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Abstract 

Overweight and obesity are global health concerns that also affect women of childbearing 

age. Maternal health behaviors during pregnancy and postpartum can impact both maternal 

and child health. The cluster-randomized “Gesund leben in der Schwangerschaft”/“healthy 

living in pregnancy” (GeliS) study was performed in the German antenatal routine care setting 

with the aim of improving maternal health behaviors and reduce excessive gestational weight 

gain (EGWG). Between 2013 and 2015, 2,286 pregnant women were recruited for the GeliS 

lifestyle intervention study. The intervention group (IG) received three antenatal and one early 

postpartum counseling sessions alongside routine care by trained healthcare professionals, 

while the control group (CG) received routine antenatal care. Maternal weight and health 

behavior data were collected from maternity records and paper-based questionnaires. This 

thesis aimed to evaluate the effectiveness of the GeliS counseling on (1) maternal antenatal 

physical activity (PA) behavior, (2) maternal health behaviors beyond the intervention phase 

in the first year postpartum, (3) dietary supplement intake during and after pregnancy, and the 

supplementation behavior in the comprehensive GeliS dataset. Furthermore, (4) a screening 

tool was developed and validated using the GeliS cohort, which can be used to assess the 

risk of EGWG at the beginning of pregnancy. 

The GeliS lifestyle counseling improved antenatal PA behavior, in particular PA of higher 

intensities. Moreover, a significantly larger proportion of women in the IG met PA 

recommendations in late pregnancy (64% vs. 49%, p<0.001). There was no evidence for a 

major difference in PA between the groups in the first year postpartum. However, the GeliS 

lifestyle counseling showed sustained effects on maternal postpartum dietary behavior. Diet 

quality, measured by a healthy eating index, was slightly higher in the IG at 6–8 weeks (T1pp) 

(p=0.093) and one year (T2pp) (p=0.043) postpartum. The IG showed lower consumption of 

fast food (T1pp: p=0.016; T2pp: p<0.001) and soft drinks (T1pp: p<0.001), increased 

vegetable intake (T2pp: p=0.015), and a higher likelihood of using healthy oils for cooking. 

The proportion of smokers was significantly lower in the IG throughout the first year 

postpartum. There were no statistically significant group differences in dietary supplement 

intake behavior either before study inclusion or during the intervention. Before conception, 

31.3% of women in the IG and 31.4% in the CG supplemented folic acid. During pregnancy 

about half of the women took folic acid (IG: 54.1%; CG: 52.0%) and iodine (IG: 50.2%; CG: 

48.2%). In the GeliS cohort, 23.0% of all women supplemented docosahexaenoic acid, while 

21.8% and 49.4% took additional iron and vitamin D, respectively. The risk score model 

revealed that a high pre-pregnancy body mass index, intermediate educational level, foreign 
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country of birth, primiparity, current or former smoking, and signs of depressive disorder are 

significant risk factors for EGWG. Based on the cross-validation and external validation, the 

risk score model was rated as moderate (receiver operating characteristic curve: 0.709; 0.738, 

respectively). The factors were integrated into a practical screening questionnaire. 

In conclusion, the GeliS lifestyle intervention successfully improved maternal antenatal PA 

behavior and had sustained effects on maternal dietary and smoking behaviors in the first 

year postpartum. The intervention had no effect on adequate use of dietary supplement. The 

supplementation of micronutrients before, during, and after pregnancy did not align with the 

current recommendations. Tailoring lifestyle interventions based on a woman’s risk for EGWG 

early on may enhance effectiveness. Additionally, providing lifestyle counseling spanning both 

the pre-conception and postpartum phases, along with using smartphone applications, might 

improve maternal health outcomes. 
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Zusammenfassung 

Übergewicht und Adipositas sind ein globales Gesundheitsproblem, das auch Frauen im 

gebärfähigen Alter betrifft. Der mütterliche Lebensstil während und nach der 

Schwangerschaft beeinflusst die Gesundheit von Mutter und Kind. Die cluster-randomisierte 

„Gesund leben in der Schwangerschaft“ (GeliS)-Studie wurde innerhalb der deutschen 

Routineversorgung für Schwangere durchgeführt, mit dem Ziel, das Gesundheitsverhalten 

schwangerer Frauen zu verbessern und eine exzessive Gewichtszunahme in der 

Schwangerschaft zu vermeiden. Zwischen 2013 und 2015 wurden 2.286 schwangere Frauen 

für die GeliS Lebensstilinterventionsstudie rekrutiert. Die Interventionsgruppe (IG) erhielt ein 

umfassendes Lebensstilprogramm, das aus drei pränatalen und einer frühen postpartalen 

Lebensstilberatung bestand, die parallel zu den routinemäßigen Vorsorgeuntersuchungen von 

speziell geschulten Gesundheitsfachkräften durchgeführt wurden. Die Kontrollgruppe (KG) 

durchlief das gewöhnliche Vorsorgeprogramm für Schwangere. Die Datenerhebung erfolgte 

mithilfe des Mutterpasses und papierbasierten Fragebögen. In der vorliegenden Arbeit wurde 

der Effekt des GeliS-Lebensstilinterventionsprogramms auf (1) das Bewegungsverhalten der 

werdenden Mütter während der Schwangerschaft, (2) das Gesundheitsverhalten über die 

Interventionsphase hinaus im ersten Jahr nach der Geburt, (3) die Einnahme von 

Nahrungsergänzungsmitteln während und nach der Schwangerschaft, sowie die Einnahme 

innerhalb der gesamten Kohorte untersucht. Darüber hinaus wurde (4) anhand der GeliS 

Kohorte ein Screening-Tool entwickelt und validiert, mit dessen Hilfe das Risiko für eine 

exzessive Gewichtszunahme bereits zu Beginn der Schwangerschaft bestimmt werden kann.  

Die GeliS-Lebensstilberatung verbesserte das pränatale Bewegungsverhalten, insbesondere 

Aktivitäten höherer Intensitäten. Ein signifikant größerer Anteil der Frauen in der IG erreichte 

die offiziellen Bewegungsempfehlungen (64% vs. 49%, p<0,001). Das Bewegungsverhalten 

im ersten Jahr nach der Geburt unterschied sich nicht mehr zwischen den Gruppen, jedoch 

erzielte die GeliS Lebensstilberatung nachhaltige Effekte auf das mütterliche 

Ernährungsverhalten. Frauen der IG hatten eine etwas höhere Ernährungsqualität 6–8 

Wochen (T1pp) (p=0,093) und ein Jahr (T2pp) (p=0,043) nach der Geburt. Frauen der IG 

verzehrten weniger Fast Food (T1pp: p=0,016; T2pp: p<0,001) und Softdrinks (T1pp: 

p<0,001), konsumierten mehr Gemüse (T2pp: p=0,015) und verwendeten eher gesunde Öle 

zur Nahrungszubereitung. Der Anteil der Raucherinnen war in der IG im ersten Jahr postpartal 

signifikant geringer als in der KG. Es gab keinen wesentlichen Unterschied bei der Einnahme 

von Nahrungsergänzungsmitteln, weder vor Studieneinschluss noch während der 

Intervention. 31,3% der IG und 31,4% der KG supplementierten Folsäure vor der 
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Schwangerschaft. Etwa die Hälfte der Frauen nahm Folsäure (IG: 54,1%; KG: 52,0%) und Jod 

(IG: 50,2%; KG: 48,2%) während der Schwangerschaft zusätzlich ein. In der gesamten GeliS-

Kohorte supplementierten 23,0% der Frauen Docosahexaensäure, 21,8% Eisen, und 49,4% 

Vitamin D während der Schwangerschaft. Das Risikoscore-Modell identifizierte einen hohen 

Body-Mass-Index, ein geringeres Bildungsniveau, ein anderes Geburtsland als Deutschland, 

Primiparität, aktuelles oder früheres Rauchen und Anzeichen für eine depressive Störung als 

Risikofaktoren für eine exzessive Gewichtszunahme, die in einen praktischen Screening-

Fragebogen integriert wurden. Anhand einer Kreuzvalidierung und externen Validierung wurde 

der Risikoscore als moderat eingestuft (Receiver-Operating-Characteristics-Kurve: 0,709 

bzw. 0,738).  

Es lässt sich zusammenfassen, dass die GeliS-Lebensstilintervention das pränatale 

Bewegungsverhalten verbesserte und nachhaltige Effekte auf das Ernährungs- und 

Rauchverhalten der Mütter im ersten Jahr nach der Geburt zeigte. Jedoch hatte die 

Intervention keinen Einfluss auf die adäquate Einnahme von Nahrungsergänzungsmitteln. Die 

Supplementierung von Mikronährstoffen vor, während und nach der Schwangerschaft 

entsprach nicht den aktuellen Empfehlungen. Zukünftige Lebensstilinterventionen, die 

speziell auf das Risiko für eine exzessive Gewichtszunahme abgestimmt sind, könnten die 

Wirksamkeit von Interventionen erhöhen. Darüber hinaus könnten Lebensstilinterventionen, 

die den Zeitraum vor der Schwangerschaft und nach der Geburt einbeziehen und moderne 

App-Ansätze nutzen, die Erfolgsaussichten erhöhen, die Gesundheit der Mütter nachhaltig 

positiv zu beeinflussen. 
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1 General introduction 

1.1 Overweight and obesity – a global public health concern 

Overweight and obesity is a global public health concern affecting both sexes and all age 

groups. The World Health Organization (WHO) reported in 2016 that global rates of overweight 

and obesity among adults were 39% and 13%, respectively (WHO 09.06.2021). In Europe, 

almost 60% of adults and one in three school-aged children are currently living with 

overweight or obesity, which reflects epidemic proportions (Kluge 2022). Similar rates are 

seen in Germany, where currently 34.5% of adults are affected by overweight and 19.0% are 

affected by obesity (Schienkiewitz et al. 2022b).  The prevalence has increased over the past 

decades and is predicted to rise further (NCD Risk Factor Collaboration 2016, 2017). There is 

no country on track for achieving the WHO Global Non-Communicable Disease (NCD) targets 

to halt the rise in obesity by 2025 (World Obesity Federation 2022). The recent coronavirus 

pandemic has exacerbated the situation, as people with obesity were more likely to report 

weight gain during the pandemic period than people without obesity (Schienkiewitz et al. 

2022a). Having overweight and obesity is a leading risk factor for many NCDs including 

cardiovascular or chronic kidney disease, diabetes mellitus, certain types of cancer and 

chronic respiratory diseases (G.B.D. Obesity Collaborators et al. 2017; Lauby-Secretan et al. 

2016; Brock et al. 2020).   

Overweight and obesity result from weight gain due to an imbalance, in which the energy 

intake is greater than the energy expenditure over a period of time (Swinburn et al. 2009). This 

imbalance is partly caused by unhealthy lifestyle habits related to diet and physical activity 

(PA), which are influenced by a changing living environment because of increased 

urbanization and industrialization (Swinburn et al. 2011). Initially, genetic makeup adapted to 

an environment where food was scarce, and PA was part of daily life (Kluge 2022). However, 

transitions in the food environment have introduced affordable, energy-dense, and processed 

foods that are not only easily accessible, but also heavily promoted. Technological 

advancements and environmental changes have resulted in a decline in both work-related 

and everyday activities so that many forms of work become increasingly sedentary and 

transportation methods have altered. This modern environment conducive to weight gain, 

termed an obesogenic environment, fosters less PA and heightened availability of unhealthy 

and energy-dense food choices. It mainly drives the increasing prevalence of overweight and 

obesity across diverse populations (Swinburn et al. 2011; Kluge 2022).  
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1.2 Pregnancy as a driver of overweight and obesity 

Women of childbearing age are equally affected by this development, and thus, by overweight 

and obesity. In Germany, 26.6% of women aged 18–29 years and 40.8% of women aged 30–

44 years are classified as having overweight or obesity (Schienkiewitz et al. 2022b). During 

this time, a potential pregnancy represents a crucial life event that additionally affects the 

health and weight development of women (Pegington et al. 2020). Women who have given 

birth experience a 3.5-fold higher 5-year risk of obesity than women who have never born a 

child (Davis et al. 2009). Data from Germany shows that weight gain among women up to the 

age of 45 remains consistently elevated and only gradually declines with increasing age 

(Haftenberger et al. 2016). Moreover, the number of women experiencing overweight and 

obesity at the onset of pregnancy has risen continuously in recent times (Strauss et al. 2021), 

with current rates around 16% of women having a pre-conception body mass index (BMI) 

≥30 kg/m2 (RKI 2020). Entering pregnancy with overweight or obesity increases the risk for 

adverse pregnancy and birth complications, such as preeclampsia, preterm birth, cesarean 

section, gestational diabetes mellitus (GDM) and large for gestational age (LGA) children 

(Poston et al. 2016; LifeCycle Project-Maternal Obesity and Childhood Outcomes Study 

Group 2019). These outcomes heighten a woman’s risk of NCDs later in life (McNestry et al. 

2023). Furthermore, a pre-pregnancy BMI of overweight and obesity increases the risk for 

excessive gestational weight gain (EGWG) (Sámano et al. 2023). According to the Institute of 

Medicine (recently renamed National Academy of Medicine, NAM), EGWG is defined as 

weight gain during pregnancy that exceeds a specific threshold, which is determined by the 

mother’s pre-pregnancy BMI (Table 1) (Rasmussen and Yaktine 2009). EGWG is a strong 

predictor for the risk for subsequent postpartum weight retention (PPWR), defined as the 

difference between maternal postpartum and pre-pregnancy body weight (Nehring et al. 

2011; Rong et al. 2015; Meyer et al. 2023). About one in four mothers still have substantial 

PPWR one year after delivery (>4.55/5kg) (McKinley et al. 2018). The weight retained after 

birth represents an elevated baseline BMI for a possible subsequent pregnancy, exposing 

women to a heightened risk for EGWG and perinatal complications, perpetuating the cycle 

(Luke et al. 2016; Teulings et al. 2019). Thus, both EGWG and PPWR seem to be key 

contributors to weight gain in women and the development of overweight and obesity later in 

life (Phelan 2010). This vicious cycle of maternal weight development has an intergenerational 

impact on the health and weight development of the future generation (Figure 1) as a high 

pre-pregnancy maternal body weight and EGWG are associated with increased risk for the 

development of metabolic disorders as well as overweight and obesity in childhood and 

young adolescence (Heslehurst et al. 2019; Voerman et al. 2019). The lifelong imprinting of 
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the child’s metabolism in utero, by factors such as maternal obesity and overnutrition, with 

lasting consequences for long-term health or disease risk in childhood or adulthood embodies 

the principle of developmental programming or the Developmental Origins of Health and 

Disease (DOHaD) hypothesis (Fleming et al. 2018; Langley-Evans 2022).  

