36 (Vedin et al. 2012), RAR, RXRa, RXRM[}
(Dyall et al. 2010), PPARa, HNF6 and HNF 13 (Schmidt et al. 2012)

Neurogenesis

¢ LC n-3 PUFAs improve the number of S-phase cells in the neurons
(Beltz et al. 2007) and neurogenesis (Beltz et al. 2007; Dyall et al.
2010)

Oxylipin
synthesis

¢ LC n-3 PUFAs can be metabolized to oxygenated metabolites
(oxylipins) by cyclooxygenase, lipoxygenase and cytochrome P450
pathway (Wang et al. 2014). For example, eicosanoids are formed,
such as the DHA metabolite 17-HDHA (resolvin D1 precursor)
(Shearer et al. 2010; Fischer et al. 2014), which has anti-
inflammatory effects (Neuhofer et al. 2013; Erdinest et al. 2014).

Abbreviations: 17-HDHA, 17-hydroxydocosahexaenoic acid; CD36, cluster of differentiation 36; ApoE,
Apolipoprotein E; DHA, docosahexaenoic acid; HNF1B, hepatocyte nuclear factor 1 beta; HNFG,
hepatocyte nuclear factor 6; LC n-3 PUFAs, long-chain omega-3 polyunsaturated fatty acids; PPARAQ,
peroxisome proliferator-activated receptor alpha; PSD95, postsynaptic density protein 95; RAR,
retinoic acid receptor; RXRa or B, retinoid X receptor a or B; S-phase; synthesis phase.
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Table 4 Effects of long-chain omega-3 fatty acids on the health in the general population.

Effects in the general population

Cardiovascular
diseases

¢ Higher LC n-3 PUFAs status is related with a lower incidence of
elevated blood pressure (RR 0.67; 95% CI 0.55, 0.83) (Yang et
al. 2016).

¢ LC n-3 PUFAs supplementation (= 1000 mg/day, = 12 months)
is associated with a lower risk for cardiac death (RR 0.68; 95%
Cl1 0.56, 0.83) and myocardial infarction (RR 0.75; 95% CI 0.63,
0.88) in patients with cardiac diseases in the past (Casula et al.
2013).

¢ LC n-3 PUFAs supplementation (450 - 4500 mg/day, average
intake of 56 days) improves the flow-mediated dilation (WMD
2.3; 95% CI 0.89, 3.72) (Wang et al. 2012).

Cognitive decline

¢ LC n-3 PUFAs supplementation (400 - 1800 mg/day for 3 -
40 months) reduces the Mini-Mental State Examination score
(WMD 0.15; 95% CI 0.05, 0.25) (Zhang et al. 2016b).

¢ LC n-3 PUFAs supplementation (2.2 g/day for 26 weeks)
enhances executive functions and white matter microstructure
(Witte et al. 2014).

Depressive symptoms

e Higher n-3 PUFAs intake is related with a reduced risk of
depressive symptoms (Beydoun et al. 2015).

e Inverse relation between omega-3 index and depressive
symptoms in subjects with increased oxidative stress (R -1.74 +
0.88) (Bigornia et al. 2016).

Breast cancer

¢ The highest quantile of n-3/n-6 intake (> 0.03 - 14.76 g) versus
the lowest quantile (< 0.005 - <5.48 g) is associated with a
lower risk (RR 0.90; 95% CI 0.82, 0.99) (Yang et al. 2014).

Bone and the risk of
fracture

e Intake of 4000 mg/day LC n-3 PUFAs for three months
decreases bone resorption (Hutchins-Wiese et al. 2014).

e DHA downregulates the expression of osteoclast-specific genes
in osteoclasts, as shown in vitro (Kasonga et al. 2015).

¢ Inverse association between the total n-3 PUFA status and the
risk of hip fracture (HR 0.55; 95% CI 0.30, 1.01) (Orchard et al.
2013).

Type 2 diabetes

e The omega-3 index is negatively related with the risk in women
under the age of 70 (Harris et al. 2016).

o A5-desaturase activity is negatively and A6-desaturase activity
is positively associated with the risk (Harris et al. 2016).

¢ The evidence is inconclusive (Wu et al. 2012; Zhang et al. 2013).

Rheumatoid arthritis

e Long-term LC n-3 PUFAs intake of > 210 mg/day is associated
with a lower risk (RR 0.48; 95% CI 0.33, 0.71) (Di Giuseppe et
al. 2014).

All-cause mortality

e Each 300 mg/day increase of LC n-3 PUFAs intake reduces the
risk (RR 0.94; 95% CI 0.89, 0.99) (Chen et al. 2016).

Abbreviations: 3, standardized coefficient; Cl, confidence interval; DHA, docosahexaenoic acid; HR,
hazard ratio; LC n-3 PUFAs, long-chain omega-3 fatty polyunsaturated acids; N-3, omega-3; N-6,
omega-6; Omega-3 index, relative eicosapentaenoic acid and docosahexaenoic acid concentration in
relation to total fatty acids in erythrocyte membranes; RR, relative risk; WMD, weighted mean

difference.
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Effects during the pregnancy and breastfeeding period

LC n-3 PUFAs, and especially DHA, have a particular importance during the pregnancy and
breastfeeding period (Table 5). In addition to the n-6 PUFA arachidonic acid (AA, 20:4n-6),
DHA influences the visual and cognitive development (Koletzko et al. 2008). High rates of
DHA accumulate in the fetal brain, liver and retina during late pregnancy, which continues in
the infant brain until the second year of life (Martinez 1992).

Usually, the fetus (Chambaz et al. 1985; Rodriguez et al. 1998), placenta (Cho et al. 1999)
and infant (Carnielli et al. 2007) can synthesize DHA. However, the fetus and infant are also
supplied by the maternal LC n-3 PUFA status via transfer by the placenta (Gil-Sanchez et al.
2010) or breast milk (Meldrum et al. 2012). An average of 40 mg DHA in the last weeks of
pregnancy (Kuipers et al. 2012) and approximately 110 mg DHA during breastfeeding period
(Kent et al. 2006; Brenna et al. 2007; Brenna & Lapillonne 2009) are transferred every day to
the fetus and an exclusively breastfed infant, respectively.

Physiological changes may be covered the additional maternal requirement. Pregnant rats
show a higher activity of the A6-destaurase and DHA concentration than non-pregnant rats
(Kitson 2013). It is suggested that the higher A6-desaturase activity results by estrogen
(Kitson 2013), whose concentration increases during pregnancy (Schock et al. 2016).
However, the positive effect of estrogen on the conversion rate during pregnancy may no
longer exist during the breastfeeding period (Burdge 2004) because the estrogen

concentration decreases postpartum (Rasmussen & Kjolhede 2004).

1.3.3. Nutritional requirements, recommendations and supply situation

N-3 PUFA and n-6 PUFA intake

National dietary reference recommendations of n-3 PUFAs for the German healthy
population exist only for the essential FA ALA as EPA and DHA can convert from ALA. The
recommended intake of ALA should be sufficient to ensure an adequate LC n-3 PUFA supply
(D-A-CH 2015).

ALA is found in different oils such as soya, walnut, rapeseed, linseed or pumpkin seed
(Souci et al. 2015). An ALA intake of 0.5% of the energy intake is recommended for women,
which is approximately 0.9 - 1.7 g/day (D-A-CH 2015). Data of the German nutrition report
2012 show that the average intake of ALA is 1.0 g/day in women (15 - 80 years) (DGE 2012).

Fish such as herring, salmon, sardine and mackerel are the primary food sources for EPA
and DHA (Souci et al. 2015). In addition, micro algae (Ryckebosch et al. 2014) and Antarctic
krill (Gigliotti et al. 2011) are also LC n-3 PUFAs sources. In contrast to Germany, an

additional recommendation intake of EPA and DHA is suggested from other authoritative
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Table 5 Effects of long-

chain omega-3 fatty acids on the course of pregnancy, development

and health of the fetus and infant and the mother’s health.

Effects on the course of pregnancy and development and health of the fetus and infant

Preterm birth

e Per 1% increase of the relative DHA level, the gestational age is
1.6 day longer (Harris et al. 2015).

¢ | C n-3 PUFAs supplementation (> 100 mg/day, ~second trimester
until end of gestation) is related with a lower risk of early preterm
birth (< 34th week of gestation) (RR 0.74; 95% CI 0.82, 1.01)
(Imhoff-Kunsch et al. 2012).

Birth outcome

¢ Maternal supplementation of 600 mg DHA/day during pregnancy is
associated with an increase of birth weight (172 g) and head
circumference (0.5 cm) (Carlson et al. 2013).

¢ Maternal supplementation of 600 mg DHA/day from the 20th week
of gestation until delivery is associated with an increase of the
gestational length of about 4.0 - 4.5 days (Harris et al. 2015).

¢ The results are inconsistent (Delgado-Noguera et al. 2015).

Cognitive and visual
development

o Positive association between the cord DHA level and the visual
function (Jacques et al. 2011), memory function (Boucher et al.
2011), motor function (Bakker et al. 2009) and neurological
development (Jong et al. 2015).

o Maternal seafood intake < 340 g/week versus > 340 g/week during
pregnancy is related with a higher risk of a low verbal intelligence
quotient in children between 6th month and 8th year of life (OR
1.09; 95% CI 0.92, 1.29) (Hibbeln et al. 2007).

Immune system

¢ Maternal supplementation of 400 mg DHA/day from the 18th - 22th
week of gestation until delivery reduces the incidence of colds (OR
0.76; 95% CI 0.58, 1.00) and results in a shorter duration of cough,
phlegm and wheezing during the infant’s first month of life (Imhoff-
Kunsch et al. 2011).

Asthma and allergy

e Maternal LC n-3 PUFAs supplementation during pregnancy is
associated with a lower risk of childhood asthma (OR 0.35; 95% ClI
0.15, 0.79) (Klemens et al. 2011).

¢ LC n-3 PUFAs supplementation is related with a lower risk of
allergy in infants between the age of 12 - 36 months (OR 0.66;
95 % CI1 0.44, 0.98) (Gunaratne et al. 2015).

¢ The evidence is inconclusive (Best et al. 2016).

Blood pressure

¢ Higher maternal LC n-3 PUFAs status during the second trimester
shows a lower childhood systolic blood pressure at the age of 6
year (13 -0.28; 95% CI -0.54, -0.03) (Vidakovic et al. 2015).

Influence on maternal

health

Postpartum
depression

e Lower maternal omega-3 index in the 28th week of pregnancy is
associated with a higher occurrence of depressive symptoms
(B 0.39; p <0.01) (Markhus et al. 2013).

o Lower n-3 PUFAs and DHA levels in women with postpartum
depression (Vriese et al. 2003).

e Higher DHA concentration in breastmilk is related with a lower
prevalence of postpartum depression (Hibbeln 2002).

Abbreviations: 3, standardized coefficient; Cl, confidence interval; DHA, docosahexaenoic acid; LC n-
3 PUFAs, long-chain omega-3 polyunsaturated fatty acids; N-3 PUFA, omega-3; OR, odds ratio;
omega-3 index, relative eicosapentaenoic acid and docosahexaenoic acid concentration in relation to
total fatty acids in erythrocyte membranes; P, probability; RR, relative risk.
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bodies and expert scientific organizations, which range from 250 to 500 mg/day for the
general population, which are partly recommended for the prevention of cardiovascular
diseases (ISSFAL 2004; Kris-Etherton et al. 2007; EFSA 2010; DeSalvo et al. 2016). For
pregnant and breastfeeding women, the D-A-CH society recommends 200 mg DHA/day (D-
A-CH 2015). The daily intake in German women is an average of 58 mg of EPA and 107 mg
of DHA (DGE 2012). Moreover, an average of 105 g fish/week is ingested (DGE 2012) in
contrast to the recommended intake of 150 - 220 g/week (Oberritter et al. 2013).

An UL does not exist for DHA and EPA due to insufficient data (EFSA 2012a).

The intake of LC n-6 PUFAs is also crucial for the assessment of the LC n-3 PUFA status
due to the same conversion enzymes (Portolesi et al. 2007). A specific ratio for the intake of
n-3/n-6 is not justifiable (EFSA 2010). National dietary reference value for the ALA intake
does not exist. A LA intake of 2.5% of the energy intake (4.7 - 8.6 yg/day) is assumed to be
sufficient for an adequate AA synthesis (D-A-CH 2015). Meat and fatty fish contain high
amounts of LA and AA . Moreover, LA is found in different oils, such as sunflower (Souci et
al. 2015). In German women (15 - 80 years), the average daily intake of LA is 7.3 g and that
of AAis 128 g (DGE 2012).

Classification of LC n-3 PUFA status

A biochemical measurement of LC n-3 PUFAs reflects the total LC n-3 PUFA status —
synthesized and ingested EPA and DHA (Tu et al. 2013). The analysis in the erythrocyte
membranes reflects the long-term status of LC n-3 PUFAs (Harris & Schacky 2004; Sun et
al. 2007). The investigation of the omega-3 index comprises the relative EPA and DHA
concentration in relation to the total fatty acids in erythrocyte membranes (Harris & Schacky
2004). The categorization of the omega-3 index is shown in Table 6. Originally, the omega-3
index was used in the cardiology field in which the risk of death from coronary heart disease
is the lowest at an omega-3 index of = 8% and the highest risk at an omega-3 index of < 4%
(Harris & Schacky 2004). For pregnant and breastfeeding women, no biochemical reference
values are available. However, an omega-3 index < 5% during pregnancy is probably a risk

factor for postpartum depression (Markhus et al. 2013).

Table 6 Classification of long-chain omega-3 fatty acids by the omega-3 index.

Classification Omega-3 index (%)
Very low <4
Low >4-6
Moderate >6-8
High >8

Table was designed in accordance with the classification of Stark et al. 2016.
Abbreviation: Omega-3 index, relative eicosapentaenoic acid and docosahexaenoic acid concentration
in relation to the total fatty acids in erythrocyte membrane.
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The status of LC n-3 PUFAs depends on several factor values and is negatively affected, for
example, by smoking (Scaglia et al. 2016; Zaparoli et al. 2016) and positively affected by age
(Harris et al. 2013) and physical capacity (Moyers et al. 2011).

Supply situation with LC n-3 PUFAs

The LC n-3 PUFA status is very low or low in the most parts of the world (Stark et al. 2016).
Extrapolated data of the general German population also show a low LC n-3 PUFA status
(Stark et al. 2016). However, these data are partially based on studies with a small sample
size (n < 166), include both genders with an average of 50 years or specific groups, such as
vegetarian subjects (Geppert et al. 2005; Dawczynski et al. 2010; Baghai et al. 2011).
National information on the LC n-3 PUFA status do not exist for pregnant and
breastfeeding women. Studies from other countries like Norway show an average EPA
level of 0.8 £ 0.1% and an average DHA level of 6.0 + 0.3% in pregnant women at the 28th of
gestation (Markhus et al. 2015). Moreover, Norwegian breastfeeding women, who breastfed
since six months, demonstrate an average EPA level of 0.9 + 0.1% and an average DHA
level of 5.9 £ 0.3% (Markhus et al. 2015).

1.4. Iron

1.4.1. Structure and metabolism

The micronutrient iron occurs heme-bound (bivalent iron, ferrous, Fe?") as part of the red
blood cell hemoglobin (Hb) and the muscle protein myoglobin as well as nonheme-bound
(trivalent iron, ferric Fe®*) (Steinbicker & Muckenthaler 2013).

Iron is metabolized primarily in the duodenum (Munoz et al. 2011) (Figure 3). In contrast to
heme-bound iron, the nonheme-bound iron form is not soluble in its oxidized form (Gulec et
al. 2014) and must be reduced to Fe** before absorption (Steinbicker & Muckenthaler 2013).
In the enterocytes, heme oxygenase-1 (HO-1) releases iron from heme (Munoz et al. 2011).
Here, Fe?" is stored as ferritin or is released into the blood plasma.

The absorption of Fe?* in blood plasma is regulated by hepcidin, which influences the
expression of the necessary iron exporter ferroportin 1 (FPN1) (Steinbicker & Muckenthaler
2013). In the blood plasma, iron is transported via transferrin. Iron is absorbed in the target
cells by transferrin receptor (TfR) 1 or 2 or divalent metal transporter 1 (DMT1). There, it is
either directly needed or is stored as ferritin in the cytosol or as hemosiderin in the
lysosomes (Munoz et al. 2011).

The majority of iron (~ 65.0%) is present as Hb in the erythrocytes. The iron requirements for
the de novo synthesis of Hb (erythropoiesis) in the bone marrow (20 - 30 mg/day) (Munoz

et al. 2011) is primarily achieved by iron recycling. Erythrocytes are reprocessed in macro-
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Figure 3 Iron metabolism.

Figure was modified according to Munoz et al. 2011; Steinbicker & Muckenthaler 2013, Gulec et al.
2014 and with addition of Neuvonen et al. 1975; O'Neil-Cutting & Crosby 1986; Hallberg et al. 1991;
Skikne & Cook 1992; Petry et al. 2010; Yang et al. 2012; Collings et al. 2013; Heeney & Finberg 2014;
Cepeda-Lopez et al. 2015; Freeman 2015; Weinborn et al. 2015; Olivares et al. 2016.

Abbreviations: BMI, body mass index; DMT1, divalent metal transporter 1; DCYTB, duodenal
cytochrome B; Fe?*, bivalent iron; Fe*, trivalent iron; FPN1, ferroportin 1; H*, hydrogen ion; HCP1,
heme carrier protein 1; HEPH, hephaestin; HIF-2, hypoxia inducible factor-2; HO-1, heme oxygenase-
1; IRP, iron regulatory protein; K", potassium ion; Na*, sodium ion; NHE, sodium-hydrogen exchanger;
RES, reticuloendothelial system.
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phages at approximately 120 days. Therefore, the iron intake by food is principally needed to
replenish the daily loss of iron (1 - 2 mg/day) through urinary excretion, sweating, blood and

skin desquamation (Steinbicker & Muckenthaler 2013).

1.4.2. Function

Iron is important for the supply of oxygen and cellular energy. Moreover, iron influences the
deoxyribonucleic acid synthesis, cellular proliferation and differentiation as well as the gene
expression. As a component of different enzymes, such as oxidases, catalases and
peroxidases, iron is involved in the antioxidative defense (Ekmekcioglu & Marktl 2006).

