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SUMMARY 
 

The worldwide prevalence of overweight and obesity has dramatically increased in the past 

decades. In Germany, every second person currently has a body mass index (BMI) over 25 kg/m2 

including women of childbearing age. Comparable to a high BMI at the beginning of pregnancy, 

excessive gestational weight gain is associated with short- and long-term adverse effects in 

mothers and their children. Women who gain weight in excess during pregnancy retain more 

weight after birth than women showing a healthy weight gain. As known from literature, lifestyle 

behavior of expectant mothers can influence the metabolism of infants, leading to obesity or 

chronic diseases such as cardiovascular diseases or diabetes mellitus in later life. 

The cluster-randomized lifestyle intervention study GeliS (acronym for “Gesund leben in der 

Schwangerschaft”) developed by the Technical University of Munich (TUM) in cooperation with 

the Competence Center for Nutrition (KErn) was performed in ten Bavarian regions. The program 

was intended to encourage healthy dietary and physical activity behavior in pregnant women. 

Designed as a public health project, the lifestyle program was attached to routine antenatal and 

postnatal visits. Women in the intervention group received three comprehensive counseling 

sessions on diet, physical behavior and adequate weight gain during pregnancy and one session 

after birth. Sessions were performed by trained midwives, medical assistants and gynecologists. 

The aim of the study was to limit the proportion of pregnant women exceeding gestational weight 

gain recommendations of the Institute of Medicine (IOM) and furthermore, to prevent maternal 

and infant risks of complications. Women in the control group received standard antenatal care 

without additional lifestyle advice. 

2286 women, 71 gynecological practices and 62 active lifestyle counselors took part in the GeliS 

study. 11 % of all participating women dropped out of the study. The intervention was not 

successful in reducing the proportion of women exceeding the IOM guidelines. 45.1 % of women 

in the intervention group and 45.7 % of women in the control group gained more weight than 

recommended by the IOM. Especially overweight and obese women frequently exceeded these 

guidelines. Mean gestational weight gain (GWG) was 14.1 kg in both groups. Lifestyle advice did 

not result in significantly less pregnancy and obstetric complications. Gestational diabetes 

mellitus (GDM) was diagnosed in 11 % of women in both groups. The average long-term blood 

glucose parameter HbA1c was 5.1 % with no difference between groups. The rate of cesarean 

sections was 30 % (intervention group) and 28 % (control group). There was a small but significant 
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reduction in birth weight of 50 g on average in the intervention group (intervention group: 3313 g; 

control group: 3363 g; p=0.02). Children of mothers in the intervention group were also less tall at 

birth (intervention group: 51.1 cm; control group: 51.6 cm; p=0.001). 

In the setting of routine prenatal care, lifestyle advice for pregnant women given by trained 

gynecologists, midwives and medical assistants was not successful in limiting GWG and pregnancy 

complications such as gestational diabetes mellitus. Further analyses will provide information on 

dietary and physical activity behavior, women’s well-being, the intake of dietary supplements and 

the prevalence of breastfeeding. In a five year follow-up observation, the development of weight, 

health as well as dietary and lifestyle behavior factors of mothers and their children will be 

analyzed to assess potential long-term effects of the intervention. 
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ZUSAMMENFASSUNG 
 

Die weltweite Prävalenz von Übergewicht und Adipositas ist in den letzten Jahrzehnten 

dramatisch angestiegen. In Deutschland hat derzeit jeder zweite Erwachsene einen Body-Mass-

Index (BMI) über 25 kg/m2. Auch Frauen im gebärfähigen Alter sind betroffen. Ähnlich wie das 

Gewicht zu Beginn einer Schwangerschaft kann auch die Gewichtszunahme während der 

Schwangerschaft mit kurz- und langfristigen negativen Folgen für Mutter und Kind einhergehen. 

Frauen, die übermäßig in der Schwangerschaft zunehmen, behalten nach der Geburt mehr 

Gewicht als Frauen mit einer gesunden Gewichtszunahme in der Schwangerschaft. 