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 

1.3 Excessive gestational weight gain 

To reduce health risks associated with inappropriate gestational weight gain (GWG) and 

optimize the overall health of both the mother and the child, the NAM developed and updated 

the recommendations for optimal GWG based on a woman’s pre-pregnancy BMI in 2009 

(Table 1). These guidelines serve as a reasonable orientation for pregnant women and 

healthcare providers (Rasmussen and Yaktine 2009). For women of normal weight, a GWG of 

11.5 kg to a maximum of 16.0 kg is recommended. Women with overweight and obesity 

should gain less weight during pregnancy. GWG below or above these specific thresholds is 

defined as inadequate or EGWG, respectively, and should be avoided (Rasmussen and 

Yaktine 2009). Despite the NAM recommendations, the proportion of pregnant women 

experiencing EGWG has risen in the last decades (Johnson et al. 2015). A recent meta-

analysis using individual participant data (IPD) from over 218,000 women from 33 different 

cohorts worldwide reported that 44% of women gain excessive weight during pregnancy 

(Santos et al. 2018). In Germany, the prevalence of pregnant women who exceed the 

recommendations for adequate GWG has been reported to range from 42.9% to 68.5% 

Overweight/obesity 
High pre-pregnancy 

BMI 

Excessive GWG 

Postpartum weight 
retention 

High birth weight 
Rapid infant weight 

gain 

Overweight/obesity  
in childhood and 

adolescence 

Figure 1 Intergenerational cycle of overweight and obesity. 
Abbreviations: BMI: body mass index; GWG: gestational weight gain.  
Data source: adapted from Raab et al. 2022a. 
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(Ensenauer et al. 2013; Ferrari et al. 2014; Noever et al. 2020; Krebs et al. 2022). There is 

strong evidence that EGWG is associated with adverse pregnancy outcomes, such as GDM, 

hypertensive disorders as well as, preterm birth, cesarean delivery, LGA at birth, and 

macrosomia (Goldstein et al. 2017; Champion and Harper 2020).  

To comprehensively understand maternal characteristics associated with EGWG, several 

factors that favor susceptibility to EGWG are currently being investigated. A recent systematic 

review of 70 studies including more than 3.3 million participants found 58 different risk factors 

that were grouped into individual, family and social categories (Zhou et al. 2022). The 

subsequent meta-analysis conducted on 13 of these factors concluded that pre-pregnancy 

overweight and obesity, younger age (≤30 years), unemployment, being unmarried or 

divorced, primiparity and maternal smoking were each significantly associated with a higher 

risk of EGWG (Zhou et al. 2022). A high maternal pre-pregnancy BMI has been repeatedly 

shown as the strongest risk factor for EGWG (Samura et al. 2016; Sámano et al. 2023). The 

evidence regarding the relationship between sociodemographic characteristics of pregnant 

women (Samura et al. 2016; Zhou et al. 2022) and parity (Hill et al. 2017; Zhou et al. 2022; 

Sámano et al. 2023) with EGWG is still inconsistent, while foreign nationality (Heery et al. 

2015), migration background (Restall et al. 2014) or ethnicity (Gaillard et al. 2013) seem to be 

predictive factors for EGWG according to the literature. In addition, cognitive factors, such as 

less knowledge, negative body image and attitudes towards weight gain, have been 

suggested to be linked with the risk for EGWG (Kapadia et al. 2015), while other results 

regarding the impact of psychological characteristics were inconclusive (Hill et al. 2013; 

Hartley et al. 2015; Zhou et al. 2022).  

Table 1 Recommendations for adequate gestational weight gain provided by the NAM. 

Pre-pregnancy BMI category Gestational weight gain 

 Recommended 
minimum  

Recommended 
maximum  

Underweight: <18.5 kg/m2 

Normal weight: 18.5–24.9 kg/m2 

Overweight: 25.0–29.9 kg/m2 

Obesity: ≥30.0 kg/m2 

12.5 kg 

11.5 kg 

7.0 kg 

5.0 kg 

18.0 kg 

16.0 kg 

11.5 kg 

9.0 kg 

Abbreviations: NAM: National Academy of Medicine; BMI: body mass index. 
Data source: adapted from the NAM guidelines (Rasmussen and Yaktine 2009). 
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1.4 Maternal lifestyle during and after pregnancy 

In addition to the above-mentioned risk factors, an unhealthy maternal lifestyle has also been 

recognized as a negative influence on GWG (Zhou et al. 2022). For instance, women who 

engage in lower levels of PA (Restall et al. 2014), have a higher total energy consumption, and 

smoke while being pregnant (Gaillard et al. 2013) face an elevated risk of EGWG. Conversely, 

a healthy maternal lifestyle is beneficial for the course of pregnancy. Women who maintain a 

consistent exercise routine experience a lowered risk of EGWG (Deputy et al. 2015). A higher 

intake of fruits, vegetables, legumes and fish seems to be associated with favorable 

pregnancy outcomes (Chen et al. 2016). Furthermore, a healthy diet and exercise contribute 

to weight reduction in women after childbirth (Amorim Adegboye and Linne 2013) and are 

associated with various health benefits, such as aerobic fitness, psychological well-being 

(Larson-Meyer 2002), and improved symptoms of postpartum depression (Dipietro et al. 

2019; Opie et al. 2020).  

The intergenerational cycle of overweight and obesity forms the rationale for the interest in 

prevention strategies around pregnancy. While these efforts ideally should commence before 

conception, adequate maternal weight development can still be pursued during pregnancy, 

leveraging the potential of pregnancy as a “teachable moment”. This concept is generally 

understood to be a time point that arises from “naturally occurring life transitions or health 

events thought to motivate individuals to spontaneously adopt risk-reducing health 

behaviors” (McBride et al. 2003). Thus, pregnant women might be more receptive and willing 

to change their health behavior, given the direct impact on their child’s well-being (Phelan 

2010). Even following childbirth, women are becoming more aware of both their health and 

the health of their families (McKinley et al. 2018). This motivation offers the chance to promote 

maternal health behaviors during and after pregnancy to improve pre- and postnatal weight 

development, including both gaining the recommended weight during pregnancy and 

preventing PPWR and, in turn, improving maternal and child health (Phelan 2010).  

In the following, an overview of the recommendations regarding a healthy maternal lifestyle 

during and after pregnancy is given, which is summarized in Table 2. The recommendations 

are based on the German “Healthy Start – Young Family Network”, which has published 

evidence-based guidelines on a healthy lifestyle before and during pregnancy as a common 

basis to be disseminated to women (Koletzko et al. 2018). Recommendations for a healthy 

lifestyle during the postpartum period focus on breastfeeding women (Koletzko et al. 2016). 

PA recommendations for the postpartum period are mostly integrated into those for 

pregnancy (Evenson et al. 2014). Therefore, because of the missing concrete German 
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recommendations, the following information is additionally based on Ferrari and Graf (2017) 

who have compiled established international PA guidelines. 

1.4.1 Dietary recommendations 

During pregnancy, dietary recommendations center around advice on energy and nutrient 

intake, supplementation with critical nutrients and prevention of foodborne infections. While 

the energy requirements increase only slightly during pregnancy, the need for numerous 

micronutrients is elevated (Figure 2), so pregnant women should focus on the nutritional 

quality of their diet (Koletzko et al. 2018). The additional need for the most nutrients can be 

covered by  suitable food choices and a varied and balanced diet as recommended by the 

German Nutrition Society (DGE) for generally healthy adults (DGE 2017). The elevated need 

for specific micronutrients cannot be provided by the nutritional environment in Germany and 

should therefore be ensured by dietary supplements (Koletzko et al. 2018; DGE 2021). Women 

who are planning a pregnancy should take a daily supplement containing 400 μg folic acid at 

least four weeks pre-conception until the end of the first trimester. A higher dosage should 

be used when folic acid supplementation starts less than four weeks pre-conceptionally 

(Koletzko et al. 2018). There is substantial evidence for the supplementation of folic acid as a 

prevention strategy for neural tube defects (NTD) (De-Regil et al. 2015; Viswanathan et al. 

2017). Furthermore, pregnant women should take a supplement with 100–150 μg/day of 

iodine, in addition to consuming iodine-containing foods to reach the recommended 

reference value of 230 μg (Koletzko et al. 2018; DGE 2021). Insufficient iodine intake is 

associated with higher miscarriage and stillbirth rates and can harm the child’s physical and 

cognitive development (Bougma et al. 2013; Redman et al. 2016; BfR 2021).  

Depending on the state of nutrient supply, additional supplementation of iron, 

docosahexaenoic acid (DHA), and vitamin D may be recommended in conjunction with 

individual medical advice (Koletzko et al. 2018). The demand for iron during pregnancy is 

twice as high as for non-pregnant women (Figure 2), with a reference value of 30 mg/day; 

however, no general supplementation is recommended. Since there is no menstrual blood 

loss, and intestinal iron absorption increases during pregnancy, it is assumed that the 

alimentary iron requirement can be met by sufficient intake of iron-rich foods. Nevertheless, 

blood hemoglobin values, as well as serum ferritin, should be determined, and 

supplementation should be taken if there is a medically diagnosed deficiency (Koletzko et al. 

2018). The risk for an iron deficiency is higher among women following a vegetarian diet 

(Koletzko et al. 2018). The recommended intake of 200 mg/day of DHA during pregnancy can 

be achieved with one to two fatty sea fish meals per week. However, pregnant women without 
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a regular intake of sea fish are advised to supplement DHA (Koletzko et al. 2018). Although 

the need for vitamin D is not increased during pregnancy, undersupply should be avoided to 

prevent negative effects on fetal vitamin D supply and bone health (Dawodu and Wagner 

2012; Bischoff-Ferrari 2011). Therefore, pregnant women who rarely spend time in the sun, 

or who largely cover their skin or use sunscreen when exposed to the sun, as well as women 

with dark skin types, should daily supplement 20 μg of vitamin D per day (Koletzko et al. 

2018). For women with a long-standing vegetarian diet before pregnancy, B12 and zinc are 

critical nutrients. Women with a strict vegan diet must also consider protein and calcium, in 

addition to B12 and zinc. In these cases, the supplementation of these nutrients should occur 

following individual consultation (Koletzko et al. 2018; Hauner 2022). To avoid foodborne 

infections, all pregnant women should avoid raw or smoked meat and fish products, 

unpasteurized milk products, and raw eggs. Pregnant women and women planning to 

become pregnant should abstain from alcohol. Caffeinated beverages should only be 

consumed in moderate amounts (≤200 mg/day) (Koletzko et al. 2018) (Table 2).  
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Figure 2 Additional demand of selected micronutrients for pregnant and breastfeeding 
women.  
Expressed as a percentage of the reference value according to German Nutrition Society (DGE).  
Data source: summarized from Koletzko et al. 2016; Koletzko et al. 2018; DGE 2021.  
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During the postpartum period, women should also follow a varied, balanced, and wholesome 

diet to cover the additional need for micronutrients (Figure 2). They should have regular meals 

to meet the increased energy needs of 500 kcal/day if exclusively breastfeeding for the first 

four to six months (Koletzko et al. 2016). Breastfeeding women should supplement 

100 μg/day of iodine in addition to consuming iodine-containing foods to meet the reference 

value of 260 μg/day (Koletzko et al. 2016; DGE 2021). During the breastfeeding period, it is 

advisable to include sea fish in their diet twice a week. Otherwise, the required DHA reference 

intake (200 mg/day) should be ensured via supplements (Koletzko et al. 2016). DHA plays a 

vital role in the visual and neurological development of the child (Innis 2014). Breastfeeding 

women should hydrate regularly, as the fluid requirement due to milk production is higher. 

Alcohol consumption should be avoided, especially as long as the child is exclusively 

breastfed (Koletzko et al. 2016). Both smoking and passive smoking should be avoided by 

pregnant and breastfeeding women (Koletzko et al. 2016; Koletzko et al. 2018) (Table 2). There 

is no safe level or safe trimester for maternal smoking during pregnancy (Liu et al. 2020). 

Smoking and passive smoking during pregnancy and breastfeeding have been shown to have 

negative health effects, such as the increased risk of preterm birth, neurodevelopment and 

behavioral problems, fetal growth restriction, sudden infant death syndrome, impaired lung 

function, and obesity, amongst others (Banderali et al. 2015). 

1.4.2 Physical activity recommendations 

Pregnant, postpartum and breastfeeding women are recommended to follow the PA 

recommendations for the general adult population (Rütten and Pfeifer 2017). Women should 

engage in regular PA in their everyday life and limit sedentary behavior. Activities of moderate 

intensity should be practiced for at least 30 minutes on at least five days a week and 

combined with strength exercises twice weekly. The subjective marker for moderate intensity 

is either the 6–20 Borg scale (value should be between 12–14 for pregnant women), or the 

Talk Test, where there is no risk of overexertion if conversations are possible while exercising 

(Koletzko et al. 2016; Ferrari and Graf 2017; Koletzko et al. 2018). During pregnancy, strength 

training and exercises that use large muscle groups are recommended taking women’s 

experience and training status into consideration. The focus should be to maintain fitness, 

not to increase performance. Women who were already physically active before pregnancy 

can be more intensively active compared to women who previously had a more sedentary 

lifestyle. Brisk walking, cycling, swimming/aquafitness, aerobics, and pregnancy yoga or 

pilates are examples of suitable sports activities during pregnancy. Sports with a risk of falling 

or injury (e.g., horse riding, fighting), contact sports or scuba diving are examples that should 
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be avoided (Ferrari and Graf 2017; Koletzko et al. 2018). After birth, resumption of sports 

activity should be gradual and assessed on an individual basis, depending on the stage of 

postpartum recovery, mode of labor and individual fitness. For the immediate time after 

delivery, brisk walking is suggested. From postpartum week six, pelvic floor exercises, and 

strength training of the large muscle groups are recommended, whereas high-impact sport 

and ballistic movements should be avoided. A return to sport is proposed between six and 

nine months after birth, with cycling, inline skating, walking, water sports and postnatal 

gymnastics as recommended activities (Koletzko et al. 2016; Ferrari and Graf 2017) (Table 2). 

The health benefits of PA during and after pregnancy are well established. PA during 

pregnancy is described to be associated with maternal cardiovascular and -metabolic 

benefits, decreased musculoskeletal discomfort and incidence of muscle cramps (Melzer et 

al. 2010; Aune et al. 2014). It leads to a reduced risk of EGWG, GDM, postpartum depression 

(Dipietro et al. 2019; Nakamura et al. 2019), and improved antenatal mental health (Evenson 

et al. 2019). Fetal benefits of maternal PA include a reduced risk for preterm birth, small for 

gestational age and LGA at birth, as well as infant’s overweight and obesity in the long term 

(Chen et al. 2021). Women who are physically active during pregnancy are more likely to 

continue this postpartum. This leads to improved mental health and reduced anxiety, faster 

recovery, and weight reduction as well as enhanced cardiorespiratory fitness (Evenson et al. 

2014). Furthermore, PA during the breastfeeding period has not been shown to affect breast 

milk volume and composition or infant growth (Evenson et al. 2014; ACOG 2020). 
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Table 2 Recommendations on a healthy maternal lifestyle. 

 Recommendations for a healthy maternal lifestyle 

 during pregnancy during postpartum period 

Energy  

and  

nutrient 

intake 

additional energy need: 10% in the last 

months of gestation 

additional energy need: 500 kcal/day 

during exclusive breastfeeding  

balanced and varied diet according to the general recommendations for adults:  

regular meals rich in vegetables, fruits, whole grain products, moderate amounts 

of low-fat animal products, fatty fish, plant oils rich in essential fatty acids, limited 

intake of sweets, snacks 

caffeinated beverages only moderately  

avoidance of alcohol 

 

avoidance of alcohol during 

breastfeeding 

Dietary 

supplements 

▪ 400 µg folic acid before pregnancy 

▪ 100–150 µg iodine during pregnancy 

▪ critical nutrients: DHA, iron, vitamin D 

▪ 100 µg iodine during 

breastfeeding 

▪ critical nutrient: DHA 

Smoking 
avoidance of (passive) smoking  avoidance of (passive) smoking 

during breastfeeding  

Physical 

Activity 

moderate intensity activity at least 30 minutes/week on most days of the week 

combined with strength exercises on two days per week 

reducing sedentary behavior 

▪ low-impact PA 

▪ aerobic endurance training and 

resistance training of the large muscle 

groups 

▪ after delivery: walking 

▪ >6th week pp: pelvic floor 

exercises, resistance training of 

the large muscle groups, non-

ballistic PA  

▪ 6–9 months pp: re-entry to sport  

examples of suitable sports activities 

walking, swimming, low impact aerobics, 

cycling, pelvic floor exercise, aquafitness, 

pregnancy yoga, pilates, depending on 

experience/condition: setback games, 

moderate strength training, running 

stretching, relaxation, breathing 

techniques, walking, gymnastics, 

for soft re-entry: cycling, inline 

skating, walking, sports in water, 

postnatal gymnastics 

examples for unsuitable sports activities 

sports with a risk of injuries or falling 

(horse riding, mountain biking), team 

sports, contact sports, bodybuilding, 

weightlifting, extreme sports, excessive 

endurance exercise, scuba diving, 

ballistic movements, supine position 

(>16th week of gestation) 

high-impact sport and ballistic 

movements  

 

Abbreviations: DHA: docosahexaenoic acid; PA: physical activity; pp: postpartum. 