The great relevance of iron for health becomes obvious in the negative effects on health in
the case of an inadequate iron status (Figure 4). Initially, unspecific symptoms appear like
fatigue (Brutsaert et al. 2003; Krayenbuehl et al. 2011), hair loss (Deloche et al. 2007),
2007), depression, lack of concentration and irritability (Rangan et al. 1998). With a
progressive imbalance, the endurance capacity (Brownlie et al. 2004) and the cognitive
planning ability (Murray-Kolb & Beard 2007; Blanton et al. 2013) are also impaired.
Moreover, restless leg syndrome occurs, which leads to sleep disturbance and its
consequences (Allen et al. 2013).

Iron has also beneficial effects during pregnancy, and its inadequate status is negatively
associated with maternal and infantile health as well as with the course of pregnancy
(Breymann 2015; Pratt & Khan 2016; Rahman et al. 2016).

In contrast to these positive effects, iron also catalyzes the formation of hydroxyl radical
(Kehrer 2000). An iron overload could lead to oxidative stress or lipid peroxidation, which
may result in organ damage, such as of the liver (Sengsuk et al. 2014) or brain (Piloni et al.
2013).

1.4.3. Nutritional requirements, recommendations and supply status

The assurance of iron requirement is rather complex as numerous factors affect the iron

status:

e Iron absorption has a large variation (0.7 - 22.9%) (Collings et al. 2013) due to several
factors that influence the iron absorption rate (Collings et al. 2013; Cepeda-Lopez et al.
2015) (Figure 3). The average iron absorption is assumed to be approximately 15.5%
(Armah et al. 2015). Thereby, the absorption of heme iron is higher (~ 20.0%) (Bezwoda et
al. 1983) than that of nonheme iron (~ 5.6%) (Armah et al. 2015) caused by the numerous
factors that influence the nonheme iron absorption (cf. Figure 3).

¢ Blood losses through blood donation (Rigas et al. 2014) or gastrointestinal bleeding

adversely impact the iron status (Reyes et al. 1999).
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e Menstruation-related blood losses are a determining factor in the iron status of
premenopausal women. Thereby, an average of 17.6 ml blood is lost during a menstruation
cycle with an iron loss of approximately 0.43 mg/day (Harvey et al. 2005).
¢ Use of contraceptives appears to be a relevant factor on the menstruation-related blood
losses, and therefore, it is a factor of the iron status:
¢ Use of hormonal oral contraceptives (OC) is associated with shorter bleedings time
(Milman et al. 1998) and less blood loss (Fraser et al. 2012). The use of OCs may be
positively associated with the iron status (Milman et al. 1998; Miller 2014; Haile et al.
2016), however, the effect is inconclusive (Casabellata et al. 2007).

¢ Use of levonorgestrel intrauterine systems (LNG-IUS) is indicated to improve the Hb
(Rana et al. 2012; Lowe & Prata 2013) and ferritin concentration (Rana et al. 2012)
possibly because the use is associated with a decrease in the severity of dysmenorrhea
(Lindh & Milsom 2013) and menstrual duration (Rana et al. 2012).

¢ Use of copper intrauterine device (IUD) results in a decrease of the Hb (Lowe & Prata

2013) and ferritin concentration (Rana et al. 2012).

Iron intake

A high iron content is found in meat (especially in offal), wheat bran, millet, soya and quinoa
(Souci et al. 2015). In animal sources, non-heme and heme-bound iron are available,
whereas in plant sources exist nonheme-bound iron (Hurrell & Egli 2010). The reference
value for the iron intake of women considers an iron absorption rate of 10.0 - 15.0% and the
physiological status (menstruating/non-menstruating) (D-A-CH 2015). According to the
German nutrition report of 2012, the average intake of iron in women lies below the iron
recommendation of 15.0 mg/day in menstruating women. In women 19 - 25 years of age the
average iron intake is 8.6 mg/day, and in women aged 25 - 34 years it is 9.5 mg/day (DGE
2012).

An UL does not exist for iron; originated from missing evidence of an association between

iron status and chronic diseases (EFSA 2006).

Classification of iron status

Different blood parameters should be taken into consideration to evaluate the iron status
because the iron content is distributed (Figure 3). The classification is shown in Figure 4.
Ferritin is an indicator of iron stores (Skikne et al. 1990) and its level already decreases at
the beginning of an inadequate iron balance (Clark 2008). A sustained imbalance might
result in a restricted erythropoiesis (iron deficient-erythropoiesis) (Clark 2008). At this time,
the soluble TfR (sTfR) increases (Flowers et al. 1989). Moreover, sTfR also reflects the

tissue iron deficiency (Skikne et al. 1990). The analysis of the sTfR-ferritin (sTfR-F) index
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(sTfR/log, ferritin) specifies the iron depletion as it combines ferritin and sTfR (Punnonen et
al. 1997). A progressive iron deficiency leads to a manifestation of anemia with a
modification of the erythrocytes — microcytic and hypochromic (Clark 2008). Consequently,
the Hb concentration is decreased, which is an indicator of anemia (WHO 2001). In addition,
several other forms of anemia exist, such as the megaloblastic anemia with decreased levels
of vitamin B, and folate (Yadav et al. 2016).

In contrast, a severe risk of iron overload exists at a ferritin concentration of > 150 ug/L
(WHO 2001).

Normal Iron deficiency
HOIgStates Depletion of Depletion of functional iron
\orage iron compounds
Storage iron ID IDE DA
compartment

Transport iron

Functional iron compartment
(Hemoglobin, myoglobin, cytochromes, etc.)

Hemoglobin

Ferritin

STIR

STfR-F index

Clinical diagnostics

» Ferritin = 20 pg/L 1 « Ferritin < 20 pg/L « Ferritin < 15 pg/L ! + Ferritin <15 ug/L *
- Hemoglobin =212 g/dL ' |+ Hemoglobin = 12 g/dL ' « Hemoglobin = 12 g/dL ! * Hemoglobin < 12 g/dL *
+ STRR0.76 -1.76 mg/L2 |+ STfR 0.76 - 1.76 mg/L 2 + STR > 1.76 mg/L 2 * STfR > 1.76 mg/L 2
+ STR-F index 0.38 - 1.54 2 |+ STR-F index 0.38 - 1.54 23  + STfR-F index > 1.54 2.3 * STIR-F index > 1.54 2.3

Figure 4 Classification of iron status and health consequences.

Figure was modified according to Suominen et al. 1998 and with addition of WHO 2001 and Brutsaert
etal. 2003°.

Abbreviations: sTfR, soluble transferrin receptor; sTfR-F index, soluble transferrin receptor-ferritin
index; ID, iron deficiency non-anemic; IDE, iron-deficient erythropoiesis; IDA, iron-deficiency anemia.

' The reference values relate to the recommendations for women; ? reference value depends on the
measurement method and therefore corresponds to the value of laboratory (Siemens Healthcare
Diagnostics Products GmbH 2011); ® calculated by sTfR/log10 ferritin iron (Punnonen et al. 1997).

Supply situation with iron

Iron stores are lower in premenopausal women than in men (Dainty et al. 2014). The
prevalence of iron deficiency in non-pregnant women (< 50 years) of different countries
varies between 9.7% and 43.0% (Milman et al. 1998; Lahti-Koski et al. 2003; Pynaert et al.
2007; Miller 2014; Fonseca et al. 2016). Anemia (Hb < 12 pg/L) exists in 22.0% of the

European non-pregnant women (15 - 49 years) (Stevens et al. 2013).
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2. Scientific publications

2.1. Vitamin D
2.1.1. Paper I: Higher prevalence of vitamin D deficiency in German pregnant women
compared with non-pregnant women

Gellert S, Strohle A, Hahn A (2017). Higher prevalence of vitamin D deficiency in German

pregnant women compared with non-pregnant women. Arch Gynecol Obstet, 296 (1): 43-51.

https://link.springer.com/article/10.1007%2Fs00404-017-4398-5
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2.1.2. Paper II: Breastfeeding woman are at higher risk of vitamin D deficiency than

non-breastfeeding women — insights from the German VitaMinFemin study

Gellert S, Strohle A, Hahn A (2017). Breastfeeding woman are at higher risk of vitamin D
deficiency than non-breastfeeding women - Insights from the German VitaMinFemin study.
Int Breastfeed J, 12 (19).

https://internationalbreastfeedingjournal. biomedcentral.com/articles/10.1186/s13006-017-
0105 -1
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2.2. Long-chain omega-3 fatty acids
2.2.1. Paper lli: Higher omega-3 index and DHA status in pregnant women compared to
lactating women — Results from a German nation-wide cross-sectional study

Gellert S, Schuchardt JP, Hahn A (2016). Higher omega-3 index and DHA status in pregnant
women compared to lactating women — Results from a German nation-wide cross-sectional
study. Prostaglandins Leukot Essent Fatty Acids, 109 (6): 22-28.

http://www.sciencedirect.com/science/article/pii/S0952327816300217 ?via%3Dihub
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2.2.2. Paper IV: Low long-chain omega-3 fatty acid status in middle-aged women

Gellert S, Schuchardt JP, Hahn A (2017). Low long chain omega-3 fatty acid status in
middle-aged women. Prostaglandins Leukot Essent Fatty Acids, 117 (2): 54-59.

http://www.sciencedirect.com/science/article/pii/S0952327816301600?via%3Dihub
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2.3.1Iron
2.3.1.Paper V: Iron status in relation to oral contraceptive use in women of
reproductive age

Gellert S, Hahn A (2017). Iron status in relation to oral contraceptive use in women of

reproductive age. Insights in nutrition and dietetics, Austin J Womens Health, 4 (1): 1025.

http://austinpublishinggroup.com/womens-health/download.php ?file=fulltext/ajwh-v4-
id1025.pdf
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3. General discussion

The aim of this dissertation thesis was to assess the vitamin D, LC n-3 PUFA and iron status
for the first time in German women during a specific lifetime. The collection was confirmed in
the framework of the nationwide cross-sectional “vitamin and mineral status among German
women” (VitaMinFemin) study, which investigated the status of selected nutrients that have a
special relevance to certain life phases of women. According to the results of the nationwide
survey “National Nutrition Survey Il (2008) of the Federal Research Institute of Nutrition and
Food (MRI 2008), those nutrients were determined for which the supply status is suspected
to be marginal or inadequate. A total of 2367 women (18 - 66 years of age) were recruited
between April 2013 and March 2015 by 125 general practitioners and gynecologists. The
necessary blood samples were collected during a routine or diagnostically relevant
examination. Moreover, nutrient-related aspects, that are required for the assessment of the

nutrient status, were also evaluated.

The results of this dissertation thesis are presented in the associated scientific publications
(chapter 2).

The supply situation of vitamin D in pregnant (n = 429) and breastfeeding women (n =
124) in comparison with the status of NP and NB women of the same age, region and
recruited season are shown in Papers | and I/ (chapter 2.1).

The LC n-3 PUFA status was assessed in pregnant women in the third trimester (n =
213), breastfeeding women (n = 127) and middle-aged women (40 - 60 years) (n = 446).
The results are discussed in Papers Ill and IV (chapter 2.2).

In women of reproductive age (n = 178, 18 - 34 years), the iron status was determined

with consideration of OCs and several other potential factors (Paper V, chapter 2.3).

In the following section, the results of this nutrient survey are discussed and compared with

previous studies.

3.1. Vitamin D status in pregnant and breastfeeding women compared to non-pregnant
and non-breastfeeding women (Papers I and Il)
The status of vitamin D is inadequate in the general population of Germany as shown in
previous studies (Hintzpeter et al. 2008; Richter et al. 2014; Rabenberg et al. 2015) and in
these NPNB women. Approximately 56.0% of these NPNB women demonstrated 25(0OH)D
levels that were below 50.0 nmol/L and only around 12.0% showed a vitamin D status
= 75.0 nmol/L (Paper | and Il). This finding could be linked to the fact that only a few foods
contain appreciable vitamin D contents (Souci et al. 2015). Moreover, even if the
endogenous vitamin D synthesis could supply an adequate vitamin D amount (Seckmeyer et

al. 2013), 30% of the women avoid midday sun for sun protection (Gavin et al. 2012), where
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the synthesis rate is the most effective (Serrano et al. 2017). Additionally, 56% of German
women use sunscreens (Richter et al. 2014), which reduce the formation (Matsuoka et al.
1987).

Therefore, there is the assumption that pregnant and breastfeeding women are also
inadequately supplied with vitamin D, however, nationwide data are missing. During
pregnancy and breastfeeding periods, the supply of vitamin D is important for the course of
pregnancy, the development and health of the fetus (Aghajafari et al. 2013) and infant (Zhu
et al. 2014) as well as for maternal health (Achkar et al. 2015; Lu et al. 2016).

Main results and assessments compared with previous studies

These are the first data of the vitamin D status in German women at different points of

pregnancy (Paper ) and breastfeeding periods (Paper Il).

e The majority of women demonstrated 25(OH)D concentrations below 50.0 nmol/L
(pregnant women: 78.1%; breastfeeding women: 75.8%).

¢ Vitamin D status 2 75.0 nmol/L was only present in 4.9 % of the pregnant women and
5.6 % of the breastfeeding women.

o A total of 36.8% of the pregnant women showed 25(OH)D concentrations below
25.0 nmol/L (vitamin D deficiency) and the risk of this level was significantly 3.7-fold
higher (95% confidence interval [CI] 2.5, 5.4) than in NPNB women in an adjusted model
(season, region [longitude] of recruiting, recent holidays, age, body mass index [BMI] and
trimester).

¢ In breastfeeding women, a total of 26.6% of the women showed 25(OH)D concentrations
below < 25.0 nmol/L (vitamin D deficiency) and the risk for this level was significantly
4.0 times higher (95% CI 1.8, 8.7) than in NPNB women in an adjusted model (season,
region [longitude] of recruiting and BMI).

e None of the pregnant and breastfeeding women had 25(OH)D concentrations
= 125.0 nmol/L.

The high prevalence of an inadequate vitamin D status has also been shown in a previous
monocentric study of German women after delivery (77.0% < 50.0 nmol/L) (Wuertz et al.
2013). Moreover, the prevalence of 25(0OH)D concentrations below 50.0 nmol/L in pregnant
or breastfeeding women was equal or even higher in other European countries, such as in
Ireland (80.0%) (Zhang et al. 2014), the United Kingdom (95.0%) (Jones et al. 2016), Italy
(70.6%) (Cadario et al. 2015) and Poland (91.9%) (Czech-Kowalska et al. 2015).
Consistently, Holmes et al. (2009) also showed a higher prevalence of insufficient vitamin D
status in pregnant women in the United Kingdom compared with NP women (75.0% vs.
42.0%).
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Possible explanations for the lower vitamin D status during pregnancy and
breastfeeding period

The lower vitamin D status of pregnant and breastfeeding women compared to NPNB
women in this study could be caused by the additional nutritional requirement of the fetus via
placenta (Olmos et al. 2016) and infant via breastmilk (Narchi et al. 2010). Moreover, it is
expected that pregnancies often start with an inadequate vitamin D status — 60.7% of the
women of childbearing age show 25(OH)D concentrations below 50.0 nmol/L (Pilz et al.
2017). Interestingly, the risk of a vitamin D status < 25.0 nmol/L was significantly lower (odds
ratio 0.5; 95% CI 0.3, 0.9) in breastfeeding women than in pregnant women in an adjusted
model (season and region [longitude] of recruiting). However, previously data demonstrated
a decrease of the 25(0OH)D concentration from pregnancy to breastfeeding period (Jones et
al. 2016). It is certainly conceivable that the intensity of breastfeeding had an influence on
the maternal vitamin D status. Narchi et al. (2010) indicated that the prevalence of an
inadequate vitamin D status in breastfeeding women six month postpartum is slightly higher
in exclusively breastfeeding women compared to partially breastfeeding women (Narchi et al.
2010). Therefore, a lower intensity of breastfeeding in this breastfeeding women might be the
reason for the lower risk of vitamin D status < 25.0 nmol/L, but information about the intensity

of breastfeeding were not collected in this study.

Influencing factors on the vitamin D status

Some of the previous studies of pregnant and breastfeeding women showed a similar

prevalence of an inadequate vitamin D status, however, other European studies like

Denmark, Sweden or Spain also demonstrated an insufficient vitamin D status but with a

lower prevalence (18.0 - 44.4%) (Milman et al. 2012; Brembeck et al. 2015; Rodriguez et al.

2016). Interestingly, a European-wide comparison of the general population showed a higher

prevalence of vitamin D deficiency in Germany and other mid-latitude countries (Cashman &

Kiely 2016). Differences in the prevalence may be caused by factors that influence the

endogenous vitamin D synthesis and, therefore, the vitamin D status. Some of them were

determined in this study:

e Season was associated with vitamin D status in both pregnant and breastfeeding
women in an adjusted model (factors see above), as previously shown in pregnant women
(Vandevijvere et al. 2012; Rodriguez et al. 2016), breastfeeding women (Czech-Kowalska
et al. 2015) and the general population (Richter et al. 2014; Rabenberg et al. 2015). The
risk of 25(OH)D concentrations below 25.0 nmol/L in pregnant and breastfeeding women
was lower in the summer (June - August) and autumn (September - November) months.
This result may be originated from the limited endogenous synthesis in Germany during

October and March (Engelsen et al. 2005). However, even in the summer months, when
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sufficient vitamin D synthesis is feasible (Seckmeyer et al. 2013), 25(0OH)D concentrations
below 50.0 nmol/L were prevalent in approximately 64.0% of the pregnant and
breastfeeding women.

¢ Higher longitude of recruiting, but not latitude, was related to a lower risk of 25(OH)D
concentrations below 25.0 nmol/L in pregnant and breastfeeding women (even after
adjustment: factors see above). However, previously results in Germany indicated that a
lower latitude have a positive effect on the vitamin D status (Rabenberg et al. 2015) due to
a higher UVB radiation availability in lower latitudes (O'Neill et al. 2016). The influence of
longitude in this study may be explained by regional differences in the sunshine duration.
Based on collected data of the German Meteorological Service (DWD 2013-2015), own
calculations showed that the sunshine duration is higher in East Germany (higher

longitude) than in West Germany (lower longitude).

