Fakultat Wissenschaftszentrum Weihenstephan fir Erndhrung, Landnutzung und Umwelt

Lehrstuhl fur Erndhrungsmedizin

Effects of lifestyle counselling in the antenatal routine care
setting on dietary behaviour and maternal and offspring weight

development

Julia Katharina GlUnther

Vollstandiger Abdruck der von der Fakultdt Wissenschaftszentrum Weihenstephan fir
Erndhrung, Landnutzung und Umwelt der Technischen Universitat Mlnchen zur Erlangung

des akademischen Grades eines
Doktors der Naturwissenschaften

genehmigten Dissertation.

Vorsitzender: Prof. Dr. Martin Klingenspor

Prifer der Dissertation: 1. Prof. Dr. Johann J. Hauner

2. Prof. Dr. Regina Ensenauer

Die Dissertation wurde am 19.09.2019 bei der Technischen Universitdt Minchen eingereicht
und durch die Fakultadt Wissenschaftszentrum Weihenstephan fur Erndhrung, Landnutzung

und Umwelt am 02.03.2020 angenommen.



Table of contents

Table of contents

Tables anNd FiQUIreS .....uiiiiemiiimimmeiinimnssinnssssssnnssssssnnssssssnnsssssssmmssssssnmsssssssssnsssssnsnnssssnsnnnnnsns v
L T - T Vv
ZUSAMMENTASSUNG 1uueuuirirmnssirrrnnessrrssssssrrsssssserrssssssrrssssssrrrassssermssssssnmssssssssnnnssssnsnnnsssnsnnnnns Vil
List of ADDreviations .....eeeeeeiiiiimmmminems s sass s am s s s mmmmmnnanan IX
B I [ 11 Yo 11Tt (o) 1
1.1 The importance of maternal body weight ..o 1
1.2 Ahealthy antenatal lifeStyle. ... 1
1.2.1 Maternal dietary requirements and recommendations .........cccceeviievviiiiieiienneens 2
1.2.2 Physical activity recommendations ... 6

1.3  Associations between maternal dietary behaviour and pregnancy outcomes......... 7

1.3.1 Associations between maternal dietary behaviour and gestational weight gain7

1.8.2  Associations between maternal dietary behaviour and infant birth weight........ 9
1.4  Lifestyle interventions targeting dietary behaviour and physical activity ................ 11
1.4.1 Effects of lifestyle interventions on gestational weight gain............cccccccccc.. 11

1.4.2 Effects of lifestyle interventions on pregnancy and obstetric complications ...12

1.4.3 Effects of lifestyle interventions on dietary behaviour............ccoooooiiiiiiiiiiinn. 12
1.4.4 Effects of lifestyle interventions on maternal weight retention......................... 13

1.5 Lifestyle intervention within the routine antenatal care setting ...........cccooeeiiiiieinnn. 18

2  Aim of the thesSiS.....cccimmmmmmmmmmmm i ————————————— 19
3  Methods....iiiiii s ———————————————————— 20
3.1 The FELIPO trHal ..ttt e e e 20
3.1.1 Design of the FELIPO trial .......cooeeeeeeiiee e 20
3.1.2  The lifestyle intervention programme of the FeLIPO trial...........ccccceiiiiinnnnen. 20
3.1.1 Data collection in the FELIPO trial ..........ccooiiiiiiiiee e 21
3.1.2 Data analysis in the FELIPO trial..........cooiiiiiiiiiicee e 21



Table of contents

3.2 The GeliS tal...eeeeeeiiieeee e a e 21
3.2.1 Design of the GeliS trial.......cccoov i 21
3.2.2 Recruitment and qualification of counsellors............cooveiiiiiiiiiiice, 22
3.2.3 Recruitment of study participants ........ccooo i 22
3.2.4  The lifestyle intervention programme of the GeliS trial ...........ccccccoeiiirriennnnnnnn. 22
3.2.5 Data collection in the GeliS trial .............oeeiiiiiiiiiie e 24
3.2.6  Data analysis in the GeliS trial ...........ccuuiiiiiii i 25

4 ReSUIS iiiiiiiiiimmsmssmsssssssssssssssss s s s ss s s s s s s s s s s s s s s s s s s s s n s nnnnn e 27

4.1 Effects of the FeLIPO lifestyle intervention on maternal postpartum weight retention

and infant weight development...... ..o 27

4.2  Effects of the GeliS lifestyle intervention on gestational weight gain and pregnancy

LoTe ] 0] o] [o7=11 o] o £ 00 PR 28
4.3  Effects of the GeliS lifestyle intervention on antenatal dietary behaviour................ 29

4.4  Associations between the maternal antenatal diet and infant weight parameters at

o) 15 1 o 30

L =Y o] U 1= oY o [ 32
5.1 Discussion of the main findings from the GeliS and FeLIPO ftrials.............cccee........ 32
5.1.1 Findings from the FELIPO trial............uuiiiiiii e 32
5.1.2  Findings from the GeliS trial ..........coooouiiiiiiii e 34

5.2 Limitations and barriers of the counselling concepts .......cccevvvrriiiiiiicceiiieeeeeeeee, 38
5.3  Outlook and implications for future approaches..........cccccevvvvuciiiiiiieieeeiiccee e 40

L @0 1 7o [ 1= o o 1 42
R = L = (L= Xl
/Yo 1= o T XXX
Acknowledgement ........cccciiiimmmiinmmmsrres e ————— XLIX
CUITICUIUIM VIt 1euuiieireeireeirenirenresssesssesssasssasssasssasssasssasssasssasssasssasssasssanssanssanssanssnnssnnssnnssnnss LI
List of publications and congress contributions........cccciucmmmcniimmmcnine s . LI



Tables and Figures

Tables and Figures

Tables
Table 1 Recommendations for gestational weight gain provided by the IOM........................ 2
Table 2 Demand of selected micronutrients during pregnancy. ........c.ccceeveeeeiicciieeeeeeeeeennnnnn. 5

Table 3 Overview of lifestyle intervention trials reporting on maternal dietary behaviour......14

Table 4 Inclusion and exclusion criteria for participation in the GeliS trial. ..............cccee. 23
Table 5 The GeliS lifestyle counselling programme. ...........oooiiiiiiieeee e 24
Table 6 Primary and selected secondary outcomes of the GeliS study.........ccccoeevvrrrirnnnnnne. 25
Figures

Figure 1 Design and procedures of the GeliS study from pregnancy to the early postpartum
0] =T PP 23

Figure 2 Summary of the presented intervention effects of the GeliS trial. ...............ccce...... 35



Abstract

Abstract

Maternal overweight and excessive gestational weight gain (GWG) increase the risk of
pregnancy and obstetric complications such as gestational diabetes and associated future
health problems including obesity both in the mother and the offspring. Interventions aimed
to modify the lifestyle of pregnant women and to normalise GWG. These interventions were
almost exclusively conducted in controlled research settings. To ensure applicability at the
population level, it remains to be addressed whether lifestyle counselling can effectively
reduce GWG when performed directly in the setting of routine care.

Counselling in the antenatal care system was the subject of the FeLIPO (Feasibility of a
lifestyle-intervention in pregnancy to optimise maternal weight development) pilot study and
the subsequent large-scale GeliS (“Gesund leben in der Schwangerschaft” /healthy living in
pregnancy) trial. This thesis elucidates the effects of the FeLIPO lifestyle counselling on
maternal and offspring weight one year after delivery as well as the effectiveness of the GeliS
intervention in modifying maternal dietary behaviour, reducing excessive GWG and
decreasing pregnancy complications. Furthermore, associations between the maternal diet

and GWG as well as offspring birth weight were investigated in the pooled GeliS cohort.

In both ftrials, counselling was attached to routine care visits and focused on optimising
maternal weight gain, a healthy antenatal diet and physical activity. In the cluster-randomised
FeLIPO study (n=250 participants), the intervention group (IV) received two counselling
sessions by a dietary expert, whereas in the multi-centre, cluster-randomised, controlled
GeliS trial (n=2286 participants), the intervention comprised three prenatal and one early
postpartum counselling sessions given by trained medical personnel, a midwife or a
gynaecologist. Women in the control groups (CG) of both trials attended routine antenatal
care appointments and were provided with flyers about a healthy prenatal lifestyle. Data on
maternal and offspring weight, health and maternal dietary behaviour were collected from

maternity and birth records and via food frequency questionnaires.

Although counselling in the FeLIPO trial successfully reduced the rate of excessive GWG,
maternal weight retention at 12 months postpartum was not significantly lower in the IV
(IV: 0.2 kg, CG: 0.8 kg, p=0.321). However, less women in this group retained more than 5 kg
weight postpartum (IV: 8%, CG: 17%, p=0.044). The body weight of infants was by trend
lower in the IV (IV: 9382 g, CG: 9736 g, p=0.099).

In the GeliS trial, lifestyle counselling had no significant effect on the rate of women with
excessive GWG (IV: 45.1%, CG: 45.7%, p=0.789) and pregnancy complications such as

gestational diabetes. Dietary counselling in the GeliS trial was not successful in modifying
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energy intake (IV: 2000 kcal/day, CG: 2011 kcal/day, p=0.724). Intake of vegetables (IV: 201 g,
CG: 176 g, p=0.023) and fish (IV: 15 g, CG: 12 g, p=0.002) were increased in the IV. Soft drink
consumption was higher in women allocated to the CG (IV: 155.45 mL/day,
CG: 235.36 mL/day, p<0.001). Diet quality rated with the Healthy Eating Index (HEI) was not
consistently influenced by the intervention (IV: 59.3 points, CG: 57.6 points, p=0.162). In the
pooled cohort, the consumption of animal products, sweets and fast food was positively
associated with GWG. Fruit intake, vegetable intake and the HEI were positively associated
with birth weight, while there was evidence of an inverse correlation between infant weight at

birth and saccharose, soft drink and alcohol consumption.

In conclusion, the maternal antenatal diet played a significant role in pregnancy and infant
weight development. However, inducing changes in the prenatal lifestyle through an
intervention delivered by health care providers within the routine care system is challenging.
While the pilot intervention involving a dietary expert was effective in reducing GWG, this
finding could not be replicated in the large-scale GeliS trial. Future approaches should
consider cooperation with experts and counselling should emphasise the moderation of
energy consumption to enhance the prospects of success in optimising weight development

and health in mothers and their offspring.

Vi



Zusammenfassung

Zusammenfassung

Ein erhdhtes Korpergewicht sowie eine UberméaBige Gewichtszunahme in der
Schwangerschaft bringen kurz- und langfristige Risiken flr Mutter und Kind mit sich. Diese
umfassen Schwangerschaftskomplikationen wie Gestationsdiabetes, aber auch ein erhdhtes
Adipositasrisiko. Aus diesem Grund wurden verschiede Konzepte der Lebensstilberatung
entwickelt. Jedoch wurden Interventionsstrategien bisher fast ausschlieBlich unter sehr
kontrollierten und daher praxisfernen Bedingungen erprobt.

Um ein auf Bevdlkerungsebene umsetzbares Beratungskonzept zu etablieren, wurden in der
Pilot-Studie FeLIPO (,Feasibility of a lifestyle-intervention in pregnancy to optimise maternal
weight development®) und der daraus entstandenen groBangelegten GeliS-Studie (Gesund
leben in der Schwangerschaft) die Auswirkungen einer Lebensstilberatung, die in das
Vorsorgesystem integriert wurde, evaluiert. In der vorliegenden Arbeit wurde der Effekt der in
der FeLIPO-Studie durchgefiihrten Beratung auf die postpartale Gewichtsentwicklung von
Frauen und ihren Kindern untersucht. SchwerpunktméBig wurde die Effektivitat der GeliS-
Intervention, das Erndhrungsverhalten der Frauen zu verbessern und dadurch einer
UbermaBigen Gewichtszunahme sowie Geburtskomplikationen vorzubeugen, evaluiert.
DarUber hinaus wurden Assoziationen zwischen dem Erndhrungsverhalten und der
mitterlichen Gewichtszunahme, sowie dem Geburtsgewicht der Kinder in der gesamten

GeliS-Kohorte untersucht.

Mit dem priméaren Ziel, einer exzessiven Gewichtszunahme vorzubeugen, wurden Frauen in
beiden Studien hinsichtlich gesunder Erndhrung und ausreichend korperlicher Bewegung
beraten. Die Gesprache wurden im Rahmen der Routinevorsorge durchgefihrt. In der cluster-
randomisierten FeLIPO-Studie (n=250 Teilnehmerinnen) erhielten Frauen in der
Interventionsgruppe (IV) im Laufe der Schwangerschaft zwei Beratungseinheiten von einer
Erndhrungsexpertin. In der multizentrischen, cluster-randomisierten, kontrollierten GeliS-
Studie (n=2286 Teilnehmerinnen) wurden drei Gesprache wahrend der Schwangerschaft und
eines kurz nach der Geburt von zuvor geschulten medizinischen Fachangestellten,
Hebammen und Gynédkologen durchgefihrt. Frauen in den Kontrollgruppen (CG) beider
Studien erhielten neben der Routinevorsorge Informationsblatter mit allgemeinen
Ratschlagen zu einem gesunden Lebensstil in der Schwangerschaft. Daten zur mitterlichen
und kindlichen Gewichtsentwicklung sowie der maternalen Erndhrungsweise wurden Uber

Mutterpasse, Geburtenprotokolle und Frageb&gen erhoben.

Die FeLIPO-Intervention, die zu einer Verringerung der Gewichtszunahme in der

Schwangerschaft gefuhrt hatte, wirkte sich nicht nachweisbar auf die Gewichtsretention der

Vil



Zusammenfassung

Mutter ein Jahr nach der Geburt aus (IV: 0.2 kg, CG: 0.8 kg, p=0.321). Jedoch war der Anteil
an Frauen mit einem Gewichtsbehalt Gber 5 kg in der Interventionsgruppe geringer (IV: 8%,
CG: 17%, p=0.044). Bei den Kindern zeigte sich ein Trend zu einem etwas geringeren
Kdrpergewicht zum Ende des ersten Lebensjahres (IV: 9382 g, CG: 9736 g, p=0.099).

Durch die GeliS-Intervention konnte der Anteil der Frauen mit UberméaBiger Gewichtszunahme
in der Schwangerschaft nicht gesenkt werden (IV: 45.1% vs. CG: 45.7%, p=0.789) und
Komplikationen wie Gestationsdiabetes nicht effektiv verhindert werden. Die
Erndhrungsberatung bewirkte keine Einschrankung der Energiezufuhr (IV: 2000 kcal/Tag,
CG: 2011 kcal/Tag, p=0.724), erzielte aber Anpassungen im  mudtterlichen
Erndhrungsverhalten. Frauen, die die Beratung erhielten, verzehrten im Mittel mehr Gemdise
(IV: 201 g, CG: 176 g, p=0.023) und Fisch (IV: 15 g, CG: 12 g, p=0.002) und reduzierten den
Konsum energiehaltiger Getranke (IV: 155 g, CG: 235 g, p<0.001). Die mit einem Index
bewertete Erndhrungsqualitédt konnte nicht signifikant verbessert werden (IV: 59.3 Punkte,
CG: 57.6 Punkte, p=0.162). Ein positiver Zusammenhang mit der Gewichtszunahme in der
Schwangerschaft wurde flir den Konsum tierischer Lebensmittel, aber auch von SiBigkeiten
und Fast Food beobachtet. Das Geburtsgewicht der Kinder war positiv mit dem Konsum von
Obst und Gemiise sowie der allgemeinen Erndhrungsqualitéat assoziiert. Der Konsum weniger
gesund bewerteter Komponenten wie Zucker, energiehaltiger Getranke und Alkohol war in

der GeliS-Kohorte negativ mit dem Geburtsgewicht der Kinder assoziiert.

Insgesamt schien die Erndhrung der Frauen wahrend der Schwangerschaft eine wichtige
Rolle fiir die maternale und fétale Gewichtsentwicklung zu spielen. Besonders innerhalb der
Routineversorgung ist es eine groBe Herausforderung, Veradnderungen im Lebensstil
schwangerer Frauen zu bewirken. Wahrend eine Beratung durch eine Erndhrungsfachkraft in
der Pilotstudie Erfolge erzielen konnte, blieb bei der Beratung durch geschultes medizinisches
Personal in der GeliS-Studie der gewlinschte Effekt auf die maternale Gewichtszunahme aus.
Zukunftige Ansétze sollten daher eine Zusammenarbeit mit Fachexperten erwagen und in der
Beratung besonderen Wert auf eine moderate Energiezufuhr legen, um ihre Erfolgsaussichten
zu erhoéhen, die Gewichtsentwicklung und die Gesundheit von Mutter und Kind nachhaltig

positiv zu beeinflussen.

Vill
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1 Introduction

1 Introduction

1.1 The importance of maternal body weight

Over the last years, maternal body weight during pregnancy and associated health
parameters including metabolic and cardiovascular risks have become a subject of major
interest. The prevalence of obesity in women of reproductive age as well as mean gestational
weight gain (GWG) have increased in Germany (Mensink et al. 2013; Bergmann et al. 2007)
and worldwide during the last decades (Chooi et al. 2019; Johnson et al. 2015). Obesity in
pregnancy and excessive GWG bear numerous risks for both mothers and their unborn
children. Both are discussed to increase for example the risk of gestational diabetes mellitus
(GDM) (Brunner et al. 2015; Hedderson et al. 2010; Torloni et al. 2009), gestational
hypertension (Ren et al. 2018; Gaillard et al. 2013; Liu et al. 2012) and delivery via caesarean
section (Margerison Zilko et al. 2010; Poobalan et al. 2009). Excessive weight gain in
pregnancy is additionally associated with postpartum (pp) maternal weight retention (PPWR)
(Nehring et al. 2011) and bears a long-term risk for the development of post-gestational
overweight and obesity (Mannan et al. 2013; Mamun et al. 2010). Furthermore, body weight
development and health of the offspring seem to be affected by maternal obesity and
excessive GWG. Both have been linked to an increased risk for large for gestational age (LGA)
newborns (Cosson et al. 2016; Black et al. 2013) and are discussed to promote overweight
and obesity in childhood (Tie et al. 2014; Ensenauer et al. 2013; Yu et al. 2013) and beyond
(Mamun et al. 2014; Pirkola et al. 2010).

While the prevention of obesity needs to start prior to conception, adequate GWG can still be
targeted in the course of pregnancy. Accordingly, guidelines for an adequate range of GWG
have been developed and published by the American Institute of Medicine (IOM) in 1990 and
have been updated in 2009 (IOM 2009, 1990). Depending on the pre-pregnancy body mass
index (BMI), the IOM recommends ranges for adequate GWG (Table 1). Inadequate and
excessive GWG, describing weight gain below or above these guidelines, respectively, are
both associated with risks for maternal and foetal health and should thus be prevented (IOM
2009).