Data source: summarized from Koletzko et al. 2016; Koletzko et al. 2018; Rütten and Pfeifer 2017; 

Ferrari and Graf 2017. 
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1.5 Research interest in antenatal lifestyle interventions  

Despite the recommendations and evident health benefits of a health-promoting lifestyle 

during pregnancy, only a minority of pregnant women or those intending to become pregnant 

adhere to the suggested guidelines for lifestyle and nutrition requirements (Inskip et al. 2009; 

Caut et al. 2020). The intake of dietary supplements around pregnancy often occurs too late 

or not at all, while unnecessary nutrients are supplemented in excessive doses (Becker et al. 

2011). Current evidence indicates that the majority of healthy pregnant women do not achieve 

the recommendations for PA, and their activity levels are inadequate to ensure the benefits of 

a healthy active lifestyle (Silva-Jose et al. 2022). Approximately 14% of pregnant women in 

Germany occasionally consume alcohol (Bergmann et al. 2007), while 10.9% smoke during 

their pregnancy (Kuntz et al. 2018). The prevalence of EGWG varies with about one in two 

women gaining excessive weight during pregnancy (Santos et al. 2018). Further, it has been 

shown that maintaining a healthy lifestyle after childbirth is challenging, and several studies 

have reported a decline in PA and the dietary quality postpartum (Faria-Schützer et al. 2018; 

Murray-Davis et al. 2019; Martin et al. 2020). The prevalence of suboptimal health behaviors, 

along with the substantial body of evidence supporting the preventive advantages of a healthy 

antenatal lifestyle and the acknowledged maternal motivation to embrace healthy habits 

(Phelan 2010), provides a justification for initiating lifestyle interventions during pregnancy.  

1.5.1 Effect of antenatal lifestyle interventions on maternal weight gain 

Antenatal lifestyle interventions aimed at limiting maternal weight gain and improving health 

outcomes are widespread. Their effects have been consolidated in systematic reviews and 

meta-analyses. The International Weight Management in Pregnancy Collaborative Group  

(i-WIP) conducted a meta-analysis using IPD from antenatal lifestyle intervention studies 

conducted between 1990 and 2017. This analysis, involving 36 randomized controlled trials 

(RCTs) with 12,526 women, found that diet and/or PA-based interventions had a modestly 

successful impact on reducing GWG, resulting in an average difference of -0.70 kg (95% 

confidence interval (CI) -0.92 to -0.48). This beneficial impact was consistently noted 

regardless of the maternal BMI, age, number of previous pregnancies, ethnic background, or 

pre-existing medical conditions. While no significant effects were observed on composite 

clinical outcomes for both mothers and offspring, there was a reduced likelihood of cesarean 

sections in the intervention groups (IG) (i-WIP Collaborative Group 2017). In a more recent 

systematic review and meta-analysis conducted by Teede et al. (2022), the authors 

aggregated the RCTs identified in the i-WIP study (2017) with RCTs from an updated search 

that considered papers published between 2017 and 2020. This extensive analysis covered 
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a total of 117 RCTs involving 34,546 women. The results suggested that antenatal lifestyle 

interventions incorporating structured diet and PA interventions were associated with 

decreased GWG (-1.15 kg, 95% CI -1.40 to -0.91), a reduced likelihood of GDM and fewer 

adverse maternal and neonatal outcomes compared to routine care. Notably, structured diet 

interventions seemed to have a greater effect on lowering GWG (-2.63 kg, 95% CI -3.87 to -

1.40) than interventions involving only PA or combined PA and diet, when compared with 

routine care (Teede et al. 2022).  

Numerous antenatal lifestyle intervention studies primarily focus on pregnant women with 

overweight or obesity, as reported in a meta-review of 15 systematic reviews. These findings 

indicated a reduction in GWG ranging from 0.3 to 2.4 kg with lifestyle interventions compared 

to standard care, although with limited certainty of evidence. There was some evidence that 

interventions focused solely on diet or solely on PA may reduce the risk of GDM (Fair and 

Soltani 2021). Two of the largest RCTs on antenatal lifestyle interventions specifically focus 

on women with overweight or obesity. In the UPBEAT trial, which involved 1,555 pregnant 

women with obesity, there was no improvement in the primary goal of reducing the incidence 

of GDM and LGA infants, but women in the IG experienced a 0.55 kg (95% CI -1.08 to -0.02) 

decrease in GWG (Poston et al. 2015). Conversely, the Australian LIMIT study, which included 

2,212 pregnant women with overweight and obesity, did not show that interventions related 

to diet and PA resulted in a significant reduction in GWG (-0.04 kg, 95% CI -0.55 to 0.48) 

(Dodd et al. 2014b). 

Several antenatal lifestyle interventions followed women during the postpartum period and 

reported data on PPWR. A comprehensive analysis of seven systematic reviews and meta-

analyses revealed consistent evidence indicating a reduction in PPWR at various follow-up 

time points for women across different BMI categories who had undergone antenatal lifestyle 

interventions. The average between-group difference in PPWR ranged from -1.90 kg (95% CI 

-1.69 to -1.12) at six months to -0.68 kg (95% CI -1.28 to -0.09) at twelve months postpartum 

to. However, there was limited data available for distinct BMI subgroups (Hayes et al. 2021).  

In summary, the results showed a modest yet statistically significant reduction in both GWG 

and PPWR following a lifestyle intervention during pregnancy, with some positive effects on 

other pregnancy outcomes. The findings support structured nutrition and PA interventions led 

by trained professionals (Teede et al. 2022). Elements like early intervention, supervised PA, 

personal counseling, weight monitoring, and predefined weight targets appear to contribute 

to the control of GWG and might be promising aspects for consideration (Farpour-Lambert et 

al. 2018). However, the most effective intervention components, the required frequency, 

delivery mode, behavioral strategies and level of supervision is difficult to identify due to the 
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pronounced methodological and statistical heterogeneity and have not been definitively 

established (Teede et al. 2022). The extent to which specific subgroups of women with diverse 

risk factors for EGWG can benefit from lifestyle interventions remains unexplored. Currently, 

there is no large-scale antenatal lifestyle intervention targeting women across different BMI 

categories. 

1.5.2 Effect of antenatal lifestyle interventions on maternal health behaviors 

While the weight-related changes resulting from behavioral interventions are unquestionably 

crucial in terms of clinical application, it is essential not to underestimate the importance of 

measuring health behaviors. This mechanistic perspective allows insight into behavioral 

factors that contribute to weight-related outcomes. A comprehensive analysis was conducted 

by Heslehurst et al. (2020) who assessed existing evidence from systematic reviews regarding 

the effectiveness of antenatal lifestyle interventions on pregnant women’s behaviors related 

to smoking, alcohol, diet, and PA. Notably, identified studies primarily focused on the effect 

of antenatal interventions on health-related outcomes (e.g., GDM, weigh development, LGA 

infants), rather than thoroughly examining the impact on the targeted health behaviors. 

Therefore, out of 109 identified reviews, only 36 reviews reported relevant health behavior 

outcomes and were consequently included in the umbrella review. The most consistent 

findings were related to enhancing dietary behavior. Specifically, these interventions were 

shown to be effective in increasing fruit and vegetable consumption and reducing 

carbohydrate intake. Consistent evidence was lacking across reviews regarding 

improvements related to smoking cessation or PA behaviors (Heslehurst et al. 2020). 

Moreover, it does not appear that there exists any evidence for the efficacy of structured 

counseling on appropriate maternal dietary supplement intake around pregnancy. A 

systematic review by Currie et al (2013) examined antenatal interventions targeting PA 

behavior and found a reduction in the decline of PA throughout pregnancy. Interventions with 

regular face-to-face meetings seemed to be more likely to result in favorable changes in PA 

behavior, however, there was substantial heterogeneity in the duration, delivery, behavioral 

focus, and design of these interventions (Currie et al. 2013). Hence, the most effective 

intervention for PA is still unclear. To thoroughly comprehend how pregnancy can be used as 

a unique opportunity for behavioral change interventions, research efforts are required to 

measure changes in dietary and exercise behaviors. The positive effects of antenatal lifestyle 

interventions on PPWR suggest that a healthy antenatal lifestyle may help to maintain healthy 

lifestyle habits after birth. However, only few studies have investigated the long-term effects 

of antenatal lifestyle interventions on dietary and PA behavior in the postpartum period and 
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existing results were heterogeneous (Dodd et al. 2014a; Horan et al. 2014; Moran et al. 2017; 

Patel et al. 2017; Huvinen et al. 2018; O'Brien et al. 2019; Dalrymple et al. 2021a). 

1.5.3 Antenatal lifestyle interventions within routine care setting 

Despite some proof-of-concept RCTs, results from meta-analyses, and the urgent need to 

tackle the rising trend in maternal weight gain, no conclusive evidence to inform guidelines 

for effective implementation of antenatal lifestyle interventions into practice exists (Khomami 

et al. 2022). Notably, only a limited number of small RCTs have embedded lifestyle counseling 

under real-life conditions within routine antenatal care for managing appropriate GWG 

(Barroso et al. 2022). Up to this point, there has been no implementation at scale of antenatal 

lifestyle interventions aimed at preventing EGWG as a standard part of routine antenatal care. 

To close this gap, two lifestyle intervention trials were implemented within the German 

antenatal routine care setting with the primary aim of preventing EGWG according to the NAM 

recommendations. In the cluster-randomized FeLIPO (Feasibility of a lifestyle-intervention in 

pregnancy to optimize maternal weight development) pilot trial with 250 participants, women 

in the IG received two antenatal lifestyle counseling sessions, delivered by a dietician, 

alongside routine antenatal care. Women in the control group (CG) received the usual 

antenatal care. The intervention resulted in a noteworthy reduction in the percentage of IG 

women facing EGWG as compared to the CG (IG: 38.2% vs. CG: 59.5%; odds ratio 0.5, 95% 

CI 0.3 to 0.9). Furthermore, there was evidence of lower maternal weight retention at both 

four and twelve months postpartum as well as positive impacts on maternal energy intake 

and average PA levels (Rauh et al. 2013; Rauh et al. 2015). Following the promising results 

demonstrated by the FeLIPO trial, the subsequent large-scale GeliS (Gesund leben in der 

Schwangerschaft/healthy living in pregnancy) trial was conducted across multiple districts in 

Bavaria, Germany, from 2013 to 2015. In total, 2,286 women were enrolled in the GeliS trail, 

where antenatal counseling was carried out by trained professionals in gynecological 

practices. However, the intervention did not result in a decreased proportion of IG women 

with EGWG. Indeed, 45.1% of women in the IG and 45.7% of women in the CG exceeded the 

NAM recommendations (Kunath et al. 2019). This thesis endeavors to elucidate the influence 

of the GeliS lifestyle intervention on different aspects of maternal health behaviors, and also 

involves the development of a screening questionnaire for EGWG. The specific research 

questions will comprehensively be elaborated in the subsequent chapter. 
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2 Aim of the thesis 

The overall aim of this doctoral thesis is to examine the effectiveness of the GeliS lifestyle 

intervention trial beyond its primary outcome of reducing EGWG by investigating its influence 

on several maternal health behavior outcomes. In addition, this doctoral work used the 

extensive dataset from the GeliS cohort to identify risk factors for EGWG in order to develop 

and validate a practical screening tool. 

The research questions of this thesis are addressed within four publications (chapters 4.1 to 

4.4) with the following aims: 

Publication I 

Aim: to investigate the effect of the GeliS lifestyle intervention program on maternal PA 

behavior during pregnancy and to assess the influence of different PA intensities on GWG 

within the pooled GeliS cohort 

Publication II 

Aim: to investigate the sustained effect of the GeliS lifestyle intervention program on maternal 

health behaviors during the first year postpartum 

Publication III 

Aim: to investigate the effect of the GeliS lifestyle intervention program on dietary supplement 

intake behavior during and after pregnancy and to report on the dietary supplements taken 

by the pooled GeliS cohort before, during and after pregnancy  

Publication IV 

Aim: to identify early risk factors for EGWG from maternal anthropometric, sociodemographic, 

smoking, and mental health data using the pooled GeliS cohort to develop and validate a non-

invasive screening questionnaire for identifying women at risk for EGWG at an early stage 

Finally, the findings of this thesis will be discussed and used to draw conclusions from the 

GeliS concept, identify gaps, and derive suggestions for future lifestyle intervention 

approaches addressing maternal health and weight. 
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3 Materials and methods  

The following section briefly summarizes the most important aspects of the research methods 

applied in this thesis. A detailed description of the methodological approach can be found in 

the study protocol (Rauh et al. 2014) and corresponding publications related to this thesis 

(Hoffmann et al. 2019b; Geyer et al. 2021; Geyer et al. 2022; Geyer et al. 2023). 

3.1 Design and setting of the GeliS trial 

The GeliS trial is a large-scale, prospective, cluster-randomized, controlled, open intervention 

trial that was conducted in five administrative regions of Bavaria, a federal state in the 

southeast of Germany. Within each region, a pairwise cluster-randomization was performed 

to randomly match one intervention and one control district per region according to similar 

birth rates, socio-demographic and geographic criteria. In the intervention and control 

districts, gynecologists and midwifery practices were recruited for participation, as the study 

was conducted as a public health project alongside routine antenatal care visit. The study 

practices were supervised for each region by an expert center for nutrition headed by the 

Bavarian State Ministry of Food, Agriculture and Forestry. The study was conducted in 

conformity with local regulatory requirements and laws as well as the declaration of Helsinki. 

The study protocol was approved by the Ethics Committee of the Faculty of Medicine at the 

Technical University of Munich (project number 5653/13) and retrospectively registered in the 

ClinicalTrials.gov Protocol Registration System (NCT01958307). The study protocol has 

published details on the study design, setting and cluster-randomization (Rauh et al. 2014). 

The primary aim was to decrease the proportion of women who gained excessive weight 

during pregnancy as defined by the NAM (Rasmussen and Yaktine 2009) through a 

comprehensive lifestyle intervention program. The effect of the GeliS intervention on EGWG 

and pregnancy outcomes (Kunath et al. 2019) as well as on various secondary endpoints, 

such as maternal dietary behavior during pregnancy (Günther et al. 2019a), maternal 

postpartum weight loss and breastfeeding behavior (Hoffmann et al. 2019c) and weight 

development of the children up to the third year of life (Hoffmann et al. 2021; Spies et al. 2022) 

have already been published. In addition, the comprehensive dataset enabled the 

investigation of several research questions in the pooled GeliS cohort. For instance, the 

association of antenatal maternal lifestyle and neonatal outcomes was examined (Günther et 

al. 2019b; Hoffmann et al. 2019a), the antibiotic treatments during pregnancy until six months 

postpartum were evaluated (Knoke et al. 2023), as well as factors influencing the occurrence 
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of preterm birth (Raab et al. 2022b), GDM (Günther et al. 2022), and postpartum depression 

(Johar et al. 2020) were investigated.  