Wissenschaftliche Studien bestätigen, dass der Lebensstil der Schwangeren darüber hinaus auch 

auf den Stoffwechsel des Kindes einwirken und ihn für sein weiteres Leben prägen kann. So gibt 

es Hinweise, dass Kinder von übergewichtigen Müttern ein erhöhtes Risiko haben, selbst 

übergewichtig zu werden und an chronischen Krankheiten wie Herz-Kreislauf-Erkrankungen oder 

Diabetes zu erkranken.  

Die vor diesem Hintergrund entwickelte cluster-randomisierte Lebensstil-Interventionsstudie 

GeliS („Gesund leben in der Schwangerschaft“) der Technischen Universität München (TUM) 

wurde in Kooperation mit dem Kompetenzzentrum für Ernährung (KErn) in zehn bayerischen 

Studienregionen durchgeführt. Die GeliS-Intervention sollte Schwangere ermutigen, sich 

ausgewogen zu ernähren und regelmäßig zu bewegen. Als Public Health Projekt konzipiert, wurde 

das Lebensstilprogramm an die routinemäßigen Termine der Schwangerenvorsorge angebunden. 

Frauen der Interventionsgruppe erhielten während der Schwangerschaft drei ausführliche 

Beratungsgespräche zu den Themen Ernährung, Bewegung und angemessene Gewichtszunahme 

in der Schwangerschaft sowie ein Gespräch nach der Geburt. Die Beratungen wurden durch 

speziell geschulte Hebammen und medizinische Fachangestellte sowie Gynäkologen 

durchgeführt. Ein zusätzliches Beratungsgespräch erfolgte nach der Geburt des Kindes. Ziel der 

Intervention war es, eine übermäßige Gewichtszunahme während der Schwangerschaft (oberhalb 

der Empfehlungen des amerikanischen Institute of Medicine (IOM)) zu begrenzen und 

gesundheitliche Risiken für Mutter und Kind zu minimieren. Frauen in der Vergleichsgruppe 

erhielten die routinemäßige Schwangerschaftsbetreuung ohne zusätzliches Beratungsangebot. 

2286 rekrutierte Studienteilnehmerinnen, 71 gynäkologische Praxen und 62 aktive 

Lebensstilberater nahmen an der GeliS-Studie teil. 11 % der rekrutierten Studienteilnehmerinnen 

schieden im Laufe der Studie aus. 



ZUSAMMENFASSUNG 

 
4 

 

Die GeliS-Intervention konnte den Anteil an Frauen mit exzessiver Gewichtszunahme (oberhalb 

der IOM-Kriterien) nicht beeinflussen. In der Interventionsgruppe nahmen 45,1 % und in der 

Kontrollgruppe 45,7 % mehr Gewicht zu als vom IOM empfohlen. Besonders unter den 

übergewichtigen und adipösen Frauen wurden die Empfehlungen zur Gewichtszunahme in beiden 

Gruppen häufig überschritten. Die mittlere Gewichtszunahme betrug in der Interventions- und 

Kontrollgruppe jeweils 14,1 kg. Die Lebensstilberatung führte zu keiner signifikanten Reduktion 

von Schwangerschafts- und Geburtskomplikationen. Sowohl in den Interventions- als auch den 

Kontrollregionen wurde insgesamt bei rund 11 % der Frauen ein Gestationsdiabetes 

diagnostiziert. Der Langzeitblutzuckerparameter HbA1c beider Gruppen betrug im Mittel 5,1 % 

Prozent. Die Kaiserschnittrate betrug jeweils 30 % (Interventionsgruppe) und 28 % 

(Kontrollgruppe). Beim Geburtsgewicht zeigte sich eine signifikante, wenn auch geringe Reduktion 

in der Interventionsgruppe um durchschnittlich 50 g (Intervention: 3313 g; Vergleich: 3363 g; 

p=0,02). Kinder von Müttern der Interventionsgruppe wiesen außerdem eine geringere 

Körperlänge bei der Geburt auf (Intervention: 51,1 cm; Vergleich: 51,6 cm; p=0,001). 