1.2 A healthy antenatal lifestyle

A healthy lifestyle is crucial for maternal and offspring pre- and postnatal weight development
and health and is worthwhile to be promoted. Maternal antenatal behaviour has received
increasing attention over the last decades. The information provided in the following focuses
on the recommendations developed by the “Healthy Start — Young Family Network” (Koletzko

et al. 2018; Koletzko et al. 2013). Harmonising official statements and publications from
1



1 Introduction

institutions and professionals, these guidelines were developed as common basis for
recommendations given to pregnant women. They encompass advice on a healthy balanced

diet and regular physical activity including the prevention of potential risks.

Table 1 Recommendations for gestational weight gain provided by the IOM.

Pre-pregnancy BMI Recommended
[kg/m?] weight gain
<18.5 12.5-18.0 kg
18.5-24.9 11.5-16.0 kg
25.0-29.9 7.0-11.5 kg
>30.0 5.0-9.0 kg

BMI, body mass index; IOM: Institute of
Medicine.
Data source: IOM (2009).

1.2.1 Maternal dietary requirements and recommendations

Dietary recommendations for pregnant women given by the “Healthy Start — Young Family
Network” predominantly focus on references for energy and nutrient intake, supplementation
of critical micronutrients and the avoidance of foodborne infections. As requirements of some
micronutrients such as folate and iodine increase considerably more than energy
requirements during pregnancy, products with high nutrient density should be chosen to meet
the increased demands. Therefore, a balanced diet with regular meals rich in vegetables, fruit
and whole grain products is recommended, including moderate amounts of preferably low-
fat animal products, oily fish and plant oils rich in essential fatty acids as well as a limited

consumption of sweets and snacks (Koletzko et al. 2018).

Energy and macronutrient requirements

During pregnancy, energy requirements are increased (FAO/WHO/UNU 2004). Next to the
weight of the foetus, components of GWG comprise extension of maternal breasts, uterus,
extracellular fluid and blood volume, fat tissue stored for the lactation period, as well as the
weight of the placenta and amniotic fluid (Pitkin 1976). Energy costs include needs for
maternal and foetal tissue formation, as well as the increased basal metabolic rate resulting
from elevated body mass and enhanced activity of the cardiovascular and respiratory system
(FAO/WHO/UNU 2004).

Energy needs are distributed unevenly over the course of pregnancy. They are only minimally

elevated in early pregnancy (375 kd per day). An extra of 1.200 kJ and 1.950 kJ is required in

2



1 Introduction

the second and third trimester respectively (Butte and King 2005). There is, however,
considerable variation in energy expenditure, for instance due to differences in physical
activity (Koletzko et al. 2018). Many women reduce physical activity during pregnancy and
often choose lower-impact types of activity (Poudevigne and O'Connor 2006). As excessive
energy intake may affect maternal and foetal health by promoting excessive GWG, women
are recommended to supply additional energy of only 10% in the last months of gestation
(Koletzko et al. 2018).

In parallel to energy requirements, fluid needs increase. Pregnant women are advised to
consume an extra of 300 mL per day, assuming moderate physical activity as well as

moderate environmental temperature (EFSA 2010).

The requirements of macronutrients are only marginally altered during pregnancy. Like the
non-pregnant population, pregnant women are recommended to consume more than 50% of
their energy intake from carbohydrate sources, while dietary fat should account for 30 — 35%
of energy intake (D-A-CH 2015).

Protein requirements are slightly enhanced in early pregnancy and increase further in later
stages of gestation. Over the course of pregnancy, 925 g additional protein is needed in total
(Hytten and Leitch 1971). Pregnant women should thus increase daily protein intake from 48 g
to 58 g from the 4" month on (D-A-CH 2015). The major part of additionally required protein
is deposited in foetus, uterus and placenta, but protein is also needed for the extension of
maternal breast and blood volume (Hytten and Leitch 1971). A balanced diet usually contains
sufficient protein to meet these requirements, and the majority of women in Germany are
adequately supplied with dietary protein (MRI 2008b).

Although the total demand of fat is not increased, women should pay intensified attention to
the composition of dietary fat. Due to their important role in foetal growth, development of
brain and retinas, consumption of essential polyunsaturated fatty acids should be
emphasised (Williamson 2006). Long-chain fatty acids such as arachidonic acid and
docosahexaenoic acid (DHA) can be synthesised from linoleic acid and a-linolenic acid. Since
the conversion of a-linolenic acid to DHA is however inefficient (Coletta et al. 2010), dietary
intake of DHA is crucial. The recommended intake of 200 mg per day can be achieved by
consumption of one or two sea fish meals per week, if oily fish is included (Koletzko et al.
2007). As plant-based food is a poor source of DHA, pregnant women who do not consume

fish regularly are advised to supplement DHA (Koletzko et al. 2013; Bezard et al. 1994).
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Micronutrient requirements

Other than the marginally increased demands for energy and macronutrients, needs of some
micronutrients increase considerably. Table 2 depicts vitamins and minerals with higher
needs during pregnhancy. While increased demands of most vitamins and minerals can usually
be met with a balanced diet, other micronutrients such as folic acid and iodine should be

supplemented.

Folate is crucial for the development of the foetus given its essential function in cell
proliferation and neural development including neural tube closure (Scott et al. 1994).
Requirements of folic acid in the first trimester of pregnancy (550 ug/day) are usually not met
by the diet alone (Williamson 2006). The majority of German women do not even reach the
recommended intake for non-pregnant women (MRI 2008a). It is advised to start
supplementation before pregnancy, as closure of the neutral tube happens early in pregnancy
(Moussa et al. 2016). Besides the prevention of neural tube defects, potential other benefits
of folic acid supplementation are discussed, including a reduced risk of megaloblastic
anaemia, low birth weight and preeclampsia (Moussa et al. 2016; Lassi et al. 2013; Fekete et
al. 2012; Wen et al. 2008).

Vitamin D is crucial for calcium metabolism and foetal bone formation. Although requirements
of vitamin D do not increase during preghancy, supplementation may be necessary to avoid
undersupply (Koletzko et al. 2018; Williamson 2006). As a large proportion of the required
amount is formed in the skin, a daily supplement of 20 ug is recommended if sun exposure is
low, as for instance during the winter months (D-A-CH 2015).

Requirements of several other vitamins increase in the second and third trimester, including
vitamin A, vitamin C, thiamin, riboflavin, niacin and vitamin Be (Table 2). As sufficient intake of
these is usually ensured by a balanced diet, supplementation is only necessary in exceptional
cases and should be advised individually (Williamson 2006). Women on a strict vegan diet

should supplement vitamin Bi,, as it is only available from animal sources (D-A-CH 2015).

The demand of some minerals increases as well during pregnancy (Table 2). Several
physiologic adaption strategies help to cover these extra needs. Next to enhanced dietary
intake, they include an increase in intestinal absorption and decrease in excretion, as well as
a release of stored minerals (Prentice 2003). Adaptions mainly affect minerals involved in bone
formation. In case of calcium, adaption processes are so efficient that there is no need to
increase dietary intake during pregnancy, although foetal calcium requirements are high (D-

A-CH 2001). Some women, e.g. vegans, are at risk to be undersupplied (Koletzko et al. 2018).
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Table 2 Demand of selected micronutrients during pregnancy.

Normal Extra Relative Timeframe
requirement requirement increase

Vitamins
Folate 300 pg +250 pg 83% 1st trimester
Vitamin A 0.8 mg +0.3 mg 38% 2n-3rd trimester
Vitamin C 95 mg +10 mg 11% 2n-3'9 trimester
Thiamin 1.0 mg +0.2 mg / +0.3 mg 20% / 30% 2 / 39 trimester
Riboflavin 1.1 mg +0.2 mg / +0.3 mg 18% / 27% 2nd / 3 trimester
Niacin 12-13 mg' +2mg/ +4 mg 17% / 33% 2nd / 3 trimester
Vitamin Bs 1.4 mg +0.1 mg/ +0.4 mg 7% /29% st / 2nd-3 trimester
Vitamin B12 4.0 g +0.5 pg 13% 1st-3" trimester
Minerals
Calcium 1000 mg +0 mg 0% 15t-3"9 trimester
Magnesium 300-310 mg’ +0-10 mg 0-3% 1st-3'9 trimester
Phosphorus 700 mg +100 mg 14% 1st-3'9 trimester
lodine 200 pg +30 g 15% 1st-3'9 trimester
Iron 15 mg +15mg 100% 15t-3'9 trimester
Zinc 8 mg +1mg/+3 mg 13% / 38% st / 2nd-3" trimester

'depending on the age of the women. Data source: D-A-CH (2015).

Recommended intake of magnesium is only slightly increased in pregnancy (D-A-CH 2001).
Although the risk of underprovision is low, magnesium is regularly supplemented during
pregnancy (Becker and Schmid 2013). Several benefits of magnesium supplementation, such
as a reduced risk of pre-eclampsia or low birth weight are discussed, but could not be
confirmed yet (Makrides et al. 2014).

Due to its important role in foetal brain development, sufficient iodine intake is crucial during
pregnancy and should thus be emphasised already before conception. Although iodine
requirements are only increased by 15%, adequate intake should receive particular attention
(D-A-CH 2001). Recommendations are often not met, especially if iodinated salt is not used
(MRI 2008b). Next to consumption of foods rich in iodine, supplementation of an extra
100-150 pg is recommended to ensure adequate supply (Koletzko et al. 2018).

Iron demands in pregnant women are twice as high as in non-pregnant women (D-A-CH
2001). The majority of additional iron is needed for the expansion of maternal blood volume,
but also foetal development and placental accretion demand extra iron (Hallberg 1988).

Missing menstruation losses as well as increased intestinal absorption facilitate achievement
5
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of these requirements (Bothwell 2000). In Germany, iron supplementation is not generally
recommended. Common side effects of iron supplements, such as obstipation, nausea and
diarrhoea should be considered (Pena-Rosas et al. 2015). Blood haemoglobin values should

be taken as basis for individual medical advice on supplementation (Koletzko et al. 2018).

Food safety

For safety reasons, further diet-related aspects should be considered. Pregnant women
should strictly avoid alcohol consumption. Ethanol is transported through the placenta and
can provoke severe health outcomes such as growth restriction, birth defects and mental
retardation (Sokol et al. 2003). Although risks are highest in the case of high and regular
alcohol intake, there is no established safety limit (Mukherjee et al. 2005) and also low doses

have been suggested to affect the foetus (Mamluk et al. 2017).

Caffeine is a further food constituent without a defined safe dose, and its intake should thus
be limited as a precaution. Moderate amounts of caffeine (<300 mg/day) have not been shown
to significantly influence offspring birth weight and length of pregnancy. However, a high
consumption is discussed to affect foetal growth (Bakker et al. 2010; Bech et al. 2007) and is

thus discouraged during pregnancy (Koletzko et al. 2018).

As food pathogens like Listeria monocytogenes and the parasite Toxoplasma gondii can
cross the placenta, an infection with these microorganisms can have severe consequences.
Listeria monocytogenes infection is associated with an increased risk of miscarriage and
preterm birth, and neonatal affection can potentially lead to meningitis, sepsis and death
(ACOG 2014). Toxoplasma gondii infection can cause abortion, visual impairment, deafness,
mental retardation and other neurological deficiencies (Tenter et al. 2000). As both pathogens
are destroyed during heating processes, pregnant women should avoid raw or smoked meat
and fish products, raw milk products and unboiled eggs to prevent an infection (Koletzko et
al. 2018). Fruit and vegetables need to be cleaned thoroughly under water before
consumption (Tenter et al. 2000). Prepared meals should be reheated immediately before
consumption, and ready-made dishes that cannot be heated, such as salads, should be
avoided (Williamson 2006).

1.2.2 Physical activity recommendations

The “Healthy Start — Young Family Network” also gives recommendations for physical
activity during pregnancy (Koletzko et al. 2018). Although multiple risks have been discussed
in the past, physical activity during gestation has not been shown to increase the risk of

abortion (Clapp 2000), malformation (Larsson and Lindqgvist 2005) and premature rupture of
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membranes (Hegaard et al. 2007). During uncomplicated pregnancies, moderate exercise is
consistently regarded as safe (ACOG 2015). Inactive women should be encouraged to initiate
physical activity, and previously active women can continue their activities with a few
exceptions. Pregnant women are advised to spend 30 min on most days or 150 min per week
with moderate physical activity (ACOG 2015; DHHS 2008). The Borg scale of perceived
exertion can assist estimating exercise intensity (Borg 1962). A value of 12-14 on this scale,
corresponding to moderate physical activity, should be targeted during exercise (Melzer et al.
2010). Both aerobic and strength training are appropriate for pregnant women, however,
exercise activating large muscle groups should be preferred (Koletzko et al. 2018). Particularly
suitable are activities like brisk walking, biking, swimming and water aerobics (Melzer et al.
2010). Contact sports and other activities with a high risk for falls or injuries, such as fighting
or horse riding, as well as scuba diving and sports at high altitudes should be avoided
(Koletzko et al. 2018; Melzer et al. 2010).

1.3 Associations between maternal dietary behaviour and pregnancy

outcomes

Diet and physical activity during pregnancy may have an impact on various pregnancy
outcomes and health parameters in women and their offspring. Cohort studies have
addressed potential associations of nutritional aspects during pregnancy with maternal and
infant outcomes. Many of them focus on energy and macronutrient intake, but also dietary
patterns and specific foods are considered. Associations of these parameters with GWG and

offspring weight at birth are considered in the following.

1.3.1 Associations between maternal dietary behaviour and gestational weight gain

The association of dietary variables with GWG has been discussed in several systematic
reviews (Jebeile et al. 2016; Samura et al. 2016; Tielemans et al. 2016; Kapadia et al. 2015;
Chasan-Taber 2012; Streuling et al. 2011).

Weight gain in non-pregnant individuals is predominately driven by a higher energy intake
compared to energy expenditure. GWG involves multiple maternal and foetal compounds and
thus represents a complex interaction between different determinants (Tielemans et al. 2016;
Hill and Peters 1998). Large cohort studies indicate a relation between energy intake during
pregnancy and maternal weight gain, although the overall study situation is not completely
consistent (Changamire et al. 2014; Gaillard et al. 2013). Taking account of the heterogeneity
in quality, reviews of observational studies agree with this finding (Tielemans et al. 2016;
Streuling et al. 2011). Jebeile et al. (2016), however, who reported changes in energy intake

over the course of pregnancy in a meta-analysis, could not show a clear association between
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energy intake and GWG. Drawing conclusions seems to be complicated by the diversity of
dietary assessment tools applied in different studies and the varying approaches of GWG

calculation (Streuling et al. 2011).

It is unclear if the macronutrient composition of the maternal diet plays a modifying role in
overall GWG (Tielemans et al. 2016). Studies reported positive associations between
carbohydrate or sugar intake and GWG (Diemert et al. 2016; Maslova et al. 2015; Renault
et al. 2015a), while others observed no (Rodrigues et al. 2008) or even a negative correlation
(Lagiou et al. 2004). Evidence for a relation between protein or fat intake and maternal GWG
is also inconclusive (Maslova et al. 2015; Gaillard et al. 2013; Uusitalo et al. 2009; Rodrigues
et al. 2008; Lagiou et al. 2004; Ancri et al. 1977). In a systematic review, Tielemans et al. (2016)
pointed out that the relation between fat consumption and GWG may depend on the type of
fat. Because of the inconclusive data situation, effects of dietary macronutrients on GWG
remain to be further evaluated. Underreporting of food intake is a major problem of self-
reported dietary data. This may partly explain inconsistencies in reported results concerning
energy and macronutrient consumption. Especially pregnant women with a BMI >25 kg/m?

seem to underreport dietary intake frequently (McGowan and McAuliffe 2012).

Next to macronutrients, an influence of energy density or portion size on GWG is
conceivable (Blumfield et al. 2016; Deierlein et al. 2008). Additionally, a potential influence of
particular food groups on GWG is discussed. Studies report associations between the
consumption of dairy products and the risk for excessive maternal weight gain (Stuebe et al.
2009; Olafsdottir et al. 2006). A high consumption of fatty fish (Larsen et al. 2016) and seafood
(Restall et al. 2014) is also discussed to promote GWG. Choosing snacks (Béarebring et al.
2016), fried food (Stuebe et al. 2009), highly-processed food (Rohatgi et al. 2017) and
takeaway meals (Heery et al. 2015) has been positively associated with GWG as well. While
consumption of fruit in form of drinks (Guilloty et al. 2015) and energy-containing beverages
in general (Barebring et al. 2016) have been linked to an increased risk of excessive GWG, a
high intake of unprocessed fruits and vegetables could contribute to adequate GWG (Shin et
al. 2014; Olson and Strawderman 2003). As findings were mainly based on self-reports, the
potential influence of these factors on GWG requires further investigation.

It has to be acknowledged that dietary patterns may have a more pronounced effect on
health parameters than single food groups or nutrients. In studies analysing the relation
between diet and maternal weight gain, such patterns are rarely described. Examples for
potentially favourable patterns include both vegetarian and mixed diets (Shin et al. 2016;
Stuebe et al. 2009), while the Western diet has been linked to higher GWG in a recent
observational study (Wrottesley et al. 2017).
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Concluding from the above-named associations, there is some evidence that dietary factors
influence maternal weight gain, although further investigation is needed. The following section

will focus on the relation between the maternal diet and infant birth weight.

1.3.2 Associations between maternal dietary behaviour and infant birth weight

Maternal lifestyle during pregnancy plays an important role in the development and health of
the offspring. Maternal undernutrition is closely linked to the risk of low infant birth weight
(Han et al. 2011; Thame et al. 1997). In a similar manner, overnutrition could have an effect

on newborn weight and health.

In Germany, an increase in mean birth weight was recorded over the last decades (Hesse et
al. 2003). Energy and protein supplementation can increase birth weight in children of
malnourished women (Imdad and Bhutta 2011). By contrast, in developed countries,
observational studies do not show a consistent link between energy intake and offspring birth
weight (Pereira-da-Silva et al. 2014; Hsu et al. 2013; Lagiou et al. 2004; Langley-Evans and
Langley-Evans 2003; Mathews et al. 1999).

A potential impact of the macronutrient composition of the maternal diet on infant birth
weight is also not yet understood. Studies failed to indicate a clear association between
carbohydrate intake during pregnancy and offspring birth weight (Pathirathna et al. 2017;
Chong et al. 2015; Moore et al. 2004; Mathews et al. 1999; Godfrey et al. 1996). Although
some observational studies showed correlations between carbohydrate consumption in
pregnancy and newborn fat mass, evidence is inconclusive (Crume et al. 2016; Kizirian et al.
2016; Renault et al. 2015b). Single studies relate parameters such as the glycaemic index or
load to offspring birth weight (Knudsen et al. 2013; Moses et al. 2006; Scholl 2004). Nutrition
focusing on a low glycaemic index was able to reduce the rate of LGA newborns in several
intervention trials (Zhang et al. 2016).