3.2 Study participants  

The medical personnel in 71 participating practices were responsible for recruiting the 

participants. Between July 2013 and December 2015, 2,286 pregnant women were recruited 

for study participation (Rauh et al. 2014; Kunath et al. 2019). Women enrolled in practices in 

the control districts formed the CG, and women enrolled in practices in the intervention 

districts formed the IG. In a screening visit (≤12th week of gestation, visit 0), all pregnant 

women, irrespective of group allocation, provided basic information on sociodemographic 

and anthropometric data in a screening questionnaire. Based on this information, the inclusion 

and exclusion criteria for study participation were checked. The following criteria had to be 

fulfilled for inclusion in the study: singleton pregnancy before the end of the 12th week of 

gestation, pre-pregnancy BMI ≥18.5 kg/m2 and ≤40.0 kg/m2, age between 18 and 43 years, 

and sufficient knowledge of the German language. Women were excluded in case of multiple 

or high-risk pregnancies, pre-pregnancy diabetes mellitus or early GDM, uncontrolled 

metabolic diseases and psychiatric or psychosomatic disorders, or any other severe illness 

or complication that might interfere with compliance with the study protocol. Before study 

enrolment, women were obliged to give written informed consent (Rauh et al. 2014). While 

participants in the CG received routine antenatal care as well as flyers and brochures with 

brief and general recommendations on a healthy antenatal lifestyle, participants in the IG 

obtained a comprehensive lifestyle intervention program (Rauh et al. 2014). 

3.3 The GeliS lifestyle intervention program 

Within the intervention districts, gynecologists, medical personnel, and midwives delivered 

the lifestyle intervention program to participating women during routine antenatal care visits. 

Prior to the onset of the intervention, the participating medical staff attended a two-day 

training seminar to learn how to deliver the intervention in a standardized way according to 

the pre-defined curriculum (Rauh et al. 2014). The lifestyle intervention program encompassed 

three individually scheduled, face-to-face counseling sessions during pregnancy (12th–16th, 

16th–20th, 30th–34th week of gestation), and one counseling session after delivery (6th–8th week 

postpartum). Figure 3 depicts the study scheme of the GeliS trial with the screening visit, the 

lifestyle counseling sessions, the examinations as well as information about the data 

collection that was carried out for both groups as part of the routine antenatal care visits 

(Rauh et al. 2014). 
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Figure 3 Study scheme of the GeliS trial. 
Abbreviations: visit 0: screening visit; LC: lifestyle counseling session; wk gest: week of gestation; wk 
pp: weeks postpartum; SQ: screening questionnaire; Q: questionnaire set; OGTT: oral glucose tol-
erance test; HbA1c: glycosylated hemoglobin A1c; WBCB: well-baby check-up booklet; TEL: telephone 
interview. 
Data source: adapted from both the GeliS study protocol (Rauh et al. 2014) and a figure previously 
developed and used by the GeliS study team. 

The counseling sessions covered topics about the principles of a healthy diet and adequate 

dietary supplement intake during pregnancy and lactation. Details on the topics of the lifestyle 

counseling sessions have been published in the study protocol (Rauh et al. 2014). Women 

were informed about the increased need for certain micronutrients with an emphasis on the 

importance and adequate supplementation of iodine and folic acid. Iron supplements were to 

be taken only if a deficiency had been diagnosed. Furthermore, the risk of smoking and 

alcohol intake during pregnancy and breastfeeding was addressed. Women were informed 

about the recommendations of adequate antenatal PA and were encouraged to engage in PA 

for at least 150 minutes of moderate intensity per week as well as to decrease daily inactivity. 

In all counseling sessions, women were advised about adequate weight gain during 

pregnancy according to the NAM recommendations (Rasmussen and Yaktine 2009). Weight 

gain charts displaying gestational weight development were provided to self-monitor weight. 

Table 3 gives details about the curriculum of the lifestyle counseling program. Standardized 

presentation boards, teaching kits and brochures were used for communicating the 

counseling content based on the recommendations of the nationwide network “Healthy Start 

- Young Family Network” (Koletzko et al. 2012), a project of IN FORM, subsidized by the 

German Federal Ministry of Food and Agriculture. Participants of both the IG and CG were 

offered the opportunity to be screened for GDM between the 24th and 28th week of gestation 

using a two hours 75 g oral glucose tolerance test (OGTT). Participants’ blood was drawn 

during the third session to measure glycosylated hemoglobin A1c (HbA1c) (Rauh et al. 2014).  
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Table 3 Curriculum of the GeliS counseling sessions. 

Counseling session Content 

LC1 

12th–16th week of 

gestation 

▪ information on a healthy lifestyle: the principle of a healthy diet and 

adequate PA during pregnancy 

▪ critical nutrients 

▪ risk of alcohol intake, smoking, and foodborne infections  
▪ GWG and weight monitoring 

▪ specifics: brochures of a balanced diet, list of antenatal PA programs, 

weight gain chart for self-monitoring weight development 

LC2 

16th–20th week of 

gestation 

▪ individual dietary and PA habits 

▪ specifics: invitation to participate in a standardized 2-hour OGTT 

between the 24th and 28th week of pregnancy 

LC3 

30th–34th week of 

gestation 

▪ reinforcing of previous contents on healthy lifestyle during pregnancy 

▪ emphasis on weight monitoring  

▪ information on antenatal maternity courses and postnatal PA classes 

▪ information on specific problems, e.g., water retention, back 

complaints 

▪ importance of breastfeeding 

▪ specifics: blood sampling for measuring HbA1c 

LC4 

6th–8th week 

postpartum 

▪ healthy diet during breastfeeding 

▪ infant feeding principles 

▪ breastfeeding recommendations 

Abbreviations: LC: lifestyle counseling session; PA: physical activity; GWG: gestational weight gain; 

OGTT: oral glucose tolerance test; HbA1c: glycosylated hemoglobin A1c. 

Data source: based on the GeliS study protocol (Rauh et al. 2014).  

3.4 The GeliS follow-up observation program 

After the last counseling session (6th–8th week postpartum), mother-child pairs of the IG and 

CG were followed-up until five years after birth (Figure 3) (Rauh et al. 2014). Women in both 

groups were contacted at one, three and five years after birth. Using paper-based 

questionnaire sets sent via post, information on maternal health and lifestyle, breastfeeding 

behavior, and infant feeding practices, as well as neurodevelopment and lifestyle of the 

children were collected. Data on children’s anthropometric development and health status, 

derived from the well-baby check-up booklet (WBCB), which is collected as part of routine 

pediatric care, were obtained through telephone interviews conducted by the GeliS study 

team. Regarding lifestyle data, the focus at the first follow-up was on the mothers, while at 

the second and third follow-up, the focus was on the children. 
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3.5 Data collection and processing 

The collection and processing of the data analyses of this thesis are outlined in the following. 

Details are described in the corresponding publications (Hoffmann et al. 2019b; Geyer et al. 

2021; Geyer et al. 2022; Geyer et al. 2023).  

Maternal baseline characteristics and weight during pregnancy 

At study entry (visit 0), maternal anthropometric, demographic, and socioeconomic 

characteristics, such as age, height, pre-pregnancy weight, educational level, employment 

status, country of birth and number of previous births were collected using the screening 

questionnaire (SQ) (Appendix 1). The pre-pregnancy BMI was calculated based on self-

reported pre-pregnancy weight and height. Women’s weight during pregnancy was measured 

at routine antenatal care visits by medical staff and entered in the maternity record. Based on 

these data, GWG was calculated as the difference between maternal weight measured at the 

last and the first routine antenatal visit.  

Data on maternal health  

In a set of self-reported, paper-based questionnaires, maternal PA, dietary and smoking 

behaviors in early pregnancy (T0, ≤12th week of gestation, corresponds to baseline) and late 

pregnancy (T1, >29th week of gestation), as well as 6–8 weeks postpartum (T1pp) and one 

year postpartum (T2pp) were assessed. Dietary supplement intake behavior was evaluated at 

T0, T1 and T1pp. Maternal mental health status in terms of anxiety and depression was 

assessed at T0 and T1.  

The validated Pregnancy Physical Activity Questionnaire (PPAQ) (Chasan-Taber et al. 2004), 

slightly modified to German habits (Appendix 2), was used to investigate the duration, 

frequency, and intensity of maternal PA behavior during pregnancy (T0, T1) and after birth 

(T1pp, T2pp). Using 32 questions, women were asked to estimate the average time engaging 

in various activities over the last four weeks (depending on the question: 0–6 or more h/day; 

0–3 or more h/week). In two open-ended questions, women had the option to indicate 

additional sports activities that were not covered by previous questions (Chasan-Taber et al. 

2004). The estimated hours engaged in each activity were multiplied by its intensity, defined 

by the metabolic equivalent of task (MET), and expressed as the average energy expenditure 

per week (MET-h/week) for each activity. The MET values of the 32 activities were derived 

from the calculation sheet of the PPAQ (DAPA Measurement Toolkit 2004). The 2011 

Compendium of PA was used to assign MET values to the activities entered in the open-

ended text field (Ainsworth et al. 2011). The sum of the average weekly energy expenditure in 

MET-h/week allowed both to estimate total PA and total activity of light intensity and above 
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(TALIA), and to group activities according to PA types (household/caregiving, occupational, 

sports/exercise, transportation, inactivity) and intensities (sedentary, light, moderate, 

vigorous) (DAPA Measurement Toolkit 2004). The PPAQ evaluations allowed us to determine 

whether the women adhered to national and international recommendations for PA (Rütten 

and Pfeifer 2017; ACOG 2020). A threshold of ≥7.5 MET-h/week in the category of sports 

activities of moderate intensity and above was set as meeting these recommendations 

(personal communication: Prof. L. Chasan-Taber, University of Massachusetts Amherst, 

2018). As done by others (Dodd et al. 2014a), participants were excluded from PA analysis 

due to over-reporting if the sum of reported hours per week exceeded the total sum of hours 

in a week, and if the reported hours of occupational activity were more than 12 hours per day 

for seven days per week.  

A slightly modified version of a validated food frequency questionnaire (FFQ) was used to 

assess maternal dietary behavior in the postpartum period at T1pp and T2pp (Appendix 3). 

The FFQ was originally developed for the “German Health Interview and Examination Survey 

for Adults” (DEGS)-study conducted by the Robert Koch-Institute, Berlin, Germany 

(Haftenberger et al. 2010). Women were questioned on their dietary behavior over the 

previous four weeks, such as the consumption frequency and portion sizes of 54 food items. 

The consumption frequency was assessed with the help of 11 different categories ranging 

from “never” to “more than five times per day”. Portion sizes were asked for in standard 

household measurements, such as plates, bowls, cups, glasses, spoons, and pieces. In 

addition, four questions asked for information on food preparation, dietary choices, 

vegetarianism, and frequency of fresh food preparation. The evaluation of the average daily 

intake was done according to the scheme that the developers of the FFQ provided (personal 

communication: Dr. G. Mensink, Robert Koch-Institute, 2018) and has been previously used 

for dietary data analysis during pregnancy (Günther et al. 2019a). The food items were 

grouped into 17 different food groups. Participants were excluded from the analysis if over-

reporting of food intake was assumed (liquids >15 kg, solid foods >10 kg, or liquids >4 kg 

and solid foods >6 kg) or if more than 20 out of 54 food items were not answered. Based on 

the German food composition database (“Bundeslebensmittelschlüssel”) energy, 

macronutrient, and fibre intake were calculated using the OptiDiet PLUS software (version 

6.0, GOE mbH, Linden, Germany). For questions of the FFQ that referred to more than one 

food item, a reference intake pattern derived from the German National Consumption 

Survey II was used to estimate energy and macronutrient intake (personal communication: 

Max Rubner-Institute, Federal Research Institute of Nutrition and Food, 2018). Participants 

who over- or underreported energy intake (>20,000 kJ or <4,500 kJ, respectively) were not 
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included in the analysis, as described previously (Günther et al. 2019a). The dietary quality 

was calculated using the DEGS-Healthy Eating Index (HEI) based on the DEGS-FFQ and 

developed by the Robert Koch-Institute (Kuhn). The HEI is based on the intake of 14 food 

groups. For each food group, a score value between 0 and 100 was computed based on 

compliance with the recommendations of the DGE. A combined HEI score was calculated 

from 0 to 100 from the mean score values. Higher score values represent better adherence 

to the DGE recommendations and thus higher dietary quality (Kuhn). 

At four time points (T0, T1, T1pp, T2pp), maternal smoking behavior was assessed with the 

question “Do you currently smoke?”. The available response options were “yes, regularly”, 

“yes, occasionally (<1 cigarette per day)”, “no, not anymore” and “never smoked” (Appendix 

3, question 59).  

At T0, T1 and T1pp, maternal dietary supplement intake behavior was assessed. An open 

text field asked for the name and manufacturer of the supplemented product. For the analyses 

of dietary supplement intake behavior, the entered data were considered that were 

supplements according to the German Food Supplements Regulation (NemV) from the 

Federal Ministry of Justice and Consumer Protection (2004) and the Directive 2002/46/EC103 

of The European Parliament and the Council (2002). Information on prescription medication, 

pharmacy-only products, homoeopathic products, or pharmaceuticals were excluded from 

analyses. The exact period and frequency of the respective supplement intake were 

requested by predefined response options and can be found in the attached questionnaires 

(Appendix 4 and 5). Using the product name, the composition of micronutrients as well as the 

recommended dosage instruction were identified. To calculate the daily intake of the 

micronutrients, the amount of identified micronutrients according to the recommended 

dosage instruction was multiplied by the frequency of intake entered in the questionnaire.  

The first two questions of the Patient Health Questionnaire (PHQ)-4, a short screening scale 

for anxiety and depression (Kroenke et al. 2009), were used to assess signs of maternal 

depressive disorder in early pregnancy. Thereby, a PHQ-2 score of at least three points 

suggested depressive symptoms (Kroenke et al. 2003). 

3.6 Statistical analysis  

The sample size was calculated based on the primary endpoint of the GeliS study which has 

been described in detail in the study protocol (Rauh et al. 2014). During the intervention phase, 

participants were defined as dropouts in case of miscarriage, late loss of pregnancy, 

termination, pregnancy complications that interfered with the intervention, maternal death, or 

the decline of further study participation or change of residence. During the follow-up period, 
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women were considered dropouts if they were no longer reachable, declined further study 

participation or did not provide contact information (Hoffmann et al. 2019c).  

A comprehensive overview of the statistical analyses applied in the respective publications to 

answer the research questions of this thesis are presented in Table 4 and explained in the 

following sections.  

3.6.1 Analysis of maternal health behavior 

For antenatal PA analyses, all participants excluding those who dropped out before delivery 

were considered, with available data on PA at T0 and/or T1. Participants were excluded from 

specific analyses of intensities and types if one or more answers were missing in the 

corresponding category. For the pooled cohort analysis to examine the influence of different 

PA intensities on GWG, all participants with available data on GWG except those with a 

preterm delivery were included. For the analyses of the PA and dietary behavior in the first 

year postpartum, all participants, excluding those who dropped out in the follow-up phase, 

who had available data on diet and/or PA at T1pp and/or T2pp and were not pregnant again 

at T2pp were included. For the analysis of smoking behavior, the same criteria were applied, 

and the women had to provide information on their smoking behavior. Similar to the analysis 

during pregnancy, women were excluded from specific postpartum PA analyses if at least 

one answer was missing in the respective category. For the analyses of the dietary 

supplement intake behavior, all participants without those who dropped out during the 

intervention phase, with available data on at least one of the three questionnaires on dietary 

supplementation were considered. Participants were excluded from specific analyses, such 

as the daily intake of micronutrients if the necessary information was missing.  