Various other determinants may be also responsible for the higher prevalence of an

inadequate vitamin D status in this study compared with other studies of European pregnant

and breastfeeding women:

¢ Vitamin D intake and prevalence of supplementation and fortification: This study did
not analyzed the dietary intake. However, in the general population, the vitamin D intake of
German women is lower in comparison to other countries like Sweden (1.5 - 1.7 yg/day
versus 6.7 ug/day) (DGE 2012; Brembeck et al. 2015). Besides, none of this study
population supplemented vitamin D and only 6.5% of the German women in the general
population take vitamin D supplements (average intake of 3.5 pg/day) (DGE 2012). In
contrast, for example in Swedish breastfeeding women the prevalence of vitamin D
supplementation is higher (31.0%) and also the resulting intake (average intake of
7.0 yg/day) (Brembeck et al. 2015). Moreover, there is no general vitamin D fortification in
Germany thus far, even though it is authorized, whereas Sweden as well as other countries
fortify certain foods with vitamin D (EC 2006).

¢ Measurement method of the 25(OH)D concentration also influences the vitamin D status
(Koning et al. 2013). The prevalence of a sufficient vitamin D status could be higher than
detected in this study due to the measurement of the 25(OH)D concentration by
chemiluminescence immunoassay. This methodology underestimates the vitamin D status
in comparison with the liquid chromatography-mass spectrometry method (Koning et al.
2013). However, the relative difference between the two measurement methods is
uncertain (Cashman et al. 2016). Moreover, this circumstance affects all of the analyses
and therefore does not influence the general result that pregnant and breastfeeding women

had a lower vitamin D status compared with NPNB women.
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Owing to the different factors that have an impact on the vitamin D status, the assessment of
the vitamin D status is very complex. The influence of several other factors, such as recent
holidays (Richter et al. 2014) or skin type (Webb & Engelsen 2006), were also determined in
this study. However, no influence was detected. Moreover, other factors cannot be quantified
in detail, for example, the residence outside, where time of day is important (Serrano et al.
2017).

3.2. Long-chain omega-3 fatty acid status in pregnant, breastfeeding and middle-aged
women (Papers Il and 1V)

During pregnancy and breastfeeding period, LC n-3 PUFAs are essential, especially for the
cognitive and visual development of the fetus and infant (Koletzko et al. 2008) and to reduce
the risk of maternal postpartum depression (Markhus et al. 2013).

Moreover, several other positive effects are attributed to LC n-3 PUFAs, i.e., on the
prevention of death from cardiovascular diseases (Harris & Schacky 2004), which is relevant
due to the increasing prevalence of cardiovascular diseases in this age range (Mozaffarian et
al. 2015).

Pregnant and breastfeeding women (Paper lll)

e The average DHA level was 5.64 * 1.43% and the omega-3 index was 6.23 * 1.48%. For
pregnant and breastfeeding women exist no omega-3 index reference values. There is an
evidence that the risk for maternal postpartum depression is increased at an omega-3
index of <5% (Markhus et al. 2013), which was present in 22.1% of these women.
According to the classification of the LC n-3 PUFA status for the generally healthy
population (Stark et al. 2016), a total of 87.1% of the pregnant and breastfeeding women
had omega-3 index values below 8%.

e The DHA level and omega-3 index were significantly higher in pregnant women than in
breastfeeding women (DHA level: 6.10 £ 1.29% vs. 4.86 £ 1.31%; omega-3 index: 6.62 +
1.39% vs. 5.57 + 1.39%) and were negatively associated with the gestation week and

month of lactation, respectively.

The LC n-3 PUFA status in this pregnant and breastfeeding women was similar to the results
of previous studies (Markhus et al. 2013; Li et al. 2015; Markhus et al. 2015). Moreover, a
cross-sectional (Li et al. 2015) and a longitudinal study (Al et al. 1995) also showed a
decrease in the DHA level from the middle of pregnancy, which continues during the
breastfeeding period until the 6 month postpartum (Markhus et al. 2015).

The additional requirement during pregnancy, especially at the end of gestation (Kuipers et

al. 2012), could be a reason for the lower DHA level in breastfeeding women compared to
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pregnant women. Moreover, in the breastfeeding period, the DHA loss via breast milk
(about 100 mg/day) (Kent et al. 2006; Brenna et al. 2007; Brenna & Lapillonne 2009) is
higher than in the last weeks of gestation, where the fetus accumulates approximately
40 mg/day DHA (Kuipers et al. 2012).

The current study measured only the relative LC n-3 PUFA status. However, even if the total
lipid level increases during pregnancy (Mankuta et al. 2010), the absolute DHA level also

decreases with the time of pregnancy (Li et al. 2015).

Middle-aged women (Paper IV)
e The average DHA level was 4.66 * 1.01% and the omega-3 index was 5.49 * 1.17%.
o A total of 62.8% demonstrated a low omega-3 index value (> 4 - 6%), and high omega-3

index values (2 8%) were only present in 2.7% of the women.

The assessment of the LC n-3 PUFA status in both study collectives compared with
previous studies

The results of the LC n-3 PUFA status in both collectives correspond with extrapolated data
of German adults, where the LC n-3 PUFA is classified as very low (> 4 - 6%) (Stark et al.
2016). In a European-wide comparison of the general population, the LC n-3 PUFA status
was lower in these both groups than the extrapolated LC n-3 PUFA status of other countries
such as in Sweden and Finland, where a moderate omega-3 index (> 6 - 8%) is prevalent, or

in Denmark and Norway, where the omega-3 index is high (> 8%) (Stark et al. 2016).

The plant n-3 PUFA intake in Germany is similar to these countries (Micha et al. 2014).
However, the seafood n-3 PUFA intake, which reflects the EPA and DHA intake, is lower in
German women compared to these countries. In Finland, the seafood n-3 PUFA intake is
450 - 549 mg/day, and in Denmark and Norway the intake is = 550 mg/day (Micha et al.
2014). In contrast, the average intake of EPA and DHA of German women is less than
200 mg/day (DGE 2012) and therefore below the recommendations of at least 200 mg/day
DHA alone or in combination with EPA (ISSFAL 2004; Koletzko et al. 2007; Kris-Etherton et
al. 2007; EFSA 2010; D-A-CH 2015; DeSalvo et al. 2016).

The lower LC n-3 PUFA status in both groups could also be the result of a low prevalence of
LC n-3 PUFAs supplementation. For example, a total of 56.0% of the general population in
Norway supplement LC n-3 PUFAs (Saga et al. 2012). In this study, none of the middle-aged
women took LC n-3 PUFA supplements, and in the pregnant and breastfeeding women, the
prevalence of LC n-3 PUFA supplementation was 11.5%. In the general population of
Germany, the prevalence of fish oil supplementation is below 1.0% (DGE 2012). Moreover,
assuming that an omega-3 index = 8% also applies for pregnant and breastfeeding women, a

total of 59.0% of the pregnant and breastfeeding women in this study, who took the
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recommended DHA supplementation (200 mg/day) (Koletzko et al. 2007; D-A-CH 2015),
showed an omega-3 index below 8%. However, the beginning and regular intake of this

supplementation was unknown.

Influencing factors on the LC n-3 PUFA status

Several factors were identified that affected the LC n-3 PUFA status:

¢ Smoking have a negative influence on the omega-3 index in both study groups, as
shown previously, where smoking was inversely associated with the DHA level (Simon et
al. 1996; Scaglia et al. 2016; Zaparoli et al. 2016) and omega-3 index (Block et al. 2008).
Probably oxidative stress (Pasupathi et al. 2009) and a lower formation of PUFAs
(Pawlosky et al. 1999) is responsible, but the exact effect of smoking is unknown.

¢ The influence of age was examined in middle-aged women, and was related with a higher
EPA level and omega-3 index in women = 50 years of age compared to women between
40 and 49 years of age. An increased intake of LC n-3 PUFAs with age is assumed to be
the reason for the higher LC n-3 PUFA status (Harris et al. 2013). However, data of the
German nutrition report demonstrated only a slightly higher intake of EPA and DHA in
women 51 - 64 years of age in comparison with younger women (35 - 50 years) (EPA 65
versus 57 mg/day, DHA 119 versus 108 mg/day) (DGE 2012).

¢ Hormonal contraceptive users showed a lower EPA/ALA ratio and a higher DHA/EPA
ratio in middle-aged women compared to women who did not use OCs. These findings
might result from estrogen, which is suggested to increase the conversion from ALA to
DHA by enhancement of the desaturation/elongation pathway (Burdge & Wootton 2002;
Giltay et al. 2004; Kitson et al. 2013). A significant difference between the DHA level and
omega-3 index were not detected in this study. Nevertheless, the probably positive effect of
estrogen was shown in women who use hormonal replacement therapy (HRT) — their LC n-
3 PUFA status did not vary from women who did not use hormones. This indicates that
HRT is may be effective enough to compensate for the hormone deficiency during this life
phase.
The effect of estrogen may be also responsible for the higher prevalence of omega-3 index
= 8% in pregnant women (17.4%) than in middle-aged women (2.7%) and breastfeeding
women (5.5%) due to the increase of the estrogen level during pregnancy (Schock et al.
2016).
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3.3. Iron status in women of reproductive age (Paper V)

Iron is important in women of reproductive age due to menstruation-related iron losses
(Napolitano et al. 2014) and the increased iron requirements in case of a potential
forthcoming pregnancy (Bothwell 2000). The assurance of the iron status is challenging
because several factors affect the iron status (Cable et al. 2012; Collings et al. 2013;

Napolitano et al. 2014; Weinborn et al. 2015), and therefore the requirement of iron.

Main results and the assessment of iron status with previous studies

¢ An inadequate iron status was prevalent in 16.3 % of the women (18 - 34 years). A total
of 13.5% demonstrated iron deficiency without anemia (ferritin <20 pg/L, hemoglobin
= 12 g/dl), whereas anemia (Hb < 12 g/dL) was shown in 2.8 %.

o The severe risk of iron overload (ferritin > 150 pg/L) was present in 1.1% of the women.

A comparison with previous studies is difficult due to the inconsistent use of cutoffs for iron
deficiency. The prevalence of iron deficiency in this study was possible lower compared to
the most previous studies. For example, iron deficiency (ferritin < 12 ug/L) was prevalent in
20.0% of the Finnish women (< 50 years) (Lahti-Koski et al. 2003) and in 9.8% of the US
women (18 - 49 years) (Miller 2014). Moreover, the prevalence of iron deficiency (ferritin
<15 ug/L) in Belgium women (18 - 39 years) was about 20.0% (Pynaert et al. 2007). In
contrast, a total of 7.3% of the women in this study demonstrated ferritin concentration
< 15 ug/L. It might be assumed that the prevalence of an inadequate iron status is lower in
this study than detected due to the increase of ferritin during inflammation (Thurnham et al.
2010), however, therefore the sTfR concentration was measured.

With regarding to anemia, the cutoff agree between the studies (Hb <12 g/dL). The
prevalence of anemia was comparable with that of Danish women (2.2%) (Milman et al.
1998). However, the frequency was lower than in Belgian women (nearly 5.0%) (Pynaert et
al. 2007), Finnish women (5.8%) (Lahti-Koski et al. 2003) and Portuguese women (30.5%)
(Fonseca et al. 2016).

Factors that influence the iron status

The differences in the iron status in comparison with previous studies could also be

explained by the many factors that influence the iron status. The following factors had an

impact on the iron status in this study:

¢ Dietary patterns affect the iron status in this study, as shown previously (Haider et al.
2016). In omnivorous individuals in this study, the ferritin concentration was higher and the
sTfR-F index was lower compared to vegetarians. This finding corresponds with the higher

iron absorption in mixed-diet than in vegetarian diet (Hunt & Roughead 1999, Bach
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Kristensen et al. 2005), which is possible due to the fact that plant foods contain iron
inhibitors such as soy protein (Weinborn et al. 2015).

¢ Blood donators showed a higher prevalence of depleted iron stores than non-blood
donators in this study. In previous studies, the prevalence of depleted iron stores (ferritin
< 15 pg/L) in blood donators was between 39.0% and 50.0% (Booth et al. 2014; Rigas et
al. 2014). Moreover, the sTfR-F index was also higher in blood donators of this study
compared to non-blood donators, in such a way that a future iron imbalance could lead to
an impaired erythropoiesis (Clark 2008).

o In the self-assessment of menstruation, a higher amount of blood loss during
menstruation had an adversely effect on the iron status — ferritin concentration and sTfR-F
index — in this study. These results were in accordance with recent findings where the
collected menstruation blood loss had a negative impact on the ferritin level (Napolitano et
al. 2014). Moreover, in this study, the ferritin concentration was also lower in the case of a
shorter time frame since the last menstruation and a higher intensity of menstruation.

e The use of OCs was associated with a higher ferritin concentration in this study, which
could be explained by shorter bleeding times (Milman et al. 1998) and less blood loss
(Fraser et al. 2012) due to the use of OCs. However, the prevalence of depleted iron stores
did not depend on OC use. The positive impact of OCs on the iron status only appears to
be attributed with the use of OCs of micro pills (fourth progestin generation) like dienogest.
These OCs have an antiandrogen activity (Schindler et al. 2003) that leads to a lower
bleeding rate and rare intermenstrual bleeding (Golbs et al. 2002). In contrast, the OC of
the second and third progestin generation had no influence on the iron status in this study,
which is in accordance with a previous study that examined the influence of the OCs of the

third progestin generation (Casabellata et al. 2007).

35



General conclusion and perspectives

4. General conclusion and perspectives

The main results of this thesis are shown in Figure 5.

Selected nutrient status in women during specific life stages

Vitamin D

= Pregnant women (first - third trimester)
« Breastfeeding women
« Comparison group: NPNB women

Long-chain omega-3 fatty acids
*+ Pregnant women (third trimester)
+ Breastfeeding women
* Middle-aged women (40 - 60 years)

Iron
+ Women of reproductive age

= Low prevalence of vitamin D status
250.0 nmol/L (< 25.0%) and 2= 75.0 nmol/L
(<12.0%) in pregnant and breastfeeding
women

- 3.7 and 4.0, respectively, times higher risk
of vitamin D status < 25.0 nmollL in

- Higher omega-3 index in pregnant than in
breastfeeding women

- Low prevalence of high omega-3 index
values in women aged 40 - 60 years (2.7%)
and probably in pregnant and breastfeeding
women (12.9%)

> 13.5% iron deficiency
> 2.8% anemia

pregnant and breastfeeding women,
compared to NPNB women

Influencing factors
+ Oral contraceptive use of fourth generation
- Intensity of menstruation
- Time point of last period
- Blood donation
- Vegetarian diet

Influencing factors
- Winter, spring (in all groups)
+ Increasing longitude of residence (in preg-
nantand breastfeeding women)
+ Increasing age (in pregnant women)
- Third trimester (in pregnant women)

Influencing factors

- Smoking (in all groups)

+ Increasing age (in women 40 - 60 years)
(+) Use of estrogen (in women 40 - 60 years)
- Gestation week (in pregnant women)

- Postpartum week (in breastfeeding women)
- LC n-3 PUFA supplementation (in pregnant

and breastfeeding women)

Figure 5 Status of specific nutrients in women during certain stages of life.

Abbreviations: -, negative influence; +, positive influence; (+), probably positive influence; anemia,
hemoglobin < 12 g/dL; iron deficiency without anemia, ferritin < 20 ug/L and hemoglobin = 12 g/dL; LC
n-3 PUFA, long-chain omega-3 polyunsaturated fatty acids; NPNB, non-pregnant, non-breastfeeding
women; omega-3 index, relative eicosapentaenoic acid and docosahexaenoic acid concentration in
relation to the total fatty acids in erythrocyte membranes; high omega 3-index, omega-3 index = 8%.

Pregnant and breastfeeding women demonstrated a high prevalence of an inadequate
vitamin D status and are risk groups for vitamin D deficiency (25(OH)D < 25.0 nmol/L)
compared to NPNB women (Paper | and [/). Also, the majority of NPNB women showed a
low vitamin D status. Firstly, the determination of the vitamin D status with the highest health
advantage for these groups is required to ensure optimal health of mother, fetus and infant
during pregnancy and breastfeeding period (Aghajafari et al. 2013; Zhu et al. 2014; Achkar et
al. 2015; Lu et al. 2016). Nevertheless, the vitamin D status needs to be improved in most of
these women, regardless of the target value (= 50.0 or = 75.0 nmol/L). General strategies are
required to ensure an adequate vitamin D status because foods contain only a small amount
of vitamin D (Souci et al. 2015) and the endogenous vitamin D synthesis seems to be
inadequate in this study population to ensure an adequate vitamin D status. As the use of
sunscreen reduces the vitamin D synthesis capability (Matsuoka et al. 1987), one opportunity
is the development of sunscreens that reduce erythema but also enhance the vitamin D
synthesis. In vitro, the development of these sunscreens has been shown (Kockott et al.
2016). Another additional possibility is the vitamin D supplementation and fortification. The
effectiveness of a vitamin D supplementation, which dose corresponds to the
to achieve 25(0OH)D

concentrations = 50.0 nmol/L in 99% of women of reproductive age (Pilz et al. 2017). In

recommendation of DGE (20 uyg/day), has been confirmed

addition, a vitamin D fortification of staple food might be another opportunity to increase the
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vitamin D status, as it has been shown in different interventions studies (Bakker et al. 2009;
Black et al. 2012; Allen et al. 2015; Nikooyeh et al. 2016). Further studies are required to
examine which foods are suitable to increase and maintain the vitamin D status.
Furthermore, a correct selection of foods is necessary to ensure the improvement the
vitamin D status of the whole population. Therefore, the EU-funded project “Food-based
solutions for optimal vitamin D nutrition and health through the life cycle” has been initiated,
which intention is the establishment of food-based strategies to avoid inadequate vitamin D
status (Kiely et al. 2015).