Evidence for a relation between fat intake and infant birth weight is insufficient (Crume et al.
2016; Kizirian et al. 2016; Chong et al. 2015; Pereira-da-Silva et al. 2014; Mathews et al. 1999).
Although omega-3 fatty acids have been analysed repeatedly regarding offspring weight,
evidence for an effect is weak (Imhoff-Kunsch et al. 2012; Abu-Saad and Fraser 2010).
Moreover, a potential link between protein intake during gestation and infant birth weight is
subject of many studies. While some support an association between these parameters
(Pathirathna et al. 2017; Cucd et al. 2006; Moore et al. 2004; Sloan et al. 2001), others report
no relation (Pathirathna et al. 2017; Chong et al. 2015; Mathews et al. 1999). Considering only

protein from dairy sources, increasing intake during pregnancy seems to be associated with
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higher offspring birth weight in developed countries (Heppe et al. 2011; Olsen et al. 2007;
Moore et al. 2004).

However, studies relating macronutrient consumption to infant parameters differ
methodologically and describe different time points during the course of pregnancy (Chong
et al. 2015). Differences in sources or composition of macronutrients could be an additional

reason for the conflicting data situation.

The consumption of dairy products and its influence on infant birth weight has been
addressed repeatedly. Positive associations between maternal milk intake and infant birth
weight have been reported in large cohort studies (Hrolfsdottir et al. 2013; Heppe et al. 2011;
Xue et al. 2008; Olsen et al. 2007; Mannion et al. 2006) and are described in reviews (Melnik
et al. 2015; Brantseeter et al. 2012).

Fish intake may promote birth weight (Leventakou et al. 2014) and reduce the risk of having
a child with low birth weight (Canda et al. 2011; Olsen and Secher 2002). However, other
studies suggest increased risks for reduced birth weight due to the consumption of seafood
(Halldorsson et al. 2007; Oken et al. 2004). Observed associations seem to vary with different
types of fish (Ramén et al. 2009; Guldner et al. 2007). These inconsistencies could be related
to environmental pollutants present in several types of fish, potentially interfering with foetal
growth (Papadopoulou et al. 2013; Abu-Saad and Fraser 2010).

A substance also frequently discussed to affect foetal growth is caffeine. Coffee consumption
and caffeine exposure in utero have been negatively associated with offspring weight at birth
in several observational studies (Voerman et al. 2016; Sengpiel et al. 2013; CARE Study Group
2008; Xue et al. 2008; Eskenazi et al. 1999). However, a randomised controlled trial with the
aim to reduce caffeine intake by substituting caffeinated with decaffeinated coffee could not
show any effect on offspring weight (Bech et al. 2007).

Other foods considered to have an impact on infant birth weight include meat, specifically
barbecued or roasted meat (Lamichhane et al. 2016; Jedrychowski et al. 2012), fast food (Wen
et al. 2013), soft drinks (Phelan et al. 2011a) as well as artificially sweetened soft drinks (Zhu
et al. 2017). However, there is no convincing evidence on whether these food groups may

influence infant birth weight.

A further aspect is the role of dietary patterns and habits, which may exert a more
pronounced effect on birth weight than single foods or food groups (Grieger and Clifton 2014).
High adherence to recommended dietary behaviour has been associated with a lower risk to
be born with low birth weight (Gresham et al. 2016) or small for gestational age (SGA)
(Hillesund et al. 2014). Studies associating dietary patterns with birth weight are however very

limited. Available data suggested a potential influence of the Mediterranean diet (Chatzi et al.
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2012; Timmermans et al. 2012), patterns rich in protein or dense in nutrients (Wolff and Wolff
1995), a pattern rich in snacks (Coelho et al. 2015) and other individual patterns (Starling et
al. 2017; Zulyniak et al. 2017; Chia et al. 2016; Lu et al. 2016; Colén-Ramos et al. 2015; Okubo
et al. 2012; Knudsen et al. 2008).

In conclusion, while the maternal diet clearly influences offspring birth weight in malnourished
women (Imdad and Bhutta 2011), evidence for an effect in developed countries is less
obvious. Some dietary patterns, food groups and overall macronutrient composition may

have an impact on infant birth weight, but evidence is still limited (Grieger and Clifton 2014).

Numerous lifestyle intervention studies have been initiated in the last years, aiming to modify
the antenatal diet and lifestyle and by that to optimise GWG, to reduce pregnancy and
obstetric complications and to improve maternal and infant health. An overview of lifestyle

interventions is provided in the following part.

1.4 Lifestyle interventions targeting dietary behaviour and physical activity

Lifestyle interventions in pregnancy have been conducted worldwide and have been
extensively reviewed (Lamminpaa et al. 2018; Shieh et al. 2018; i-WIP 2017; Flynn et al. 2016;
O'Brien et al. 2016; Muktabhant et al. 2015; Oteng-Ntim et al. 2012; Thangaratinam et al.
2012; Gardner et al. 2011; Dodd et al. 2010; Skouteris et al. 2010; Streuling et al. 2010).
Although some trials have shown beneficial effects, results of intervention studies in respect

to GWG, pregnancy complications and birth parameters are largely inconsistent.

1.4.1 Effects of lifestyle interventions on gestational weight gain

Lifestyle interventions are very diverse and include dietary advice, counselling on physical
activity, exercise classes, behavioural change and self-monitoring techniques and
combinations of these components (Muktabhant et al. 2015). The effectiveness of lifestyle
interventions to reduce GWG is heterogeneous. While some interventions failed to modify
GWG, others were successful in reducing overall GWG or the proportion of women showing
excessive weight gain. A recently conducted meta-analysis based on individual participant
data (IPD) from 36 randomised controlled ftrials (i-WIP) demonstrated that lifestyle
interventions have a moderate effect and reduce mean GWG by 0.7 kg (i-WIP 2017). This
effect was observed independently from age, parity and pre-pregnancy BMI of the included

study population.

Many lifestyle interventions, including two of the largest conducted trials, focus exclusively

on overweight and obese pregnant women. In the UPBEAT study, analysing the effect of an

intensive lifestyle programme in 1555 obese pregnant women, GWG was reduced by 0.55 kg
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in the intervention group (Poston et al. 2015). By contrast, in the Australian LIMIT trial,
including 2212 overweight and obese pregnant women, counselling on diet and physical
activity did not significantly reduce GWG (Dodd et al. 2010). Although excessive GWG is also
frequently observed in normal-weight women, this subgroup is less often targeted in
pregnancy interventions (O'Brien et al. 2016). Nevertheless, a systematic review showed that
lifestyle counselling can also achieve a significant reduction of GWG in normal-weight women
(O'Brien et al. 2016).

1.4.2 Effects of lifestyle interventions on pregnancy and obstetric complications

Next to excessive GWG, lifestyle interventions often aim to reduce pregnancy and obstetric
complications such as gestational diabetes mellitus or the rate of delivery via caesarean
section. The UPBEAT trial primarily aimed to reduce the incidence of GDM, but failed to yield
an effect on this outcome (Poston et al. 2015). In the LIMIT trial, no impact on the GDM rate
was observed (Dodd et al. 2014b). In the RADIEL trial, a Finnish intervention study recruiting
women at high risk for GDM, the incidence could by contrast be reduced by 39% with a
moderate intervention programme offering individual advice on diet and physical activity as
well as weight monitoring (Koivusalo et al. 2016). The i-WIP meta-analysis showed no benefit
on the rate of GDM in the IPD analysis, but provided evidence for a risk reduction by 24%
when data from all available studies, including those not providing individual data, were taken
into account (i-WIP 2017).

Furthermore, the i-WIP analysis indicated a reduction in the rate of caesarean delivery by 9%
(i-WIP 2017). There was no evidence for an effect of lifestyle counselling on other maternal
and offspring outcomes such as hypertension, preterm birth, SGA or LGA (i-WIP 2017),
although some studies suggested positive results in offspring outcomes (Wang et al. 2017;
Dodd et al. 2014b; Luoto et al. 2011).

1.4.3 Effects of lifestyle interventions on dietary behaviour

While most lifestyle intervention studies reported on health outcomes, only a minority of trials
examined the impact of lifestyle counselling on behavioural parameters. In the following, an
overview of trials analysing dietary behaviour in pregnant women after a lifestyle intervention

is provided.

Table 3 lists lifestyle intervention studies reporting on maternal dietary behaviour. Maternal
nutrition was assessed with different methods including food frequency questionnaires (FFQs)
and dietary records. Studies report on a broad range of dietary parameters such as energy

and macronutrient intake, measures of dietary quality or consumption of specific food groups
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(Table 3). In three of these studies, no effects on the maternal diet were observed (Hawkins
et al. 2014; Hui et al. 2006; Polley et al. 2002). However, in most of the trials, lifestyle
counselling resulted in changes in maternal dietary behaviour. Some effectively reduced
energy intake (Poston et al. 2015; Hui et al. 2014; Poston et al. 2013; Rauh et al. 2013; Hui
et al. 2012; Walsh et al. 2012; Rhodes et al. 2010; Khoury et al. 2005; Bechtel-Blackwell 2002).
In other studies, scores of dietary quality were improved by a lifestyle intervention (Koivusalo
et al. 2016; Sagedal et al. 2016; Dodd et al. 2014a) or healthier patterns were reported
(Moran et al. 2017; Flynn et al. 2015). The intake of fruits and vegetables could frequently
be increased in women receiving a lifestyle intervention (Simmons et al. 2017; Asci and
Rathfisch 2016; Dodd et al. 2014a; Kieffer et al. 2014; Kinnunen et al. 2014; Jackson et al.
2011; Quinlivan et al. 2011; Guelinckx et al. 2010; Kinnunen et al. 2007). In some studies, the
consumption of protein or fibre was successfully increased by lifestyle counselling (Asci and
Rathfisch 2016; Poston et al. 2015; Dodd et al. 2014a; Kieffer et al. 2014; Kinnunen et al.
2014; Moses et al. 2014; Poston et al. 2013; Walsh et al. 2012; Louie et al. 2011; Luoto et al.
2011; Guelinckx et al. 2010; Rhodes et al. 2010; Wolff et al. 2008; Kinnunen et al. 2007). By
contrast, the intake of total or saturated fat was frequently reduced by the counselling
(Simmons et al. 2017; Poston et al. 2015; Dodd et al. 2014a; Hui et al. 2014; Kieffer et al.
2014; Kinnunen et al. 2014; Poston et al. 2013; Hui et al. 2012; Luoto et al. 2011; Guelinckx
et al. 2010; Wolff et al. 2008; Khoury et al. 2005; Bechtel-Blackwell 2002).

1.4.4 Effects of lifestyle interventions on maternal weight retention

Lifestyle interventions are additionally discussed to have effects beyond pregnancy. The
difference between maternal pp and pre-pregnancy body weight is defined as maternal
weight retention. An effect of antenatal lifestyle counselling on short- and long-term PPWR
has repeatedly been considered (Shepherd et al. 2017; Bain et al. 2015; Muktabhant et al.
2015; Agha et al. 2014; Tanentsapf et al. 2011). Some trials showed that women receiving an
antenatal intervention were more likely to return to their pre-pregnancy body weight and
described a reduction in PPWR following to the intervention at 6 months pp (Phelan et al.
2011b) or 12 months pp (Sagedal et al. 2017). A systematic review showed a lower mean
PPWR 6 months after delivery in women receiving lifestyle counselling (Tanentsapf et al.

2011), but overall evidence is inconclusive. In particular, data on long-term PPWR are sparse.
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Table 3 Overview of lifestyle intervention trials reporting on maternal dietary behaviour.

Study Design Country Sample size Intervention components Dietary data collection Effects on dietary behaviour
Asci and Rathfisch RCT Turkey  n=102 counselling on diet and 3-day dietary recalls tintake of protein, vegetables
2016 physical activity, weight
control
Bechtel-Blackwell ~RCT USA n=60 group counselling on diet  24-hour dietary recall, lenergy intake, fat intake
2002 questionnaire
Bosaeus et al. RCT Sweden n=101 counselling on diet (to semiquantitative FFQ 1fish intake
2015 increase fish intake)
Dodd et al. 2014a  RCT Australia n=2212 counselling on diet, FFQ fintake of fruits and vegetables, fibre
physical activity, weight intake, HEI
control |E% saturated fat
Flynn et al. 2015 RCT UK n=183 counselling on diet and FFQ | score of processed pattern and
physical activity traditional pattern
Gray-Donald etal. CT Quebec n=219 counselling on diet, and 24h recall |caffeine intake
2000 physical activity
Guelinckx et al. RCT Belgium n=195 2 intervention groups: 7-day food records fintake of protein, vegetables
2010 counselling on diet or lintake of fat and saturated fat in
information via a brochure both intervention groups
Hawkins et al. 2014 RCT USA n=68 counselling on diet and 24 hrecalls no significant effects
physical activity
Hui et al. 2006 RCT Canada n=52 counselling on diet, group FFQ no significant effects
and homebased exercise
Hui et al. 2012 RCT Canada n=190 counselling on diet, 3-day food records lenergy intake, intake of total and

exercise sessions

saturated fat, cholesterol intake
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Study Design Country Sample size Intervention components Data collection Effects on dietary behaviour
Hui et al. 2014 RCT Canada n=116 counselling on diet, 3-day food records lenergy intake, intake of total and
exercise sessions saturated fat, cholesterol intake

|CH-intake in the subgroup of
normal-weight women

Jackson et al. 2011 RCT USA n=321 video messages about FFQ fintake of fruit and vegetables, whole
diet, physical activity and grains, fish, avocado and nuts
weight gain lintake of sugary foods, refined

grains, high fat meats, fried foods,
solid fats and fast food

Khoury et al. 2005 RCT Norway n=290 counselling on diet 48-hour dietary recall tfish and oil intake
(cholesterol-lowering diet) lenergy, saturated and total fat and
cholesterol intake
lintake of fatty milk and meat
products

Kieffer et al. 2014  RCT USA n=278 counselling on diet FFQ tintake of vegetables, fibre
lintake of total and saturated fat,
added sugar

Kinnunen et al. CT Finland n=132 counselling on diet and FFQ, food records tintake of vegetables, fruits and fibre
2007 physical activity

Kinnunen et al. RCT Finland n=399 counselling on diet FFQ tintake of vegetables, fruits and
2014 berries, fibre, PUFAs

1% of high-fibre bread, low-fat
cheese, vegetable fats
lintake of saturated fatty acids

Koivusalo et al. RCT Finland n=293 counselling on diet and FFQ tdietary quality
2016 physical activity, weight
control
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Study Design Country Sample size Intervention components Data collection Effects on dietary behaviour
Louie et al. 2011 2-arm  Australia n=99 LGI- dietary advice vs. 3-day food records LGI group: |Gl, tintake of fibre
parallel- high-fibre diet advice
design
trial (no
CG)

Luoto et al. 2011 RCT Finland n=399 counselling on diet, FFQ fintake of fibre and PUFAs
physical activity and lintake of saturated fat and
weight gain saccharose

Moran et al. 2017  RCT Australia n=2212 counselling on diet and FFQ tscore for prudent dietary pattern
lifestyle lscore for Western dietary pattern

Moses et al. 2009 2-arm  Australia n=63 LGI dietary advice vs. 3-day food records LGI group: |Gl

parallel- high-fibre diet advice

design

trial (no

CG)

Moses et al. 2014  2-arm  Australia n=691 LGI dietary advice vs. 3-day food records LGI group: |Gl, tintake of protein

parallel- healthy eating advice

design

trial (no

CG)

Polley et al. 2002 RCT USA n=120 counselling on diet, Block FFQ (analyses no effect on fat intake
physical activity and intake of high-fat foods)
weight gain

Poston et al. 2013 RCT UK n=183 counselling on diet and 24h dietary recall, FFQ 1fibre intake
physical activity lenergy intake, GL, fat and saturated

fat intake

Poston et al. 2015 RCT UK n=555 counselling on diet and FFQ, PA fintake of protein and fibre

physical activity

lenergy intake, GL, CH, fat, and
saturated fat intake
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Study Design Country Sample size Intervention components Data collection Effects on dietary behaviour
Quinlivan et al. RCT Australia n=134 counselling on diet questionnaire tintake of water, fresh fruit,
2011 vegetables and home-cooked meals

lintake of carbonated drinks, juices
and fast food

Rauh et al. 2013 RCT Germany n=250 counselling on diet, 7-day dietary records lenergy intake
physical activity and
weight gain
Rhodes et al. 2010 RCT USA n=46 counselling on diet (LGL 24h dietary recall LGL group: Tintake of fibre
vs. low-fat diet) |Gl and GL, energy intake
Sagedal et al. 2016 RCT Norway n=606 counselling on diet, FFQ tdietary quality
exercise groups
Simmons et al. RCT Europe n=436 counselling on diet (HE) FFQ tintake of vegetables and
2017 and/or physical activity lintake of CH in women receiving HE
(HE & PA) or HE & PA advice

lintake of sugared drinks and fat in
women receiving only HE advice

Valkama et al. 2016 RCT Finland n=242 counselling on diet and FFQ fintake of fish, low-fat cheese
physical activity, weight
control
Walsh et al. 2012 RCT Ireland n=800 counselling on diet (LGI- 3-day food diaries tintake of fibre
diet) |Gl and GL, energy intake
Wolff et al. 2008 RCT Denmark n=50 counselling on diet 7-day weighed food Tprotein intake
records lenergy, CH and fat intake

CG, control group; CH, carbohydrates; CT, controlled trial; E%, percentage of energy intake; FFQ, food frequency questionnaire; Gl, glycaemic index; GL,
glycaemic load; HE, Heathy Eating; HEI, Healthy Eating Index; LGI, low glycaemic index; LGL, low glycaemic load; PA, physical activity; PUFAs,
polyunsaturated fatty acids; RCT, randomised controlled trial. Data source: own contribution.
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1.5 Lifestyle intervention within the routine antenatal care setting

As outlined in the previous sections, numerous lifestyle intervention concepts targeting
maternal weight and health during pregnancy and the pp period have been evaluated over
the last years. However, the majority of these studies has been conducted in academic
settings and effectiveness of lifestyle counselling within the real-life setting of routine

antenatal care remains to be assessed.