Linear or binary logistic regression models were used to estimate differences between the IG 

and the CG. As recommended for cluster-randomized trials (Donner and Klar 2000), the 

regression models were fit with generalized estimating equations (GEE). In exploratory 

analyses, selected health behavior variables were also analyzed by subgroup, such as pre-

pregnancy BMI category, age, educational level, and parity. Group differences were 

presented as estimated mean differences or odds ratios with a 95% CI. Linear mixed models 

for repeated measures were applied to assess changes in antenatal PA between T0 and T1, 

as well as changes in PA and dietary behavior between T1pp and T2pp. In the pooled cohort 

(combining IG and CG to one cohort), association analyses of PA intensity on GWG as well 

as association analyses of maternal demographic and socioeconomic factors on the general 

intake of dietary supplements were analyzed using generalized linear and logistic regression 

models. For this, the group assignment was included as an additional adjustment factor. The 
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analyses were carried out using SPSS software (IBM SPSS Statistics for Windows, version 

24.0 and 26.0, IBM Corp, Armonk, NY, USA) and p values <0.05 were defined as statistically 

significant. More information on the applied statistical analyses can be found in the 

corresponding publications (Hoffmann et al. 2019b; Geyer et al. 2021; Geyer et al. 2022). 

3.6.2 Analysis of the risk score model for excessive gestational weight gain 

For the pooled cohort analysis of the risk score model to develop and validate a screening 

questionnaire for EGWG, all participants with available data on GWG were included, except 

those who dropped out before delivery, who had a preterm delivery, or missing data on 

included variables. Potential risk factors of EGWG before the 12th week of gestation were 

designated a priori based on the evidence found in the literature concerning the assumed 

relationship to sociodemographic, anthropometrics, smoking behavior, mental health status 

(Hartley et al. 2015; Samura et al. 2016; Zhou et al. 2022). Finally, the following categorical 

variables were considered in statistical models: 

▪ pre-pregnancy BMI category (BMI 18.5–24.9 kg/m2 vs. BMI 25.0–29.9 kg/m2 vs. BMI 

30.0–40.0 kg/m2)  

▪ pre-pregnancy age (18–25 years vs. 26–35 years vs. 36–43 years) 

▪ educational level (not (yet) graduated from school/general secondary school vs. 

intermediate secondary school vs. high school)  

▪ country of birth (Germany vs. foreign country) 

▪ parity (primiparous vs. multiparous) 

▪ smoking status (never smoker vs. current and/or former smoker) 

▪ signs of depressive disorder (PHQ-2 score ≥3 vs. PHQ-2 score <3) 

▪ full-time employed (yes vs. no)  

The GeliS data were randomly split into a development and validation dataset with a ratio of 

80:20. Using the development dataset (80% of the data), a multivariate logistic regression 

model with stepwise backward elimination and considering the Akaike information criterion 

was run to identify a reduced set of risk factors most predictive of EGWG. These factors were 

used to develop a screening questionnaire based on the scoring system by Sullivan et al. 

(2004). The risk score was validated by internal cross-validation (20% of the data) and 

externally with the cohort data from the FeLIPO pilot study. Data for independent variables 

were accessible for all 250 FeLIPO participants and were included in the external validation 

analysis, despite the absence of data related to the dependent variable GWG in 25 

participants. The definitions and measurements of anthropometric, sociodemographic, and 

lifestyle data in the FeLIPO study were largely similar to those in the GeliS dataset. However, 
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no data on maternal mental health was collected. Minor modifications were made to 

harmonize the FeLIPO variables with the GeliS variables. This involved condensing 

educational level categories from four to three by merging the “high school/grammar school” 

and “university degree” categories from the raw dataset. Additionally, the FeLIPO variable 

GWG was recalculated instead of the self-reported weight before pregnancy, women’s 

measured weight at the study’s entry and the last antenatal visit before delivery was used to 

calculate GWG. A detailed description of the FeLIPO trial and its result can be found 

elsewhere (Rauh et al. 2013; Rauh et al. 2015).  

The area under the receiver operating characteristic (AUROC) curve was used to assess the 

discriminatory power of the risk score model. The analyses were performed with SPSS 

software (IBM SPSS Statistics for Windows, version 26.0, IBM Corp, Armonk, NY, USA) and 

RStudio software (RStudio Inc., version 4.0.3, Boston, MA, USA). Descriptive statistics were 

stratified based on the presence or absence of EGWG. Statistical differences between women 

with and without EGWG were assessed using the χ2 test for categorical variables and the 

Kruskal-Wallis test for continuous variables. In all analyses, group assignment was included 

as an adjustment factor. A p value <0.05 was considered statistically significant. Details of 

the statistical approach have recently been published and are provided in the respective 

publication (Geyer et al. 2023).    
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Table 4 Overview of statistical analyses. 

 
Time 
point 

Participant set Outcome Statistical model Covariates 

Intervention effect: analysis of maternal health behavior 

P
h

y
s
ic

a
l 
a

c
ti

v
it

y
 

 

T0 

T1 

all women except those  
▪ who dropped out before delivery 
▪ no data T0 and T1 

all women except those 
▪ who dropped out before delivery 
▪ with a preterm delivery 
▪ no data on gestational weight gain 

intervention effect: continuous, 
dichotomized variables 

time effects (T0 and T1) 
 

pooled cohort: PA intensities on 
total gestational weight gain  

linear and binary logistic 
regression models fit with GEE 

linear mixed models for repeated 
measures 

generalized linear regression 
model 

pre-preg. BMI category, age, parity, 
baseline PA (T0) 

pre-preg. BMI category, age, parity 
 

pre-preg. BMI category, age, parity, 
group assignment 

T1pp 

T2pp 

all women except those 
▪ who dropped out in the follow-up phase 
▪ no data on diet and PA at T1pp and T2pp 
▪ pregnant again at T2pp 

intervention effect: continuous, 
dichotomized variables 

 
 

time effects (T1pp and T2pp) 

linear and binary logistic 
regression models fit with GEE 
 
 

linear mixed models for repeated 
measures 

pre-preg. BMI category, age, parity, 
baseline dietary or PA assessment (T0), 
time interval between questionnaire 
completion date and birth date 

pre-preg. BMI category, age, parity D
ie

t 
 T1pp 

T2pp 

S
m

o
k

in
g

 
 

T0 

T1 

T1pp 

T2pp 

all women except those 
▪ who dropped out in the follow-up phase 
▪ no data on diet and PA at T1pp and T2pp 
▪ pregnant again at T2pp 
▪ no smoking data 

intervention effect: 
dichotomized variables 
 

binary logistic regression models 
fit with GEE 
 

T0: pre-preg. BMI category, age, parity 
T1: T0 + baseline smoking assessment 
T1pp/T2pp: T1 + time interval between 
questionnaire completion date and 
birth date 

D
ie

ta
ry

 
s
u

p
p

le
m

e
n

ts
 

T0 

T1 

T1pp 

all women except those 
▪ who dropped out in the intervention 

phase 
▪ no dietary supplementation data 

intervention effect: 
dichotomized variables 

pooled cohort: influencing 
factors on dietary supplement 
intake 

logistic regression models fit with 
GEE 

generalized logistic regression 
model 

pre-preg. BMI category, age, parity, 
educational level  

pre-preg. BMI category, age, parity, 
educational level, group assignment  

Pooled cohort: analysis of the risk score model for EGWG 

R
is

k
 s

c
o

re
 

m
o

d
e

l 

 

all women except those  
▪ who dropped out before delivery 
▪ with a preterm delivery 
▪ missing data for gestational weight gain, 

and all included variables  

salient risk factors for EGWG  
▪ sociodemographics (T0) 
▪ anthropometrics (T0) 
▪ smoking behavior (T0) 
▪ mental health status (T0) 

multivariate logistic regression 
with stepwise backward elimi-
nation (80% of data); ROC-
statistics: cross-validation (20% 
of data), external validation  

group assignment 

Publication I  Publication II Publication III  Publication IV  
Abbreviations: T0: ≤12th week of gestation; T1: 30th–34th week of gestation; T1pp: 6th–8th week postpartum, T2pp: one year postpartum; PA: physical activity; GEE: generalized 
estimating equations; pre-preg: pre-pregnancy; BMI: body mass index; EGWG: excessive gestational weight gain; ROC: receiver operating characteristic.
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4 Results 

In the following, the results of the corresponding publications considered in this thesis are 

briefly summarized, including the effect of the GeliS lifestyle intervention on maternal PA 

behavior during pregnancy (Hoffmann et al. 2019b), the sustained effect beyond the 

intervention phase on maternal health behavior during the first year postpartum (Geyer et al. 

2021), followed by the effect on maternal dietary supplement intake, which is additionally 

analyzed in a cohort approach (Geyer et al. 2022). Finally, results of the publication on the 

development of a validated screening questionnaire for EGWG using a cohort approach are 

presented (Geyer et al. 2023) 

4.1 Publication I: Effect of the GeliS lifestyle intervention on physical activity during 

pregnancy 

Title: Effects of a lifestyle intervention in routine care on prenatal physical activity – findings 

from the cluster-randomised GeliS trial 

Authors: Julia Hoffmann*, Julia Günther*, Kristina Geyer, Lynne Stecher, Kathrin Rauh, Julia 

Kunath, Dorothy Meyer, Christina Sitzberger, Monika Spies, Eva Rosenfeld, Luzia Kick, 

Renate Oberhoffer and Hans Hauner; *authors share first authorship. 

Access: BMC Pregnancy and Childbirth 19, 414 (2019); open access article available from: 

https://doi.org/10.1186/s12884-019-2553-7. 

Summary of findings: Of the original 2,286 women who participated in the cluster-

randomized GeliS study, 2,101 women provided PA data.  

At T1, a significant group difference in total PA (adjusted (adj.) effect size 6.00 MET-h/week, 

95% CI 4.93 to 7.07 MET-h/week; p<0.001) as well as in TALIA (adj. effect size 6.78 MET-

h/week, 95% CI 5.64 to 7.93 MET-h/week; p<0.001) was observed. The level of moderate-

intensity activity (adj. effect size 2.39 MET-h/week, 95% CI 0.31 to 4.48 MET-h/week; 

p=0.024), vigorous-intensity activity (adj. effect size 0.32 MET-h/week, 95% CI 0.12 to 0.51 

MET-h/week; p=0.002) and the level of sports activity (adj. effect size 1.88 MET-h/week, 95% 

CI 0.95 to 2.81 MET-h/week; p<0.001) differed significantly between groups. At T0, 50.0% of 

the IG and 44.4% of the CG met PA recommendations. At T1, the respective proportions were 

63.6% and 49.2% yielding evidence of a between-group difference in meeting PA 

recommendations (adj. p<0.001). Irrespective of group allocation, a significant increase in 

mean MET-h/week in the level of sedentary activity (IG: adj. p=0.001; CG: adj. p<0.001) and 

inactivity (both groups, adj. p<0.001) throughout pregnancy were observed while most other 
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types and intensities of PA levels decreased. In addition, the mean MET-h/week in sports 

activity of women in the IG increased from T0 to T1 (adj. p<0.001), whereas the level of women 

in the CG remained constant (adj. p=0.305). In late pregnancy, TALIA (adj. p<0.006), light-

intensity activity (adj. p=0.002) and vigorous-intensity activity (adj. p=0.014) were found to be 

significantly negatively associated with total GWG. 

In conclusion, the GeliS lifestyle intervention, which provided basic PA advice and was 

conducted alongside routine antenatal care, had positive effects on the antenatal PA of 

women in the IG. Women adhered more often to the recommendations for antenatal PA. In 

late pregnancy, PA intensities were significantly negatively associated with total GWG. 

Personal contribution: Kristina Geyer was involved in data processing, evaluation, and 

statistical analysis. Furthermore, Kristina Geyer was involved in writing the manuscript. 

Finally, Kristina Geyer revised the manuscript and commented on the publication as a co-

author. 

4.2 Publication II: Effect of the GeliS lifestyle intervention on maternal health behavior 

during the first year postpartum  

Title: Effects of a prenatal lifestyle intervention in routine care on maternal health behaviour 

in the first year postpartum – secondary findings of the cluster-randomised GeliS trial 

Authors: Kristina Geyer*, Monika Spies*, Julia Günther, Julia Hoffmann, Roxana Raab, 

Dorothy Meyer, Kathrin Rauh, Hans Hauner; *authors share first authorship. 

Access: Nutrients 13, 1310 (2021); open access article available from: 

https://doi.org/10.3390/nu13041310. 

Summary of findings: Data on health behavior at 6–8 weeks postpartum and/or one year 

postpartum were available from 1,899 women of the originally recruited 2,286 participants of 

the GeliS study. 

The mean daily intake of soft drinks (T1pp: adj. effect size -72.44 ml/day, 95% CI -107.00 to 

-37.88 ml/day, p<0.001) and fast food (T1pp: adj. effect size -2.25 g/day, 95% CI -4.08 to 

-0.42 g/day, p=0.016; T2pp: adj. effect size -4.09 g/day, 95% CI -5.36 to -2.82 g/day, 

p<0.001) was lower among women in the IG compared to the CG. Lifestyle counseling 

induced a higher consumption of vegetables (T2pp: adj. effect size 17.90 g/day, 95% CI 3.53 

to 32.27 g/day, p=0.015). Moreover, women in the IG were more likely to use rapeseed oil 

and olive oil than other oils for preparing meat and fish (T1pp: adj. p=0.004; T2pp: adj. 

p=0.011) and vegetables (T1pp: adj. p=0.012). Energy intake and macronutrient composition 

did not differ between groups. The diet quality assessed by the DEGS-HEI tended to differ 

https://doi.org/10.3390/nu13041310
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between groups at T1pp (adj. p=0.093) and significantly differed at T2pp (adj. p=0.043). In 

both groups, the mean energy intake decreased over the postpartum period (both groups, 

adj. p<0.001), while the dietary quality increased (adj. p<0.001). In congruence with this, the 

consumption of sweets and snacks declined (both groups, adj. p<0.001) and more vegetables 

were consumed (both groups adj. p<0.001). At T1pp, women in the IG had a lower total PA 

(adj. effect size -3.59 MET-h/week, 95% CI -6.69 to -0.50 MET-h/week; p=0.023). The 

increase in total PA in IG (adj. p<0.001), but not in CG (adj. p=0.061) led to similar total PA 

levels of both groups at T2pp. Women in IG showed significantly higher levels of occupational 

activity at T1pp (adj. effect size 8.09 MET-h/week, 95% CI 1.51 to 14.67 MET-h/week, 

p=0.016). There was no evidence for a difference between groups in PA types and intensities 

except for a trend for a higher proportion of women in the IG meeting PA recommendations 

at T1pp (IG: 52.7%, CG: 46.7%, adj. p=0.060). In both groups, the mean MET-h/week in 

sedentary activities and inactivity decreased significantly during the postpartum period (both 

groups, adj. p<0.001), while in most other categories the activity levels increased. The 

proportion of current smokers in early pregnancy was comparable in both groups (IG: 5.0%, 

CG: 5.0%). Throughout pregnancy, the intervention resulted in a reduction in the rate of 

current smokers in late pregnancy (IG: 3.8%, CG: 5.1%, adj. p<0.001). Despite an increased 

smoking rate in both groups in the postpartum period, there was significant evidence of a 

sustained intervention effect on smoking behavior at both postpartum time points (T1pp: IG: 

7.1%, CG: 9.7%, adj. p<0.001; T2pp: IG: 13.1%, CG: 14.1%, adj. p<0.001).  

In conclusion, the GeliS lifestyle intervention was modestly effective in modifying maternal 

dietary behavior and smoking behavior during the postpartum period beyond the intervention 

phase. However, no sustainable effect on maternal PA behavior could be achieved.  