The LC n-3 PUFA status is probably inadequate in the most pregnant and breastfeeding
women (Paper ). Further studies are required to ascertain the accurate assessment of a
favorable LC n-3 PUFA status during pregnancy and breastfeeding periods. In the majority of
middle-aged women, the LC n-3 PUFA status is insufficient (Paper IV) and might be a risk
factor for several health consequences, such as cardiovascular death (Harris & Schacky
2004). Therefore, the LC n-3 PUFA status in middle-aged women should be enhanced.
Altogether, strategies should be developed to improve the LC n-3 PUFA status. The use of
vegetable oils (source of ALA) does not appear to be sufficient (Egert et al. 2012; Salem &
Eggersdorfer 2015) due to the limited conversion rate from ALA to DHA (Plourde & Cunnane
2007; Brenna et al. 2009). For this reason, reference values for the dietary intake of LC n-3
PUFAs are necessary. The consume of fish or a fish oil supplementation are supporting
opportunities to improve the LC n-3 PUFA status. An intake of 1 g/day of fish or fish oil over
12 weeks increases the omega-3 index by an average of 1.01% and 1.70%, respectively
(Brazionis et al. 2012). However, the present availability of fish oil and fish will not be
sufficient to ensure a desirable LC n-3 PUFA status for the world population (Salem &
Eggersdorfer 2015). Alternative sources of LC n-3 PUFAs are microalgae oil (Ryckebosch et
al. 2014) or Antarctic krill (Gigliotti et al. 2011). An average microalgae oil intake of at least
2 g/day is already sufficient for the most microalgae species to ensure a daily consumption of
250 mg LC n-3 PUFA (Ryckebosch et al. 2014). Moreover, LC n-3 PUFAs fortification of
foods is a further alternative to enhance the LC n-3 PUFA status (Egert et al. 2012).

The iron status in women of reproductive age was not worrying (Paper V). However, women
in this life phase should still ensure the intake of sufficient iron in a highly available form to
sustain the iron status, which is especially important when pregnancy is planned (Breymann
2015). Guidelines are necessary to instruct women about the different iron sources and their
bioavailability.

Finally, educational work is required to inform the population about the critical supply

situation with these nutrients and how these supply situation can be improved.

37



References

5. References

Achkar M, Dodds L, Giguére Y, Forest J-C, Armson BA, Woolcott C et al. (2015). Vitamin D
status in early pregnancy and risk of preeclampsia. Am J Obstet Gynecol, 212 (4):
511.e1-7.

Adams JS & Hewison M (2012). Extrarenal expression of the 25-hydroxyvitamin D-1-
hydroxylase. Arch Biochem Biophys, 523 (1): 95-102.

Aghajafari F, Nagulesapillai T, Ronksley PE, Tough SC, O'Beirne M & Rabi DM (2013).
Association between maternal serum 25-hydroxyvitamin D level and pregnancy and
neonatal outcomes: systematic review and meta-analysis of observational studies.
BMJ, 346: f1169.

Ajibade DV, Dhawan P, Fechner AJ, Meyer MB, Pike JW & Christakos S (2010). Evidence
for a role of prolactin in calcium homeostasis: regulation of intestinal transient receptor
potential vanilloid type 6, intestinal calcium absorption, and the 25-hydroxyvitamin D(3)
1alpha hydroxylase gene by prolactin. Endocrinology, 151 (7): 2974—-2984.

Ala-Houhala M, Koskinen T, Parviainen MT & Visakorpi JK (1988). 25-Hydroxyvitamin D
and vitamin D in human milk: effects of supplementation and season. Am J Clin Nutr,
48 (4): 1057-1060.

Aliche-Djoudi F, Podechard N, Collin A, Chevanne M, Provost E, Poul M et al. (2013). A
role for lipid rafts in the protection afforded by docosahexaenoic acid against ethanol
toxicity in primary rat hepatocytes. Food Chem Toxicol, 60: 286—296.

Allen RE, Dangour AD, Tedstone AE & Chalabi Z (2015). Does fortification of staple foods
improve vitamin D intakes and status of groups at risk of deficiency? A United Kingdom
modeling study. Am J Clin Nutr, 102 (2): 338—-344.

Allen RP, Auerbach S, Bahrain H, Auerbach M & Earley CJ (2013). The prevalence and
impact of restless legs syndrome on patients with iron deficiency anemia. Am J
Hematol, 88 (4): 261-264.

Al MDM, van Houwelingen AC, Kester AD, Hasaart TH, Jong AEP de & Hornstra G (1995).
Maternal essential fatty acid patterns during normal pregnancy and their relationship to
the neonatal essential fatty acid status. Br J Nutr, 74 (01): 55.

Aloia JF, Dhaliwal R, Shieh A, Mikhail M, Fazzari M, Ragolia L et al. (2014). Vitamin D
supplementation increases calcium absorption without a threshold effect. Am J Clin
Nutr, 99 (3): 624—631.

Anderson JL, May HT, Horne BD, Bair TL, Hall NL, Carlquist JF et al. (2010). Relation of
vitamin D deficiency to cardiovascular risk factors, disease status, and incident events
in a general healthcare population. Am J Cardiol, 106 (7): 963—-968.

Arbo |, Halle C, Malik D, Brattbakk H-R & Johansen B (2011). Insulin induces fatty acid
desaturase expression in human monocytes. Scand J Clin Lab Invest, 71 (4): 330-339.

Armah SM, Carriquiry AL & Reddy MB (2015). Total iron bioavailability from the US diet is
lower than the current estimate. J Nutr, 145 (11): 2617-2621.

Bach Kristensen M, Hels O, Morberg C, Marving J, Bugel S & Tetens | (2005). Pork meat
increases iron absorption from a 5-day fully controlled diet when compared to a
vegetarian diet with similar vitamin C and phytic acid content. Br J Nutr, 94 (1): 78-83.

38



References

Baghai TC, Varallo-Bedarida G, Born C, Hafner S, Schule C, Eser D et al. (2011). Major
depressive disorder is associated with cardiovascular risk factors and low omega-3
index. J Clin Psychiatry, 72 (9): 1242-1247.

Baker EJ, Miles EA, Burdge GC, Yaqoob P & Calder PC (2016). Metabolism and functional
effects of plant-derived omega-3 fatty acids in humans. Prog Lipid Res, 64: 30-56.

Bakker EC, Hornstra G, Blanco CE & Vles JS (2009). Relationship between long-chain
polyunsaturated fatty acids at birth and motor function at 7 years of age. Eur J Clin
Nutr, 63 (4): 499-504.

Bazinet RP & Laye S (2014). Polyunsaturated fatty acids and their metabolites in brain
function and disease. Nat Rev Neurosci, 15 (12): 771-785.

Beltz BS, Tlusty MF, Benton JL & Sandeman DC (2007). Omega-3 fatty acids upregulate
adult neurogenesis. Neurosci Lett, 415 (2): 154—158.

Best KP, Gold M, Kennedy D, Martin J & Makrides M (2016). Omega-3 long-chain PUFA
intake during pregnancy and allergic disease outcomes in the offspring: a systematic
review and meta-analysis of observational studies and randomized controlled trials. Am
J Clin Nutr, 103 (1): 128-143.

Betts S, Bjorkhem-Bergman L, Rane A & Ekstrom L (2015). Expression of CYP3A4 and
CYP3A7 in human foetal tissues and its correlation with nuclear receptors. Basic Clin
Pharmacol Toxicol, 117 (4): 261-266.

Beydoun MA, Fanelli Kuczmarski MT, Beydoun HA, Rostant OS, Evans MK & Zonderman
AB (2015). Associations of the ratios of n-3 to n-6 dietary fatty acids with longitudinal
changes in depressive symptoms among US women. Am J Epidemiol, 181 (9): 691—
705.

Bezwoda WR, Bothwell TH, Charlton RW, Torrance JD, MacPhail AP, Derman DP et al.
(1983). The relative dietary importance of haem and non-haem iron. S Afr Med J, 64
(14): 552-556.

Bhan A, Rao AD & Rao DS (2012). Osteomalacia as a result of vitamin D deficiency.
Rheum Dis Clin North Am, 38 (1): 81-91, viii-ix.

Bigornia SJ, Harris WS, Falcon LM, Ordovas JM, Lai C-Q & Tucker KL (2016). The omega-
3 index is inversely associated with depressive symptoms among individuals with
elevated oxidative stress biomarkers. J Nutr, 146 (4): 758—766.

Bikle DD, Gee E, Halloran B & Haddad JG (1984). Free 1,25-dihydroxyvitamin D levels in
serum from normal subjects, pregnant subjects, and subjects with liver disease. J Clin
Invest, 74 (6): 1966—-1971.

Bikle DD (2014). Vitamin D metabolism, mechanism of action, and clinical applications.
Chem Biol, 21 (3): 319-329.

Black LJ, Seamans KM, Cashman KD & Kiely M (2012). An updated systematic review and
meta-analysis of the efficacy of vitamin D food fortification. J Nutr, 142 (6): 1102-1108.

Blanton CA, Green MW & Kretsch MJ (2013). Body iron is associated with cognitive
executive planning function in college women. Br J Nutr, 109 (5): 906-913.

Block RC, Harris WS & Pottala JV (2008). Determinants of blood cell omega-3 fatty acid
content. Open Biomark J, 1: 1-6.

39



References

Bogh MKB, Schmedes AV, Philipsen PA, Thieden E & Wulf HC (2011). Interdependence
between body surface area and ultraviolet B dose in vitamin D production: a
randomized controlled trial. Br J Dermatol, 164 (1): 163—169.

Booth AO, Lim K, Capper H, Irving D, Fisher J, McNaughton SA et al. (2014). Iron status
and dietary iron intake of female blood donors. Transfusion, 54 (3pt2): 770-774.

Bothwell TH (2000). Iron requirements in pregnancy and strategies to meet them. Am J Clin
Nutr, 72 (1 Suppl): 257S-264S.

Boucher O, Burden MJ, Muckle G, Saint-Amour D, Ayotte P, Dewailly E et al. (2011).
Neurophysiologic and neurobehavioral evidence of beneficial effects of prenatal
omega-3 fatty acid intake on memory function at school age. Am J Clin Nutr, 93 (5):
1025-1037.

Brazionis L, Ting E, Itsiopoulos C, Wilson A & Hodge A (2012). The effects of fish or fish oil
on the omega-3 index. Nutrition & Dietetics, 69 (1): 5-12.

Brembeck P, Winkvist A, Baath M, Barebring L & Augustin H (2015). Determinants of
changes in vitamin D status postpartum in Swedish women. Br J Nutr, 115 (3): 1-9.

Brenna JT, Varamini B, Jensen RG, Diersen-Schade DA, Boettcher JA & Arterburn LM
(2007). Docosahexaenoic and arachidonic acid concentrations in human breast milk
worldwide. Am J Clin Nutr, 85 (6): 1457-1464.

Brenna JT & Lapillonne A (2009). Background paper on fat and fatty acid requirements
during pregnancy and lactation. Ann Nutr Metab, 55 (1-3): 97-122.

Brenna JT, Salem Jr. N, Sinclair AJ & Cunnane SC (2009). a-Linolenic acid
supplementation and conversion to n-3 long-chain polyunsaturated fatty acids in
humans. Prostaglandins Leukot Essent Fatty Acids, 80 (2-3): 85-91.

Breymann C (2015). Iron deficiency anemia in pregnancy. Semin Hematol, 52 (4): 339-347.

Brincat M, Gambin J, Brincat M & Calleja-Agius J (2015). The role of vitamin D in
osteoporosis. Maturitas, 80 (3): 329-332.

Brownlie T, Utermohlen V, Hinton PS & Haas JD (2004). Tissue iron deficiency without
anemia impairs adaptation in endurance capacity after aerobic training in previously
untrained women. Am J Clin Nutr, 79 (3): 437—443.

Brutsaert TD, Hernandez-Cordero S, Rivera J, Viola T, Hughes G & Haas JD (2003). Iron
supplementation improves progressive fatigue resistance during dynamic knee
extensor exercise in iron-depleted, nonanemic women. Am J Clin Nutr, 77 (2): 441-
448.

Burdge GC & Wootton SA (2002). Conversion of alpha-linolenic acid to eicosapentaenoic,
docosapentaenoic and docosahexaenoic acids in young women. Br J Nutr, 88 (4):
411-420.

Burdge GC (2004). Alpha-Linolenic acid metabolism in men and women: nutritional and
biological implications. Curr Opin Clin Nutr Metab Care, 7 (2): 137-144.

Cable RG, Glynn SA, Kiss JE, Mast AE, Steele WR, Murphy EL et al. (2012). Iron
deficiency in blood donors: the REDS-II Donor Iron Status Evaluation (RISE) study.
Transfusion, 52 (4): 702-711.

Cadario F, Savastio S, Magnani C, Cena T, Pagliardini V, Bellomo G et al. (2015). High
prevalence of vitamin D deficiency in native versus migrant mothers and newborns in

40



References

the north of Italy: a call to act with a stronger prevention program. PLoS ONE, 10 (6):
e0129586.

Carlson SE, Colombo J, Gajewski BJ, Gustafson KM, Mundy D, Yeast J et al. (2013). DHA
supplementation and pregnancy outcomes. Am J Clin Nutr, 97 (4): 808—815.

Carneiro RM, Prebehalla L, Tedesco MB, Sereika SM, Hugo M, Hollis BW et al. (2010).
Lactation and bone turnover: a conundrum of marked bone loss in the setting of
coupled bone turnover. J Clin Endocrinol Metab, 95 (4): 1767-1776.

Carnielli VP, Simonato M, Verlato G, Luijendijk I, Curtis M de, Sauer PJ et al. (2007).
Synthesis of long-chain polyunsaturated fatty acids in preterm newborns fed formula
with long-chain polyunsaturated fatty acids. Am J Clin Nutr, 86 (5): 1323—-1330.

Casabellata G, Di Santolo M, Banfi G, Stel G, Gonano F & Cauci S (2007). Evaluation of
iron deficiency in young women in relation to oral contraceptive use. Contraception, 76
(3): 200-207.

Cashman KD, Hill TR, Lucey AJ, Taylor N, Seamans KM, Muldowney S et al. (2008).
Estimation of the dietary requirement for vitamin D in healthy adults. Am J Clin Nutr, 88
(6): 1535-1542.

Cashman KD & Kiely M (2016). Tackling inadequate vitamin D intakes within the
population: fortification of dairy products with vitamin D may not be enough. Endocrine,
51 (1): 38—46.

Cashman KD, Dowling KG, Skrabakova Z, Gonzalez-Gross M, Valtuena J, Henauw S de et
al. (2016). Vitamin D deficiency in Europe: pandemic? Am J Clin Nutr, 103 (4): 1033~
1044.

Casula M, Soranna D, Catapano AL & Corrao G (2013). Long-term effect of high dose
omega-3 fatty acid supplementation for secondary prevention of cardiovascular
outcomes: a meta-analysis of randomized, double blind, placebo controlled trials.
Atheroscler Suppl, 14 (2): 243-251.

Cepeda-Lopez AC, Melse-Boonstra A, Zimmermann MB & Herter-Aeberli | (2015). In
overweight and obese women, dietary iron absorption is reduced and the enhancement
of iron absorption by ascorbic acid is one-half that in normal-weight women. Am J Clin
Nutr, 102 (6): 1389-1397.

Chambaz J, Ravel D, Manier MC, Pepin D, Mulliez N & Bereziat G (1985). Essential fatty
acids interconversion in the human fetal liver. Biol Neonate, 47 (3): 136—140.

Chen G-C, Yang J, Eggersdorfer M, Zhang W & Qin L-Q (2016). N-3 long-chain
polyunsaturated fatty acids and risk of all-cause mortality among general populations: a
meta-analysis. Sci Rep, 6: 28165.

Chen P, Hu P, Xie D, Qin Y, Wang F & Wang H (2010). Meta-analysis of vitamin D, calcium
and the prevention of breast cancer. Breast Cancer Rest Treat, 121 (2): 469-477.

Chen S, Glenn DJ, Ni W, Grigsby CL, Olsen K, Nishimoto M et al. (2008). Expression of the
vitamin d receptor is increased in the hypertrophic heart. Hypertension, 52 (6): 1106—
1112.

Cho HP, Nakamura M & Clarke SD (1999). Cloning, expression, and fatty acid regulation of
the human delta-5 desaturase. J Biol Chem, 274 (52): 37335-373309.

41



References

Christakos S, Dhawan P, Verstuyf A, Verlinden L & Carmeliet G (2016). Vitamin D:
metabolism, molecular mechanism of action, and pleiotropic effects. Physiol Rev, 96
(1): 365—-408.

Clark SF (2008). Iron deficiency anemia. Nutr Clin Pract, 23 (2): 128—-141.

Clements MR, Davies M, Hayes ME, Hickey CD, Lumb GA, Mawer EB et al. (1992). The
role of 1,25-dihydroxyvitamin D in the mechanism of acquired vitamin D deficiency. Clin
Endocrinol, 37 (1): 17-27.

Collings R, Harvey LJ, Hooper L, Hurst R, Brown TJ, Ansett J et al. (2013). The absorption
of iron from whole diets: a systematic review. Am J Clin Nutr, 98 (1): 65-81.

Connor S, Tenorio G, Clandinin MT & Sauve Y (2012). DHA supplementation enhances
high-frequency, stimulation-induced synaptic transmission in mouse hippocampus.
Appl Physiol Nutr Metab, 37 (5): 880-887.

CPS, Canadian Paediatric Society, First Nations, Inuit and Métis Health Committee (2007).
Vitamin D supplementation: recommendations for Canadian mothers and infants.
Paediatr Child Health, 12 (7): 583-598.

Czech-Kowalska J, Gruszfeld D, Jaworski M, Bulsiewicz D, Latka-Grot J, Pleskaczynska A
et al. (2015). Determinants of postpartum vitamin D status in the Caucasian mother-
offspring pairs at a latitude of 52°N: a cross-sectional study. Ann Nutr Metab, 67 (1):
33-41.

D-A-CH, Deutsche Gesellschaft fiir Ernahrung, Osterreichische Gesellschaft fir Erndhrung,
Schweizerische Gesellschaft fir Ernahrungsforschung und  Schweizerische
Vereinigung fur Ernahrung (2015). Referenzwerte fir die Nahrstoffzufuhr, 2nd edn.,
Neuer Umschau Buchverlag, Bonn.