Based on this, the FeLIPO pilot trial (Feasibility of a lifestyle-intervention in pregnancy to
optimise maternal weight development) was initiated. As the pilot trial was effective in
reducing the proportion of women with excessive GWG (Rauh et al. 2013), the large-scale
GeliS study (“Gesund leben in der Schwangerschaft”/ healthy living in pregnancy) was
developed. The GeliS study was performed in multiple districts of Bavaria and focused on
maternal and foetal health. In a structured lifestyle counselling programme, pregnant women
were encouraged to follow a balanced diet and regular physical activity during their

pregnancy.
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2 Aim of the thesis

The present work aims to elucidate the effectiveness of lifestyle counselling conducted within
the setting of routine antenatal care. The 12-months follow-up results of the FeLIPO pilot
study as well as primary and secondary outcomes of the GeliS trial are addressed. The

following main research questions are investigated with the aim to assess

1) the effect of lifestyle counselling in the FeLIPO study on maternal and offspring
weight development in the first year pp,

2) the effect of lifestyle counselling in the GeliS study on the proportion of women with
excessive GWG and the incidence of pregnancy and obstetric complications,

3) the effect of lifestyle counselling in the GeliS study on maternal prenatal dietary
behaviour,

4) associations between maternal prenatal dietary behaviour and GWG in the GeliS
cohort, and

5) associations between maternal prenatal dietary behaviour and neonatal body

weight in the GeliS cohort.

Study designs and procedures of both the FeLIPO and the GeliS trials are presented in the
subsequent part, followed by a summary of research results and a discussion of the effects

and limitations of these trials, as well as implications for future approaches.
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3 Methods

3.1 The FeLIPO trial

3.1.1 Design of the FeLIPO trial

The FeLIPO trial is a cluster-randomised controlled lifestyle intervention study conducted
within gynaecological practices in the area around Munich, Bavaria. The pilot trial was
performed to ensure safety and feasibility of the applied methods. The trial protocol was
approved by the ethical committee of the Technical University of Munich and is registered in
the German Clinical Trials register (DRKS00003801). The FeLIPO study was conducted in
conformity with the declaration of Helsinki and Good Clinical Practice guidelines, as well as
with local laws and regulatory requirements. Study design and primary results have been
published in 2013 (Rauh et al. 2013).

Eight gynaecological practices were recruited for participation and were randomly assigned
to four intervention and four control practices. Between February 2010 and August 2011,
250 pregnant women were recruited in gynaecological practices by their staff. Women were
considered for study participation if they were pregnant with a single child for <18 weeks, full-
aged, had sufficient German language skills and a BMI =18.5 kg/m?. They were excluded in
case of diagnosed diabetes mellitus, uncontrolled diseases and conditions contraindicating
physical activity. Prior to inclusion, all women completed a declaration of consent in written
form (Rauh et al. 2013).

3.1.2 The lifestyle intervention programme of the FeLIPO trial

Women in the control group (CG) received a leaflet with general information about a healthy
lifestyle (DGE 2017), while a structured lifestyle counselling programme was offered to
participants in the intervention group (IV). In two individually scheduled appointments at the
20" and the 30" week of gestation, women received advice on a healthy antenatal lifestyle.
Next to a balanced maternal nutrition and regular physical activity, the focus of these sessions
was on monitoring of GWG as recommended by the IOM. Counselling sessions were
performed by a dietary expert. The first session lasted up to 60 min and the second
approximately 30 min. Next to the pre-defined contents, the counselling included an individual
part with feedback based on dietary records and a physical activity questionnaire filled in by
the women. More details on the content of the lifestyle counselling are given by Rauh et al.
(2013).
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3.1.1 Data collection in the FeLIPO trial

The primary outcome of the FeLIPO trial was the proportion of women with excessive GWG
according to the recommendations given by the IOM. Data on maternal weight development
during pregnancy as well as pregnancy and obstetric complications were collected from
maternity and birth records that are routinely used by practice and clinic staff. Details about
data collection of the primary and some of the secondary outcomes have previously been
published (Rauh et al. 2013).

Maternal dietary behaviour

Dietary data was assessed by means of 7-day dietary records filled in by women three times
during pregnancy in the IV (16™-18™" week, 26™"-28™ week, 36'"-38" week) and two times in the
CG (16'"-18™ week, 36™-38" week). Energy, carbohydrate, fat, protein and fibre intake were
calculated based thereon with the OptiDiet software (version 5.0.0.029; Gesellschaft fir

optimierte Erndhrung mbH-GOE, Linden, Germany).

Twelve months follow-up of the FeLIPO trial

After birth, mothers and their offspring were followed-up for one year. At four and twelve
months pp, women in both groups were contacted via a phone call or an e-mail. In these
interviews, information on maternal and infant weight development as well as on
breastfeeding behaviour was collected. Maternal PPWR at four and twelve months pp was
defined as the difference between self-reported follow-up weight and self-reported pre-
pregnancy weight. PPWR >5 kg was considered as relevant weight retention (Gunderson and
Abrams 1999; Ohlin and Rdssner 1990). Weight data of children were retrieved from the well-
baby checkup booklet. In this booklet, pediatricians document data such as infant weight,

length and health from check-ups that are routinely performed from birth until school entry.

3.1.2 Data analysis in the FeLIPO trial

Data analysis in the FeLIPO trial was performed as described in Rauh et al. (2015) and Rauh
et al. (2013). Linear and logistic regression models were applied for the analysis of group
differences. Covariates included in the models as well as further details have been described

previously (Rauh et al. 2015).

3.2 The GeliS trial

3.2.1 Design of the GeliS trial

Subsequent to the primary phase of the FeLIPO study, the GeliS trial was initiated. The GeliS

study is a cluster-randomised, multi-centre, controlled, open intervention trial primarily aiming
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to limit excessive GWG by providing lifestyle counselling. The study protocol was approved
by the ethical committee of the Technical University of Munich and is registered at
ClinicalTrials.gov (NCT01958307). The trial is conducted in conformity with the declaration of
Helsinki and Good Clinical Practice guidelines as well as with local laws and regulatory

requirements. A description of the study design was published by Rauh et al. (2014).

Ten regions of Bavaria were chosen as setting for the intervention study. Five pairs of regions
were matched based on sociodemographic data and birth figures. Randomisation to

intervention and control regions was performed within these pairs (Rauh et al. 2014).

3.2.2 Recruitment and qualification of counsellors

Lifestyle counselling was realised by trained midwives, gynaecologists and medical
personnel. Health care providers had to attend two standardised qualifying seminars, which
followed a predefined schedule with a fixed content. The first seminar, informing about study
procedures and the counselling content, had to be visited prior to conducting lifestyle
counselling. Next to basic information about nutrition, physical activity and exercise during
pregnancy, detailed knowledge about GWG, dietary supplement use as well as several risk
factors such as alcohol, smoking and foodborne infections was communicated. Six months
later, a follow-up seminar providing information about breastfeeding, feeding practices and
physical activity during early infancy was scheduled. Content and material of the seminars
were developed in collaboration with the “Healthy Start — Young Family Network” (Koletzko
et al. 2013).

3.2.3 Recruitment of study participants

A total of 2286 pregnant women were recruited for participation between July 2013 and
December 2015. Recruitment was realised by medical personnel in gynaecological practices.
Women were addressed before the 12" week of their pregnancy. They reported
characteristics such as age, nationality, educational and employment level, anthropometric
data including body weight and height, and the number of previous births in a questionnaire.
Based on this, inclusion and exclusion criteria for study participation were verified (Table 4).

Prior to study participation, women completed a declaration of consent in written form.

3.2.4 The lifestyle intervention programme of the GeliS trial

Next to routine prenatal care, women in control regions received a leaflet with general
information about a healthy lifestyle (DGE 2017). Participants in the IV were provided a
comprehensive lifestyle counselling programme, comprising three appointments with their

assigned counsellor during pregnancy as well as one session pp (Figure 1). Counselling
22



3 Methods

sessions focused on a balanced diet, regular physical activity and monitoring of GWG
(Table 5). Pedometers recording daily steps as well as weight gain charts displaying body
weight development over the course of pregnancy as recommended by the IOM, were

provided to support self-monitoring of behaviour.

Table 4 Inclusion and exclusion criteria for participation in the GeliS trial.

Inclusion criteria Exclusion criteria
Pregnancy week: <12 Multiple pregnancy
Age: 18-43 years High-risk pregnancy
BMI: =18.5 and <40.0 kg/m? Diabetes mellitus or early GDM
Sufficient German language skills Uncontrolled chronic disease

Psychiatric disease

BMI, body mass index; GDM, gestational diabetes mellitus.
Data source: own contribution, based on Rauh et al. (2014).

Pregnancy Postpartum

Intervention regions Intervention group
n=5 n=1152
Expert centers (n=5)

!

Control regions Control group
n=1134

Data from maternity cards (weight gain, complications)

12th-16th  16th-20th 24th.28th  30th-34th 6th-gth

week1 week! week! week! Biih week?

Figure 1 Design and procedures of the GeliS study from pregnancy to the early postpartum
phase.

'week of gestation; 2week postpartum; C, counselling session; oGTT, oral glucose tolerance test;
Q, questionnaire; VO, screening visit. Data source: modified from Rauh et al. (2014).
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Table 5 The GeliS lifestyle counselling programme.

Timing Focus Specifics
Session 1 12th—q6th Counselling on a healthy lifestyle, Handout of supplemental
week of including information about adequate information material

gestation GWG, physical activity, nutrition, critical

nutrients and harmful substances

Session 2 16th—20th Repetition of the content covered in the  Information on an optional
week of first session, individual counselling oGTT between the 24" and
gestation taking into account personal dietary 28" week

habits and physical activity

Session 3 3034t Repetition of previously discussed Blood sampling for
week of content, focusing on weight monitoring measuring HbA ¢
gestation and information on breastfeeding
Session4  g"-8" week Counselling on nutrition in the
postpartum breastfeeding phase, infant feeding
practices

GWG, gestational weight gain; HbA+c, glycosylated haemoglobin Aic; oGTT, oral glucose tolerance test.

Data source: based on Rauh et al. (2014).

3.2.5 Data collection in the GeliS trial

Pregnancy-associated and birth parameters

GWG was calculated as difference between the first and the last measured prenatal weight
as documented in maternity records by gynaecologists. In addition, diverse secondary
parameters were analysed (Table 6). GDM was diagnosed with a 2-hour 75 g oral glucose
tolerance test (0GTT) between the 24" and the 28" week of gestation. The standardised test
was performed with reference to national and international guidelines in gynaecological
practices (Kleinwechter et al. 2016; Metzger et al. 2010). GDM was diagnosed if blood glucose
equalled or exceeded one of the following thresholds: 92 mg/dL (fasted), 180 mg/dL (1 hour

after glucose intake), 153 mg/dL (2 hours after glucose intake).

Combined questionnaires assessing dietary behaviour, physical activity and mental health
were collected in early (<12™ week) as well as late pregnancy (>29" week) and 6-8 weeks pp.

In the following, details on the assessment and evaluation of dietary behaviour are provided.

Maternal dietary behaviour

Self-reported data on maternal dietary behaviour were collected in the semi-quantitative FFQ
that was validated and applied in the DEGS study (“German Health Interview and Examination
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Survey for Adults”) at the Robert Koch Institute (Haftenberger et al. 2010). The questionnaire
assesses the average dietary intake of 54 food items over the last four weeks with questions
about the frequency and amount of consumption. For each food item, participants could
choose between 11 different categories of frequencies ranging from “never” to “more than
five times per day”. Categories of portion sizes are defined for the different food groups in
usual measures, such as plates, bowls, cups, glasses, spoons and pieces. For meat, fish and
vegetables, information on the typical way of preparation is collected. In addition, questions

about specific diets (e.g. vegetarian, vegan) and the frequency of food preparation are asked.

Table 6 Primary and selected secondary outcomes of the GeliS study.

Parameter Data source
Primary outcome Excessive gestational weight gain Maternity record
Pregnancy complications Gestational diabetes mellitus Maternity record
Hypertension Maternity record
Obstetric complications Mode of delivery Birth protocol
Induction of labour Birth protocol
Newborn parameters Birth weight Birth protocol
Height Birth protocol
Head circumference Birth protocol
Maternal body weight 6-8 weeks pp weight retention Maternity record

pp: postpartum. Data source: based on Rauh et al. (2014).

3.2.6 Data analysis in the GeliS trial

Pregnancy-associated and birth parameters

SAS software, version 9.4 for Windows (SAS Institute Inc., Cary, NC, USA) was used for
statistical analyses. For the primary endpoint, a complete-case analysis was performed,
including all women with available GWG data except those with a preterm delivery (<37 weeks
of gestation) and women dropping out between inclusion and delivery. For secondary
pregnancy- and birth-associated outcomes, the same dataset was used including women
with a preterm delivery. Due to the cluster-randomised design, statistical analyses were
performed using generalised estimating equations according to Donner and Klar (2000).
Logistic and linear models were fit for binary and continuous parameters. Group differences
are presented as estimated mean differences or odds ratios (ORs) and 95% confidence
intervals (Cls), respectively. Details about statistical analyses have been described by Kunath
et al. (2019).
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Maternal dietary behaviour

In the analysis of the FFQ, data was discarded if more than 20 answers to food items were
missing. Furthermore, data of women reporting implausibly high food intakes (liquids >15 kg,
solid foods >10 kg, or liquids >4 kg and solid foods >6 kg) were excluded from the analyses
due to overreporting of food intake, as defined by the developers of the DEGS-FFQ (RKI
2018).

The 54 food items were grouped to 17 food groups: non-alcoholic beverages, caffeinated
beverages, soft drinks, alcoholic drinks, vegetables, fruit, cereal, side dishes, nuts, dairy
products, cheese, eggs, fish, meat products, fats, sweets and snacks, and fast food. On the
basis of the German food composition database (“Bundeslebensmittelschlissel”, version
3.02), energy and macronutrient intake of women were estimated with the OptiDiet PLUS
software (version 6.0, GOE mbH, Linden, Germany). For questions in the FFQ referring to a
spectrum of foods instead of single items, reference intake pattern from the German National
Consumption Survey Il were taken into account in order to improve accuracy (MRI 2018). For
analysis of energy and macronutrient intake, data were further excluded in case energy intake
was underreported (<4,500 kJ) or overreported (>20,000 kJ) (Meltzer et al. 2008).

A Healthy Eating Index (HEI), developed specifically for the DEGS-FFQ, was calculated (Kuhn
2017). Intake of 14 food categories form the basis of the HEI. For each of these categories, a
score from 0 to 100 was calculated based on the women’s adherence to the German Nutrition
Society (DGE) recommendations. From the mean scores, a sum score was generated. The

HEI ranges from O (low dietary quality) to 100 (high dietary quality).

Dietary outcomes were analysed with SPSS software (IBM SPSS Statistics for Windows,
version 24.0, IBM Corp, Armonk, NY, USA). Food intake in late pregnancy was compared
between IV and CG. Linear and logistic regression models based on generalised estimating
equations were conducted to compare dietary parameters between groups. Changes in
dietary behaviour from early to late pregnancy were analysed with linear mixed models.
Associations of dietary behaviour and GWG as well as offspring weight parameters were
analysed using linear and logistic regression models. For the latter type of analysis, groups
were pooled to one cohort and group allocation was considered as an additional adjustment
variable. Results are presented as estimated mean difference, effect size or OR and 95% Cl,
respectively. Details on statistical analysis of dietary data are provided by Gunther et al.
(2019a) and Glnther et al. (2019b).
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In the following part, research results and the corresponding publications are presented,
including pp weight development of mothers and children in the FelLIPO trial (Rauh et al.
2015), followed by the effects of the GeliS study on GWG (Kunath et al. 2019), pregnancy
complications (Kunath et al. 2019) as well as maternal dietary behaviour (Glnther et al. 2019a).
In addition, data on associations between the maternal diet and maternal and offspring weight

parameters are presented (Glnther et al. 2019a; Glinther et al. 2019b).

4.1 Effects of the FeLIPO lifestyle intervention on maternal postpartum weight

retention and infant weight development

Lifestyle intervention to prevent excessive maternal weight gain: mother and infant follow-up

at 12 months postpartum

Kathrin Rauh' & Julia Giinther', Julia Kunath, Lynne Stecher and Hans Hauner

"The first two authors contributed equally to this work and share first authorship.

BMC Pregnancy and Childbirth 2015; 15:265; Open Access article available from:
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-015-0701-2.

Summary of findings: Twelve months pp, weight data in the randomised controlled FeLIPO
study were received from 148 women in the intervention group and 65 women in the control,
corresponding to 85.2% of initially recruited study participants. Mean PPWR was 0.2 + 3.6 kg
in the IV and 0.8 £ 5.7 kg in the CG. There was no significant evidence for a difference
between groups (p=0.321). The intervention resulted in a reduction of the proportion of
women retaining more than 5 kg weight one year after delivery compared to their pre-
pregnancy body weight (IV: 8%, CG: 17%, p=0.044). In a cohort analysis, higher GWG was
positively associated with PPWR. Per 1 kg increase in GWG, mean PPWR was increased by
0.4 kg (p<0.001). No significant association between maternal energy and macronutrient
intake with PPWR could be shown, neither in early nor in late pregnancy.

Offspring weight data up to 10 to 12 months pp were received for a total of 150 children in
the IV and 70 in the CG. Until the 6" to 7" month pp weight measurement, no difference in
infant weight development was shown between groups. 10 to 12 months after birth, offspring
of women receiving lifestyle counselling during pregnancy tended to weigh less
(IV: 9382 + 931 g, CG: 9736 + 999 ), but there was no statistically significant difference after
adjusting for potential confounders (p=0.099). There was limited evidence of a positive

association between GWG and infant weight at the 10" to 12" month (p=0.074). Maternal
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antenatal energy and macronutrient intake were not shown to be significantly associated with
offspring weight at the 10" to 12" month assessment.

In conclusion, the FeLIPO lifestyle intervention, which was effective in reducing GWG, showed
limited effects on pp maternal and offspring weight development. While GWG played a
significant role in pp weight development of women and by trend of their infants, such an

association could not be shown with maternal antenatal dietary behaviour.

Personal contribution: Julia Guinther was in charge of data interpretation and the writing of

the manuscript.

4.2 Effects of the GeliS lifestyle intervention on gestational weight gain and

pregnancy complications

Effects of a lifestyle intervention during pregnancy to prevent excessive gestational weight

gain in routine care — the cluster-randomised GeliS trial

Julia Kunath' & Julia Glinther', Kathrin Rauh, Julia Hoffmann, Lynne Stecher, Eva Rosenfeld,
Luzia Kick, Kurt Ulm and Hans Hauner

"The first two authors contributed equally to this work and share first authorship.

BMC Medicine 2019; 17:5; Open Access article available from
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-018-1235-z.