Die Lebensstilberatung von schwangeren Frauen durch geschulte Gynäkologen, Hebammen und 

medizinische Fachangestellte war im Rahmen der routinemäßigen Schwangerschaftsvorsorge 

nicht erfolgreich bei der Begrenzung einer übermäßigen Gewichtszunahme und 

Schwangerschaftskomplikationen wie Gestationsdiabetes. In weiteren Analysen werden Daten zu 

Ernährung, Bewegung, Wohlbefinden, Nahrungsergänzungsmittel-Einnahme in der 

Schwangerschaft und Stillraten ausgewertet. Im Follow-Up der GeliS-Studie werden die 

langfristige Gewichtsentwicklung, die gesundheitliche Entwicklung sowie Ernährungs- und 

Lebensstilfaktoren bei Müttern und Kindern bis zu fünf Jahre nach der Geburt weiter beobachtet, 

um mögliche langfristige Effekte der Intervention zu untersuchen. 
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1. INTRODUCTION 
 

Overweight and obesity are described as one of the major public health concerns worldwide 

resulting in a shorter life expectancy through the occurrence of several diseases like 

cardiovascular diseases, diabetes and cancer (WHO 2016). The worldwide prevalence of obesity 

has more than doubled between 1980 and 2014 (WHO 2016). In 2014, more than 1.9 billion 

adults were overweight and over 600 million of these were obese (WHO 2016). According to a 

pooled analysis of population-based studies with 19.2 million participants in 200 countries, the 

mean body mass index (BMI) in women increased from 22.1 kg/m2 in 1975 to 24.4 kg/m2 in 2014 

(NCD Risk Factor Collaboration 2016). 

The alarming trend of obesity has led to an increasing number of women being obese at the 

beginning of pregnancy. In Germany, almost every third pregnant woman is overweight and every 

seventh is obese (Max Rubner-Institut 2008, AQUA 2014, IQTIG 2017). According to the latest 

European Perinatal Health Report (EPHR) 22.6 % of German women are overweight and 13.7 % 

are obese at the onset of pregnancy and, thus, Germany ranks second among all countries in 

Europe (EPHR 2010), which is a concern for the health of at least two generations. The risk of 

short- and long-term metabolic dysfunction in the mother and her offspring resulting from 

maternal overweight or obesity are well documented and increase with increasing BMI (Dodd et 

al. 2011). 

In addition to a high pre-pregnancy body mass index (BMI), gestational weight gain (GWG) in 

excess may result in a similar risk profile for mothers and their infants, particularly in an increased 

risk of developing childhood obesity and its later consequences hypothesized to result from a 

malprogramming process during pregnancy and early postnatal life (Dabelea & Crume 2011, 

Gillman 2016). As described in the second wave of the German Health Interview and Examination 

Survey for Children and Adolescents (KiGGS Wave 2, 2014-2017), 15.4 % of children and 

adolescents in the age between three and 17 years are overweight (including obesity) and 5.9 % 

are obese (Schienkiewitz et al. 2018). Unfortunately, obese children often remain obese during 

adolescence and adulthood, resulting in increased demands on the healthcare system (Sonntag et 

al. 2015, Sonntag et al. 2016). In Germany, individuals who were overweight or obese during 

childhood cause 3-5 times higher lifetime costs than individuals who were normal weight as child 

(Sonntag et al. 2016). An early start of primary prevention strategies can provide a meaningful 

contribution to stop the worrying development in obesity among children and adolescents. 
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Pregnancy and the early postnatal phase are probably critical periods for long-term health, but 

can also be considered as a “window of opportunity” for positive lifestyle changes of pregnant 

women (Phelan 2016). Women are in regular contact with health care professionals and seem to 

be more motivated to adopt healthy behaviors than at any other time (Phelan 2010). Therefore, 

there is an urgent need for cost-effective strategies, which can be integrated into routine 

antenatal care. 

The alarming trend in maternal obesity and excessive GWG has led to an increase in interventions 

designed to attenuate the potential adverse effects on the mother and offspring. The following 

survey of current literature provides an overview of the consequences of maternal pre-pregnancy 

overweight/obesity for mothers and their infants. In addition to the concept of fetal 

programming, trends and recommendations in the field of GWG are illustrated. After describing 

the short- and long-term consequences of weight gain in excess during pregnancy, existing 

lifestyle intervention studies targeting to optimize pregnancy outcomes, especially maternal 

weight gain, are reviewed. 