Dainty JR, Berry R, Lynch SR, Harvey LJ & Fairweather-Tait SJ (2014). Estimation of
dietary iron bioavailability from food iron intake and iron status. PLoS ONE, 9 (10):
e111824.

Daly RM, Gagnon C, Lu ZX, Magliano DJ, Dunstan DW, Sikaris KA et al. (2012).
Prevalence of vitamin D deficiency and its determinants in Australian adults aged 25
years and older: a national, population-based study. Clin Endocrinol (Oxf.), 77 (1): 26—
35.

Dawczynski C, Martin L, Wagner A & Jahreis G (2010). N-3 LC-PUFA-enriched dairy
products are able to reduce cardiovascular risk factors: a double-blind, cross-over
study. Clin Nutr, 29 (5): 592-599.

Dawson-Hughes B, Harris SS, Lichtenstein AH, Dolnikowski G, Palermo NJ & Rasmussen
H (2015). Dietary fat increases vitamin D-3 absorption. J Acad Nutr Diet, 115 (2): 225—-
230.

Del Pinto R, Pietropaoli D, Chandar AK, Ferri C & Cominelli F (2015). Association between
inflammatory bowel disease and vitamin D deficiency: a systematic review and meta-
analysis. Inflamm Bowel Dis, 21 (11): 2708-2717.

Delgado-Noguera MF, Calvache JA, Bonfill Cosp X, Kotanidou EP & Galli-Tsinopoulou A
(2015). Supplementation with long chain polyunsaturated fatty acids (LCPUFA) to
breastfeeding mothers for improving child growth and development. Cochrane
Database Syst Rev (7): CD007901.

42



References

Deloche C, Bastien P, Chadoutaud S, Galan P, Bertrais S, Hercberg S et al. (2007). Low
iron stores: a risk factor for excessive hair loss in non-menopausal women. Eur J
Dermatol, 17 (6): 507-512.

Deluca HF, ed. Feldmann D, Pike W, Adams JS (2011). Historical overview of vitamin D.
In: Vitamin D, 3rd edn., Volume 1. Academic Press (Elsevier), Waltham, [p8].

Derakhshanian H, Shab-Bidar S, Speakman JR, Nadimi H & Djafarian K (2015). Vitamin D
and diabetic nephropathy: a systematic review and meta-analysis. Nutrition, 31 (10):
1189-1194.

DeSalvo KB, Olson R & Casavale KO (2016). Dietary guidelines for Americans. JAMA, 315
(5): 457-458.

DGE, Deutsche Gesellschaft fur Erndhrung im Auftrag des Bundesministeriums fur
Erndhrung, Landwirtschaft und Verbraucherschutz (2012). 12. Erndhrungsbericht, DGE
Medien Service, Bonn, p 46, 59, 66, 67, 87, 89, 93.

Di Giuseppe D, Wallin A, Bottai M, Askling J & Wolk A (2014). Long-term intake of dietary
long-chain n-3 polyunsaturated fatty acids and risk of rheumatoid arthritis: a
prospective cohort study of women. Ann Rheum Dis, 73 (11): 1949-1953.

Dlugos DJ, Perrotta PL & Horn WG (1995). Effects of the submarine environment on renal-
stone risk factors and vitamin D metabolism. Undersea Hyperb Med, 22 (2): 145-152.

Dror DK, King JC, Durand DJ & Allen LH (2011). Association of modifiable and
nonmodifiable factors with vitamin D status in pregnant women and neonates in
Oakland, CA. J Am Diet Assoc, 111 (1): 111-116.

Duan S, Lv Z, Fan X, Le Wang, Han F, Wang H et al. (2014). Vitamin D status and the risk
of multiple sclerosis: a systematic review and meta-analysis. Neurosci Lett, 570: 108—
113.

DWD, Deutscher Wetterdienst (2013-2015). Database 2013, 2014, 2015: calculated mean
values.

Dyall SC, Michael GJ & Michael-Titus AT (2010). Omega-3 fatty acids reverse age-related
decreases in nuclear receptors and increase neurogenesis in old rats. J Neurosci Res,
88 (10): 2091-2102.

EC, European Parliament and the Council of the European Union (2006). Regulation (EC)
No 1925/2006 of the European Parliament and of the Council of 20 December 2006 on
the addition of vitamins and minerals and of certain other substances to foods.

Eder K & Kirchgessner M (1996). Zinc deficiency and the desaturation of linoleic acid in rats
force-fed fat-free diets. Biol Trace Elem Res, 54 (2): 173-183.

EFSA, European Food Safety Authority, Scientific Committee on Food (SCF) and Scientific
Panel on Dietetic Products, Nutrition and Allergies (NDA) (2006). Tolerable upper
intake levels for vitamins and minerals, European Food Safety Authority, 478.

EFSA, European Food Safety Authority (2010). Scientific opinion on dietary reference
values for fats, including saturated fatty acids, polyunsaturated fatty acids,
monounsaturated fatty acids, trans fatty acids, and cholesterol. EFSA Journal, 8 (3):
1461.

EFSA, European Food Safety Authority (2012a). Scientific opinion on the tolerable upper
intake level of eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA) and
docosapentaenoic acid (DPA). EFSA Journal, 10 (7): 2815.

43



References

EFSA, European Food Safety Authority (2012b). Scientific Opinion on the tolerable upper
intake level of vitamin D. EFSA Journal, 10 (7): 2813.

Egert S, Lindenmeier M, Harnack K, Krome K, Erbersdobler HF, Wahrburg U et al. (2012).
Margarines fortified with  alpha-linolenic acid, eicosapentaenoic acid, or
docosahexaenoic acid alter the fatty acid composition of erythrocytes but do not affect
the antioxidant status of healthy adults. J Nutr, 142 (9): 1638—-1644.

Ekmekcioglu C & Marktl W (2006). Essentielle Spurenelemente. Klinik und
Erndhrungsmedizin, Springer-Verlag, Wien, p1-2.

Elidrissy A (2013). Maternal vitamin D deficiency triggering rickets in their breastfeeding
infants: a current study and literature review. Journal of Research in Nursing and
Midwifery, 2 (2): 30-39.

Elmadfa | & Leitzmann C (2015). Ernahrung des Menschen, 5th edn., Ulmer, Stuttgart, p87-
89 & 95-105.

Engelsen O, Brustad M, Aksnes L & Lund E (2005). Daily duration of vitamin D synthesis in
human skin with relation to latitude, total ozone, altitude, ground cover, aerosols and
cloud thickness. Photochem Photobiol, 81 (6): 1287-1290.

Erdinest N, Ovadia H, Kormas R & Solomon A (2014). Anti-inflammatory effects of resolvin-
D1 on human corneal epithelial cells: in vitro study. J Inflamm (Lond), 11: 6.

Eyles DW, Smith S, Kinobe R, Hewison M & McGrath JJ (2005). Distribution of the vitamin
D receptor and 1 alpha-hydroxylase in human brain. J Chem Neuroanat, 29 (1): 21-30.

Fischer R, Konkel A, Mehling H, Blossey K, Gapelyuk A, Wessel N et al. (2014). Dietary
omega-3 fatty acids modulate the eicosanoid profile in man primarily via the CYP-
epoxygenase pathway. J Lipid Res, 55 (6): 1150-1164.

Flowers CH, Skikne BS, Covell AM & Cook JD (1989). The clinical measurement of serum
transferrin receptor. J Lab Clin Med, 114 (4): 368-377.

Fonseca C, Marques F, Robalo NA, Belo A, Brilhante D & Cortez J (2016). Prevalence of
anaemia and iron deficiency in Portugal: the EMPIRE study. Intern Med J, 46 (4): 470—-
478.

Ford JA, MacLennan GS, Avenell A, Bolland M, Grey A & Witham M (2014). Cardiovascular
disease and vitamin D supplementation: trial analysis, systematic review, and meta-
analysis. Am J Clin Nutr, 100 (3): 746—755.

Fraser IS, Jensen J, Schaefers M, Mellinger U, Parke S & Serrani M (2012). Normalization
of blood loss in women with heavy menstrual bleeding treated with an oral
contraceptive containing estradiol valerate/dienogest. Contraception, 86 (2): 96—101.

Freeman HJ (2015). Iron deficiency anemia in celiac disease. World J Gastroenterol, 21
(31): 9233-9238.

Fu X-M, Fan S-G, Li S-L, Chen Y-S, Wu H & Guo Y-L (2015). Low 25(OH)D serum levels
are related with hip fracture in postmenopausal women: a matched case-control study.
J Transl Med, 13: 388.

Garland CF, Kim JJ, Mohr SB, Gorham ED, Grant WB, Giovannucci EL et al. (2014). Meta-
analysis of all-cause mortality according to serum 25-hydroxyvitamin D. Am J Public
Health, 104 (8): 50.

44



References

Gavin A, Boyle R, Donnelly D, Donnelly C, Gordon S, McElwee G et al. (2012). Trends in
skin cancer knowledge, sun protection practices and behaviours in the Northern Ireland
population. Eur J Public Health, 22 (3): 408—412.

Geppert J, Kraft V, Demmelmair H & Koletzko B (2005). Docosahexaenoic acid
supplementation in vegetarians effectively increases omega-3 index: a randomized
trial. Lipids, 40 (8): 807-814.

Gigliotti JC, Davenport MP, Beamer SK, Tou JC & Jaczynski J (2011). Extraction and
characterisation of lipids from Antarctic krill (Euphausia superba). Food Chem, 125 (3):
1028-1036.

Gil-Sanchez A, Larque E, Demmelmair H, Acien MI, Faber FL, Parrilla JJ et al. (2010).
Maternal-fetal in vivo transfer of 13Cdocosahexaenoic and other fatty acids across the
human placenta 12 h after maternal oral intake. Am J Clin Nutr, 92 (1): 115-122.

Giltay EJ, Gooren LJ, Toorians AW, Katan MB & Zock PL (2004). Docosahexaenoic acid
concentrations are higher in women than in men because of estrogenic effects. Am J
Clin Nutr, 80 (5): 1167-1174.

Golbs S, Domhardt R, Radowicky S, Kaluzny Z, Wisser KH & Zimmermann T (2002).
Clinical findings with the oral contraceptive combination ethinylestradiol/dienogest in
Poland. Methods Find Exp Clin Pharmacol, 24 (9): 585-592.

Gulec S, Anderson GJ & Collins JF (2014). Mechanistic and regulatory aspects of intestinal
iron absorption. Am J Physiol Gastrointest Liver Physiol, 307 (4): G397-409.

Gunaratne AW, Makrides M & Collins CT (2015). Maternal prenatal and/or postnatal n-3
long chain polyunsaturated fatty acids (LCPUFA) supplementation for preventing
allergies in early childhood. Cochrane Database Syst Rev, 7: CD010085.

Haider LM, Schwingshackl L, Hoffmann G & Ekmekcioglu C (2016). The effect of
vegetarian diets on iron status in adults: a systematic review and meta-analysis. Crit
Rev Food Sci Nutr: Epub ahead of printing, doi: 10.1080/10408398.2016.1259210.

Haile ZT, Teweldeberhan AK & Chertok IRA (2016). Association between oral contraceptive
use and markers of iron deficiency in a cross-sectional study of Tanzanian women. Int
J Gynaecol Obstet, 132 (1): 50-54.

Hallberg L, Brune M, Erlandsson M, Sandberg AS & Rossander-Hulten L (1991). Calcium:
effect of different amounts on nonheme- and heme-iron absorption in humans. Am J
Clin Nutr, 53 (1): 112-119.

Harris MA, Reece MS, McGregor JA, Wilson JW, Burke SM, Wheeler M et al. (2015). The
effect of omega-3 docosahexaenoic acid supplementation on gestational length:
randomized trial of supplementation compared to nutrition education for increasing n-3
intake from foods. Biomed Res Int, 2015: 123078.

Harris WS & Schacky C von (2004). The omega-3 Index: a new risk factor for death from
coronary heart disease? Prev Med, 39 (1): 212-220.

Harris WS, Pottala JV, Varvel SA, Borowski JJ, Ward JN & McConnell JP (2013).
Erythrocyte omega-3 fatty acids increase and linoleic acid decreases with age:
observations from 160,000 patients. Prostaglandins Leukot Essent Fatty Acids, 88 (4):
257-263.

Harris WS, Luo J, Pottala JV, Margolis KL, Espeland MA & Robinson JG (2016). Red blood
cell fatty acids and incident diabetes mellitus in the women's health initiative memory
study. PLoS ONE, 11 (2): e0147894.

45



References

Harvey LJ, Armah CN, Dainty JR, Foxall RJ, Lewis DJ, Langford NJ et al. (2005). Impact of
menstrual blood loss and diet on iron deficiency among women in the UK. Br J Nutr, 94
(04): 557.

Haussler MR, Jurutka PW, Mizwicki M & Norman AW (2011). Vitamin D receptor (VDR)-

mediated actions of 1alpha,25(OH)(2)vitamin D(3): genomic and non-genomic
mechanisms. Best Pract Res Clin Endocrinol Metab, 25 (4): 543-559.

Heeney MM & Finberg KE (2014). Iron-refractory iron deficiency anemia (IRIDA). Hematol
Oncol Clin North Am, 28 (4): 637-52.

Heseker H, Schneider R, Moch KJ, Kohimeier M & Kubler W, ed. Kubler W, Anders HJ,
Heeschen W (1994). Vitaminversorgung Erwachsener in der Bundesrepublik
Deutschland. VERA-Schriftenreihe Band 1V, Wissenschaftlicher Fachverlag Dr. Fleck,
Niederkleen.

Hibbeln JR (2002). Seafood consumption, the DHA content of mothers’ milk and prevalence
rates of postpartum depression: a cross-national, ecological analysis. J Affect Disord,
69 (1-3): 15-29.

Hibbeln JR, Davis JM, Steer C, Emmett P, Rogers |, Williams C et al. (2007). Maternal
seafood consumption in pregnancy and neurodevelopmental outcomes in childhood
(ALSPAC study): an observational cohort study. Lancet, 369 (9561): 578-585.

Hintzpeter B, Mensink GB, Thierfelder W, Muller MJ & Scheidt-Nave C (2008). Vitamin D
status and health correlates among German adults. Eur J Clin Nutr, 62 (9): 1079-1089.

Holick MF (2007). Vitamin D deficiency. N Engl J Med, 357 (3): 266—281.

Holick MF, Binkley NC, Bischoff-Ferrari HA, Gordon CM, Hanley DA, Heaney RP et al.
(2011). Evaluation, treatment, and prevention of vitamin D deficiency: an Endocrine
Society Clinical Practice Guideline. J Clin Endocrinol Metab, 96 (7): 1911-1930.

Hollis BW, Roos BA, Draper HH & Lambert PW (1981). Vitamin D and its metabolites in
human and bovine milk. J Nutr, 111 (7): 1240-1248.

Hollis BW & Wagner CL (2004). Vitamin D requirements during lactation: high-dose
maternal supplementation as therapy to prevent hypovitaminosis D for both the mother
and the nursing infant. Am J Clin Nutr, 80 (6 Suppl): 1752S-88S.

Hollis BW, Johnson D, Hulsey TC, Ebeling M & Wagner CL (2011). Vitamin D
supplementation during pregnancy: double-blind, randomized clinical trial of safety and
effectiveness. J Bone Miner Res, 26 (10): 2341-2357.

Hollis BW, Wagner CL, Howard CR, Ebeling M, Shary JR, Smith PG et al. (2015). Maternal
versus infant vitamin D supplementation during lactation: a randomized controlled trial.
Pediatrics, 136 (4): 625-634.

Holmes VA, Barnes MS, Alexander HD, McFaul P & Wallace JMW (2009). Vitamin D
deficiency and insufficiency in pregnant women: a longitudinal study. Br J Nutr, 102 (6):
876-881.

Horiguchi S, Nakayama K, Iwamoto S, Ishijima A, Minezaki T, Baba M et al. (2016).
Associations between a fatty acid desaturase gene polymorphism and blood
arachidonic acid compositions in Japanese elderly. Prostaglandins Leukot Essent Fatty
Acids, 105: 9-14.

46



References

Hunt JR & Roughead ZK (1999). Nonheme-iron absorption, fecal ferritin excretion, and
blood indexes of iron status in women consuming controlled lactoovovegetarian diets
for 8 wk. Am J Clin Nutr, 69 (5): 944-952.

Hurrell R & Egli | (2010). Iron bioavailability and dietary reference values. Am J Clin Nutr,
91 (5): 1461S-1467S.

Hutchins-Wiese HL, Picho K, Watkins BA, Li Y, Tannenbaum S, Claffey K et al. (2014).
High-dose eicosapentaenoic acid and docosahexaenoic acid supplementation reduces
bone resorption in postmenopausal breast cancer survivors on aromatase inhibitors: a
pilot study. Nutr Cancer, 66 (1): 68—76.

Hypponen E, Laara E, Reunanen A, Jarvelin M-R & Virtanen SM (2001). Intake of vitamin D
and risk of type 1 diabetes: a birth-cohort study. Lancet, 358 (9292): 1500-1503.

Imhoff-Kunsch B, Stein AD, Martorell R, Parra-Cabrera S, Romieu | & Ramakrishnan U
(2011). Prenatal docosahexaenoic acid supplementation and infant morbidity:
randomized controlled trial. Pediatrics, 128 (3): 12.

Imhoff-Kunsch B, Briggs V, Goldenberg T & Ramakrishnan U (2012). Effect of n-3 long-
chain polyunsaturated fatty acid intake during pregnancy on maternal, infant, and child
health outcomes: a systematic review. Paediatr Perinat Epidemiol, 26 Suppl 1: 91-107.

ISSFAL, International society for the study of fatty acids and lipids (2004).
Recommendations for intake of polyunsaturated fatty acids in healthy adults. Report on
dietary intake of essential fatty acids, 22p.

Jacobs ET, Kohler LN, Kunihiro AG & Jurutka PW (2016). Vitamin D and colorectal, breast,
and prostate cancers: a review of the epidemiological evidence. J Cancer, 7 (3): 232—
240.

Jacques C, Levy E, Muckle G, Jacobson SW, Bastien C, Dewalilly E et al. (2011). Long-
term effects of prenatal omega-3 fatty acid intake on visual function in school-age
children. J Pediatr, 158 (1): 83.