Personal contribution: Kristina Geyer, together with the other first author, designed the 

research question for the article, was responsible for data processing and statistical analyses, 

interpreted the data, prepared tables and figures and wrote the manuscript. Regarding the 

contribution on data processing and statistical analysis, the focus of Kristina Geyer was on 

the PA data and the focus of the other first author was on the dietary and smoking data. 

4.3 Publication III: Dietary supplement intake before, during and after pregnancy in 

the randomization groups and GeliS cohort 

Title: Dietary supplement intake before, during and after pregnancy: results of the cluster-

randomized GeliS study 

Authors: Kristina Geyer, Julia Günther, Julia Hoffmann, Monika Spies, Roxana Raab, Ana 

Zhelyazkova, Inga Rose, Hans Hauner 
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Access: Geburtshilfe und Frauenheilkunde 82, 07 (2022); open access article available from: 

doi 10.1055/a-1771-6368.  

Summary of findings: Among the 2,286 enrolled participants, 2,099 provided information on 

their dietary supplement intake behavior.  

Around pregnancy, 64.0% of women in the IG and 63.7% of women in the CG took dietary 

supplements (adj. p=0.840). Before pregnancy, folic acid was supplemented by 31.1% of 

women in the IG and 31.4% in the CG (adj. p=0.414). During pregnancy, about half of the 

women supplemented folic acid (IG: 54.1%, CG: 52.0%, adj. p=0.416) and iodine (IG: 50.2%, 

CG: 48.2%, adj. p=0.660). In the postpartum period, supplementation rates of folic acid (IG: 

11.8%, CG: 22.0%, adj. p=0.213) and iodine (IG: 12.1%, CG: 24.0%, adj. p=0.151) decreased. 

No statistically significant evidence of a group difference either before study inclusion or 

during the intervention, neither in the general intake of supplements nor the supplementation 

of folic acid, iodine, iron, DHA, or vitamin D was observed. Irrespective of group allocation, a 

total of 467 different dietary supplements containing a total of 24 various micronutrients were 

used. During pregnancy, iron and DHA were supplemented by 21.8% and 23.0% of women, 

respectively. The proportion of women who additionally took Vitamin D and B12 was 49.4% 

and 50.5%, respectively. In both groups, the median daily intake of folic acid was 800 µg/day 

before and during the first trimester. The median of supplemented iodine before, during and 

after pregnancy was constant at 150 µg per day. The daily iron intake through 

supplementation averaged 15 mg and peaked at 37 mg in the last trimester of pregnancy. A 

higher educational level (adj. p<0.001), higher age (adj. p<0.001), primiparity (adj. p<0.001), 

non-smoking status (adj. p<0.001), and a vegetarian diet (adj. p=0.037) were associated with 

taking dietary supplements in general. 

In conclusion, the GeliS lifestyle intervention providing basic advice on dietary 

supplementation was not able to improve maternal supplement intake behavior during and 

after pregnancy. In the pooled GeliS cohort, the supplementation rates of folic acid and iodine 

were too low, folic acid supplementation was often started later than recommended, and 

many different micronutrients were supplemented for which there was no need. The 

recommendations of the nationwide network “Healthy Start - Young Family Network” were 

only partially met. 

Personal contribution: Kristina Geyer designed the research question for the article, was 

responsible for data processing and evaluation as well as statistical analyses and interpreted 

the data. Furthermore, Kristina Geyer wrote the manuscript and prepared the results in form 

of tables. 
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4.4 Publication IV: Development and validation of a screening questionnaire for 

excessive gestational weight gain 

Title: Development and validation of a screening questionnaire for early identification of 

pregnant women at risk for excessive gestational weight gain 

Authors: Kristina Geyer, Roxana Raab, Julia Hoffmann, Hans Hauner 

Journal: BMC Pregnancy and Childbirth 23, 249 (2023); open access article available from: 

https://doi.org/10.1186/s12884-023-05569-7. 

Summary of findings: Of the 2,286 women recruited for the GeliS study, 1,790 women were 

included in the EGWG risk score analysis. All women were grouped into one cohort, of which 

45.6% of the women showed EGWG.  

Using the stepwise backward elimination, six salient risk factors that best predicted EGWG 

were identified within the development dataset (80% of data; n=1,432): higher pre-pregnancy 

BMI category (adj. p<0.001, for both overweight and obesity), educational level (general 

secondary school: adj. p=0.234, intermediate secondary school: adj. p=0.026), being born 

abroad (adj. p<0.085), primiparity (adj. p<0.001), having ever smoked (adj. p<0.001), signs of 

depressive disorder (adj. p=0.114). Maternal age and full-time employment were eliminated 

by the stepwise backward approach due to their lower correlation with EGWG. The final 

factors were included in a screening questionnaire by translating their β coefficients into score 

points. The total score as a sum of the single score points varied from 0 to 15 and allowed 

the classification of women’s risk for EGWG in low (0–5 score points), moderate  

(6–10 score points) and high (11–15 score points). The internal cross-validation (20% of data; 

n=358) and external validation with the FeLIPO cohort indicated a discriminatory power of the 

risk score model assessed by AUC of 0.709 (95% CI 0.66 to 0.76) and 0.738 (95% CI 0.67 to 

0.81), respectively. 

In conclusion, the developed screening questionnaire is a new and valid tool to screen women 

for their risk of EGWG at an early stage by incorporating self-reported data on maternal 

sociodemographics, anthropometrics, smoking behavior, and mental health status. The tool 

could be applied for tailored intervention strategies in routine care to prevent EGWG. The 

applicability, as well as the clinical benefit, still needs to be assessed.   

Personal contribution:  Kristina Geyer was responsible for designing the research question, 

data processing and statistical analyses, as well as data interpretation. Furthermore, Kristina 

Geyer wrote the manuscript and prepared tables and figures.  
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5 General discussion  

The present thesis aimed to investigate the effect of the comprehensive GeliS lifestyle 

intervention program during pregnancy on maternal health behavior throughout and following 

pregnancy. The intervention effect on antenatal PA behavior and its relation to GWG was 

analyzed (Hoffmann et al. 2019b). Afterwards, the sustained effect beyond the intervention 

phase on maternal PA, dietary, and smoking behaviors during the first year postpartum was 

examined (Geyer et al. 2021). The intervention effect on dietary supplement intake behavior 

was addressed, while in addition, the intake of dietary supplements before, during and after 

pregnancy was investigated in the GeliS cohort (Geyer et al. 2022). In the following, the 

findings presented in chapter four are discussed and lessons learned from the GeliS 

intervention program are elaborated. Furthermore, a screening questionnaire using a 

retrospective pooled cohort analysis was developed and validated to assess women’s risk of 

EGWG at an early stage (Geyer et al. 2023), which is also subject to discussion in the 

subsequent chapter. Ultimately, opportunities for future lifestyle interventions targeting 

maternal health behavior and weight development are derived. 

5.1 Effect of the GeliS intervention on maternal health behavior 

Physical activity and dietary behavior 

The GeliS lifestyle intervention was successful in improving maternal PA behavior during 

pregnancy. Between-group differences (IG vs. CG) in late pregnancy were observed 

concerning the level of total PA, TALIA, moderate- and vigorous-intensity activities as well as 

in terms of the level of sports activity and the proportion of women who met the PA 

recommendations (Hoffmann et al. 2019b). Although no overall effect of the GeliS intervention 

on GWG was observed (Kunath et al. 2019), the cohort analysis suggested that TALIA, light- 

and vigorous-intensity activity were inversely associated with GWG in late pregnancy 

(Hoffmann et al. 2019b). This could highlight the importance of PA for the prevention of 

EGWG. However, this analysis was not adjusted for maternal dietary behaviors and might 

therefore have biased the estimate of the effect of PA on GWG. In the postpartum period, 

between-group differences of PA disappeared, except for a remaining trend towards a higher 

proportion of women in the IG who met the PA recommendations in the early postpartum 

period, and for a significant increase in total PA from early to late postpartum in women in the 

IG (Geyer et al. 2021). Regardless of group assignment, maternal antenatal and postpartum 

PA patterns align with findings from observational studies that rely on self-reported data 

(Borodulin et al. 2009; Amezcua-Prieto et al. 2013) and objectively recorded PA data 

(Richardsen et al. 2016). The decline in total PA throughout pregnancy may be attributed to 
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pregnancy-related symptoms (Lardon et al. 2018), inconsistent information regarding safety 

and benefits (Coll et al. 2017) or the perception that relaxation is more important than 

engaging in PA (Mudd et al. 2009). These factors may contribute to the observation that global 

antenatal PA levels remain below the recommendations of international guidelines and are 

insufficient to attain established health benefits (Silva-Jose et al. 2022). This underscores the 

necessity for tailored counseling approaches that consider individual motives and barriers as 

integral components of antenatal care. In the postpartum period, light-intensity activity played 

a significant role in the activity level of women (Geyer et al. 2021), likely due to increased 

caregiving responsibilities not separately captured by the PPAQ. This level of activity could 

potentially hinder the achievement of PA recommendations, which many women did not meet. 

When analyzing MET values for total PA from early pregnancy to one year postpartum, it 

exceeded the baseline level at six to eight weeks after childbirth and continued to increase to 

12 months postpartum (Hoffmann et al. 2019b; Geyer et al. 2021). However, it is unclear when 

postpartum stability in PA levels was reached. Additionally, since the questionnaires were not 

filled in before pregnancy, we cannot determine from the data whether or when the women 

returned to their previous PA habits. Our findings showed that the proportion of women 

meeting PA recommendations at each antenatal and postpartum time point was even higher 

than that reported of women in the general German population (42.6%) (Finger et al. 2017). 

To address the potential for inaccuracies in estimating PA levels with frequency 

questionnaires (Shephard 2003), we mitigated the risk of overreporting by applying thresholds 

to exclude unreliable values from the analyses. While the PPAQ was extensively validated 

(Chasan-Taber et al. 2023), incorporating an objective measurement, such as accelerometers, 

could have improved the reliability of our results.  

The present results indicated a positive effect of the GeliS lifestyle intervention on maternal 

dietary behavior in the first year postpartum (Geyer et al. 2021). Women who received lifestyle 

counseling consumed slightly less fast food, fewer soft drinks and showed a higher intake of 

vegetables. The IG women were also more likely to choose healthy oils for the preparation of 

meat, fish, and vegetables. The overall diet quality, estimated by the HEI, was slightly higher 

in women of the IG during the postpartum period (Geyer et al. 2021). These results align with 

the findings reported from pregnancy phase (Günther et al. 2019a), where the GeliS lifestyle 

intervention was observed to improve aspects of maternal dietary behavior, including the 

adoption of healthier oils, increased consumption of fish and vegetables, and reduced soft 

drink intake. No intervention effect was observed regarding the energy intake throughout the 

postpartum period (Geyer et al. 2021), which is also in line with the data of the antenatal phase 

(Günther et al. 2019a). Furthermore, the effect sizes of persisting group-differences in the 

postpartum dietary behavior were small. This raises the question of whether the reported 
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findings on dietary behavior are of clinical relevance. Moreover, the data on energy intake 

should be considered as approximations rather than accurate values due to the assessment 

using the self-administered, albeit validated, DEGS-FFQ (Haftenberger et al. 2010). When 

examining the dietary behavior of women regardless of their group assignment throughout 

the postpartum period, it was noted that there was an increase in vegetable consumption, a 

reduction in the consumption of sweets and snacks, and a significant enhancement in overall 

diet quality observed one year after childbirth compared to the early postpartum period (Geyer 

et al. 2021). These dietary patterns were similarly observed by others (Martin et al. 2020).  

The decline in the PA intervention effect and attenuation of the intervention effect in improving 

dietary behavior beyond the intervention phase in the first year postpartum might be attributed 

to distinct challenges that women face in maintaining a healthy lifestyle during the postpartum 

period, as has been reported in several observational studies. These challenges include lack 

of time and flexibility, fatigue (McKinley et al. 2018), disrupted or inefficient sleep patterns 

(Montgomery-Downs et al. 2010), issues with capability and motivation, unrealistic 

expectations, prioritizing parental duties over personal health (Christiansen et al. 2021), 

inadequate guidance and reliable information about a healthy postpartum lifestyle (Murray-

Davis et al. 2019). Liva et al. (2021) studied the postnatal PA decision-making processes and 

concluded that without proper support during postpartum for re-engaging in PA after 

childbirth, it is challenging for women to maintain motivation and confidence for health-

promoting PA (Liva et al. 2021). Although the last GeliS counseling session took place 

between six to eight weeks after birth, it was obviously not efficient to overcome these barriers 

and to assist women in adopting appropriate long-term health behaviors, neither in PA nor 

extensive dietary adaptations. Thus, there is a need for more intensive and prolonged support 

during the postpartum period. 

The current literature on antenatal lifestyle interventions presents a heterogenous picture, with 

variations in study design, settings, types of interventions, participant characteristics and data 

collection methods (i-WIP Collaborative Group 2017; Heslehurst et al. 2020; Teede et al. 

2022). This diversity makes it challenging to directly compare our research findings with other 

data. Moreover, there are limited findings from similar RCTs that have examined both the 

immediate and sustained effects of a combined antenatal lifestyle intervention on maternal 

dietary and PA behaviors. Two large-scale RCTs are somewhat comparable to GeliS, but they 

were conducted exclusively in women with overweight and/or obesity and not as part of the 

antenatal routine care. In the Australian LIMIT trial, pregnant women with overweight and 

obesity (n=2,212) received comprehensive lifestyle counseling through three in-person 

sessions and additional phone calls, covering dietary, exercise, and behavioral strategies 

(Dodd et al. 2014a). The UPBEAT trial from the UK with women with obesity (n=1,555) 
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included eight counseling sessions focusing on a low glycemic diet, adequate PA, exercise 

videos and PA monitoring tools, and addressing behavior change barriers (Poston et al. 2015). 

In both studies, women who received the lifestyle intervention were able to improve their total 

PA during pregnancy that was attributable to more time spent walking (Dodd et al. 2014a; 

Poston et al. 2015). The between-group differences in antenatal PA in both the UPBEAT and 

LIMIT studies align with our findings. However, while the changes in antenatal PA behavior in 

the GeliS study were primarily related to increased intensity levels (Hoffmann et al. 2019b), 

the observed differences in the other two trials were mainly explained by increased walking 

time (Poston et al. 2015) driven by changes in household activities (Dodd et al. 2014a). In the 

LIMIT study, no differences in total  antenatal PA were observed between a subgroup of 

women from the IG (n=287) who were additionally randomized into a supervised walking 

group (three times per week) and women who attended the intervention sessions (Dodd et al. 

2014a). Therefore, it appears that an additional active PA component in antenatal 

interventions does not necessarily lead to enhanced effects. Furthermore, the reported 

dropout rate of 66% (Dodd et al. 2014a) suggests that participating in additional active 

sessions poses a challenge for pregnant women.  

The findings of the LIMIT and UPBEAT studies concerning their sustained intervention effects 

on maternal PA and dietary behaviors during the postpartum period were heterogenous. In 

the LIMIT study, the improvements in diet quality and total PA during pregnancy were mostly 

not maintained at four months postpartum (Dodd et al. 2014a). The UPBEAT study was also 

not able to show a persistent effect on PA beyond the intervention phase during the 

postpartum period (Patel et al. 2017; Dalrymple et al. 2021a); however, positive changes in 

maternal antenatal diet persisted at six months (Patel et al. 2017) and three years postpartum 

(Dalrymple et al. 2021a). At three years postpartum, the IG still reported lower glycemic load, 

energy and saturated fat intake, and a higher protein intake compared to women in the CG. 