 

1.1 MATERNAL PRE-PREGNANCY OVERWEIGHT/OBESITY AND ITS CONSEQUENCES 

Reviews and meta-analyses have shown that overweight and obesity in women who enter 

pregnancy carrie the risk of numerous potential short- and long-term adverse health outcomes 

(Sebire et al. 2001, Cedergren 2004, Catalano & Ehrenberg 2006, Guelinckx et al. 2008, Heslehurst 

et al. 2008, Adamo et al. 2012, Marchi et al. 2015, Poston et al. 2016). Table 1 summarizes the 

described consequences for mothers and their offspring. 

 

Table 1: Consequences of maternal pre-pregnancy overweight/obesity. 

 Short-term outcomes Long-term outcomes 

Maternal 
consequences 

Fertility impairment 
GDM 

Preeclampsia/ gestational hypertension 
Complications during labor and delivery 

Adversely affected breastfeeding behavior 

Obesity 
Diabetes 

Cardiac and endocrine diseases 

Offspring 
consequences 

Fetal defects & congenital anomalies 
Macrosomia, LGA 

Preterm birth 

Obesity 
Diabetes 
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Consequences for the mother 

Complications related to overweight and obesity may already occur before and at the time of 

conception. Obesity is clearly associated with the risk of fertility disorders in women including 

menstrual disorders, a longer time to conceive, and infertility (Hassan & Killick 2004, Gesink Law 

et al. 2007, Wise et al. 2010, Fontana & Della Torre 2016). 

Authors stated a substantially higher risk of developing gestational diabetes mellitus (GDM) 

among obese women and pointed out that the risk of developing GDM increases with the degree 

of obesity (Chu et al. 2007b, Torloni et al. 2009). As described by Chu et al. (2007b), the risk of 

developing GDM is two, four and even nine times higher respectively among overweight, obese, 

and severely obese women compared to women who enter pregnancy with normal weight. GDM, 

in turn, can increase the risk for developing subsequent diabetes later in life in the mother (Lee et 

al. 2007, Torloni et al. 2009). 

Furthermore, there is an increased risk of pregnancy-induced hypertension and preeclampsia in 

obese pregnant women (Marchi et al. 2015, Kim et al. 2016). The review by Salihu and colleagues 

(2012) indicates that the risk of pregnancy-induced hypertension was shown to be 4.5–8.7 times 

higher and the risk of preeclampsia 3-10 times higher in obese pregnant women compared with 

normal weight women. 

Obese women are more likely to experience complications during labor and delivery. In contrast 

with normal weight pregnant women, the risk of cesarean delivery is more than doubled for 

obese women (Chu et al. 2007a, Heslehurst et al. 2008, Poobalan et al. 2009). Maternal obesity 

can also be linked to the following various adverse outcomes: increased risk of birth over 41-

42 weeks of gestation, increased rates of induction of labor, more frequent use of oxytocin 

augmentation, and higher incidence of failure to progress in labor (Sebire et al. 2001, Heslehurst 

et al. 2008). 

Postpartum, obese women are more likely to experience postpartum hemorrhage, infection, a 

longer duration of hospital stay, increased neonatal intensive care requirements, and have an 

increased risk of venous thromboembolism and depression (Sebire et al. 2001, Duhl et al. 2007, 

Heslehurst et al. 2008, Molyneaux et al. 2014, Marchi et al. 2015). 

Systematic reviews have suggested that maternal obesity also adversely affects breastfeeding 

behavior (Amir & Donath 2007, Turcksin et al. 2014). It is associated with a delayed onset of 

lactogenesis and with a decreased intention of breastfeeding (Nommsen-Rivers et al. 2010). 

Furthermore, obese women show a shorter duration of breastfeeding and lower rates of exclusive 
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breastfeeding than women with a healthy weight (Amir & Donath 2007, Turcksin et al. 2014, 

Bever Babendure et al. 2015). 