James E, Dobson R, Kuhle J, Baker D, Giovannoni G & Ramagopalan SV (2013). The
effect of vitamin D-related interventions on multiple sclerosis relapses: a meta-analysis.
Mult Scler, 19 (12): 1571-1579.

Jones KS, Assar S, Harnpanich D, Bouillon R, Lambrechts D, Prentice A et al. (2014).
25(OH)D2 half-life is shorter than 25(OH)D3 half-life and is influenced by DBP
concentration and genotype. J Clin Endocrinol Metab, 99 (9): 3373—-3381.

Jones KS, Assar S, Prentice A & Schoenmakers | (2016). Vitamin D expenditure is not
altered in pregnancy and lactation despite changes in vitamin D metabolite
concentrations. Sci Rep, 6: 26795.

Jong C de, Kikkert HK, Seggers J, Boehm G, Decsi T & Hadders-Algra M (2015). Neonatal
fatty acid status and neurodevelopmental outcome at 9 years. Early Hum Dev, 91 (10):
587-591.

Jungert A & Neuhauser-Berthold M (2015). Sex-specific determinants of serum 25-
hydroxyvitamin D3 concentrations in an elderly German cohort: a cross-sectional study.
Nutr Metab (Lond), 12: 2.

Kasonga AE, Deepak V, Kruger MC & Coetzee M (2015). Arachidonic acid and
docosahexaenoic acid suppress osteoclast formation and activity in human CD14+
monocytes, in vitro. PLoS ONE, 10 (4): e0125145.

47



References

Kehrer JP (2000). The Haber-Weiss reaction and mechanisms of toxicity. Toxicology, 149
(1): 43-50.

Kent JC, Mitoulas LR, Cregan MD, Ramsay DT, Doherty DA & Hartmann PE (2006).
Volume and frequency of breastfeedings and fat content of breast milk throughout the
day. Pediatrics, 117 (3): €387-e395.

Kiely M, Cashman KD & on behalf of the ODIN Consortium (2015). The ODIN project:
development of food-based approaches for prevention of vitamin D deficiency
throughout life. Nutr Bull, 40 (3): 235-246.

Kim Y & Je Y (2014). Vitamin D intake, blood 25(OH)D levels, and breast cancer risk or
mortality: a meta-analysis. Br J Cancer, 110 (11): 2772-2784.

Kitson AP (2013). Characterization of the effects of sex, pregnancy, and 17R-estradiol on
docosahexaenoic acid biosynthesis. Dissertation thesis,
http://hdl.handle.net/10012/7953 (accessed 31.01.2017).

Kitson AP, Marks KA, Shaw B, Mutch DM & Stark KD (2013). Treatment of ovariectomized
rats with 17beta-estradiol increases hepatic delta-6 desaturase enzyme expression and
docosahexaenoic acid levels in hepatic and plasma phospholipids. Prostaglandins
Leukot Essent Fatty Acids, 89 (2-3): 81-88.

Klemens CM, Berman DR & Mozurkewich EL (2011). The effect of perinatal omega-3 fatty
acid supplementation on inflammatory markers and allergic diseases: a systematic
review. BJOG, 118 (8): 916-925.

Kockott D, Herzog B, Reichrath J, Keane K & Holick MF (2016). New approach to develop
optimized sunscreens that enable cutaneous vitamin D formation with minimal
erythema risk. PLoS ONE, 11 (1): e0145509.

Kohlmeier M, Thefeld W, Stelte W, Grimm R, HauRler A, Hiinchen K et al., ed. Kiibler W,
Anders HJ, Heeschen W (1995). Versorgung Erwachsener mit Mineralstoffen und
Spurenelementen in der Bundesrepublik Deutschland. VERA-Schriftenreihe Band V,
Wissenschaftlicher Fachverlag Dr. Fleck, Niederkleen.

Koletzko B, Cetin | & Brenna JT (2007). Dietary fat intakes for pregnant and lactating
women. Br J Nutr, 98 (5): 873-877.

Koletzko B, Lien E, Agostoni C, Boéhles H, Campoy C, Cetin | et al. (2008). The roles of
long-chain polyunsaturated fatty acids in pregnancy, lactation and infancy: review of
current knowledge and consensus recommendations. J Perinat Med, 36 (1): 5-14.

Koning L de, Al-Turkmani MR, Berg AH, Shkreta A, Law T & Kellogg MD (2013). Variation
in clinical vitamin D status by DiaSorin Liaison and LC-MS/MS in the presence of
elevated 25-OH vitamin D2. Clin Chim Acta, 415: 54-58.

Krayenbuehl P-A, Battegay E, Breymann C, Furrer J & Schulthess G (2011). Intravenous
iron for the treatment of fatigue in nonanemic, premenopausal women with low serum
ferritin concentration. Blood, 118 (12): 3222-3227.

Kris-Etherton PM, Innis S, Ammerican DA & Dietitians of Canada (2007). Position of the
American Dietetic Association and Dietitians of Canada: dietary fatty acids. J Am Diet
Assoc, 107 (9): 1599-1611.

Kréger J, Zietemann V, Enzenbach C, Weikert C, Jansen EH, Doring F et al. (2011).
Erythrocyte membrane phospholipid fatty acids, desaturase activity, and dietary fatty
acids in relation to risk of type 2 diabetes in the European Prospective Investigation
into Cancer and Nutrition (EPIC)-Potsdam Study. Am J Clin Nutr, 93 (1): 127-142.

48



References

Kuipers RS, Luxwolda MF, Offringa PJ, Boersma ER, Dijck-Brouwer DAJ & Muskiet FAJ
(2012). Fetal intrauterine whole body linoleic, arachidonic and docosahexaenoic acid
contents and accretion rates. Prostaglandins Leukot Essent Fatty Acids, 86 (1-2): 13—
20.

Lahti-Koski M, Valsta LM, Alfthan G, Tapanainen H & Aro A (2003). Iron status of adults in
the capital area of Finland. Eur J Clin Nutr, 42 (5): 287-292.

Libon F, Cavalier E & Nikkels AF (2013). Skin color is relevant to vitamin D synthesis.
Dermatology, 227 (3): 250-254.

Lindh | & Milsom | (2013). The influence of intrauterine contraception on the prevalence and
severity of dysmenorrhea: a longitudinal population study. Hum Reprod, 28 (7): 1953—
1960.

Lin J, Liu J, Davies ML & Chen W (2016). Serum vitamin D level and rheumatoid arthritis
disease activity: review and meta-analysis. PLoS ONE, 11 (1): e0146351.

Linseisen J, Bechthold A, Bischoff-Ferrari HA, Hintzpeter B, Leschik-Bonnet E, Reichrath J
et al., ed. Deutsche Gesellschaft fur Erndhrung e.v. (DGE) (2011). Stellungnahme
Vitamin D und Pravention ausgewahlter chronischer Krankheiten, https://www.dge.de/
pdf/ws/DGE-Stellungnahme-VitD-111220.pdf (accessed: 20.02.2017).

Lips P (2001). Vitamin D deficiency and secondary hyperparathyroidism in the elderly:
consequences for bone loss and fractures and therapeutic implications. Endocr Rev,
22 (4): 477-501.

Li Y, Li H-T, Trasande L, Ge H, Yu L-X, Xu G-S et al. (2015). DHA in pregnant and lactating
women from coastland, lakeland, and inland areas of China: results of a DHA
evaluation in women (DEW) study. Nutrients, 7 (10): 8723-8732.

Lowe RF & Prata N (2013). Hemoglobin and serum ferritin levels in women using copper-
releasing or levonorgestrel-releasing intrauterine devices: a systematic review.
Contraception, 87 (4): 486—496.

Lugg ST, Howells PA & Thickett DR (2015). Optimal vitamin D supplementation levels for
cardiovascular disease protection. Dis Markers, 2015: 864370.

Lu M, XuY, Lv L & Zhang M (2016). Association between vitamin D status and the risk of
gestational diabetes mellitus: a meta-analysis. Arch Gynecol Obstet, 293 (5): 959-966.

MacLaughlin J, Anderson R & Holick M (1982). Spectral character of sunlight modulates
photosynthesis of previtamin D3 and its photoisomers in human skin. Science, 216
(4549): 1001-1003.

MacLaughlin J & Holick MF (1985). Aging decreases the capacity of human skin to produce
vitamin D3. J Clin Invest, 76 (4): 1536—1538.

Magnusardottir AR, Steingrimsdottir L, Thorgeirsdottir H, Gunnlaugsson G & Skuladottir GV
(2009). Docosahexaenoic acid in red blood cells of women of reproductive age is
positively associated with oral contraceptive use and physical activity. Prostaglandins
Leukot Essent Fatty Acids, 80 (1): 27-32.

Mahfouz MM & Kummerow FA (1989). Effect of magnesium deficiency on delta 6
desaturase activity and fatty acid composition of rat liver microsomes. Lipids, 24 (8):
727-732.

Mankuta D, Elami-Suzin M, Elhayani A & Vinker S (2010). Lipid profile in consecutive
pregnancies. Lipids Health Dis, 9: 58.

49



References

Markhus MW, Skotheim S, Graff IE, Frgyland L, Braarud HC, Stormark KM et al. (2013).
Low omega-3 index in pregnancy is a possible biological risk factor for postpartum
depression. PLoS ONE, 8 (7): e67617.

Markhus MW, Rasinger JD, Malde MK, Frgyland L, Skotheim S, Braarud HC et al. (2015).
Docosahexaenoic acid status in pregnancy determines the maternal docosahexaenoic
acid status 3-, 6- and 12 months postpartum. Results from a longitudinal observational
study. PLoS ONE, 10 (9): e0136409.

Martinez M (1992). Tissue levels of polyunsaturated fatty acids during early human
development. J Pediatr, 120 (4): S129-S138.

Matsumoto T, Igarashi C, Takeuchi Y, Harada S, Kikuchi T, Yamato H et al. (1991).
Stimulation by 1,25-Dihydroxyvitamin D3 of in vitro mineralization induced by
osteoblast-like MC3T3-E1 cells. Bone, 12 (1): 27-32.

Matsuoka LY, Ide L, Wortsman J, MacLaughlin JA & Holick MF (1987). Sunscreens
suppress cutaneous vitamin D3 synthesis. J Clin Endocrinol Metab, 64 (6): 1165-1168.

Matsuoka LY, Wortsman J, Dannenberg MJ, Hollis BW, Lu Z & Holick MF (1992). Clothing
prevents ultraviolet-B radiation-dependent photosynthesis of vitamin D3. J Clin
Endocrinol Metab, 75 (4): 1099-1103.

Matusiak D, Murillo G, Carroll RE, Mehta RG & Benya RV (2005). Expression of vitamin D
receptor and 25-hydroxyvitamin D3-1{alpha}-hydroxylase in normal and malignant
human colon. Cancer Epidemiol Biomarkers Prev, 14 (10): 2370-2376.

Mawer EB, Backhouse J, Holman CA, Lumb GA & Stanbury SW (1972). The distribution
and storage of vitamin D and its metabolites in human tissues. Clin Sci, 43 (3): 413—
431.

Ma Y, Zhang P, Wang F, Yang J, Liu Z & Qin H (2011). Association between vitamin D and
risk of colorectal cancer: a systematic review of prospective studies. J Clin Oncol, 29
(28): 3775-3782.

McCarthy K, Laban C, Bustin SA, Ogunkolade W, Khalaf S, Carpenter R et al. (2009).
Expression of 25-hydroxyvitamin D-1-alpha-hydroxylase, and vitamin D receptor mRNA
in normal and malignant breast tissue. Anticancer Res, 29 (1): 155-157.

McSheehy PM & Chambers TJ (1987). 1,25-Dihydroxyvitamin D3 stimulates rat
osteoblastic cells to release a soluble factor that increases osteoclastic bone
resorption. J Clin Invest, 80 (2): 425-429.

Melamed ML, Michos ED, Post W & Astor B (2008). 25-hydroxyvitamin D levels and the risk
of mortality in the general population. Arch Intern Med, 168 (15): 1629-1637.

Meldrum SJ, D'Vaz N, Casadio Y, Dunstan JA, Niels Krogsgaard-Larsen N, Simmer K et al.
(2012). Determinants of DHA levels in early infancy: differential effects of breast milk
and direct fish oil supplementation. Prostaglandins Leukot Essent Fatty Acids, 86 (6):
233-239.

Merewood A, Mehta SD, Chen TC, Bauchner H & Holick MF (2009). Association between
vitamin D deficiency and primary cesarean section. J Clin Endocrinol Metab, 94 (3):
940-945.

Micha R, Khatibzadeh S, Shi P, Fahimi S, Lim S, Andrews KG et al. (2014). Global,
regional, and national consumption levels of dietary fats and oils in 1990 and 2010: a
systematic analysis including 266 country-specific nutrition surveys. BMJ, 348: g2272.

50



References

Miller EM (2014). Iron status and reproduction in US women: National Health and Nutrition
Examination Survey, 1999-2006. PLoS ONE, 9 (11): e112216.

Milman N, Clausen J & Byg KE (1998). Iron status in 268 Danish women aged 18-30 years:
influence of menstruation, contraceptive method, and iron supplementation. Ann
Hematol, 77 (1-2): 13—19.

Milman N, Hvas A-M & Bergholt T (2012). Vitamin D status during normal pregnancy and
postpartum. A longitudinal study in 141 Danish women. J Perinat Med, 40 (1): 57-61.

Mitri J, Muraru MD & Pittas AG (2011). Vitamin D and type 2 diabetes: a systematic review.
Eur J Clin Nutr, 65 (9): 1005-1015.

Mohamed HJJ, Rowan A, Fong B & Loy S-L (2014). Maternal serum and breast milk
vitamin D levels: findings from the Universiti Sains Malaysia Pregnancy Cohort Study.
PLoS ONE, 9 (7): e100705.

Morales E, Guxens M, Llop S, Rodriguez-Bernal CL, Tardon A, Riano | et al. (2012a).
Circulating 25-hydroxyvitamin D3 in pregnancy and infant neuropsychological
development. Pediatrics, 130 (4): €913-e920.

Morales E, Romieu I, Guerra S, Ballester F, Rebagliato M, Vioque J et al. (2012b). Maternal
vitamin D status in pregnancy and risk of lower respiratory tract infections, wheezing,
and asthma in offspring. Epidemiology, 23 (1): 64—-71.

Moyers B, Farzaneh-Far R, Harris WS, Garg S, Na B & Whooley MA (2011). Relation of
whole blood n-3 fatty acid levels to exercise parameters in patients with stable coronary
artery disease (from the heart and soul study). Am J Cardiol, 107 (8): 1149-1154.

Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M et al. (2015). Heart
disease and stroke statistics - 2015 update: a report from the American Heart
Association. Circulation, 131 (4): e29-322.

MRI, ed. Max-Rubner-Institut. Bundesforschungsinstitut fir Erndhrung und Lebensmittel
(2008). Nationale Verzehrsstudie Il, Abschlussbericht Teil 2, Karlsruhe, [280p].

Munoz M, Garcia-Erce JA & Remacha AF (2011). Disorders of iron metabolism. Part 1:
molecular basis of iron homoeostasis. J Clin Pathol, 64 (4): 281-286.

Murray-Kolb LE & Beard JL (2007). Iron treatment normalizes cognitive functioning in
young women. Am J Clin Nutr, 85 (3): 778-787.

Nakato M, Matsuo M, Kono N, Arita M, Arai H, Ogawa J et al. (2015). Neurite outgrowth
stimulation by n-3 and n-6 PUFAs of phospholipids in apoE-containing lipoproteins
secreted from glial cells. J Lipid Res, 56 (10): 1880—1890.

Napolitano M, Dolce A, Celenza G, Grandone E, Perilli MG, Siragusa S et al. (2014). Iron-
dependent erythropoiesis in women with excessive menstrual blood losses and women
with normal menses. Ann Hematol, 93 (4): 557-563.

Narchi H, Kochiyil J, Zayed R, Abdulrazzak W & Agarwal M (2010). Maternal vitamin D
status throughout and after pregnancy. J Obstet Gynaecol, 30 (2): 137-142.

Need AG, Morris HA, Horowitz M & Nordin C (1993). Effects of skin thickness, age, body
fat, and sunlight on serum 25-hydroxyvitamin D. Am J Clin Nutr, 58 (6): 882—885.

Neuhofer A, Zeyda M, Mascher D, ltariu BK, Murano |, Leitner L et al. (2013). Impaired
local production of proresolving lipid mediators in obesity and 17-HDHA as a potential
treatment for obesity-associated inflammation. Diabetes, 62 (6): 1945-1956.

51



References

Neuvonen PJ, Pentikainen PJ & Gothoni G (1975). Inhibition of iron absorption by
tetracycline. Br J Clin Pharmacol, 2 (1): 94-96.

Nikooyeh B, Neyestani TR, Zahedirad M, Mohammadi M, Hosseini SH, Abdollahi Z et al.
(2016). Vitamin D-fortified bread is as effective as supplement in improving vitamin D
status: a randomized clinical trial. J Clin Endocrinol Metab, 101 (6): 2511-2519.

Oberritter H, Schabethal K, Ruesten A von & Boehm G (2013). The DGE nutrition circle -
presentation and basis of the food-related recommendations from the German Nutrition
Society (DGE). Ernahrungsumschau international, 60 (2): 24-29.

O'Brien KO, Li S, Cao C, Kent T, Young BV, Queenan RA et al. (2014). Placental CYP27B1
and CYP24A1 expression in human placental tissue and their association with
maternal and neonatal calcitropic hormones. J Clin Endocrinol Metab, 99 (4): 1348—
1356.

Oh YJ, Kim M, Lee H, Lee JP, Kim H, Kim S et al. (2012). A threshold value of estimated
glomerular filtration rate that predicts changes in serum 25-hydroxyvitamin D levels: 4th
Korean National Health and Nutritional Examination Survey 2008. Nephrol Dial
Transplant, 27 (6): 2396-2403.

Oliai Araghi S, van Dijk SC, Ham AC, Brouwer-Brolsma EM, Enneman AW, Sohl E et al.
(2015). BMI and body fat mass is inversely associated with vitamin D levels in older
individuals. J Nutr Health Aging, 19 (10): 980-985.