Summary of findings: In the cluster-randomised GeliS intervention ftrial, a total of 2286
pregnant women were recruited in 71 gynaecological practices. 1139 women received
counselling sessions on a healthy antenatal lifestyle, while 1122 women were allocated to the
CG. Data from 83.4% of the initially enrolled women were considered for the primary analysis.
Lifestyle counselling had no effect on the proportion of women with excessive GWG. The IOM
weight gain recommendations were exceeded by 45.1% of women in the IV and 45.7% in the
CG (p=0.789). Mean GWG did also not differ significantly between groups (14.1 + 5.3 kg vs.
14.1 £ 5.2 kg, p=0.838). There were no major differences in pregnancy and obstetric
complications between groups. GDM was diagnosed in 10.8% and 11.1% of women in the
IV and the CG, respectively (p=0.622), and 3.5% (IV) and 4.9% (CG) received treatment
(p=0.364). In the IV, the proportion of women with hypertension was higher than in the routine
care group (IV: 9.5%, CG: 6.4%, p=0.017). Moreover, the rate of planned caesarean delivery
was higher in the group receiving lifestyle counselling (IV: 15.5%, CG: 11.6%, p=0.017).
Induction of labour as well as preterm labour was more frequent among women in the CG
(IV: 17.3%, CG: 23.5%, p=0.038; IV: 1.6%, CG: 2.9%, p=0.003).
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Slight differences between groups were observed in neonatal parameters. Both mean birth
weight  (IV: 3313 + 536 g, CG: 3363 + 498 g, p=0.020) and length (IV:51.1 +2.7 cm,
CG: 51.6 + 2.5 cm, p=0.001) were slightly lower in the IV compared to the control. The
proportion of preterm born infants was comparable between the two groups (IV: 7.1%,
CG: 6.0%, p=0.310).

In conclusion, lifestyle counselling in the setting of routine antenatal care neither reduced the
proportion of women with excessive GWG nor the frequency of pregnancy and obstetric

complications. Slight differences were observed in neonatal weight and length.

Personal contribution: Julia Giinther was in parts responsible for study procedures, data
collection, data monitoring and conception of data analysis. Furthermore, Julia Gilinther
contributed to the data interpretation and wrote the manuscript together with the other first

author.

4.3 Effects of the GeliS lifestyle intervention on antenatal dietary behaviour

Effects of a lifestyle intervention in routine care on prenatal dietary behaviour — findings from

the cluster-randomised GeliS trial

Julia Giinther, Julia Hoffmann, Julia Kunath, Monika Spies, Dorothy Meyer, Lynne Stecher,

Eva Rosenfeld, Luzia Kick, Kathrin Rauh and Hans Hauner

Journal of Clinical Medicine 2019; 8:960; Open Access article available from
https://www.mdpi.com/2077-0383/8/7/960.

Summary of findings: The GeliS lifestyle counselling programme was effective in modifying
certain components of maternal dietary behaviour. In late pregnancy, mean daily vegetable
as well as fish intake was higher in women in the counselling group than in the CG (adjusted
effect size for vegetable intake 19.83 g/day, Cl 2.75-36.91 g/day, p=0.023; adjusted effect
size for fish intake: 1.82 g/day, ClI 0.68-2.96 g/day, p=0.002). Another beneficial effect of the
intervention was a decrease in maternal soft drink intake (IV:155.45 mlL/day,
CG: 235.36 mL/day, p<0.001). Women allocated to the counselling programme were more
likely to choose healthier alternatives such as olive or rapeseed oil instead of other oils
(p<0.001), whole-grain bread (p=0.002) and low-fat varieties of dairy products (p<0.001).

Lifestyle counselling did not induce changes in energy intake (IV: 2000 kcal/day,
CG: 2011 kcal/day, p=0.724) and in the macronutrient composition of the prenatal diet. Mean
dietary quality in late pregnancy was rated with a HEI and differed by trend between the IV
and the CG (IV: 59.3 points, CG: 57.6 points) but was not significantly influenced by the

intervention (p=0.162). Subgroup analyses provided evidence for a difference in the HEI
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between groups in women aged 18-25 years (p=0.001) and women with general secondary
education (p<0.001).

In the pooled GeliS cohort, certain dietary parameters in early and late pregnancy were
positively associated with GWG. Food groups promoting weight gain included cheese
(p=0.045), eggs (p=0.013) and fast food (p<0.001) in early pregnancy, and dairy products
(p<0.001), processed meat (p=0.028), sweets and snacks (p=0.001) and fast food (p=0.007)
in late pregnancy. There was evidence for an association of both late pregnancy energy intake
(p<0.001) and sugar consumption (p=0.004) with GWG.

In conclusion, lifestyle counselling resulted in some beneficial dietary changes but yielded no
significant effect on energy intake or overall dietary quality. Multiple aspects of the maternal

diet were positively associated with GWG in the GeliS cohort.

Personal contribution: Julia Giinther was in parts responsible for study procedures and data
collection. Julia Glinther was in charge of data processing and statistical analysis, data

interpretation and writing of the manuscript.

4.4 Associations between the maternal antenatal diet and infant weight

parameters at birth

Associations between the prenatal diet and neonatal outcomes — a secondary analysis of the

cluster-randomised GeliS ftrial

Julia Giinther, Julia Hoffmann, Monika Spies, Dorothy Meyer, Julia Kunath, Lynne Stecher,

Eva Rosenfeld, Luzia Kick, Kathrin Rauh and Hans Hauner

Nutrients 2019; 11:1889; Open Access article available from https://www.mdpi.com/2072-
6643/11/8/1889.

Summary of findings: In this secondary cohort analysis, some factors of the maternal
antenatal diet, assessed via food frequency questionnaires in early (TO) and late gestation (T1),
were associated with infant weight parameters at birth. The HEI was positively associated
with infant birth weight (TO: adjusted effect size 39.26 g per 10 points, Cl 12.29 to 66.22 g,
p=0.004; T1: adjusted effect size 42.76 g per 10 points, Cl 15.98 to 69.55 g, p=0.002).
Vegetable intake was also positively associated with birth weight in early (adjusted effect size
41.28 g per 150 g portion of vegetables, Cl 17.87 to 64.70 g, p=0.001) and late pregnancy
(adjusted effect size 36.67 g per portion, Cl 15.95 to 57.39 g, p=0.001). This was similarly
seen in offspring BMI (TO: p=0.017, T1: p=0.002). In late pregnancy, fruit consumption was
positively associated with infant weight (adjusted effect size 15.25 g per 150 g portion of fruit,

Cl 3.67 to 26.83 g, p=0.010) and BMI at birth (p=0.009). Furthermore, an increased fruit intake
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in early gestation increased the odds of LGA neonates (p=0.016). Fast food intake in early
gestation was positively associated with the odds of the offspring being born with >4000 g
(p=0.014).

Soft drink intake during pregnancy was negatively associated with birth weight in early
(adjusted effect size -10.90 g per 200 mL glass, Cl -18.17 to -3.64 g, p=0.003) and late
gestation (adjusted effect size -8.19 g per glass, Cl -16.26 to -0.11 g, p=0.047). There was no
evidence for such an association with neonate BMI (TO: p=0.076, T1: p=0.437). A negative
association was observed between birth weight and early gestational alcohol (adjusted effect
size -15.32 g per g, Cl -29.83 to -0.80 g, p=0.039) and saccharose consumption (adjusted
effect size -8.27 g per 10 g, Cl -15.83 t0 -0.70 g, p=0.032). Early pregnancy sugar intake was
additionally associated with increased odds of having an offspring with a birth weight <2500 g
(p=0.026), whereas the intake of other macronutrients as well as total energy intake were not
shown to be associated with infant weight or weight-related parameters at birth.

In conclusion, there was evidence that a healthy diet during pregnancy is associated with a
slightly higher mean offspring birth weight within the adequate range, whereas some less

healthy dietary factors were related to a modestly decreased infant weight at birth.
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The aim of the present work was to analyse the effect of lifestyle counselling on maternal and
offspring health, weight development and maternal dietary outcomes. Therefore, the influence
of the FeLIPO lifestyle intervention on weight development of mothers and infants in the first
year after birth was addressed (Rauh et al. 2015). Moreover, the effectiveness of the GeliS
intervention in reducing the proportion of women with excessive weight gain and pregnancy
complications was investigated (Kunath et al. 2019). Special emphasis was put on maternal
dietary behaviour, changes induced by the lifestyle intervention (Glnther et al. 2019a) and its
relation to GWG (Glinther et al. 2019a) and offspring body weight (Glnther et al. 2019b).

5.1 Discussion of the main findings from the GeliS and FeLIPO trials
5.1.1 Findings from the FeLIPO trial

Effects of the FeLIPO intervention on maternal outcomes

Following an effective reduction of the proportion of women with excessive GWG (Rauh et al.
2013), the influence of the intervention on pp weight development of mothers and their
offspring was investigated. As shown by Rauh et al. (2013), lifestyle counselling by a dietary
expert had successfully reduced mean GWG (IV: 14.1 kg, CG: 15.6 kg, p=0.049) and the rate
of excessive GWG (IV: 38%, CG: 60%, p=0.032). Although GWG had been lower in the IV,
the weight retained one year after delivery did not significantly differ between groups (Rauh
et al. 2015). However, the proportion of women showing relevant PPWR (>5 kg) was higher in
the CG 4 months (Rauh et al. 2013) as well as 12 months after birth (Rauh et al. 2015).
Potential effects of lifestyle counselling during pregnancy on PPWR have also been
considered in various other studies (Sagedal et al. 2017; Ronnberg et al. 2016; Vesco et al.
2016; Althuizen et al. 2013; Phelan et al. 2011b). Recently, we concluded in a meta-analysis
that a lifestyle intervention starting in pregnancy can significantly reduce PPWR in the first
year after childbirth by 0.73 kg (Cl -1.32 to -0.14, p=0.015) (Michel et al. 2019). Although the
mean group difference was strongest at 4-6 months pp and attenuated over time, there was
still evidence for a group difference at 12 months after delivery (Michel et al. 2019). Effects of
lifestyle interventions on pp weight development were however heterogeneous and the quality
of included studies was often limited. Well-designed large-scaled trials with longer follow-up
periods are required to confirm if lifestyle counselling can profoundly impact long-term
maternal weight development. Maternal weight development after birth is of major relevance,
as PPWR modifies the long-term risk of overweight and obesity (Gore et al. 2003). Evaluation

of the 5-year follow-up of the GeliS intervention will add value in the understanding of the
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effect of a pregnancy lifestyle intervention on maternal weight development in the first years

Pp.

Among women in the FeLIPO cohort, there was statistical evidence for a positive association
between GWG and PPWR, but no evidence for a relation between self-reported antenatal
dietary behaviour and the amount of retained weight (Rauh et al. 2015). Higher post-
pregnancy body weight in women gaining excessive weight during gestation is common and
has been confirmed in a meta-analysis by Nehring et al. (2011). Less is known on the impact
of specific lifestyle factors on weight development beyond pregnancy (Ng et al. 2014; Rooney
and Schauberger 2002). Multiple other factors are discussed as determinants of PPWR,
including parity, pre-pregnancy BMI, educational level and breastfeeding behaviour (Hill et al.
2017; Hollis et al. 2017; Baker et al. 2008; Amorim et al. 2007). High and excessive GWG have
been suggested as key determinants in short-term but also in long-term pp weight
development of women (Mannan et al. 2013; Mamun et al. 2010; Amorim et al. 2007; Linné et
al. 2004). Thus, interventions during pregnancy with the aim to normalise GWG may have

long-term beneficial effects on maternal weight and health (Michel et al. 2019).

Effects of the FeLIPO intervention on offspring outcomes

According to meta-analyses, excessive GWG also seems to be an important determinant of
short- and long-term weight development and obesity risk of the offspring (Mamun et al. 2014;
Nehring et al. 2013). In the FeLIPO cohort, an increase in maternal GWG was by trend related
to an increase in infant weight one year after birth (Rauh et al. 2015).

The FeLIPO intervention did not induce significant group differences in weight development
in the first year of life, although weight at 10 to 12 months was by trend lower in the IV
compared to the CG (Rauh et al. 2015). Infant weight development after antenatal lifestyle
intervention has also been analysed in various other studies reporting mixed results. In most
of the studies, antenatal lifestyle intervention showed no effect on early weight development
in infants of women across all BMI categories (Ronnberg et al. 2017; Horan et al. 2016; Kolu
et al. 2016; Mustila et al. 2012). For offspring of women with obesity, previous results have
been promising (Vesco et al. 2016; Tanvig et al. 2014). A recent systematic review showed a
reduced risk of obesity in children of women with obesity receiving lifestyle counselling during
pregnancy, but highlighted the need for further investigations due to the high heterogeneity
in performed trials (Dalrymple et al. 2018).

Given that breastfeeding is an important determinant of infant weight development (Harder et
al. 2005; Arenz et al. 2004), an alternative explanation for the trend in infant weight difference

observed in the FeLIPO study is that the mean duration of breastfeeding was by trend higher
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in the IV (Rauh et al. 2015). Large-scaled trials monitoring infant weight and health in the first
years of life will be essential to further elucidate the impact of lifestyle counselling on offspring
development. Following the pilot study FeLIPO, the GeliS trial with its extended follow-up
period until the 5" year of life will provide more insight into offspring weight development

during infancy.
5.1.2 Findings from the GeliS trial

Main findings from the GeliS trial

In the large-scaled GeliS ftrial, the effectiveness of counselling on a healthy antenatal diet,
regular physical activity and adequate GWG, delivered by health care providers, was
investigated. Main findings discussed in the following are summarised in Figure 2.

The primary aim of the study, a reduction in the proportion of women gaining excessive
weight during pregnancy, was not achieved (Kunath et al. 2019). Although adherence to the
scheduled counselling sessions was high, the IOM recommendations for healthy GWG were
exceeded by 45.1% of women in the IV and by a comparable 45.7% of women receiving
routine prenatal care (Kunath et al. 2019). A lack of effectiveness of antenatal lifestyle
counselling in reducing GWG has also been reported by others. Various lifestyle intervention
programmes have been initiated and their effects on GWG have been inconsistent (Shieh et
al. 2018; O'Brien et al. 2016; Muktabhant et al. 2015; Thangaratinam et al. 2012; Gardner et
al. 2011; Dodd et al. 2010; Ronnberg and Nilsson 2010; Skouteris et al. 2010; Streuling et al.
2010). Among the two largest lifestyle intervention studies next to the GeliS trial, the UPBEAT
study showed only modest effects on GWG (Poston et al. 2015), and the LIMIT study showed
no effect on GWG (Dodd et al. 2014b), being consistent with the findings from the GeliS trial
(Kunath et al. 2019). The i-WIP IPD meta-analysis concluded that overall, lifestyle interventions
are modestly effective in reducing mean GWG by 0.7 kg (i-WIP 2017). There was, however, a
high heterogeneity between the studies in terms of intensity, duration, target groups and
provider of the intervention (i-WIP 2017). Success of counselling programmes may further
depend on multiple factors such as maternal BMI, parity or educational level (i-WIP 2017;
Goldstein et al. 2016), albeit the authors of the IPD meta-analysis found no significant
evidence for subgroup differences (i-WIP 2017). Concluding therefrom, lifestyle interventions
seem to be modestly effective in limiting GWG, but successful strategies feasible in large

groups and realistic settings remain to be developed.

Besides a small but significant effect on GWG, the IPD meta-analysis provided evidence for
a reduction in the risk of caesarean delivery and limited evidence for a reduction in the rate of

GDM (i-WIP 2017). In the GeliS study, lifestyle counselling was not effective in reducing
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pregnancy and obstetric complications (Kunath et al. 2019). Prevalence of GDM (11.0%) was
comparable to the general rate in the German population (13.2%) (Melchior et al. 2017) and
elective caesarean section was even more frequent among women receiving lifestyle
counselling compared to women attending routine antenatal care. Mode of delivery was not
included as a component in the lifestyle counselling, and the intervention is thus an unlikely
explanation for this observation (Kunath et al. 2019). Cluster-randomisation of study regions
instead of individual participants caused that women in the IV gave birth in other hospitals
than women in the CG. As birth procedures differ between hospitals, reflected in a high
regional variation in the caesarean section rate (Kolip et al. 2012), this is a potential
explanation for the difference in the frequency of elective caesarean sections (Kunath et al.
2019).

Mean offspring weight at birth was slightly higher in the CG compared to the IV (Kunath et
al. 2019). However, the rate of macrosomia and LGA was not different between groups. In
addition to weight, the length of children at birth was higher in the CG, which might explain
the difference in birth weight. Other offspring outcomes were not influenced by the lifestyle
intervention (Kunath et al. 2019). Consistent with that, the IPD meta-analysis and other
systematic reviews provided no evidence of an effect of lifestyle intervention during

pregnancy on offspring outcomes (Dalrymple et al. 2018; i-WIP 2017; O'Brien et al. 2016).

Intervention effects

Weight gain no effect on eGWG and mean GWG
Pregnancy no effect on caserean section and GDM
complications rate

1 consumption of vegetables & fish
| consumption of soft drinks

1 choice of low-fat variants
1 choice of healthy oils
Dietary 1 choice of whole-grain bread

behaviour

no consistent effect on dietary quality

no effect on energy intake

no effect on macronutrient composition

Figure 2 Summary of the presented intervention effects of the GeliS trial.
eGWG, excessive gestational weight gain; GDM, gestational diabetes mellitus;
GWG, gestational weight gain. Data source: own contribution.
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Effects of the GeliS intervention on maternal dietary behaviour

Analysis of the self-reported maternal diet in the GeliS trial provided evidence for adaptations
following the lifestyle counselling (Glnther et al. 2019a). The intervention favoured a number
of behaviours that are regarded as healthy such as a higher vegetable intake or lower soft
drink consumption (Figure 2). Nevertheless, antenatal energy intake was not influenced by
the intervention, which is consistent with the missing effect on GWG (Glnther et al. 2019a).
This has similarly been observed in the large-scaled LIMIT trial, where dietary counselling
could also modify neither energy intake nor GWG (Dodd et al. 2014a; Dodd et al. 2014b). In
contrast to that, the intense intervention programme of the UPBEAT trial successfully reduced
both energy consumption and mean GWG (Poston et al. 2015). Generally, the effectiveness
of different lifestyle interventions in modifying energy intake has been heterogeneous
(see Table 3).

The results of the LIMIT and the UPBEAT trial as well as dietary data collected in the GeliS
study suggest that specific aspects of the diet are more likely to be influenced by the
counselling than overall patterns and energy intake. Multiple factors reflecting a health-
conscious diet were promoted by the counselling sessions in the GeliS trial. Observed effects
included a slightly higher mean intake of fish and vegetables, a reduction in the consumption
of sugar-sweetened beverages, and increased likelihood to choose low-fat dairy, whole-grain
variants and rapeseed or olive oil (Ginther et al. 2019a). These changes in behaviour are in
line with specific recommendations that were communicated in the counselling sessions
(Rauh et al. 2014; Koletzko et al. 2013). Moreover, these aspects of the antenatal diet have
also been successfully modified in other intervention trials (Valkama et al. 2016; Dodd et al.
2014a; Kinnunen et al. 2014; Guelinckx et al. 2010).