Weight change between one pregnancy and the next may influence risk of complications in the 

next pregnancy. Findings of a cohort study of more than 150,000 Swedish women with two births 

support a relationship between the inter-pregnancy weight change and the risk of adverse 

pregnancy outcomes including preeclampsia, cesarean delivery, stillbirth, and large for gestational 

age (LGA) birth (birth weight above 90th percentile) (Villamor & Cnattingius 2006). This indicates 

an association between an increase in BMI and adverse outcomes and, moreover, a dose-

response effect. Even a modest gain of 1-2 BMI units between pregnancies in overweight/obese 

women but also in normal weight women resulted in a higher risk of obesity-related pregnancy 

outcomes and perinatal complications (e.g. gestational hypertension and GDM) in the next 

pregnancy (Villamor & Cnattingius 2006). Importantly, postpartum weight reduction in 

overweight and obese women was shown to lower the risks of disorders in the next pregnancy 

(Villamor & Cnattingius 2006, Mostello et al. 2010, Ehrlich et al. 2011, Jain et al. 2013). 

Complications occurring during pregnancy in overweight mothers might result in several diseases 

in later life. A large Swedish retrospective cohort study indicated that women with a BMI above 

25 kg/m2 at the beginning of pregnancy have an increased risk of developing obesity (OR 21.9), a 

six-fold increase in the risk of developing diabetes and more than a two-fold increase in the risk 

for cardiac and endocrine diseases at 10-17 years after first registered delivery (Moll et al. 2017). 

 

Consequences for the offspring 

Adverse impacts of maternal overweight or obesity on the offspring may appear in early or late 

pregnancy but also during the period around birth and later in life (Adamo et al. 2012). Maternal 

obesity is linked to fetal defects (malformation) or congenital anomalies including neural tube 

defects, spina bifida, limb reduction anomalies, cardiovascular anomalies or cleft lips and palate 

(Ray et al. 2005, Stothard et al. 2009). As potential explanations for an association between 

maternal overweight and obesity and congenital anomaly, research groups offer the possibility of 

undiagnosed diabetes and hyperglycemia in obese pregnant women or nutritional deficiencies 

(especially reduced folate levels) as well as more difficulties in ultrasound visualization of fetal 

anatomy and decreased sensitivity in ultrasound for cardiac anatomy in obese women (Hendler et 

al. 2004, Stothard et al. 2009).  
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Analyses show that premature delivery is more likely to occur in pregnant women with obesity 

(Marchi et al. 2015). In addition, there is an increased risk of fetal death, stillbirth, neonatal, and 

infant death (Aune et al. 2014). The risk of early pregnancy loss is assumed to be 30 % higher in 

women with obesity than in those of normal weight (Marchi et al. 2015). 

In addition, fetal macrosomia (infant birth weight ≥4000 g or ≥4500 g) and LGA babies are more 

common among pregnant women with obesity (Ehrenberg et al. 2004, Sewell et al. 2006, Yu et al. 

2013, Marchi et al. 2015). The risk of macrosomia is more than doubled in obese women and is 

even more than 3-fold higher in morbidly obese (BMI >40 kg/m2) women (Cedergren 2004). 

Furthermore, it has been reported that maternal overweight/obesity in early pregnancy is a risk 

factor for long-term consequences, especially for infant and childhood obesity. It is supposed that 

overweight/obesity in early pregnancy more than doubles the risk of obesity in offspring between 

the ages of 2 and 4 (Whitaker 2004) and, moreover, it is associated with type 2 diabetes in youth, 

independent of developing diabetes during pregnancy (Dabelea et al. 2008). Finally, Catalano and 

colleagues (2009) are convinced that maternal pregravid obesity is one of the strongest predictors 

of childhood obesity and metabolic dysfunction. Few years later, these findings were reinforced 

by a systematic review and meta-analysis by Yu and collaborators (2013). 