Olivares M, Figueroa C & Pizarro F (2016). Acute copper and ascorbic acid
supplementation inhibits non-heme iron absorption in humans. Biol Trace Elem Res,
172 (2): 315-319.

Olmos JM, Hernandez JL, Garcia-Velasco P, Martinez J, Llorca J & Gonzalez-Macias J
(2016). Serum 25-hydroxyvitamin D, parathyroid hormone, calcium intake, and bone
mineral density in Spanish adults. Osteoporos Int, 27 (1): 105-113.

O'Neil-Cutting MA & Crosby WH (1986). The effect of antacids on the absorption of
simultaneously ingested iron. JAMA, 255 (11): 1468-1470.

O'Neill CM, Kazantzidis A, Ryan MJ, Barber N, Sempos CT, Durazo-Arvizu RA et al.
(2016). Seasonal changes in vitamin D-effective UVB availability in Europe and
associations with population serum 25-hydroxyvitamin D. Nutrients, 8 (9): 533.

Orchard TS, Ing SW, Lu B, Belury MA, Johnson K, Wactawski-Wende J et al. (2013). The
association of red blood cell n-3 and n-6 fatty acids with bone mineral density and hip
fracture risk in the women's health initiative. J Bone Miner Res, 28 (3): 505-515.

Osmancevic A, Sandstrom K, Gillstedt M, Landin-Wilhelmsen K, Larko O, Wennberg Larko
A-M et al. (2015). Vitamin D production after UVB exposure - a comparison of exposed
skin regions. J Photochem Photobiol B, Biol, 143: 38—43.

Pansu D, Bellaton C, Roche C & Bronner F (1983). Duodenal and ileal calcium absorption
in the rat and effects of vitamin D. Am J Physiol, 244 (6): G695-700.

Papadopoulou A, Bountouvi E, Papaevaggelou V & Priftis KN (2015). Maternal vitamin D
status and development of asthma and allergy in early childhood. Mini Rev Med Chem,
15 (11): 900-912.

Papapetrou PD (2010). The interrelationship of serum 1,25-dihydroxyvitamin D, 25-
hydroxyvitamin D and 24,25-dihydroxyvitamin D in pregnancy at term: a meta-analysis.
Hormones (Athens), 9 (2): 136-144.

52



References

Park HG, Lawrence P, Engel MG, Kothapalli K & Brenna JT (2016). Metabolic fate of
docosahexaenoic acid (DHA; 22:6n-3) in human cells: direct retroconversion of DHA to
eicosapentaenoic acid (20:5n-3) dominates over elongation to tetracosahexaenoic acid
(24:6n-3). FEBS Lett, 590 (18): 3188-3194.

Pasupathi P, Saravanan G & Farrok J (2009). Oxidative stress bio markers and antioxidant
status in cigarette smokers compared to nonsmokers. J Pharm Pharm Sci Res, 1 (2):
55-62.

Pawlosky R, Hibbeln J, Wegher B, Sebring N & Salem N JR (1999). The effects of cigarette
smoking on the metabolism of essential fatty acids. Lipids, 34 Suppl: S287.

Pena HR, Lima MC de, Brandt KG, de Antunes, Margarida Maria Castro & da Silva GA
(2015). Influence of preeclampsia and gestational obesity in maternal and newborn
levels of vitamin D. BMC Pregnancy Childbirth, 15: 112.

Petry N, Egli I, Zeder C, Walczyk T & Hurrell R (2010). Polyphenols and phytic acid
contribute to the low iron bioavailability from common beans in young women. J Nutr,
140 (11): 1977-1982.

Piloni NE, Fermandez V, Videla LA & Puntarulo S (2013). Acute iron overload and oxidative
stress in brain. Toxicology, 314 (1): 174-182.

Pilz S, Grubler M, Gaksch M, Schwetz V, Trummer C, Hartaigh BO et al. (2016). Vitamin D
and mortality. Anticancer Res, 36 (3): 1379-1387.

Pilz S, Hahn A, Schon C, Wilheim M & Obeid R (2017). Effect of two different
multimicronutrient supplements on vitamin D status in women of childbearing age: a
randomized trial. Nutrients, 9 (1).

Platel K & Srinivasan K (2016). Bioavailability of micronutrients from plant foods: an update.
Crit Rev Food Sci Nutr, 56 (10): 1608—-1619.

Plourde M & Cunnane SC (2007). Extremely limited synthesis of long chain polyunsaturates
in adults: implications for their dietary essentiality and use as supplements. Appl
Physiol Nutr Metab, 32 (4): 619-634.

Plourde M, Chouinard-Watkins R, Vandal M, Zhang Y, Lawrence P, Brenna JT et al.
(2011). Plasma incorporation, apparent retroconversion and beta-oxidation of 13C-
docosahexaenoic acid in the elderly. Nutr Metab (Lond), 8: 5.

Pludowski P, Holick MF, Pilz S, Wagner CL, Hollis BW, Grant WB et al. (2013). Vitamin D
effects on musculoskeletal health, immunity, autoimmunity, cardiovascular disease,
cancer, fertility, pregnancy, dementia and mortality-a review of recent evidence.
Autoimmun Rev, 12 (10): 976-989.

Portolesi R, Powell BC & Gibson RA (2007). Competition between 24:5n-3 and ALA for
Delta 6 desaturase may limit the accumulation of DHA in HepG2 cell membranes. J
Lipid Res, 48 (7): 1592—-1598.

Pospechova K, Rozehnal V, Stejskalova L, Vrzal R, Pospisilova N, Jamborova G et al.
(2009). Expression and activity of vitamin D receptor in the human placenta and in
choriocarcinoma BeWo and JEG-3 cell lines. Mol Cell Endocrinol, 299 (2): 178-187.

Pratt JJ & Khan KS (2016). Non-anaemic iron deficiency - a disease looking for recognition
of diagnosis: a systematic review. Eur J Haematol, 96 (6): 618-628.

Preece MA, TomlinsonS, Ribot CA, Pietrek J, Korn HT, Davies DM et al. (1975). Studies of
vitamin D deficiency in man. Q J Med, 44 (176): 575-589.

53



References

Priemel M, Domarus C von, Klatte TO, Kessler S, Schlie J, Meier S et al. (2010). Bone
mineralization defects and vitamin D deficiency: histomorphometric analysis of iliac
crest bone biopsies and circulating 25-hydroxyvitamin D in 675 patients. J Bone Miner
Res, 25 (2): 305-312.

Punnonen K, Irjala K & Rajamaki A (1997). Serum transferrin receptor and its ratio to serum
ferritin in the diagnosis of iron deficiency. Blood, 89 (3): 1052—-1057.

Pynaert |, Delanghe J, Temmerman M & Henauw S de (2007). Iron intake in relation to diet
and iron status of young adult women. Ann Nutr Metab, 51 (2): 172-181.

Rabenberg M, Scheidt-Nave C, Busch MA, Rieckmann N, Hintzpeter B & Mensink GB
(2015). Vitamin D status among adults in Germany — results from the German Health
Interview and Examination Survey for Adults (DEGS1). BMC Public Health, 15 (1): 76.

Rahman MM, Abe SK, Rahman MS, Kanda M, Narita S, Bilano V et al. (2016). Maternal
anemia and risk of adverse birth and health outcomes in low- and middle-income
countries: systematic review and meta-analysis. Am J Clin Nutr, 103 (2): 495-504.

Rana M, Saxena P & Firdous N (2012). Comparison of levonorgestrel and copper releasing
intrauterine contraceptive device on body iron stores and menstrual bleeding patterns:
experience on Indian women. Eur Rev Med Pharmacol Sci, 16 (2): 230-234.

Rangan AM, Blight GD & Binns CW (1998). Iron status and non-specific symptoms of
female students. J Am Coll Nutr, 17 (4): 351-355.

Rasmussen KM & Kjolhede CL (2004). Prepregnant overweight and obesity diminish the
prolactin response to suckling in the first week postpartum. Pediatrics, 113 (5): e465-
71.

Reyes LA, Gomez CF, Galvez CC & Mino FG (1999). Iron-deficiency anemia due to chronic
gastrointestinal bleeding. Rev Esp Enferm Dig, 91 (5): 345-358.

Richter K, Breitner S, Webb AR, Huth C, Thorand B, Kift R et al. (2014). Influence of
external, intrinsic and individual behaviour variables on serum 25(OH)D in a German
survey. J Photochem Photobiol B, Biol, 140: 120-129.

Rigas AS, Sgrensen CJ, Pedersen OB, Petersen MS, Thgrner LW, Kotzé S et al. (2014).
Predictors of iron levels in 14,737 Danish blood donors: results from the Danish Blood
Donor Study. Transfusion, 54 (3pt2): 789-796.

Rimoldi OJ, Finarelli GS & Brenner RR (2001). Effects of diabetes and insulin on hepatic
delta6 desaturase gene expression. Biochem Biophys Res Commun, 283 (2): 323—
326.

Rizzoli R, Fleisch H & Bonjour JP (1977). Role of 1,25-dihydroxyvitamin D3 on intestinal
phosphate absorption in rats with a normal vitamin D supply. J Clin Invest, 60 (3): 639—
647.

Robinson M, Whitehouse AJO, Newnham JP, Gorman S, Jacoby P, Holt BJ et al. (2014).
Low maternal serum vitamin D during pregnancy and the risk for postpartum
depression symptoms. Arch Womens Ment Health, 17 (3): 213-219.

Robson LG, Dyall S, Sidloff D & Michael-Titus AT (2010). Omega-3 polyunsaturated fatty
acids increase the neurite outgrowth of rat sensory neurones throughout development
and in aged animals. Neurobiol Aging, 31 (4): 678—687.

Rodriguez A, Sarda P, Nessmann C, Boulot P, Poisson J-P, Legera CL et al. (1998). Fatty
acid desaturase activities and polyunsaturated fatty acid composition in human liver

54



References

between the seventeenth and thirty-sixth gestational weeks. Am J Obstet Gynecol, 179
(4): 1063-1070.

Rodriguez A, Santa Marina L, Jimenez AM, Esplugues A, Ballester F, Espada M et al.
(2016). Vitamin D status in pregnancy and determinants in a southern European cohort
study. Paediatr. Perinat. Epidemiol., 30: 217-228.

Ross AC, Manson JE, Abrams SA, Aloia JF, Brannon PM, Clinton SK et al. (2011). The
2011 report on dietary reference intakes for calcium and vitamin D from the Institute of
Medicine: what clinicians need to know. J Clin Endocrinol Metab, 96 (1): 53-58.

Rothenbacher D, Klenk J, Denkinger MD, Herbolsheimer F, Nikolaus T, Peter R et al.
(2014). Prospective evaluation of renal function, serum vitamin D level, and risk of fall
and fracture in community-dwelling elderly subjects. Osteoporos Int, 25 (3): 923-932.

Rueter K, Siafarikas A, Prescott SL & Palmer DJ (2014). In utero and postnatal vitamin D
exposure and allergy risk. Expert Opin Drug Saf, 13 (12): 1601-1611.

Ryckebosch E, Bruneel C, Termote-Verhalle R, Goiris K, Muylaert K & Foubert | (2014).
Nutritional evaluation of microalgae oils rich in omega-3 long chain polyunsaturated
fatty acids as an alternative for fish oil. Food Chem, 160: 393—400.

Sadeghian M, Saneei P, Siassi F & Esmaillzadeh A (2016). Vitamin D status in relation to
Crohn's disease: meta-analysis of observational studies. Nutrition, 32 (5): 505-514.

Saga LC, Liland KH, Leistad RB, Reimers A & Rukke EO (2012). Relating fatty acid
composition in human fingertip blood to age, gender, nationality and n-3
supplementation in the Scandinavian population. Int J Food Sci Nutr, 63 (7): 790-795.

Salem NJ & Eggersdorfer M (2015). Is the world supply of omega-3 fatty acids adequate for
optimal human nutrition? Curr Opin Clin Nutr Metab Care, 18 (2): 147-154.

Sassa T & Kihara A (2014). Metabolism of very long-chain fatty acids: genes and
pathophysiology. Biomol Ther (Seoul), 22 (2): 83-92.

Scaglia N, Chatkin J, Chapman KR, Ferreira |, Wagner M, Selby P et al. (2016). The
relationship between omega-3 and smoking habit: a cross-sectional study. Lipids
Health Dis, 15: 61.

Schindler AE, Campagnoli C, Druckmann R, Huber J, Pasqualini JR, Schweppe KW et al.
(2003). Classification and pharmacology of progestins. Maturitas, 46: 7—-16.

Schley PD, Brindley DN & Field CJ (2007). (N-3) PUFA alter raft lipid composition and
decrease epidermal growth factor receptor levels in lipid rafts of human breast cancer
cells. J Nutr, 137 (3): 548-553.

Schmidt S, Willers J, Stahl F, Mutz K-O, Scheper T, Hahn A et al. (2012). Regulation of lipid
metabolism-related gene expression in whole blood cells of normo- and dyslipidemic
men after fish oil supplementation. Lipids Health Dis, 11: 172.

Schock H, Zeleniuch-Jacquotte A, Lundin E, Grankvist K, Lakso H-A, Idahl A et al. (2016).
Hormone concentrations throughout uncomplicated pregnancies: a longitudinal study.
BMC Pregnancy Childbirth, 16 (1): 146.

Schuchardt JP & Hahn A (2013). Bioavailability of long-chain omega-3 fatty acids.
Prostaglandins Leukot Essent Fatty Acids, 89 (1): 1-8.

Schumann AD, Paxton RL, Solanki NS, Kurmis RJ, Mackie IP, Varey AHR et al. (2012).
Vitamin D deficiency in burn patients. J Burn Care Res, 33 (6): 731-735.

55



References

Seckmeyer G, Schrempf M, Wieczorek A, Riechelmann S, Graw K, Seckmeyer S et al.
(2013). A novel method to calculate solar UV exposure relevant to vitamin D production
in humans. Photochem Photobiol, 89 (4): 974-983.

Seida JC, Mitri J, Colmers IN, Majumdar SR, Davidson MB, Edwards AL et al. (2014).
Clinical review: effect of vitamin D3 supplementation on improving glucose
homeostasis and preventing diabetes: a systematic review and meta-analysis. J Clin
Endocrinol Metab, 99 (10): 3551-3560.

Sengsuk C, Tangvarasittichai O, Chantanaskulwong P, Pimanprom A, Wantaneeyawong S,
Choowet A et al. (2014). Association of iron overload with oxidative stress, hepatic
damage and dyslipidemia in transfusion-dependent B-thalassemia/HbE patients. Indian
J Clin Biochem, 29 (3): 298-305.

Serrano M-A, Canada J, Moreno JC & Gurrea G (2017). Solar ultraviolet doses and vitamin
D in a northern mid-latitude. Sci Total Environ, 574: 744—750.

Shaw NJ (2016). Prevention and treatment of nutritional rickets. J Steroid Biochem Mol
Biol, 164: 145-147.

Shearer GC, Harris WS, Pedersen TL & Newman JW (2010). Detection of omega-3
oxylipins in human plasma and response to treatment with omega-3 acid ethyl esters. J
Lipid Res, 51 (8): 2074—-2081.

Shinkov A, Borissova A-M, Dakovska L, Vlahov J, Kassabova L & Svinarov D (2015).
Winter 25-hydroxyvitamin D levels in young urban adults are affected by smoking, body
mass index and educational level. Eur J Clin Nutr, 69 (3): 355-360.

Siemens Healthcare Diagnostics Products GmbH (2011). N Latex sTfR, Marburg,
Germany.

Silva OL, Titus-Dillon P, Becker KL, Snider RH & Moore CF (1981). Increased serum
calcitonin in pregnancy. J Natl Med Assoc, 73 (7): 649-652.

Silver J, Naveh-Many T, Mayer H, Schmelzer HJ & Popovtzer MM (1986). Regulation by
vitamin D metabolites of parathyroid hormone gene transcription in vivo in the rat. J
Clin Invest, 78 (5): 1296—-1301.

Simon JA, Fong J, Bemert JT & Browner WS (1996). Relation of smoking and alcohol
consumption to serum fatty acids. Am J Epidemiol, 144 (4): 325-334.

Skikne BS, Flowers CH & Cook JD (1990). Serum transferrin receptor: a quantitative
measure of tissue iron deficiency. Blood, 75 (9): 1870-1876.

Skikne BS & Cook JD (1992). Effect of enhanced erythropoiesis on iron absorption. J Lab
Clin Med, 120 (5): 746-751.

Souberbielle J-C, Body J-J, Lappe JM, Plebani M, Shoenfeld Y, Wang TJ et al. (2010).
Vitamin D and musculoskeletal health, cardiovascular disease, autoimmunity and
cancer: recommendations for clinical practice. Autoimmun Reyv, 9 (11): 709-715.

Souci SW, Fachmann W & Kraut H (2015). Food Composition and Nutrition Tables: Die
Zusammensetzung der Lebensmittel - Nahrwert-Tabellen, La composition des aliments
- Tableaux des valeurs nutritives, 8th edn., Wissenschaftliche Verlagsgesellschaft,
Stuttgart, 1262p.

Specker BL, Tsang RC & Hollis BW (1985). Effect of race and diet on human-milk vitamin D
and 25-hydroxyvitamin D. Am J Dis Child, 139 (11): 1134-1137.

56



References

Sperati F, Vici P, Maugeri-Sacca M, Stranges S, Santesso N, Mariani L et al. (2013).
Vitamin D supplementation and breast cancer prevention: a systematic review and
meta-analysis of randomized clinical trials. PLoS ONE, 8 (7): €69269.

Stark KD & Holub BJ (2004). Differential eicosapentaenoic acid elevations and altered
cardiovascular disease risk factor responses after supplementation with
docosahexaenoic acid in postmenopausal women receiving and not receiving hormone
replacement therapy. Am J Clin Nutr, 79 (5): 765-773.

Stark KD, van Elswyk ME, Higgins MR, Weatherford CA & Salem N JR (2016). Global
survey of the omega-3 fatty acids, docosahexaenoic acid and eicosapentaenoic acid in
the blood stream of healthy adults. Prog Lipid Res, 63: 132—-152.