The overall maternal diet was rated with a HEI specifically developed for the applied FFQ.
Despite the above-described small but significant modifications in aspects of the maternal
diet, there was no evidence for a higher overall dietary quality in the IV compared to the CG
(Ginther et al. 2019a). This finding is contradictory to other trials showing a beneficial effect
on dietary quality (Sagedal et al. 2016; Dodd et al. 2014a). In specific subgroups of the GeliS
cohort, however, overall dietary quality was significantly promoted by lifestyle counselling.
There was significant evidence for an intervention effect in women younger than 26 years and
in women with lower educational level (Glnther et al. 2019a). The success of antenatal lifestyle
counselling in promoting dietary adaptations may thus depend on maternal
sociodemographic characteristics, which should be considered in delivering such

interventions in the future.
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Associations of the maternal diet with maternal and offspring weight parameters

Highlighting aspects of the diet that are of particular relevance for GWG may help to identify
important key components of lifestyle counselling that should be emphasised in order to
promote GWG within the adequate range. In the GeliS cohort, identified components that
were positively associated with GWG were mostly foods of animal origin such as meat
products, eggs, cheese, dairy products and high-processed foods such as sweets, snacks
and fast food (Glnther et al. 2019a). Generally, evidence in this field is sparse. However, some
studies also showed positive associations between energy-dense and animal-derived foods
and GWG (Béarebring et al. 2016; Stuebe et al. 2009). Choosing low-fat products as well as
intake of energy and sugar in late pregnancy were additional factors favouring a higher GWG
among women included in the GeliS trial (Glnther et al. 2019a). Promoting effects of energy
and sugar intake on GWG have also been shown by others (Tielemans et al. 2016; Maslova
et al. 2015; Renault et al. 2015a), whereas no comparable data could be found to support the
observed unexpected relation between an increased consumption of low-fat variants and
higher GWG. A possible explanation is that women choosing fat-reduced alternatives may
tend to consume more energy from the same or other products, although there was still
evidence for an association after adjusting for energy intake (Glinther et al. 2019a). If this
observation can be repeated in further research, recommending low-fat variants in lifestyle

counselling should be reconsidered.

Some characteristics of the maternal antenatal diet were further related to offspring weight
and weight-related parameters. Factors reflecting a healthy dietary behaviour, such as
consumption of fruits and vegetables, were positively associated with offspring weight and
BMI at birth (Glnther et al. 2019b). This has similarly been observed in other trials (Kjollesdal
and Holmboe-Ottesen 2014; Murphy et al. 2014). Data from the GeliS study provided no
evidence for an impact of fruit and vegetable intake on the risk for low birth weight or SGA,
whereas increased consumption of fruit in early pregnancy was associated with slightly
increased odds of LGA. Overall dietary quality, measured with the HEI, was neither related to
SGA nor to LGA, but there was evidence for an increase in mean birth weight in offspring of
women with higher antenatal healthy diet scores (Gunther et al. 2019b). Maternal fruit and
vegetable intake may thus exemplarily reflect healthier dietary choices and may potentially
explain the associations with birth weight and BMI. A positive association between dietary
quality and birth weight has previously been reported (Rodriguez-Bernal et al. 2010).
However, this requires further investigation within adequately powered samples, as overall,

not much evidence is available substantiating this observation.
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A number of parameters considered as unhealthy components of the diet were suggested to
be inversely associated with birth weight, including sugar-containing drinks as well as sugar
consumption in general (Gunther et al. 2019b). An inverse association of sugar intake with
neonatal weight has also been reported in other studies (Kjallesdal and Holmboe-Ottesen
2014; Lenders et al. 1997), but evidence for sugar consumed in the form of beverages is
inconclusive (Grundt et al. 2017; Phelan et al. 2011a). The effect on birth weight observed in
the GeliS cohort may relate to the fact that products rich in sugar often have a low nutrient
density, and their consumption may be connected to a lower intake of foods rich in nutrients
(Gunther et al. 2019b). Besides sugar, consumption of alcohol was negatively associated with
birth weight, which is supported by available evidence even for low doses of ethanol (Mamluk
et al. 2017). By contrast, intake of energy rich fast food was positively associated with high
offspring birth weight (Giinther et al. 2019b). This has previously been suggested in the
literature (Wen et al. 2013) and may be related to a higher energy intake in diets rich in energy-
dense food (Ledikwe et al. 2006).

It has to be acknowledged that, next to the maternal diet, maternal physical activity during
pregnancy can play a role in offspring weight development, as also suggested by data of the
GeliS cohort (Hoffmann et al. 2019a).

5.2 Limitations and barriers of the counselling concepts

The GeliS study is currently the largest intervention trial conducted in the routine antenatal
care setting that investigated the effect of a lifestyle counselling programme on maternal
weight development, preghancy and obstetric complications and reported on behavioural
outcomes to such an extent (Kunath et al. 2019). Nevertheless, both the GeliS and the FeLIPO
trials have some limitations that should be taken into account. Both were designed for the
general population of women of child-bearing age and included a broad spectrum of
participants with a wide range in age, BMI and socioeconomic status. Educational level of
women was rather high in both study populations (Rauh et al. 2013; Kunath et al. 2019). The
results may thus not be completely transferable to the general population. The educational
level was nevertheless comparable between the intervention and control groups, albeit other
baseline characteristics such as pre-pregnancy BMI and age in the FeLIPO study (Rauh et al.
2013), and parity in the GeliS trial differed between groups (Kunath et al. 2019). These
differences were considered in analyses by adjusting for these variables. Nevertheless, a
residual influence on study outcomes is possible.

Another shortcoming is the collection of weight data in the ftrials. In the FeLIPO trial, the
primary outcome was calculated based on self-reported weight at the start of pregnancy

(Rauh et al. 2013). By contrast, in the GeliS study, weight data from maternity records were
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used to enhance precision of calculated GWG (Kunath et al. 2019). In the pp follow-up,
maternal weight data were however self-reported in both studies (Rauh et al. 2015; Hoffmann
et al. 2019c). Using self-reported weight data is susceptible to inaccuracies. Nevertheless,
self-reported weight data from women of childbearing age have been shown to provide valid
estimates (Brunner 2007) and are often used in comparable settings and study populations
(Tanentsapf et al. 2011).

Dietary data was also self-reported in both lifestyle intervention studies and thus dependent
on participant accuracy and reliability. Whereas in the pilot trial, women were asked to fill in
7-day dietary records (Rauh et al. 2013), data in the GeliS cohort were collected by means of
FFQs assessing dietary behaviour over the preceding four weeks (Glnther et al. 2019a).
Application of the FFQs allowed dietary assessment over a longer time period and reduced
the effort for participants as well as for data analysis, but generally provides estimates rather
than accurate food intake data (Meltzer et al. 2008). However, the FFQ used for data collection
in the GeliS study has been verified as a useful tool for the comparison of food intake between
groups (Haftenberger et al. 2010). Energy and macronutrient data based on the information
collected via the FFQ should nevertheless be rather regarded as estimates (Gunther et al.
2019a).

Despite the above mentioned shortcomings, the GeliS trial and the preceding feasibility trial
feature particular strengths and provide an important contribution in the mission to optimise
maternal antenatal lifestyle and to promote adequate GWG within the antenatal care setting.
Counselling yielded some effects on maternal behaviour, as a number of dietary aspects were
successfully modified following the intervention (Ginther et al. 2019a). Furthermore, the
lifestyle intervention induced changes in maternal physical activity behaviour, as shown by
Hoffmann et al. (2019b). The counselling concept thus seems to be adequate to deliver
specific messages to the women. Maternal dietary patterns, however, were not changed
sufficiently to reach an impact on energy intake, GWG as well as on clinical outcomes in
mothers and infants (Glnther et al. 2019a). The FeLIPO pilot trial showed effects in reducing
energy intake, excessive GWG and pregnancy complications (Rauh et al. 2013) that could not
be confirmed in the large-scaled GeliS study (Kunath et al. 2019; Gtinther et al. 2019a). Both
trials were conducted in the public health setting of routine care with counselling sessions
attached to antenatal visits. However, lifestyle counselling was provided by a dietary expert
in the pilot study, whereas practice personnel delivered the intervention in the GeliS trial. For
the modification of weight development and health parameters, professional lifestyle
counselling may be the more promising strategy. Inclusion of experts in such an intervention

concept could be of critical relevance in the achievement of pronounced behaviour changes
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in pregnant women (Kunath et al. 2019). A further factor that may have contributed to the
missing effect of the GeliS intervention on maternal weight and pregnancy complications, is
that behaviour change techniques were not routinely applied in counselling sessions.
Incorporation of methods such as motivational interviewing could have provided a valuable
improvement of the intervention concept (Kunath et al. 2019). An additional reason for the
lack of detectable differences between IV and CG could be that women in the CG adapted a
more health-conscious behaviour as they were aware of participating in a study and answered
questionnaires on their dietary and physical activity habits (Kunath et al. 2019). The rate of
excessive GWG in the GeliS control group was comparable to data of the German population
(Ferrari et al. 2014) but lower than in the FeLIPO control group (Rauh et al. 2013). Furthermore,
repeating the success of pilot trials in larger populations seems to be generally challenging.
Difficulties in scaling-up previously successful interventions have repeatedly been observed
in weight management approaches and seem to be a common phenomenon that should be
taken into account in large intervention trials with promising feasibility pre-phases (McCrabb
et al. 2019).

5.3 Outlook and implications for future approaches

While the FeLIPO pilot trial was terminated after a follow-up period lasting 12 months from
delivery on, for the GeliS trial, a long pp observation phase was planned a priori. Mothers and
their children are currently followed-up for 5 years and undergo extensive written and
telephonic interviews about pp weight and health development (Rauh et al. 2014). This will
enable the analysis of potential long-term consequences of the lifestyle intervention, even if
no notable short-term effects were observed. In the follow-up phase of the FeLIPO trial, a
trend to lower offspring body weight in the group receiving antenatal lifestyle counselling was
first visible one year after birth (Rauh et al. 2015). This shows that effects of lifestyle
adaptations during pregnancy may arise after a certain time and supports potential benefits
of a longer-term follow-up of the study participants, especially as behavioural parameters
such as specific dietary aspects (Guinther et al. 2019a) but also physical activity parameters
(Hoffmann et al. 2019b) have been adapted in the IV of the GeliS study.

After an extensive data collection during pregnancy via maternity and birth records, additional
blood tests and questionnaires, a comprehensive acquisition of data about offspring weight,
health and behaviour is performed in the first years of life (Rauh et al. 2014). Thus, next to a
further evaluation of potential intervention effects, the GeliS cohort provides a rich data pool
offering diverse opportunities for cohort analyses. In the above-mentioned analyses, some
dietary aspects have been shown to be associated with the amount of GWG as well as birth

weight of the offspring (Glinther et al. 2019a; Glinther et al. 2019b). Nevertheless, effect sizes
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were rather modest and the clinical relevance of these observations is questionable. Small
differences in body weight could however be amplified over time. Analysis of associations
between the maternal diet during pregnancy and offspring weight over a span of numerous
years will allow to address this. Beyond that, data on multiple further health and behavioural
parameters are collected in the follow-up phase and will be subject to future analyses,
including development of allergies, diabetes and other chronic diseases, intake of antibiotics

as well as dietary and physical habits during early childhood.

Analysis of these data will provide further evidence for the antenatal lifestyle factors that
impact offspring health and could thus help to identify which components of lifestyle
counselling should receive more emphasis in intervention approaches. Multiple lifestyle
intervention concepts have been developed over the last decade and have been shown to be
modestly effective in reducing excessive GWG (i-WIP 2017). However, the large majority of
these studies have been conducted in academic settings. Especially in real-life settings
outside of academic centres, behavioural changes are difficult to achieve and only a limited
number of pregnancy intervention studies have faced this challenge (Harrison et al. 2013;
Rauh et al. 2013; Kinnunen et al. 2008; Kunath et al. 2019). Successful counselling
approaches that are feasible within routine prenatal care remain to be developed, as the
integration into exiting settings is crucial for such concepts to be implementable at the
population level. As suggested by the results of the GeliS and the FeLIPO trials, cooperation
of health care professionals with dietary and physical activity experts as well as
implementation of profound counselling techniques to induce changes in behaviour could
strengthen the prospects of success in future approaches (Rauh et al. 2013; Kunath et al.
2019). This could be an important step in convincing women to adopt a healthy lifestyle in

order to enable the next generation a healthy start in life.
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6 Conclusion

Lifestyle counselling has previously been shown to be modestly effective in reducing
excessive GWG if conducted within controlled research settings. In the FeLIPO and the GeliS
trials, an intervention concept providing information on a healthy antenatal diet and the
importance of regular physical activity in combination with monitoring of maternal weight gain,
was implemented in the routine care system. In the pilot study, lifestyle counselling conducted
by a dietary expert effectively reduced excessive GWG, but could only by trend show an
influence on pp weight development of mothers in the first 12 months pp. After scaling-up
the intervention to a large sample size and recruiting pregnant women in multiple regions of
Bavaria in the GeliS study, counselling carried out by trained health-care professionals could
not significantly reduce the proportion of pregnant women showing excessive GWG or
pregnancy and obstetric complications. Cooperation with experts in lifestyle counselling, as
done in the case of the FeLIPO trial, may improve the quality of the delivered intervention,
thereby increasing the potential to achieve effects on maternal weight and health, and should
thus be considered in future approaches. Nevertheless, the GeliS intervention was effective
in modifying a number of dietary parameters, including the consumed amount of vegetables,
fish and soft drinks. These adaptions were, however, insufficient to influence overall dietary
quality, albeit there was evidence for an effect on the HEI in some subgroups. Maternal energy
intake could not be significantly influenced by lifestyle counselling, and no effect on the
amount of GWG was achieved. More emphasis should thus be put on a moderate energy
intake in future counselling concepts. Furthermore, cohort analyses of the GeliS participants
showed positive associations between a number of food groups and GWG, including mainly
animal products, fast food, sweets and snacks. Offspring birth weight within the normal range
seemed to be promoted by components of a healthy diet such as fruit and vegetables. If these
findings can be repeated by further research, they will help to specify dietary advice provided
in future counselling concepts. Potential long-term effects of the GeliS intervention are
currently assessed in a 5-year pp follow-up of mothers and infants. Evaluation of the follow-
up data of this well-defined cohort will provide further insights into weight development after
lifestyle counselling and offers comprehensive potential to analyse relations between

pregnancy lifestyle parameters and offspring health in the first years of life.
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Appendix

Appendix

A1 Food frequency questionnaire applied for the dietary assessment in the GeliS study
(German version).

GEHSm" [Toiinehmen — — 7 T | [Fraed  — |

Fragebogen zur Ernahrung

B Die werden gefragt. wie oft und n weleher Menge Sie in den letzten vier
Woeh versohied L ittel gege haben. Denken Sie dabei such
an Mahlzeiten, die Sie auler Haus (z. B. im Restaurant, in der Kantine]
eingenommen haben.

# Bitte beantworten Sie pede Frage. Wenn Sie sioh nicht sicher sind, danin
=moh3tzen Sie. Eine ungefihre Schitzung ist besser als gar keine Antweort.

® Denken Sie bitte nur an thre ErmShrong in den letzten vier Woeshen!

Es kommt wvielleicht wvor, dass Sie bastimmite Sachen nicht essen oder

trinken. Kreuzen Sie dann bitte snies an und gehen weiter zur nSchsten

Frage.

Bzi den Mengenangaben geht == um die durehsshnittliche Menge.

5 Bitte bei jeder Frage nur sine Antwort ankreuzen.

Beispicl:
Sie mzzen morg 1 Vollkombrotchen und abends 3 Scheiben Vollkornbrot.

Bitte kreuzen Sie dann wie unten 52 Mal am Tags und als Menge 52 Schei-
bena [den Durchsohnitt] an:

[0 Mie = Bitte weiter mit Frage 19 [0 % Scheibe oder % Britchen foder weniger]
[1 1 Mal im Monat [0 1 Malam Tag [0 1 Scheibe oder 1 Brdtchen

L1 23 Mal im Monat B4 2 Mal am Tag K1 2 Scheiben oder I Bratchen

O 1-2 Mal pro Weoche [0 3 Mal am Tag Ll 3 Scheiben oder 3 Britchen

[0 3-4 Malpro Woche [0 4-5 Malam Tag [0 4 Scheiben joder mehr}

O 56 Mal prs Wache O Ofter abs 5 Wal am Tag

14 Fragebegen zur Emabrung 1



Appendix

Wiz ol haben S5=

e GaliS

{einschhiellich Mich fir Halies. 1a Wenn Se timhen. wie viel trinken 5e

1 MiGi=i] getrurdien? davon meiztens?
O Hi= — Bitte weiter mit Frage 2 O =% Gias joder weniger)
LI 1 Mal m Monat L1 1 Kalam Tag O 1 Glas 200 mi
O 2-3 Mal im Monat [0 2 Mal am Tag Ll 2 Giizer
O 1-Z Mal pra Waoche [0 3MalamTag L] 3 Gliser
[0 34 Mal pro Wache ] 4-5 Mal am Tag [0 4 Gliser [oder mehs)
O

56 Mal pro Waoche

[0 Ofter als 5 Mal am Tag

O Velmilch [mindestens 3.5 % Fett)
[0 Fettarme Miich 1.5 % Fett]

L] Magemiich fmac 03 % Fett)
LI Socjamilch

L] Lekto=efreie Milch

L] Anders

Wenn See rhaltige .
wie vl trivdven Sie davon mesiens?
Ll Hie = Bitte weiter mit Frage 3 O ¥ Glas {oder weniger)
O 1 il e Manat O 1 Mal am Tag [ 1 Gizs {200 mi)
[0 2-3 Mal im Monat [0 2 Malam Tag [0 2 GiEser
Ll 1-2 Mal pro Waoche LI 3 Mal am Tag Ll 3 GiEser
[0 3-4&Mal pro Waoche  [] 4-5 Mal am Tag [0 & Giaser (oder mehr
Ll 5-6Malpro Woche | ] Ofter ais 5 Mal am Tag
- : Wenn Te trinken,
3 | Wie oft haben e getrunhen? Sak | LS bt e iven meisbens?