This sustained long-term effect on dietary behavior may be attributed to the increased 

intensity of the UPBEAT intervention program. In contrast to the four counseling sessions in 

the GeliS study, the UPBEAT intervention program comprised eight individual sessions, each 

lasting 1–1.5 hours, focusing on glycemic control (Poston et al. 2015). Nevertheless, the 

intervention intensity in none of the three studies appeared to be sufficient to achieve long-

term effects on maternal PA behavior.  

Smoking behavior  

The GeliS lifestyle counseling, which included basic advice on smoking cessation, was proven 

to be successful in terms of reducing maternal smoking behavior. A lower proportion of 

women in the IG than in the CG smoked during late pregnancy and at both postpartum time 
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points, indicating a sustained effect of the intervention (Geyer et al. 2021). These results do 

not correspond with existing review evidence. Heslehurst et al. (2020) found a lack of 

consistent evidence based on 16 systematic reviews concerning the improvement of smoking 

cessation, abstinence, or relapse during pregnancy or the postpartum period through 

antenatal interventions. Chamberlain et al. (2017) concluded based on the results of a 

Cochrane review that it is unclear whether lifestyle counseling that encompasses multiple 

aspects of lifestyle, as opposed to non-smoking counseling alone, is effective in smoking 

cessation in pregnancy. Unfortunately, there is no large-scale antenatal lifestyle intervention 

trial comparable to the GeliS trial that has examined the intervention effects on maternal 

smoking behavior, including the LIMIT and UPBEAT trials. The sustained effect of the GeliS 

intervention on maternal smoking behavior could be interpreted according to the results of a 

Swedish study by Sohlberg and Bergmark (2020), which focused on non-pregnant adults. 

This study suggests that long-term improvements in overall health behavior may positively 

affect smoking outcomes. This might also be the explanation of reported results for the 

postpartum smoking habits. The persistent intervention effect of the GeliS study on maternal 

dietary behavior may have consequently influenced postpartum smoking habits, potentially 

leading to more women remaining smoke-free up to one year after childbirth.  

Regardless of group assignment, the smoking rates among the GeliS cohort during both 

antenatal and postpartum period were lower compared to smoking rates for pregnant (10.9%) 

(Kuntz et al. 2018) and non-pregnant (24.0%) (Starker et al. 2022) women in Germany. 

Notably, in these two cohorts, smoking was less prevalent among women with higher 

socioeconomic status (Kuntz et al. 2018; Starker et al. 2022). Given that GeliS participants 

have a relatively high level of education might explain the deviation from the average German 

smoking rates. Additionally, the data collection mode (i.e., using unsupervised questionnaires) 

could have introduced a reporting bias that favored desirable responses.  

Even when the GeliS counseling was successful, when one considers the unambiguous 

evidence of severe health consequences that can result from smoking during pregnancy and 

breastfeeding (Banderali et al. 2015; Liu et al. 2020), a rate towards zero should be the target 

of intervention approaches. Therefore, the most effective intervention strategy should urgently 

be further investigated. Considering Germany’s poor performance in the international ranking 

of smoking prevention measures (Joossens et al. 2022), there is also still considerable scope 

for system-level smoking prevention programs targeting the general population, including 

childbearing, pregnant and postpartum women. 
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Dietary supplement intake behavior 

In this thesis, the dietary supplement intake behavior of women from the GeliS cohort was 

reviewed, specifically to examine the impact of the GeliS lifestyle intervention on dietary 

supplement intake during and after pregnancy. The results revealed that the intervention did 

not lead to any significant changes in maternal dietary supplement intake behavior, and that 

the dietary supplement intake in general did not align with current recommendations (Geyer 

et al. 2022).  

Only half of the women in both groups supplemented folic acid and iodine during pregnancy. 

Before conception, only one third of the women took folic acid (Geyer et al. 2022). Timely folic 

acid supplementation is crucial for the closure of the neural tube in a very early stage of 

pregnancy to prevent malformations (Moussa et al. 2016). After delivery, many women 

stopped taking iodine supplements, failing to meet the continuing need for iodine during 

breastfeeding (Geyer et al. 2022). Considering the widespread moderate iodine deficiency in 

the general German population and the increased requirement in pregnancy and during 

breastfeeding (DGE 2021), the low supplementation rate among women in the GeliS cohort is 

unsatisfactory. Findings from German observational studies from past years reported similarly 

inadequate iodine and folic acid supplementation rates among pregnant women (Becker et 

al. 2011; Kowoll et al. 2015). The latest cross-sectional study from 2018/19 among 966 

women revealed a supplementation rate of 45.4% for pre-conceptional folic acid and 50.1% 

for iodine during pregnancy (Kersting et al. 2020). Apparently, there are still barriers to the 

adequate implementation of official recommendations for dietary supplementation around 

pregnancy. Although many other countries have issued guidelines for promoting folic acid 

supplementation, these alone have not proven to be effective, as the prevalence of NTDs in 

Europe did not decrease between 1991 and 2011 (Khoshnood et al. 2015). For this reason, 

some countries have implemented mandatory food fortification with folic acid and 

subsequently observed a decrease in NTD cases (Williams et al. 2002; De Wals et al. 2007; 

Cortés et al. 2012). In response to this public health failure, a recently published position 

statement by the European Board and College of Obstetrics and Gynaecology (EBCOG), 

urged European governments, including Germany, to decide on mandatory fortification of 

flour with folic acid (Petch et al. 2022).  

Conversely, the present results of the GeliS cohort showed that various other micronutrients 

were taken frequently, and in high doses, for which no recommendation for supplementation 

exists. DHA, iron, and vitamin D are critical nutrients during pregnancy and were 

supplemented by 20%, 20%, and 50% of women of the GeliS cohort, respectively (Geyer et 

al. 2022). These micronutrients should be supplemented if medically indicated, which could 

unfortunately not be assessed based on the GeliS data. Half of the women took vitamin B12 
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which is a critical nutrient in vegetarian or vegan diets (Koletzko et al. 2018). As the proportion 

of vegetarians in the GeliS cohort accounted for only around 5%, B12 was probably largely 

supplemented without medical indication (Geyer et al. 2022). Moreover, our findings revealed 

that a total of 24 different micronutrients were taken, and 467 different dietary supplement 

products, mostly as combination preparations, were used. A recent analysis of 50 

breastfeeding supplements in Germany found that all 50 products contained numerous 

additional nutrients in addition to DHA and iodine, with 68% of them exceeding recommended 

amounts. In contrast, only five products contained the recommended levels of iodine and 

DHA (Delgas et al. 2023). These results suggest that the use of combination preparations, 

often lacking reasonable composition, may have contributed to an unintended micronutrient 

overconsumption in the GeliS cohort as well. Consequently, a reformulation of the 

supplements by the distributors, considering existing recommendations should be urgently 

pursued. 

Several factors can influence the dietary supplement intake behavior of women around 

pregnancy. The herein presented results suggest that higher levels of education, older age, 

those following a vegetarian diet, or primiparity were more likely to take any dietary 

supplements, while smokers do so less frequently (Geyer et al. 2022). This result is consistent 

with observations from other studies (Egen and Hasford 2003; Berti et al. 2011; Aronsson et 

al. 2013; Livock et al. 2016). Overall, the findings showed that the advice given in the GeliS 

trial on current guidelines on dietary supplementation around pregnancy appeared 

inadequate, and consequently, there is a need of intense education of women in their 

childbearing years. Future intervention approaches should be adaptable to specific target-

groups, account for individual circumstances and dietary habits, with the goal of ensuring 

adequate nutrient supply around pregnancy while avoiding untargeted dietary supplement 

intake, that could be harmful for both the mother and child’s health (Parisi et al. 2019).  

Strengths and limitations of maternal health behavior data 

This thesis reports comprehensive results across various aspects of health behavior in women 

from different BMI categories. The data were obtained through repeated questionnaire 

assessment on PA, diet, smoking, and dietary supplement intake, and allowed to map 

behavior changes over time within a large cohort. Particularly, the insights into the health 

behavior of women after childbirth are unique, as there are hardly any such extensive datasets 

available. For the analysis up to one year after birth, 1899 women (83.7% of the original GeliS 

cohort) were still participating in the study, which represents a low dropout rate compared to 

other studies (Horan et al. 2016; Patel et al. 2017). However, the data of the present thesis 

have limitations in terms of generalizability. The lifestyle intervention was conducted between 
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2013 and 2015, which means that the data on maternal health behavior do not reflect the 

most current situation. While participants from different age groups, BMI categories, and 

socioeconomic backgrounds were included, they were only from one federal state in 

Germany. Pregnant women with language barriers or high-risk pregnancies had to be 

excluded from the study. These aspects restrict the transferability of the results to broader 

population groups and ethnicities.  

To summarize, to the best of our knowledge, the GeliS trial is the largest antenatal lifestyle 

intervention trial that was embedded in the German routine care setting. The GeliS counseling 

sessions were a feasible way to induce improvements in maternal PA behavior during 

pregnancy. These changes could not be sustained throughout the postpartum period. 

However, the GeliS lifestyle counseling had modest sustained effects on dietary and smoking 

behaviors beyond the intervention phase, and thus, successfully improved maternal health 

behaviors in the first year postpartum. The GeliS lifestyle counseling did not influence 

women’s dietary supplement intake. Ultimately, it seems that the extent of changes in the 

targeted health behaviors has not reached a significant threshold to exert a clinical influence 

on weight-related outcomes in mothers, as neither a reduction of the percentage of women 

encountering EGWG (Kunath et al. 2019), nor a reduction in PPWR one year after delivery 

could be observed (Hoffmann et al. 2019c). Meanwhile, published findings demonstrated that 

the GeliS intervention during pregnancy was unable to influence the risk of childhood 

overweight up to the third year of life (Hoffmann et al. 2021; Spies et al. 2022). Pending GeliS 

evaluations of the mother-child pairs data up to the children’s age of five will provide further 

insights into the effect of the GeliS lifestyle intervention on maternal and infant health behavior 

and weight development in the long term and will help to advance the understanding of the 

potential intergenerational cycle of obesity.  

In the light of the modest effectiveness on maternal health behavior and limited overall 

effectiveness on GWG, the next chapter reviews the GeliS concept to identify pivotal elements 

related to intervention implementation, delivery, and intensity. This aims to draw lessons that 

can facilitate the achievement of the desired behavior change. 

5.2 Lessons learned from the GeliS intervention program 

One reason for the lacking effectiveness of the GeliS lifestyle intervention could be attributed 

to the quality of the counseling sessions, which might not have been adequate for their 

intended purpose. The process evaluation revealed inconsistencies in the delivery of 

counseling sessions, as not all intended intervention components were consistently 

administered (Kunath et al. 2019). This could potentially arise from the constraints posed by 
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lack of time in the busy daily agenda within gynecological practices. Furthermore, a two-day 

seminar might have been insufficient time to adequately train the medical staff, i.e., 

gynecologists, midwives, and medical personnel, with requisite knowledge to proficiently 

engage them in high-quality lifestyle counseling. Consequently, the counseling sessions might 

have remained too superficial, thereby lacking the depth necessary to elicit profound and 

enduring behavior changes and improvements in weight development. The involvement of 

lifestyle experts, such as physiotherapists and dieticians, could have led to higher quality 

lifestyle counseling. These aspects are likely the primary reasons for the unsuccessful 

replication of the FeLIPO results. In that study, counseling was conducted by one nutrition 

expert (Rauh et al. 2013). 

It appears to be a common phenomenon in the field of obesity prevention that scaling up of 

successful pilot studies poses a challenge (McCrabb et al. 2019). However, the effectiveness 

of interventions is measured by their scalability, which is crucial for achieving population-wide 

reach and impact, and thus for addressing the obesity epidemic. Future research endeavors 

should carefully examine the modifications made to intervention components during the 

scaling process and the rationale behind them, to avoid a decline in effect size of the scaled 

intervention (Marshall et al. 2023). Furthermore, the selection of the CG in intervention trials 

demands careful consideration due to its potential impact on the measured effectiveness of 

the intervention. In the GeliS trial, a cluster-randomized design was implemented to prevent 

spill-over effects from the IG. To sustain motivation within the CG, they received a healthy 

lifestyle leaflet as an incentive in addition to routine care. However, their awareness of study 

participation might have unintentionally enhanced their engagement in healthier behaviors. 

Research has also shown that passive interventions with leaflets could stimulate higher 

intrinsic motivation compared to active sessions (Braeken and Bogaerts 2020). Forthcoming 

antenatal intervention investigations should carefully select incentives for the CG to avoid 

unintended influence on lifestyle.  

Another reason that contributed to the observed lack of effectiveness could be the 

inconsistent provision of individualized feedback based on participants’ health behavior 

habits (Kunath et al. 2019). A uniform approach might not prove adequate for GeliS 

participants who differ in characteristics, such as BMI, age, and socio-demographic 

background. The regular integration of behavioral change techniques (BCT) within the GeliS 

counseling could have individualized the intervention to align with the specific needs and 

barriers of each woman, thereby facilitating a comprehensive and enduring change of health 

behavior. A recent component network meta-analysis highlighted key BCTs like goal setting, 

feedback, monitoring, natural consequences, comparison of outcomes, and shaping 

knowledge as vital elements for optimizing GWG through lifestyle interventions (Ranasinha et 
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al. 2022). Furthermore, enhancing individualization could additionally be attained through a 

tailored approach based on the specific risk profiles of women concerning EGWG. Such an 

approach has been underutilized in antenatal lifestyle interventions, and is currently under 

consideration as an improvement for protocols for lifestyle-focused RCTs involving pregnant 

women (Poston 2023). Following this idea, in this thesis, a validated screening questionnaire 

for identifying women at risk of EGWG was retrospectively developed, which can be regarded 

as the initial step towards a more individualized approach. The findings are summarized and 

discussed in the subsequent chapter.  

5.3 The validated screening questionnaire for excessive gestational weight gain 

Six early pregnancy variables were identified as risk factors for EGWG; namely a higher 

maternal pre-pregnancy BMI, intermediate educational level, nulliparity, being born in a 

country outside Germany, having ever smoked, and signs of depressive disorder. These 

variables were incorporated into a screening questionnaire designed to categorize the risk of 

EGWG into low, moderate, and high (Geyer et al. 2023). Maternal BMI before pregnancy 

emerged as the foremost risk factor for EGWG, a finding consistent with previous research 

(Zhou et al. 2022). According to recommendations, normalization of body weight before 

pregnancy is certainly advisable to avoid adverse health outcomes (Koletzko et al. 2018). 