Steinbicker AU & Muckenthaler MU (2013). Out of balance - systemic iron homeostasis in
iron-related disorders. Nutrients, 5 (8): 3034—-3061.

Stevens GA, Finucane MM, De-Regil LM, Paciorek CJ, Flaxman SR, Branca F et al. (2013).
Global, regional, and national trends in haemoglobin concentration and prevalence of
total and severe anaemia in children and pregnant and non-pregnant women for 1995—
2011: a systematic analysis of population-representative data. Lancet Glob Health, 1
(1): e16-e25.

Sun Q, Ma J, Campos H, Hankinson SE & Hu FB (2007). Comparison between plasma and
erythrocyte fatty acid content as biomarkers of fatty acid intake in US women. Am J
Clin Nutr, 86 (1): 74-81.

Suominen P, Punnonen K, Rajamaki A & Irjala K (1998). Serum transferrin receptor and
transferrin receptor-ferritin index identify healthy subjects with subclinical iron deficits.
Blood, 92 (8): 2934-2939.

Tao G, Luo Y, Xue Q, Li G, Tan Y, Xiao J et al. (2016). Docosahexaenoic acid rescues
synaptogenesis impairment and long-term memory deficits caused by postnatal
multiple sevoflurane exposures. Biomed Res Int, 2016: 4062579.

Thacher TD & Levine MA (2016). CYP2R1 mutations causing vitamin D-deficiency rickets.
J Steroid Biochem Mol Biol, doi: 10.1016/j.jsbmb.2016.07.014,

Thompson GR, Lewis B & Booth CC (1966). Absorption of vitamin D3-3H in control
subjects and patients with intestinal malabsorption. J Clin Invest, 45 (1): 94-102.

Thurnham DI, McCabe LD, Haldar S, Wieringa FT, Northrop-Clewes CA & McCabe GP
(2010). Adjusting plasma ferritin concentrations to remove the effects of subclinical
inflammation in the assessment of iron deficiency: a meta-analysis. Am J Clin Nutr, 92
(3): 546-555.

Tonnesen R, Hovind PH, Jensen LT & Schwarz P (2016). Determinants of vitamin D status
in young adults: influence of lifestyle, sociodemographic and anthropometric factors.
BMC Public Health, 16: 385.

Tsuge H, Hotta N & Hayakawa T (2000). Effects of vitamin B-6 on (n-3) polyunsaturated
fatty acid metabolism. J Nutr, 130 (2S Suppl): 333S-334S.

Turnbull DJ, Parisi AV & Kimlin MG (2005). Vitamin D effective ultraviolet wavelengths due
to scattering in shade. J Steroid Biochem Mol Biol, 96 (5): 431-436.

Tu WC, Muhlhausler BS, Yelland LN & Gibson RA (2013). Correlations between blood and
tissue omega-3 LCPUFA status following dietary ALA intervention in rats.
Prostaglandins Leukot Essent Fatty Acids, 88 (1): 53—60.

57



References

Vandevijvere S, Amsalkhir S, van Oyen H, Moreno-Reyes R & Kappen C (2012). High
prevalence of vitamin D deficiency in pregnant women: a national cross-sectional
survey. PLoS ONE, 7 (8): e43868.

Vedin |, Cederholm T, Freund-Levi Y, Basun H, Garlind A, Irving GF et al. (2012). Effects of
DHA-rich n-3 fatty acid supplementation on gene expression in blood mononuclear
leukocytes: the OmegAD study. PLoS ONE, 7 (4): e35425.

vid Streym S, Hojskov CS, Moller UK, Heickendorff L, Vestergaard P, Mosekilde L et al.
(2016). Vitamin D content in human breast milk: a 9-mo follow-up study. Am J Clin
Nutr, 103 (1): 107-114.

Vidakovic AJ, Gishti O, Steenweg-de Graaff J, Williams MA, Duijts L, Felix JF et al. (2015).
Higher maternal plasma n-3 PUFA and lower n-6 PUFA concentrations in pregnancy
are associated with lower childhood systolic blood pressure. J Nutr, 145 (10): 2362-
2368.

Vieth R (1999). Vitamin D supplementation, 25-hydroxyvitamin D concentrations, and
safety. Am J Clin Nutr, 69 (5): 842-856.

Vieth R (2011). Why the minimum desirable serum 25-hydroxyvitamin D level should be 75
nmol/L (30 ng/ml). Best Pract Res Clin Endocrinol Metab, 25 (4): 681-691.

Vriese S de, Christophe A & Maes M (2003). Lowered serum n-3 polyunsaturated fatty acid
(PUFA) levels predict the occurrence of postpartum depression: further evidence that
lowered n-PUFAs are related to major depression. Life Sci, 73 (25): 3181-3187.

Wadhwani NS, Manglekar RR, Dangat KD, Kulkarni AV & Joshi SR (2012). Effect of
maternal micronutrients (folic acid, vitamin B12) and omega 3 fatty acids on liver fatty
acid desaturases and transport proteins in Wistar rats. Prostaglandins Leukot Essent
Fatty Acids, 86 (1-2): 21-27.

Wagner CL, Hulsey TC, Fanning D, Ebeling M & Hollis BW (2006). High-dose vitamin D3
supplementation in a cohort of breastfeeding mothers and their infants: a 6-month
follow-up pilot study. Breastfeed Med, 1 (2): 59-70.

Wagner CL, Taylor SN, Johnson DD & Hollis BW (2012). The role of vitamin D in
pregnancy and lactation: emerging concepts. Womens Health (Lond), 8 (3): 323—-340.

Wagner CL, Baggerly C, McDonnell S, Baggerly KA, French CB, Baggerly L et al. (2016).
Post-hoc analysis of vitamin D status and reduced risk of preterm birth in two vitamin D
pregnancy cohorts compared with South Carolina March of Dimes 2009-2011 rates. J
Steroid Biochem Mol Biol, 155 (Pt B): 245-251.

Wang Q, Liang X, Wang L, Lu X, Huang J, Cao J et al. (2012). Effect of omega-3 fatty acids
supplementation on endothelial function: a meta-analysis of randomized controlled
trials. Atherosclerosis, 221 (2): 536-543.

Wang TJ, Zhang F, Richards JB, Kestenbaum B, van Meurs JB, Berry D et al. (2010).
Common genetic determinants of vitamin D insufficiency: a genome-wide association
study. The Lancet, 376 (9736): 180—188.

Wang W, Zhu J, Lyu F, Panigrahy D, Ferrara KW, Hammock B et al. (2014). Omega-3
polyunsaturated fatty acids-derived lipid metabolites on angiogenesis, inflammation
and cancer. Prostaglandins Other Lipid Mediat, 113-115: 13-20.

Wang Z, Schuetz EG, Xu Y & Thummel KE (2013). Interplay between vitamin D and the
drug metabolizing enzyme CYP3A4. J Steroid Biochem Mol Biol, 136: 54-58.

58



References

Webb AR & Engelsen O (2006). Calculated ultraviolet exposure levels for a healthy vitamin
D status. Photochem Photobiol, 82 (6): 1697-1703.

Weinborn V, Pizarro F, Olivares M, Brito A, Arredondo M, Flores S et al. (2015). The effect
of plant proteins derived from cereals and legumes on heme iron absorption. Nutrients,
7 (11): 8977-8986.

Weisbrode SE, Capen CC & Norman AW (1978). Ultrastructural evaluation of the effects of
1,25-dihydroxyvitamin D3 on bone of thyroparathyroidectomized rats fed a low-calcium
diet. Am J Pathol, 92 (2): 459-472.

Wei S-Q, Qi H-P, Luo Z-C & Fraser WD (2013). Maternal vitamin D status and adverse
pregnancy outcomes: a systematic review and meta-analysis. J Matern Fetal Neonatal
Med, 26 (9): 889—-899.

Weisse K, Winkler S, Hirche F, Herberth G, Hinz D, Bauer M et al. (2013). Maternal and
newborn vitamin D status and its impact on food allergy development in the German
LINA cohort study. Allergy, 68 (2): 220—228.

WHO, World Health Organization (1985). Energy and protein requirements: report of a Joint
FAO/WHO/UNU Expert Consultation. World Health Organization technical report series
no. 724, World Health Organization, Geneva.

WHO, World Health Organization (2001). Iron deficiency anaemia: assessment, prevention,
and control. A guide for programme managers. World Health Organization, Geneva.

Witte AV, Kerti L, Hermannstadter HM, Fiebach JB, Schreiber SJ, Schuchardt JP et al.
(2014). Long-chain omega-3 fatty acids improve brain function and structure in older
adults. Cereb Cortex, 24 (11): 3059-3068.

Wouertz C, Gilbert P, Baier W & Kunz C (2013). Cross-sectional study of factors that
influence the 25-hydroxyvitamin D status in pregnant women and in cord blood in
Germany. Br J Nutr, 110 (10): 1895-1902.

Wu JHY, Micha R, Imamura F, Pan A, Biggs ML, Ajaz O et al. (2012). Omega-3 fatty acids
and incident type 2 diabetes: a systematic review and meta-analysis. Br J Nutr, 107
Suppl 2: S214-27.

Xiang F, Lucas R, Gruijl F de & Norval M (2015). A systematic review of the influence of
skin pigmentation on changes in the concentrations of vitamin D and 25-hydroxyvitamin
D in plasma/serum following experimental UV irradiation. Photochem Photobiol Sci, 14
(12): 2138-2146.

Yadav MK, Manoli NM & Madhunapantula SV (2016). Comparative Assessment of Vitamin-
B12, Folic Acid and Homocysteine Levels in Relation to p53 Expression in
Megaloblastic Anemia. PLoS ONE, 11 (10): e0164559.

Yamamoto M, Kawanobe Y, Takahashi H, Shimazawa E, Kimura S & Ogata E (1984).
Vitamin D deficiency and renal calcium transport in the rat. J Clin Invest, 74 (2): 507—-
513.

Yang B, Ren X-L, Fu Y-Q, Gao J-L & Li D (2014). Ratio of n-3/n-6 PUFAs and risk of breast
cancer: a meta-analysis of 274135 adult females from 11 independent prospective
studies. BMC Cancer, 14: 105.

Yang B, Shi M-Q, Li Z-H, Yang J-J & Li D (2016). Fish, long-chain n-3 PUFA and incidence
of elevated blood pressure: a meta-analysis of prospective cohort studies. Nutrients, 8

(1).

59



References

Yang Q, Jian J, Katz S, Abramson SB & Huang X (2012). 17B-estradiol inhibits iron
hormone hepcidin through an estrogen responsive element half-site. Endocrinology,
153 (7): 3170-3178.

Ying H-Q, Sun H-L, He B-S, Pan Y-Q, Wang F, Deng Q-W et al. (2015). Circulating vitamin
D binding protein, total, free and bioavailable 25-hydroxyvitamin D and risk of colorectal
cancer. Sci Rep, 5: 7956.

Zaparoli JX, Sugawara EK, Souza AAL de, Tufik S & Galduroz JCF (2016). Omega-3 levels
and nicotine dependence: a cross-sectional study and clinical trial. Eur Addict Res, 22
(3): 153-162.

Zhang JY, Lucey AJ, Horgan R, Kenny LC & Kiely M (2014). Impact of pregnancy on
vitamin D status: a longitudinal study. Br J Nutr, 112 (7): 1081-1087.

Zhang JY, Kothapalli KSD & Brenna JT (2016a). Desaturase and elongase-limiting
endogenous long-chain polyunsaturated fatty acid biosynthesis. Curr Opin Clin Nutr
Metab Care, 19 (2): 103—-110.

Zhang M, Picard-Deland E & Marette A (2013). Fish and marine omega-3 polyunsatured
fatty acid consumption and incidence of type 2 diabetes: a systematic review and meta-
analysis. Int J Endocrinol, 2013: 501015.

Zhang X-W, Hou W-S, Li M & Tang Z-Y (2016b). Omega-3 fatty acids and risk of cognitive
decline in the elderly: a meta-analysis of randomized controlled trials. Aging Clin Exp
Res, 28 (1): 165-166.

Zhong Y, Armbrecht HJ & Christakos S (2009). Calcitonin, a regulator of the 25-
hydroxyvitamin D3 1alpha-hydroxylase gene. J Biol Chem, 284 (17): 11059-11069.

Zhou YE, Kubow S & Egeland GM (2011). Is iron status associated with highly unsaturated
fatty acid status among Canadian Arctic Inuit? Food Funct, 2 (7): 381-385.

Zhu K, Whitehouse AJO, Hart PH, Kusel M, Mountain J, Lye S et al. (2014). Maternal
vitamin D status during pregnancy and bone mass in offspring at 20 years of age: a
prospective cohort study. J Bone Miner Res, 29 (5): 1088-1095.

Zittermann A, Helden R von, Grant W, Kipshoven C & Ringe JD (2009). An estimate of the
survival benefit of improving vitamin D status in the adult German population.
Dermatoendocrinol, 1 (6): 300-306.

Zittermann A & Gummert JF (2010). Nonclassical vitamin D actions. Nutrients, 2 (4): 408—
425.

60



Appendix I: Acknowledgments

Appendix I: Acknowledgments

An dieser Stelle méchte ich mich bei all denjenigen bedanken, die mich bei der Anfertigung

meiner Doktorarbeit unterstiitzt haben.

Mein besonderer Dank gilt Professor Dr. Andreas Hahn flr das entgegengebrachte
Vertrauen und die Bereitschaft mir diese Dissertation zu ermdéglichen sowie seine stets

offene Bereitschaft zur Diskussion.

Bei Professor Dr. Thomas Scheper und Professor Dr. Clemens von Schacky bedanke ich

mich fir die Ubernahme des Korreferates.

Professor Dr. Jutta Papenbrock danke ich fir die Ubernahme des Priifungsvorsitzes meiner

Disputation.

Besonders mdchte ich mich bei Privatdozent Dr. Jan Philipp Schuchardt und Dr. Alexander
Strohle fur ihre Zeit meine Publikationsmanuskripte zu lesen, ihre positive Kritik und den
diskussionsreichen Austausch bedanken. Die Zusammenarbeit hat mir sehr viel Freude

bereitet und mich stets weitergebracht.

Dr. Inga Schneider mochte ich fur die hilfreichen Tipps wahrend der Studienplanung und -
durchfihrung danken. Ebenso wie Dr. Janina Willers hatte sie stets ein offenes Ohr und Zeit

meine ldeen zu diskutieren.

Ein herzliches Dankeschon gilt auch Kristina Wachau, die wahrend der Studienphase

zahlreiche burokratische Aufgaben Gbernommen hat.

Dr. Katharina Moéller und Marlies Stein danke ich flr den fachlichen, aber auch personlichen
Austausch. Ebenso bedanke ich mich bei der gesamten Arbeitsgruppe flr die sehr

angenehme Arbeitsatmosphare.

Ein weiterer Dank gilt den wissenschaftlichen Hilfskraften Merle Armgard, Lea Weber, Esther
Entrup, Kirsten Tinsen, Viktoria Lath, Jasmin Brockmann, Nadine Szymanski, Amelie
Kirschbaum, Annika Gahnz, Marie-Sophie Warns, Katrin Kaiser, Laura Termeer, Maria
Kamanovsky und Sabine Riecker, die ich mich bei der Vor- und Nachbereitung der
Studienunterlagen unterstitzt haben. Dr. Norman Bitterlich mdchte ich flr die Erweiterung
meines statistischen Horizonts danken. Gundula Wirries danke ich fur die Gestaltung meiner

Poster.

Ebenfalls mdochte ich bei allen teiinehmenden Arztpraxen und Probandinnen bedanken.
Ohne sie ware diese Studie nicht durchfuhrbar gewesen.

Ein groRer Dank gilt meinem Freund Nhon und meinen Eltern Kerstin und Walter, die nie den
Glauben an mich aufgegeben haben und mich immer unterstiitzt haben. Vielen Dank auch
an Alena, Svenja und Michaela fur ihre Zeit. Auch bei meiner Familie und meinen Freunden

mochte ich mich bedanken.

61



Appendix Il: Curriculum vitae

Appendix II: Curriculum vitae

Personliche Daten
Name
Geburtsdatum, -ort

Berufserfahrung
seit 02/2017
seit 02/2015

05/2012 - 01/2017

Hochschulausbildung
seit 11/2013

10/2010-08/2012

10/2007-11/2010

Praktische Tatigkeiten
11/2011 - 04/2012

08/2009 - 09/2009

08/2008 - 10/2008

Berufsausbildung
08/2002 - 07/2005

Schulbildung
08/2006 - 07/2007

08/2005 - 07/2006

Sandra Gellert
10.04.1986, Hildesheim

Wissenschaftliche Mitarbeiterin, Institut ~ fir Lebens-
mittelwissenschaft und Humanerndhrung, Leibniz Universitat
Hannover

Projektassistentin im Bereich der klinischen Forschung, MESCA
CONSULT

Wissenschaftliche Hilfsmitarbeiterin, Institut flir Lebens-
mittelwissenschaft und Humanernahrung, Leibniz Universitat
Hannover

Promotionsstudium am Institut fir Lebensmittelwissenschaft
und Humanernahrung, Leibniz Universitat Hannover

Studium Okotrophologie (Master of Science), Fachrichtung
Erndhrungswissenschaften, Christian-Albrechts-Universitat zu
Kiel

Studium Okotrophologie (Bachelor of Science), Fachrichtung
Ernahrungswissenschaften, Christian-Albrechts-Universitat zu
Kiel

Studentische Mitarbeiterin, Institut fir Lebensmittelwissenschaft
und Humanernahrung, Leibniz Universitat Hannover

Praktikum, Adipositas-Ambulanz/
psychologie, Géttingen

Institut  fir Erndhrungs-

Praktikum, Erndhrungspraxis Beate Loffler, Hannover

Arzthelferin, Kinderarztpraxis Dres. Peterl3/Finke, Sarstedt

Allgemeine Hochschulreife, Herman-Nohl Schule, Berufs-
bildende Schule fir Gesundheit, Pflege, Hauswirtschaft und
Sozialwesen, Hildesheim

Allgemeine Fachhochschulreife, Alice-Salomon Schule, Berufs-
bildende Schule fir Gesundheit und Soziales, Hannover

62