[0 Hie = Bitte weiter mit Frage 4

L] 1i2 Dose joder wwensger]

O

I B [

1 Mal im Monat
2-3 Mal im Monat
1-2 Mal pro Waoche
3—& Mal pro Woche
5—6 Mal pro Waoche

O 1 Malam Tag O 1 Dase (250 ml
0O 2 halam Tag O 2 0asen

LI 3 Malam Tag O 3 Dasen

[0 4-5Mal am Tag LI & Dosen (oder meh

Ll DOfter 3is 5 Malam Tag

[Fraged-spen ur Emahnaesg 1

XXXI
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Appendix

GeliS smoms-

O Hic — Bitie weiter mit Frage 5 O * Gias joder weniger)
L1 1 Mal i Morat Ll 1 Malam Tag O 17 Glas {200 mi

O 2-3 Mal im Monat O 2 Mal am Tag O 2 GSser

O 1-2Malpro Woche [0 3 Maiam Tag [0 3 GiEser

OO0 34 Malpro Woche [ 4-5Malam Tag Ll & GiEser [oder mehs]
Ll 55 Malpro Woche || Ofter abs 5 Mal 2 Tag

Wie oft haben S {z B. Oranger-. Aphet-. x = Y
5 | Mirschsail] getrunien? Gemeint it such yerdinntes 53 m:umr ik woie vied grinken Sis
O Hie —+ Bitie weiter mit Frage & [0 * Glas [nder weniger)
L1 1 Malim Manat Ll 1 Malam Tag O 1 Glas {200 mi
[0 2-3 Mal im Monaz 0 2 Mal am Tag [0 2GGEser
O -2 Malgro Woche [ 3 Maiam Tag Ll 3 EiEser
Ll 3-4Malpro Woche || 4-5 Mal am Tag [0 4 GiEzer foder meh]
Ll 56 MalpraWoche || Ofterals 5 Mal am Tag
Sh | Wie trinken Sie lhoen meistena?
O Uneerdannt

Ll Etwa % Saft und % Wasser
Ll Etwa % Saft und ¥ Wasser
L] Etwa % Saft und % Wasser

Wie oft haben Se

6 m:msmﬂhi'ﬂwz Ga | Wemme " ks wie wick risken S
LI M= —= Bitte weiter mil Frage 7 [0 ¥ Gias [oder weniger}
O 1 Matim Monat O 1 MalamTag Ll 1 Gias {200 mi)
L1 2-3 Mal im Monat Ll 2 Mal am Tag Ll 2 GGEser
LI 1-2Mal pro Woche || 3 Malam Tag Ll 3 BiEser
[0 5-4 Mal pro Woche  [] 4-5 Mal am Tag [0 4 Efiser joder mehs
[0 5-5Malpre Woche  [] Ofter a5 5 Mal am Tag
Bh | Wie trinken Sie theen : reveistens?
[ Unwerdinnt

Ll Etwa % Saft und % Wasser
O Etwa % Saftund = Wasser
O Etwa % Saft und % Wasser

18 Fragebegen zur Endbeung 1
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e GaliS

|:| Hie — Bittr weiler mit Frage 8

Ll % Gilas joder weniger)
L1 1 Mal wm Monat L1 1 Mal am Tag [0 1 Glas |200 mij
O 2-3 Mal im Monat O 2 Malam Tag Ll 2 Giser
00 1-2 Malgro Woche  [1 3 Mal am Tag Ll 3 Giser
[0 3-4MalproWoche  [] £-5Mal am Tag [0 & Giser [oder mehr
[0 5-6 Mal pra Waoche [0 Gfter ais 5 Mal am Tag

. Wenn Sie - : trinken, wie uael
B | e wh R o S Ba | i e s

Ll Mic - Bitie weier mit Frage 9 Ll % Tasse toder weniger]
O 1 Mal am Monat O 1 Malam Tag Ll 1 Tasse {150 mil

Ll 2-% Mal im Maonat L1 2 Mal am Tag O 2 Tassen

Ll -2 Mal pro Woche |1 3 Mal am Tag O 3 Tassen

O 34 Mal pra Woche [0 &5 Mal am Tag [0 4 Taszen [oder mehe)
[ 56 Mal pro Woche [0 Otter ais 5 Mal am Tag

Bb Mehmen Sie Gbiicherweise i Thinen Fribehie- ader
MiSneniee? Nicht germeint sind SiBstoite

[0 Hein

L1 Jas etwa 1 Teeliffiel pro Tasse

O Ja 2 Teeiffel pro Tasse

O Ja: 3 TeeSGffel (oder mehr] pro Tasse

[-] Wie oft haben e T | :
peimunben?

LI Hie = Bitte weiter mit Frage 10 [0 % Tasse toder weniger]
[0 1 Mkal i Mbanat 0 1 Malz=mTag [0 1 Tasse (150 mil

LI 2-3 Mal im Monat L1 2 Malam Tag Ll 2 Tassen

Ll 1-2 Mal pro Woche || 3 Mal am Tag Ll 3 Tassen

L1 3—4Mal pro Waoche || 4-5 Mal am Tag Ll 4 Tassen [oder mehd
[0 5-5Malpro Waoche  [] Ofter as 5 Mal am Tag

8h Hekimen J5e Gblicherweize i lhen sshwarzen
ader gronen Tee? Micht gemeint sind JEE=toffe

LI Mein
O o etwa 1 Teelffel pro Tasse

O Ja I Teeiffed pro Tasse

O Ja. 3 Teeitied joder mehr] pro Tasse

[Fraged-spen ur Emahnaesg 1 T

XXXII
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GeliS smoms-

10 | Wie oft haben Sie  jauch Cappucsine, Latte 10a] Wern e, tinken. wie viel trinken Sie
Macshiste, Expresso] getrurken? davon mristens?
O Hic - Bitte weiter mit Frage 11 [0 % Tasse joder weniger]
LI 1 Malim Monat L1 1 Malam Tag O 1 Tasse (150 mi}
O 2-3 Mal im Monat O 2 Mal am Tag Ll 2 Tassen
O 1-2 Mal pro Woche O 3 Mal am Tag Ll 3 Tassen
[0 3-4 Mal pso Woche  []  4-5 Mal am Tag [0 # Tassen [oder meh
[0 5-6Mal pro Woche [ Ofter sis 5 Mal am Tag

LI mit Koffein
O Ja. etwa 1 Tee&fiel pro Tasse: [0 chnre Keffein
O da- 2 Teelotel pro Tas=e
L1 Ja. 3 Teeldffel joder mehr) pro Tasse

11 | Wic nit hab S5 ' alhghathalig] geiranker? 11ﬂ Wenn Soe gﬂmiﬁ'uﬂﬁﬁmﬁr

[0 Mic -+ Bitte weider mit Frage 12 Ll % Flasche loder wenigerh
O 1 Mal im Monat O 1 MalamTag O 1 Flasche {330 mi}

[0 2-3 Mal im Monat 0 2 Mal am Tag O 2 Eisschen

[0 1-2 Malpre Woche  [] 3 Malam Tag [ 3 Flaschen

Ll -4 Mal pre Woche || £-5 Mal am Tag Ll # Flazschen foder mehr]
Ll 5—6 Mal pro Woche || Ofterals 5 Mal am Tag

Wenn See * - trinken, wie viel tinkhen
11 Wie aft haleen S5 l“a Te daven meistens?

Ll Hie — Bitie weiter mit Frage 13 Ll % Flasche joder weniger|
O 1 Malim Monat O 1 Malam Tag [0 1 Flasche (330 ml}

LIl 2-3 Mal im Monat Ll 2 Mal am Tag [ 2 Flaschen

LI 1-2 Malpro ‘Woche || 3 Malam Tag [ -3 Flaschen

Ll 3-8 Mal pro Woche || £-5 Mal am Tag Ll 4 Fizschen {oder mehr)
[0 5-6 Mal pro Weoche [ Ofterziz 5 Mal am Tag

18 Fragebegen zur Endbeung 1
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13 | Wic ot haben me

e GaliS

Ll Hie = Bitir weider mit Frage 14 Ll 1 Bias [125 mi oder weniger]
O 1 Malam Monat O 1 Mal am Tag O 2 Giiser

LI 2-3 8al im Monat LI 2 Mal am Tag [ 3 Gliser

Ll 1-2 Mal pro Woche || 3 Mal am Tag [0 # Gliser

[0 3-&Malpro Woche [ 2-5 Mal am Tag Ll 5 Giser [oder mehri

[0 5-6 Mal pro Woche [0 Ofter s 5 Mal am Tag

[0 Hie = Bitte weiter mit Frage 15

e

* irinkier, wie viel frinken Sie daven meistens?
Ll ¥ Getrink |oder wweniger)

O

CACC L]

1 Ml im Manaz
2-3 Mal im Monat
1-2 Mal pro Wache
3—4 Mal pro Woche
56 Mal pro Woche

O

T

1 Mal am Tag O 1 Gewrark
Z Mal am Tag O 2 Getrirke
3 Mal am Tag O 3 Gewranke
4-5 Mal am Tag Ll & Getrirke foder mehr]

Ofter als 5 Mal am Tag

15 mmﬁt&niﬂlﬁr klare Schripse] getrankenT E:'m&mmmm
L Mie — Bitte weiter mit Frage 16 Ll T Glas {oder weniger)
O 1 hdal &m Monat [0 1 Malam Tag O 1 Glas (2l
Ll 2-3 Malim Monat L1 3 Malam Tag [0 2 Giizer
Ll 1-ZMalproWoche |1 3Malam Tag O 3 Giser
O 3-4Malpra Wache  [1 4-5 Malam Tag Ll 4 Giser joder mehs)
[ 5-6Malpro Wache  [] Ofterais 5 Maiam Tag
Ll Mie —= Bitfe weiter mit Frage 17 Ll % Schale oder weniger]
O 1 Malim Monat [0 1 Malam Tag O % Schake
L 2-3 Mal m Monat LIl 2 Mal am Tag O 1 Schale
Ll 1-2Malpro Woche |1 3 Malam Tag O 2 Schalen
LI 34 Malpro Wache || 4-5 Mal am Tag [0 3 Schalen |oder mehs)
[0 5-6Malpra Wache  [] Ofter 2= 5 Mal am Tag Gemeint izt sine Dessertschale von 150 mi.

[Fraged-spen ur Emahnaesg 1
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GeliS smoms-

17a] 205 e T D
LI Mie -+ Bitte weiter mit Frage 18 L1 % Zchale foder weniger|
O 1 Mal m Monat O 1 Malam Tag O * Schale
LI 2-3 Mal i Monat Ll 2 Malam Tag [0 1 Schale
L1 12 Mal pro Woche L1 3 Mai am Tag Ll 2 Zchalen
O 3-4 Mal pro Wache O 4-5Malam Tag LI 3 Schalen fader mehs)
L1 5-& Mal pro Waoche Ll Ofter als 5 Mal am Tag G st eine Dk hale won 150 mi.
Wenn He e,

O e

EI Hie —+ Eitle weiter mit Frage 19

O

CCCO

1 Mal am Monat
2-3 Mal i Monat
1-2 Mal pro Woche
34 Mal pro Waoche
-6 Mal pro Woche

1 Mal am Tag
2 Mal am Tag
3 Mai am Tag
4-5 Mal am Tag

e im e

Ofter als 5§ Mal am Tag

“ﬂmﬁemm

e Tl e

Ll ¥ Scheibe oder ¥: Britchen [oder wenager)
1 Bcheibe oder 1 Britchen

2 Scheiben oder 2 Brotchen

3 Scheiben oder 3 Brotchen

4 Scheiben |oder mehr}

E Viie oft halen Sie

‘gegesmen
O HMic -+ Bitte weider mit Frage 20
LI 1 Mzl am Monat L1 1 Malam Tag
O 2-3 Mal wm Monat O 2 Malam Tag
OO0 1-2 Mal pro Woche  [] 3 Malam Tag
[0 2-4 Mal pre Woche  [] £-5 Mal am Tag
[ 5-6 Malpro Woche [ Ofterals 5 Mal am Tag

O

e

% Scheibe oder ¥ Endtchen [oder weniger)
1 Scheibe oder 1 Brotchen

2 Scheiben oder 2 Brotchen

3 Scheiben oder 3 Brotchen

4 Scheiben {oder mehr

0 Hie = Bitte weiter mit Frage 21

(W]

Ooooan

1 Mal #m Monat
2-3 Mal i Monat
1-2 Mal pro Wache
3—4 Mal pro Woche
56 Mal pro Wache

L1 1 Mal am Tag

O 2 Malam Tag

O 3MalamTag

0O #-5Mal am Tag

[0 Ofter abs:5 Mal am Tag

Fragebegen zur Endbeung 1
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e GaliS

va..ftumr.- fanct Brot etc.} ugnﬁ. tes & eszen. wie viel exsen
gege=sen? Sie davon meistens?
O Mie = Bitte weiter mit Frage 22 O * Teelatiel [oder weniger]
Ll 1 Mal m Monat L1 1 Mal am Tag Ll 1 Teelfiel [gestrichen)
O 2-3 Mal im Monat O 2MaamTag L] 2 Teelgffe! [gestrichen)
O 1-2Malpro Woche  [1 3 Malam Tag O 3 Teetfel (gestrichen)
[0 3-4 MalproWoche  [] £-5 Malam Tag [0 4 Teeitfel (oder mehs]
O 56 Malpro Woche [ DOfter 255 Mal am Tag

22 vflﬂ'h*h& - {z. 5. Phiadelphia, Hatten- 23 H:_l-& T e, woe wiel esnen Sie dawen
idse) gegeszen? meiens? .

Ll Mic —= Bitie weiter mit Frage 23 LI % Essifiel foder weniger)
O 1 Mal im Monat O 1 Malam Tag O 1 Esskaffel [gestrichen)
LI 2-3 Mal im Menat L1 2 Mal am Tag [0 2 Essiaffel [gestrichen)
LI -2 Mal pro Woche LI 3 Mal am Tag [0 3 Essigfiel igestrichen|
Ll 3-4Mal pro Woche LI 4-5 Mal am Tag Ll 4 Esslgfiel foder mehs]
[0 5-6Mal pro Woche [ Ofter ais 5 Mal am Tag

Ll Selten oder pie
O Etwa aur Hakfoe
[0 Uherwicgend

Ll WeiB ich micht

23 | Wie ot haben S |Weich-, Schmitt- eder Hartidse| Wenn Sie  essen, wie viel essen S
apegessent daven meisiens?

O Mie —= Bitte weiter mit Frage 24 [0 * Scheibe oder % Portion (oder weniges)
Ll 1 Mal m Monat L1 1 Mal am Tag Ll 1 Scheibe ader 1 Partion

[0 2-3 Mal am Monat [0 2MatamTag Ll 2 Scheiben oder 2 Portionen

[0 -2 MalproWoche [ 3 Mal am Tag O 3 Scheiben oder 3 Portsonen

O 34 Mal pro Woche [0 4-5 Mal am Tag [0 4 Scheiben oder 4 Portionen (oder mehr|
O 56 Malpro Woche  [1 DOfter als 5 Mal am Tag 1 Schieibe oxder 1 Portion sind ca, 30 g.

Ll Seiten cder nie
[0 Etwa zur Halfoe
O Obeswiegend

[0 Weik ich micht

[Fraged-spen ur Emahnaesg 1 n
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GeliS smoms-

Wie oft haben e Wenn Se
gegessenT wie viel easen Sie daven meistens?

O Hie = Bitte weiter mit Frage 25 O % Becher (oder weniges|

L1 1 Mal i Morat Ll 1MalamTag Ll 1 Becher {200 g)
O 2-3 Mal i Monat O 2 Mal am Tag Ll 2 Becher

O 1-2 Malpro Woche [0 3 MaiamTag [0 2 Becher

[0 3-4Malpre Woche  [] 4-5 Mal am Tag [0 & Becher

[ 56 Mal pro Weche [ Ofter 2tz 5 Mal an Tag

[0 Selten oder nie
Ll Etwa zur Hilfte

0 WeiB ich nicht

B e

Hie — Bitte weiter mit Frage 26 [0 1 TeeGffel oder weriger|
L1 1 Mal im Monat Ll 1Mzl am Tag Ll - 2 TeeGifel [gehiuft)
O 2-3 Mal om Monat O 2 Mal am Tag Ll 3 TeeGffel (gehiufy
O 1-2 Malpre Woche [0 3 Malam Tag O & TeeBtiel [gehaufy)
[0 3-4 Malpro Woche  [] 4-5 Mal am Tag O 5 TecEtel oder mehe|
[0 56 Malpro Woche [ Ofter als 5 Mal am Tag

Wenn e EasEr. Wie vl essen
O e Y

O Hic — Bitie weiter mit Frage 27 1 Teeitiel loder weriges|
LI 1 Mal im Manat Li 1 Malam Tag Ll 2 TeeGffel [gehiuf

O 2-3 Mal im Monat O 2 MalamTag Ll 3 TeeGtiel [gehiufy

[0 1-2Malpro Woche  [] 3 Malam Tag O & Teswfiel [gehiuft)

[0 3-4Mal pro Woche  [] 4-5 Malam Tag [0 5 TeeGfiel oder mehe|
[ 5-6Mal pro Woche [ Ofter abs:5 Mal am Tag
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E}gﬂF:ul'.'

O Mie — Bitir weiter mit Frage 28

L1 7 Mal i Bonat
2-3 Mal im Monat
1-2 Mal pro Wache
3—4 Mal pro Waoche
56 Mal pro Wache

Ooooao

LI 1 Mal am Tag LI
2 Mal am Tag LI
3 Mal am Tag O
45 Mal am Tag O

Ooonoan

Offter als 5 Mal am Tag

e GaliS

) 2 )

% Ei [ader weniges]
16

2 Fier

3 Eier

4 Eier [oder mehr]

Ll Mie - Bitte weiter mit Frage 29 LI

[0 1 Ml im Monaz
2-3 Mal im Monat
1-2 Mal pra Wache
34 Mal pra Wache
5—6 Mal pra Wache

oorCcCc

0O 1 Mal am Tag O
Ll 2 Malam Tag O
L1 3 Malam Tag Li
[0 4—5Malam Tag LI
[0 Ofter ais 5 Mal am Tag

% Portion [ader weniger)
¥ Partion

1 Partion

2 Partionen

3 Portionen loder mehs)

Mit einer Portion sind etwa 1 Hibnchenschenloe

ey 8 Nugpets gemesint.