Nonetheless, the prevalence of overweight and obesity among pregnant women has 

continued to rise in recent years (Strauss et al. 2021), highlighting the urgent need for pre-

conception intervention strategies. Moreover, non-modifiable risk factors derived from early 

pregnancy data, such as educational level, parity, and the women’s country of birth, were 

included in the screening questionnaire. Concerning the latter factor, unfortunately, precise 

determination of maternal migration background or ethnicity within the GeliS cohort was not 

available. As a result, we are not able to deduce how the nuanced aspects of social culture 

or ethnicity should be accounted for within the risk profile for EGWG. Grounded in the 

evidence that psychosocial factors are related to EGWG (Hill et al. 2013), the inclusion of the 

validated PHQ-2 for the assessment of women’s mental health constitutes a major strength 

of the screening questionnaire. The mechanisms underlying the association between maternal 

mental health and EGWG have been suggested by secondary findings from the Irish PEARS 

study, wherein it was observed that pregnant women with lower subjective well-being, 

identified through early pregnancy screening, exhibited a lower tendency for behavioral 

changes throughout pregnancy (Roche et al. 2023). The prevalence of depressive symptoms 

in adults is increasing in Germany, especially affecting women of childbearing age (18–29 

years: 16.4%; 30–44 years: 10.9%) (Brettschneider et al. 2017). Hence, the importance of 

women’s well-being must be recognized as a priority in both maternal care and targeted 
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intervention approaches. This is also advocated by the Health in Pre-conception, Pregnancy 

and Postpartum (HiPPP) Global Alliance (Hill et al. 2020). The screening questionnaire omits 

inquiries about maternal diet and PA, notwithstanding their potential impact on EGWG (Zhou 

et al. 2022). The dietary and PA data of the GeliS study, collected using extensive 

questionnaires, couldn’t be incorporated as single and precise lifestyle items in the 

questionnaire. Inherently, the inclusion of lifestyle-related queries as single, precise items in 

a questionnaire may introduce a higher susceptibility to inaccuracies. Additionally, the 

screening questionnaire is designed for early pregnancy, where lifestyle can be further 

affected by temporary changes in dietary habits and episodes of nausea or vomiting (Crozier 

et al. 2017). Nonetheless, the screening questionnaire did inquire about the women’s smoking 

behavior, which has been linked to EGWG in previous findings (Deputy et al. 2015) and might 

serve as an indicator for a general unhealthier lifestyle (Dallongeville et al. 1998).  

The ROC statistics of the ultimate variables revealed that 71% of the women could be 

correctly assessed for their EGWG risk (AUC 0.709), indicating moderate discriminatory 

power (Metz 1978; Hosmer et al. 2013). This discriminatory power was even higher in the 

external FeLIPO cohort (AUC 0.738), despite the absence of the mental-health related variable 

in the dataset (Geyer et al. 2023). Our validated screening questionnaire offers the potential 

to bridge the existing gap between research, the lack of targeted interventions and the 

translation into clinical practice. According to a study by Cao et al. (2020), very few novel 

concepts from health research and life sciences that correspond to the low double-digit 

percentage range are currently translated into general healthcare. As a practical, time- and 

resource-efficient tool, the screening questionnaire could be applied in gynecological and 

obstetrical clinical settings to raise awareness among both women and healthcare providers 

about the issue of EGWG, which up till now receives inadequate attention. RCTs are needed 

to assess whether women identified by the screening questionnaire to be “at risk” would 

benefit more from early lifestyle interventions compared to women with lower risk, and to 

examine whether interventions become more cost-effective. Further validation studies in 

diverse populations are required to evaluate the clinical value of our screening tool. 

5.4 Opportunities for future lifestyle interventions  

The findings of this thesis provide suggestions for future lifestyle intervention strategies 

(Figure 4) that could potentially overcome existing limitations to optimize their effectiveness 

on maternal health behaviors, and consequently, to improve maternal and infant health.  
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Firstly, tailoring lifestyle interventions to the risk profile of women for EGWG. 

Considering the individuality of pregnancies and the heterogenous picture of existing 

research, it is evident that the optimal lifestyle intervention strategy for addressing EGWG 

remains uncertain. To improve intervention effectiveness, a shift from a one-size-fits-all 

approach to a precision-based approach may be required to identify women who are most 

likely to benefit from preventive measures. Hence, interventions should consider individual 

risk factors for EGWG. By conducting early pregnancy screening using our screening 

questionnaire based on non-modifiable self-reported data, it could be determined at the onset 

of pregnancy or even before conception whether a woman has a low, moderate, or high risk 

for developing EGWG. This risk assessment tool can be combined with RCTs for targeted 

behavior change interventions. Implementing this risk-based strategy might have the potential 

to reduce time, expenses, and resources, as women with low-risk profiles receive less 

intensive interventions, potentially improving cost-efficiency in primary healthcare settings. 

Currently, algorithms are under evaluation using early pregnancy risk factors to predict GDM 

development (Sparks et al. 2022). However, there is limited evidence regarding the 

advantages of early pregnancy screening for EGWG. Future research is required to assess 

Figure 4 From the results presented in this work from the GeliS study to future 
approaches for lifestyle interventions. 
Abbreviations: PA: physical activity; IG: intervention group; EGWG: excessive gestational weight gain; 
BMI: body mass index.  
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how intervention strategies can support women according to their risk profiles, enhance 

intervention adherence, and facilitate appropriate behavioral changes. 

Secondly, beginning lifestyle interventions before conception, and continuing during 

pregnancy and postpartum. Previous research on lifestyle interventions and GWG has 

primarily concentrated on the pregnancy period, often starting late in the first or early second 

trimester and concluding in the early third trimester (i-WIP Collaborative Group 2017). The 

GeliS intervention, similarly, began with the first counseling during the 12th and 16th week of 

pregnancy and concluded with the final counseling between the 6th and 8th week postpartum. 

This limited intervention timeframe may explain the modest effectiveness observed in the 

GeliS intervention program and other antenatal lifestyle studies.  

Shifting the research focus to lifestyle interventions that start before conception, span the 

entire pregnancy and postpartum period could be critical to assist women in establishing 

lifestyle habits that endure and effectively improve health and weight outcomes. 

Observational studies indicate that robust links exist between the maternal pre-conception 

health and health outcomes of both mothers and their offspring, which can have long-lasting 

intergenerational effects; however, there is limited awareness of these connections among 

women of reproductive age (Stephenson et al. 2018). Crucial pre-conception health behaviors 

include ensuring adequate micronutrient supply, especially folic acid, achieving a healthy pre-

pregnancy weight, and adopting a balanced diet, smoking cessation, and regular PA 

(Koletzko et al. 2018). Given the challenges of changing these behaviors in the short term, 

early interventions in the pre-conception period are warranted to enable sustainable change 

towards healthy habits (Toivonen et al. 2017). Moreover, initiating interventions before 

conception can target critical embryonic developmental processes that occur very early in 

pregnancy, often before the woman is aware of her pregnancy (Catalano and deMouzon 

2015). Previous antenatal interventions have often been initiated after this vulnerable stage, 

which also fails to address the high number of unintended pregnancies (ESHRE Capri 

Workshop Group 2018). Due to the challenges of implementation, there is limited scientific 

evidence regarding pre-conception lifestyle interventions. Nevertheless, there have been 

some achievements in pre-conceptional health nutrition using smartphone applications (apps) 

and telemedicine to deliver healthy messages to couples planning pregnancy (van Dijk et al. 

2020).  

In addition, continued interventions beyond birth are required to assist women in maintaining 

healthy dietary and exercise habits following pregnancy, which can be difficult due to the 

unique challenges that women face in the postpartum period (Murray-Davis et al. 2019; 

Christiansen et al. 2021). The benefits of a healthy postpartum lifestyle are supported by 
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substantial evidence (Larson-Meyer 2002; Dipietro et al. 2019; Opie et al. 2020). In particular, 

it has a high relevance in mitigating maternal PPWR, which is a major contributor to 

overweight and obesity in women after childbirth (McKinley et al. 2018). For instance, 

moderate to high level of postpartum PA, along with a GWG ≤9 kg and exclusive 

breastfeeding for ≥4 months, were found to be significant determinants in returning to pre-

pregnancy weight for women with obesity (Dalrymple et al. 2021b). Furthermore, there might 

be an association between unhealthy lifestyle habits and poor mental health, as postnatal 

depression is associated with increased PPWR (McKinley et al. 2018). Less acknowledged is 

the importance of post-pregnancy weight management as a means to improve pre-

conceptional health for subsequent pregnancies, as interpregnancy weight gain is linked to a 

higher risk of maternal and perinatal complications (McKinley et al. 2018; Teulings et al. 2019). 

An analysis of systematic reviews revealed that multi-component diet and PA interventions 

during the postpartum period have been successful in promoting postpartum weight loss for 

women across all weight categories (Farpour-Lambert et al. 2018). However, to the best of 

our knowledge, no study has implemented an intervention from pre-conception through 

pregnancy to the postpartum period. Using an alternative approach, the INTER-ACT RCT 

enrolled women with EGWG in the previous pregnancy at six weeks postpartum into a 

comprehensive e-health supported lifestyle intervention extended until the end of a new 

pregnancy (Bogaerts et al. 2017). While improvements in dietary behavior were observed by 

the end of the six-month intervention, there was no significant change in PA. The 

improvements were not sustained at the one-year follow-up (Bijlholt et al. 2021). Improved 

dietary behaviors were associated with more favorable weight and body composition 

outcomes (van Uytsel et al. 2022). However, the long-term benefits of this intervention remain 

unclear. If interventions starting before conception, continuing during pregnancy, and 

persisting into the postpartum period are found to effectively promote long-term health and 

reduce the burden of intergenerational obesity, lifestyle counseling could be integrated into 

routine maternity and gynecological care within a systemic approach. The HiPPP Global 

Alliance, as an international network, is dedicated to both identifying gaps and updating 

evidence-based guidelines for weight and lifestyle management in the HiPPP field. 

Additionally, it focuses on developing strategies for the effective translation of knowledge into 

policy and practice (CRE HiPP 2021). 

Thirdly, applying app-based lifestyle interventions. The advancing digitalization offers the 

potential to overcome traditional barriers in implementing lifestyle interventions at the patient, 

provider, and system levels. Health apps show promise in this context. Given the ease of app 

installation on various mobile devices and the global prevalence of smartphones, app-

supported lifestyle interventions hold significant potential for modifying health behavior and 
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associated outcomes (Ali et al. 2016), including GWG and PPWR (Mertens et al. 2019). App-

based lifestyle interventions offer a multitude of benefits, such as incorporating evidence-

based and risk-adapted intervention strategies (Bardus et al. 2016). For example, nutrition 

and PA experts could be involved via coaching functions which would improve the quality of 

counseling content. The questions from our screening questionnaire could be integrated into 

the apps’ onboarding process during registration, enabling risk-adapted lifestyle counseling. 

Another advantage of apps is that BCTs, which constitute a core element of lifestyle 

interventions for GWG (Ranasinha et al. 2022; Barroso et al. 2022), can be integrated as 

features within apps and thus into lifestyle interventions. It has been shown that a digital health 

intervention with problem-solving or goal-setting components is associated with a greater 

reduction in energy intake in postpartum women (Lim et al. 2020). 

The existing limitations regarding over- and underreporting of self-reported diet and PA data 

could be addressed within app-based interventions by integrating wearables, e.g., PA 

trackers, and e-health technologies, e.g., a Bluetooth scale, to obtain objective data. 

Monitoring these real-time data allows just-in-time adaptive interventions (JITAI) by 

intervening in real-life situations through direct feedback (Heron and Smyth 2010; Riley et al. 

2011; Nahum-Shani et al. 2015). Hence, intervention intensity and modality can be refined if 

necessary and tailored to each woman. JITAIs have demonstrated effectiveness in weight 

management for non-pregnant women (Hardeman et al. 2019) and hold potential for pregnant 

women with type 1 diabetes (Scott et al. 2020).  

In recent years, several studies have been initiated to develop app-supported lifestyle 

interventions that address maternal health behavior and GWG. Our research group is currently 

conducting an online survey for pregnant women in Germany (German Clinical Trials Register: 

DRKS00028808) which assesses needs and barriers related to lifestyle apps and will offer 

valuable insights for future app-based intervention strategies targeting maternal lifestyle and 

EGWG. In Germany, the large-scale GeMuKi trial was conducted between 2017 and 2022. 

The GeMuKi lifestyle intervention was conducted alongside the routine antenatal care in 

Germany and was similar to the GeliS program but was supplemented with a digital 

component in the form of an app and behavior-oriented methods (Alayli et al. 2020). Recently 

published data (n=1,466) suggested an intervention effect from the app-based intervention 

on the proportion of women with EGWG (Krebs et al. 2022). Further results are expected 

about maternal health behaviors. As in GeliS, these data were collected with the PPAQ and 

the DEGS-FFQ in early and late pregnancy and repeatedly in the postpartum period. In 

addition to the GeMuKi study, digital-based lifestyle interventions have also been increasingly 

tested internationally. An overview of this emerging research field is provided by a recently 

conducted scoping review by our research group at the Institute for Nutritional Medicine 
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(Raab et al. 2022a). However, there is still no proof of efficacy in terms of pregnancy and 

perinatal outcomes (Overdijkink et al. 2018; Chan and Chen 2019; Rhodes et al. 2020; 

Coleman et al. 2020; Iyawa et al. 2021). It is too early to inform evidence-based decisions and 

assess its potential role as a large-scale preventive intervention.  
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6 Conclusion and outlook 

The gestational period is an opportune time to improve maternal health behavior and avoid 

EGWG, thereby breaking the intergenerational cycle of overweight and obesity. The GeliS 

lifestyle intervention trial delivered lifestyle counseling sessions to mitigate EGWG and change 

maternal health behaviors. Positive effects on maternal PA and dietary behaviors were 

observed during pregnancy (Hoffmann et al. 2019b; Günther et al. 2019a). Although the 

improvements in PA were not sustained beyond the intervention phase, the changes in dietary 

behavior slightly persisted up to one year postpartum. Furthermore, there was evidence of an 

intervention effect on smoking behavior during pregnancy and up to one year postpartum 

(Geyer et al. 2021). However, no influence on dietary supplement intake was observed during 

or after pregnancy, and both groups did not align with current recommendations (Geyer et al. 

2022). There is an urgent need to significantly enhance awareness of adequate dietary 

supplementation around pregnancy by delivering individualized guidance on supplement use 

to leverage the established preventive benefits. As the improvements in maternal health 

behavior might have not been sufficient to ultimately impact maternal weight outcomes 

(Kunath et al. 2019; Hoffmann et al. 2019c), further research is needed to elucidate effective 

strategies. In this regard, the thesis has already provided a first step for future lifestyle 

interventions. The pooled GeliS cohort was used to retrospectively develop and validate an 

easy-to-use screening questionnaire, incorporating six questions from early pregnancy (Geyer 

et al. 2023). This questionnaire can be applied for tailored intervention strategies through early 

screening to identify women at the highest risk. Future interventions should seek to 

understand if there are differential effects on EGWG and pregnancy outcomes based on 

individual risk profiles.  

To further advance the field, future lifestyle interventions should attribute greater significance 

to the relevance of pre-conceptional and postpartum maternal health behaviors and test 

whether expanding the timing of intervention matters. Furthermore, future research is 

positioned to take advantage of emerging technologies that may hold promise in overcoming 

implementation barriers of previous lifestyle interventions. Thereby, harnessing our screening 

questionnaire to develop app-based lifestyle interventions, combined with JITAIs to 

continuously assess women’s responses to intervention and adapt them in real-time, is a 

promising approach for future research efforts. Incorporating key healthcare professionals for 

women of childbearing age, such as gynecologists, midwives, obstetricians, pediatricians, 

and nutritionists, into a multidisciplinary prevention team within an app-based approach could 

provide a framework for sustainable health promotion for women. This approach has the 

potential to bridge the gap in preventive measures within the established antenatal structures 
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of the German healthcare system. In addition to the crucial role of individual intervention 

strategies, strategies for health behavioral change throughout life at the system level, and 

thus addressing the social determinants of health, should be advocated, with a particular 

focus on addressing the obesogenic environment. This requires supportive, inclusive, and 

decisive policies that shape and strengthen the health system to facilitate health-promoting 

behaviors to combat the burden of obesity in society.  
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Appendix 2 – Pregnancy physical activity questionnaire applied for the physical activity 

assessment in the GeliS trial. 
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Appendix 3 – Food frequency questionnaire applied for the dietary assessment in the 

GeliS trial.  
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Appendix 4 – Questionnaire applied for assessment of dietary supplement intake 

behavior during pregnancy in the GeliS trial. 
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Appendix 5 – Questionnaire applied for assessment of dietary supplement intake 

behavior during breastfeeding in the GeliS trial. 
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