Whe oft haben 55 4

O Mie - Bitte weiter mit Frage 30

28h
O

CCCAO

Wie oft war daz
iz B. Nuggetsi?

paniert ader fritiert
[Fastj nie

Etwa Y% des Verzehrs

Etwa % des Vezehrs

Etwa % des Vemehrs

[Faza) immer

1 hdal am Manat
2-3 Mal im Monat
1-Z Mal pro Woche
34 Mal pro Wache
56 Mal pro Wache

= T ]

00 1 Malam Tag

[0 2 Malam Tag

O 3 Malam Tag

Ll 4-5Mal am Tag

LIl DOfter 3 5 Mad am Tag

wie wiel essen Sie daven mesiens]

XXXIX
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GeliS smoms-

30 | Wic oft haben S

LI Hie = Bitie weiter mit Frage 31 Ll % Stick fader weniger|
O 1 Mal im Monat 1 Mal am Tag O 1 Suick

2-3 Mal im Monat 2 Mal am Tag [0 - 2 Sniick

1-2 Mal pro Woche 3 Mal am Tag Ll 3 Ssck

i
i

3-4 Mal pro Woche 4-5 Mal am Tag

LI R
LRI e

5—6 Mal pro Waoche ﬁf-h:r*ﬁlh]nTag

Sl e . T et e
O ke - Bitte weiter mit Frage 32 [0 % Partion foder weniges)
L1 9 Malim Monat Ll 1 Malam Tag Ll % Portion
O 2-3 Mai o Monat O 2 Malam Tag O 1 Partien
[0 1-Z Malpro Weche  [] 3 Malam Tag [0 Z Postionen
[0 3-4 Mal pro Woche [ 2-5 Mal am Tag O 3 Partionen [ader mehs]
Ll 5-6 Mal pro Woche || Ofter als 5 Mal am Tag It eimer Portion ist etwa 1 Kotelett. 1 Steak
oder 1 Schnitzel gemeint.
31b] e oft wardas paniert [z B. Wiener Schnitzelj?
O (Fast] nie
Ll Etwa % des Vezehrs
[0 Etwa % des Vemehrs
[0 Etwa % des Vezehs
[ Fast] immer
a2 vr:.nnm‘-mttnrghi.mﬂmﬂ 32a ;uu‘_ﬁt ﬂ:m.-uum
Ll Hie - Bitte weiter mit Frage 33 Ll % Scheibe
[0 7 Malim Monat O 1 Malam Tag O 1 Scheibe
LIl 2-3 Mal im Manat Ll 2 Maiam Tag [ 2 Scheiben
LI 1-Z Malpro Weche || 3 Malam Tag [0 3 Scheiben
[0 3-4 Mal pro Woche [ 2-5 Mal am Tag Ll 2 Scheiben [oder mehr}
Ll 5-6 Mal pro Woche [ | Ofter als 5 Mal am Tag

[ Seiten oder nie
Ll Etwa zur Hilfte
Ll Uberwirgend
Ll Weil ich nickt

24 Fragebegen zur Endbeung 1
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e GaliS

O Mie = Bitte weiter mit Frage 34 0O % Scheibe

Ll 1 Mal m Monat L1 1 Mal am Tag Ll 1 Scheibe

O 2-3 Mal im Monat O 2MaamTag LI 2 Scheiben

O 1-2Malpro Woche  [1 3 Malam Tag O 3 Scheiben

[0 3-4 MalproWoche  [] £-5 Malam Tag [0 4 Scheiben [oder mehri

O 56 Malpro Woche [ DOfter 255 Mal am Tag

3 | e ey T T 0| e e T

L! Mie - Bitte weiter mit Frage 35 Ll % Portion |oder weniges)

O 1 Mal i Monat OO 1 Mal-am Tag O * Portion

[0 2-%Malim Maonat [0 2Malam Tag O 1 Portion

Ll 12 Mal pro Woche LI 3 Mal am Tag [ Z Portionen

Ll 3-4 Malpro Woche |1 4-5 Mal am Tag [0 3 Portionen |oder mehe)

[0 5-6Malpro Woche [ Ofter als 5 Malam Tag Mit siner Partion ist stwa die Merge
rines Brotbelages gement

Wic ot haben S5 - shize Wienn S e, wie vidl

35 | 5B Scctachs. Fercle) gqegeasen? 358 | mzen Sie divn mecsten

[ Mie = Bitie weier mit Frage 36 [0 % Portion [oder weniges)

L1 1 Mal #n Monat L1 1 Mal am Tag Ll % Partion

O 2-3 Mal im Monat O 2 Malam Tag 0 1 Portion

[0 1-2 Mal pro Woche [ 3 Mal am Tag O Pestiones

[0 34 MalproWoche  [] 4-5 Mal am Tag [0 3 Portionen loder mehe)

Ll 5-6Malpro Wache |1 Ofterals S Mal am Tag Mit einer Portion sind 1 Fischiilet oder
4 Fischstabchen gemeint.
[ [Fast) ni=

[Fraged-spen ur Emahnaesg 1 25
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GeliS smoms-

Wiie oft haben Sie

= B Apdel Bamane] glgmlﬂl"

O Hie = Bitte weiter mit Frage 37

L1 % Mal im Maonat
2-3 Mal i Monat
1-2 Mal pro Woche
34 Mal pro Wache

|

5—b Mal pro Wache

LI

O
o
O
|

1 Mal am Tag

2 Mal am Tag

3 Mai am Tag

4-5 Mal am Tag
Ofter s 5 Mal am Tag

¥ Siich oder % Schale [oder weniger]
1 Stick ader 1 3chale
2 Stick oder 2 Schalen

]

3 Stiick oder 3 Schalen
O 4 Stick oder 4 Schalen |oder mehs)
1 Stick ist = B. 1 Apfel oder 1 Banane.

Mit Schale ist eine kene Dessertschale von 150 mi
mit . B. Erdbeeren oder Karschen gemeint.

37a

L] Hie — Bitte weiter mit Frage 38

OO Mal im Manaz
LI 2-3 Mal im Manat
LI 1-2 Mal pra Wache
[ 3-4 Mal pro Wache
LI 5-5 Mal pra Wache

O
L

L
O
L

1 Mal am Tag

2 Mal am Tag

3 Mzl am Tag

£-5 Mal am Tag
Ofter als 5 Mal am Tag

Wenn S eS| EESET. Wi viEd essen
e daven meistens!

LI % Schale foder weniger]
% Schale

1 Schale

2 Schalen

3 Schalen [ader mehe]

Gemeint ist eine Dessertschale von 150 mi.

e L

325

L1 Hie - Bitte weiter mit Frage 39

O 1 Mal im Monat

LI 2-3 Mal im Monat
L1 -2 Mal pro Wache
[ 3-2 Mal pro Wache
L1 5—6 Mal pro Waoche

o

e

1 Mal am Tag

2 Mal =am Tag

3 Mal am Tag

4-5 Mal am Tag
Ofter als 5 Mal am Tag

Wenn S, zsen. wie viel ezsen
T davan mestens?

Ll % Partion [oder weniger]
% Partion

1 Partion

2 Portionen

3 Porfionen [oder meha]

Ooo0Ooao

Gemmeint ist eine Beilagenportion von etwa 150 go

mmﬁ L= B Behnen: wu-& - o &
» Linsen] gege==en? Sie davon meistens?
O Hic —~ Bitie weiter mit Frage 40 % Portion oder weniges)
LI 1 Mal im Manat Li 1 Malam Tag Ll % Portion
O 2-3 Mal im Monat O 2 MalamTag LI 1 Partion
O 7-2 Mal pro Weche O 3 Malam Tag O 2 Portionen
[1 3-4Mal pro Woche  [] 4-5Malam Tag O 3 Portionen (oder meha]
[0 5-6Mal pro Woche [ Dfter zi= 5 Mal am Tag Gemeint ist sine Beilagenportion von etwa 150 g
Fragebogen zur Emdhaung 1
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[ e

Hie = Bitte weiter mil Frage 41

[ I R w f |

1 Mal im Monat

2—3'Mal im Monat
1-2 Mal pro Wache
3—4 Mal pro Waoche
5—6 Mal pro Woche

O

a
O
L1
|

1 Mal am Tag
2 Mal am Tag
3 Mal am Tag

#£~5 Mal am Tag
Offter ai= 5 Mal am Tag

goocCccColf

e GaliS

3 Portionen loder mehr)

ist eine Beilag tion wen etwa 150 g

L h*hﬂ'!ﬂtﬁ*u

T (]

1 hal om Maonat

2-3 Mal am Monat
1-Z Mal pro Waoche
3-4 Mal pro Woche
56 Mal pro Woche

O

L
L1
L1
L1

1 Ma am Tag

2 Mal am Tag

3 Mal am Tag

4-5 Mal am Tag
DOfter als 5 Mal am Tag

Wenn 2
A0b | o herviae

LI Frisch {roh) eingefaute
O Tiefhishigemiise
O Weik ich nicht

Cv R TN

ex=en, wie viel easen e

% Teller [oder weniger)
% Teller

1 Teller

2 Teller

4 Teller (oder mehs)

Wie oft haben Sie _fauich Couscous. Bulgur)
gegezen?
(mf

Hie —= Bitte weifer mit Frage 43

T Tl 1T TR

1 hal am Maonat
2-3'Mal im Monat
1-Z Mal pro Woche
3-4 Mal pro Woche
5—E Mal pro Wache

L1
|
a
]
O

1 Mal am Tag

2 Mal @m Tag

3 Mal am Tag

4-5 Mal am Tag
Offter ais 5 Mal am Tag

XL
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GeliS smoms-

Wie oft haben e U B Sabdartef- Wenn Se
fein. Pelfhartoffein. HartoffelldsBe) gegeszen? u-ﬂcﬁnﬁdﬁmm’

[0 Hie — Bitte weiter mit Frage 44 O % Portion oder 1 Haraffel foder weniger)
L1 1 Mal im Morat Ll 1MalamTag Ll 1 Porion cder 2 Hartoffeln
O 2-3 Mal i Monat 0 2 Mal am Tag LI 1 % Portionen ader 3 Kartoffein
O 1-2 Malpro Woche [ 3 Malam Tag O 2 Portionen oder 4 Hartoffeln
[0 3-4Malprs Wache [ 4-5 Malam Tag [0 2 % Partionen oder 5 Kartoffeln {oder mehr|
[0 55 Malgre Woche [ DOfter als 5 Mal am Tag Gemeint sind mittelgrofle Kartoffein.
44 w&ﬁ}? e e s o b et
[0 Hie = Bitte weiter mit Frage 45 Ll % Teller (oder wensger)
[0 % Malim Monat O 1 MaiamTag [0 * Teller
[0 2-3 Mai #n Monaz O =2 Mal amTag O 1 Teller
[0 -2 Malgre Woche [ 3 Malam Tag O 2 Teller
Ll ‘3-8 Mal pro Woche || 4-5 Mal am Tag Ll 3 Teller [oder mehs|

[0 5-6Maloro Wache [ Ofter ais 5 Mal am Tag

Jaak gy, e el EssEn
453 ktmm}

[0 Hie - Bitte weiter mit Frage 46 [0 *% Porton loder weniger)

LI 1 Mzl am Manat Ll -1 Mal =m Tag 0 ¥ Perton

O 2-3 Mal im Monat O "2 Malam Tag Li 1 Partian

O 1-2 MalproWoche [0 3 Malam Tag Ll 2 Partionen

[0 234 Malpro Woche  [] £-5 Mal am Tag Ll 3 Portionen {oder mehr]

[0 56 Mal pra Weoche [ Oiterals 5 Mal am Tag Gemeint ist eine mitthers Partion am Imbizsstand.

L

LI Hie = Bitte weiter mit Frage 47 Ll % Portion foder weniges)
O 1 Malom Morat O 1 MlamTag [0 % Partion

L1 2-3 Mal m Manas LI 2 Malam Tag [0 1 Paortion

LI 1-Z Malpro Woche || 3 Malam Tag [0 2 Partionen

[0 3-4 Malpro Woche [ 2-5 Mal am Tag [0 3 Portionen [ader miehs]

[0 56 Mal pro Wache [0 Ofter s 5 Mal am Tag It einer Partion ist eine Tiefhigizza

wvon etwa 350 g gemeint.

28 Fragebegen zur Endbeung 1
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e GaliS

Wiie oft haben S5e Wenn Sie
e

Hie = Bitte weiter mil Frage 48

LRI T Tl

1 Mal im Monat

2-3 Mal im Monat
1-2 Mal pro Wache
3—4 Mal pro Waoche
56 Mal pro Woche

L1

Ooooao

1 Mal am Tag

2 Mal am Tag

3 Mal am Tag

#£~5 Mal am Tag
Ofter 2is 5 Mad am Tag

Oo0OcC C

[0 % Stick [oder weniger)
1 Seick

2 Sick

3 Stiick

4 Gelck [oder mehs)

i e
FFI::n? Sie davon meisiens?

iz — Bitte weiter mit Frage 49
O 1 Mal wm Monat O 1 MalamTag

O 2-3 Mal im Monat [0 2 Malam Tag

LI 1-2Z Mal pro Waoche L1 3 Mal am Tag

Ll 3-4 Malpre Woche |1 4-5 Mal am Tag

Ll 5-6 Mal pro Wache LI Ofter stz 5 Mal am Tag

L1
O
O

O
LI

2 Kelse |oder weniges)
3 e

4 Kehze

5 Kelose

B Helese |ader mehr)

49
O

Wi oft habeen Sae
|zmich Prafinen] gegezsen?

Mie -+ Bitte weiter mit Frage 50

TR TR T T

1 hdal im Maonat

2-3'Mal m Monat
‘-2 Mal pro Woche
3—4 Mal pro Woche
56 Mal pro Wache

Lt

]
a
O
O

1 Mal am Tag

2 Mal =mi Tag

3 Mal am Tag

4-5 Mal am Tag
Offter als 5 Mal am Tag

¥ leleinen Scholooriegel inder wensger]
¥ Tafel pder 1 klenen Scholorieged

% Tafel oder 1 groBen Scholwariegel

1 Tafel oder 2 groBe Schokoriegel
2 Tafein joder mehr)

Gemesnt ist eine Tafel von 100 g.

Hie —= Bitte weiter mit Frage 51

1 hdal am Manat
2-3 Mal im Monat
1-Z Mal pro Woche
34 Mal pro Wache
56 Mal pro Wache

L1

|
a
|
]

1 Mal am Tag

2 Mal am Tag

3 Mal am Tag

4-5 Mal am Tag
Ofter als 5 Mal am Tag

XLV
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GeliS smoms-

e 7

[] Hie = Bitte weiter mit Frage 52 O * Hugel joder weniger]
L1 1 Mal im Morat L1 1 Malam Tag Ll 1 Hugel
O 2-3 Mal i Monat 0 2 Mal am Tag Ll 2 Fugeln oder 1 Bs am 3tied
O 1-2 Malpro Woche [ 3 Malam Tag [0 3 Hisgedn:
[0 3-4Malprs Wache [ 4-5 Malam Tag [0 & Hugeln [oder meh)
[0 56 Malpro Woche [ Ofter als 5 Mal 2 Tag
Wenn Se essen Wik viel easen

O——

e daven ll:ﬂlnﬂ?

Ll Hic — Bitie weiter mit Frage 53 O % Schale {oder weniger]

[0 1 Mal am Manat O 1 Mal am Tag O % Schale

LI 2=3 Mal am hlonat Ll 2 M3l am Tag LI 1 Schale

Ll 1-2 Malpro'Woche || 3 Malam Tag Ll 2 Schalen

[0 2-4 Mal pre Woche [ £-5 Mal am Tag Ll 3 Schalen loder mehe]

[0 56 MalproWache  [] Ofterals 5 Malam Tag Gemeint ist cine Dessertschale won 150 mi.

53 | I e itonaen) gegessen? 53a | el casen S devan meistens?
[0 Nie - Bithe wedles mit Frage 55 T e Pkt eonges)
LI 1 Mal m Monat LI 1 MalamTag Ll % Schale
O 223 MalimManzt  [] -2 Malam Tag O 1 Schale
[0 1-2 MalpraWaoche [ 3 MslamTag 00 2 Schalen
LI 34 MalpenWoche || -5 Ml am Tag [] 3 Schalen fader mehe)
O S-6Malpra'Woche [ OfteraksS Malam Tag Gt it cine Dessertechaie von 150 mi.

¥ie oft haben S
Hasrimiz=e) gegessen?

[0 Hie = Bitte weiter mit Frage 55

LI 1 Mdal #m Monat Li 1 Mal am Tag Ll % Portion

OO0 2-3 Mal im Monat O 2 Malam Tag LI 1 Partion

O 7-2 Mal pro Woche O 3 Malam Tag O 2 Portionen

[0 3-4 Malpro Woche [ 4-5 Mal am Tag [0 3 Partionen [ader mehs]

[0 5-6Malpro Woche  [] Ofter 3l 5 Mal 3m Tag M miner Portion ist sine Handvall van ca. 5 g gemeint.
30 Fragebegen zur Emdbnmng 1
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e GaliS

Wislches Sae bei der = Vileliches werwenden Se bei der
I el )
O Butter. Margarine

[0 Buster. Margarine

Ll DOSréenal Ll Ofivendl

L! Rapsal Ll Aapsai

[ Pilanzliches Hochfet (z. B. Bisidn. Pabmin) [ Pfandiches Kochiett iz B. Bisidin, Palmin]
[ Tierisches Hochfett [z 8. Schmalz) [ Tierisches Kochfett z. B. Schmalz)

Ll Sonnenblumen-, Distel-, Hesmdl etc. Ll Senmenblumen-, Distel-, Heiml etc.

L Wil ich nicht Ll Wei ich micht

Ll Kein LI Hen

O

[0 Meir — Bitie weiter mit Frage 58 [0 Fieisch, Gefligel und Wisrst
L da Ll Foch
LI Mikch und Michprodubite
O Eer

Whe haufig = der Woache bereifen Bie aos Crondzutzien
frmchen Lebenizmittedn cine warme Mahbrst (Miftag-

wder Abendeszen] et zuT
LI Tgich
O 56 Mal pra Woche

O 3-4 Mal pra Woche
O 1-2 Mal pro Wache
O Mie

D
O Ja. regeimiakig
Ll Ja- gelegentich [< 1 Jigarewe pro Tagl
Ll Hein. nicht mehr
[0 Hsbe noch nie geraucht

Duele: modifizert nech Emihrurgsiragebogen der Studie zur Gesuredei® Eravachsenes in Devtschiand (DEGE) des Rabert Hach rstiuts, Berin. 2003

[Fraged-spen ur Emahnaesg 1 3
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A2 Approval for the publication-based dissertation.

TUTI

Einverstiandniserklarung zur publikationsbasierten Promotion’

Anlage 6 (fur § 6 Abs. 2)

Hiermit erklare ich mein Einverstandnis, dass die Dissertation von

~

" \ T
Frau/Herrn 3\ 3 Y

als publikationsbasierte Dissertation eingereicht wird. Sie erfiillt die nachfolgenden Kriterien:

1. Einleitungé- und Methodenteil (20 Seiten). Ein thementbergreifender Diskussionsteil mit
Reflexion zur bestehenden Literatur.

2. Kumulative Einbindung von mindestens zwei akzeptierten Erstautorenverdffentlichungen
(full paper in einem englischsprachigen, international verbreiteten Publikationsorgan,
peer reviewed)

3. Die eingebundenen Verdffentlichungen miissen federflihrend vom Doktoranden
abgefasst sein.

4. Eingebunden muss sein: je eine einseitige Zusammenfassung der jeweiligen
Verbéffentlichungen unter Hervorhebung der individuellen Leistungsbeitrage des
Kandidaten.

5. Einbindung von ausgewahlten Originalverdffentlichungen nur mit einem separaten
schriftlichen ,Erlaubnisschreiben des jeweiligen Verlags®. Alle anderen
Originalveréffentlichungen werden unter Nennung der bibliografischen Angaben
aufgelistet. In den Exemplaren fur die Mitglieder der Priifungskommission sind alle
Originalveréffentlichungen separat dazu abzugeben.

<8 wls

\
Datum Unterschrift betreuenderfsof.

! Zur Vorlage bei der Einreichung der Dissertation,
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