The development of BMI during growth follows a typical pattern. A rapid increase of the BMI 

occurs during the first year of life. Then, BMI subsequently declines and reaches a minimum 

around the age between 5 and 7 years, before beginning a sustained increase up to the end of 

growth. The lowest point of the BMI curve is suggested as the start of the adipose rebound (AR) 

(Rolland-Cachera et al. 2006). In 1984, Rolland-Cachera and colleagues observed that the age at 

the AR was significantly associated with BMI at later ages. Three years later, they found the earlier 

the AR occurs the higher the BMI at 21 years of age (Rolland-Cachera et al. 1987). Current 

literature (Linares et al. 2016) suggests that a higher pre-pregnancy BMI is an independent risk 

factor of early adipose rebound in the offspring, regardless of the nutritional status of the child. 

Such observations underline findings showing that the early life represents a critical window for 

later health (Linares et al. 2016). 
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1.2 THE CONCEPT OF FETAL PROGRAMMING 

Evidence from epidemiological data and experimental models have revealed that nutritional and 

environmental exposures presented during the intrauterine and early postnatal period may have 

important implications for the future health of the infant. It is assumed that these conditions can 

lead to permanent programmed alterations in physiological systems (Godfrey & Barker 2000, 

Plagemann 2004, Alfaradhi & Ozanne 2011, Lau et al. 2011, Geraghty et al. 2015). 

First analyses that were conducted to support the concept of fetal programming, especially the 

Dutch famine study, have shown the impact of maternal nutrition on various and often harmful 

effects on the offspring, for example the development of offspring obesity. Epidemiological data 

from the Dutch Hunger Winter during World War Ⅱ in 1944/45 demonstrated that the offspring 

of women exposed to famine in the first trimester of gestation were more likely to be obese in 

later life (Ravelli et al. 1976, Ravelli et al. 1999, Roseboom et al. 2001). However, undernutrition in 

late pregnancy was associated with a decreased risk of obesity (Roseboom et al. 2001). 

The birth weight of newborns is commonly used as an accessible indicator to detect such 

alterations caused by maternal under- or overnutrition. First studies initially focused on the 

relationship between low birth weight and risk of obesity and metabolic syndrome in later life. In 

the early 1990s, Barker and colleagues observed that individuals with low birth weight were at 

increased risk of cardiovascular diseases (Barker & Osmond 1986), glucose intolerance/type 2 

diabetes (Hales et al. 1991) and metabolic syndrome. They postulated the “small-baby-syndrome” 

and explained it by the “thrifty phenotype” hypothesis in which early growth restriction is seen as 

an adaptation to poor fetal nutrition to maximize the chances of survival in conditions of ongoing 

environmental deprivation (Hales & Barker 1992, Alfaradhi & Ozanne 2011). As a consequence of 

a postnatal plentiful nutrient supply the risk of obesity and developing type 2 diabetes is 

increased (Hales & Barker 1992, Alfaradhi & Ozanne 2011). 

A systematic review involving 980,450 persons from 16 countries of four different continents 

shows a positive linear relationship in 89 % of the included studies between birth weight and the 

risk of offspring overweight/obesity in later life (Harder et al. 2007b). Also in the study by Oken et 

al. (2008), a linear relationship was suggested. Several years later, Schellong and colleagues 

(2012) performed a large systematic review and a meta-analysis including 643,902 persons from 

66 studies and 26 countries globally. The authors concluded that low birth weight is followed by 

decreased long-term risk of overweight, while high birth weight predisposes for later overweight 

(Schellong et al. 2012). Only three studies in the mentioned review by Harder et al. (2007b) 
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provide indications of a relationship between low birth weight and an increased risk of later 

overweight or obesity, as supposed in the “small-baby-syndrome” hypothesis. These three studies 

described a similar increase of risk in both underweight and macrosomic newborns, which 

indicates a U-shape relationship between birth weight and the risk of later overweight or obesity. 

Moreover, the meta-analysis of Harder et al. (2007a) indicates that both high birth weight and low 

birth weight are linked to an increased risk of diabetes mellitus type 2. So there seems to be a U-

shape relation between birth weight and the risk of later-life diabetes mellitus type 2 (Plagemann 

& Harder 2005, Harder et al. 2007a). Metabolic diseases in later life thus seem to occur in both 

underweight and overweight infants. 

With the regard of the rising prevalence of obesity in pregnancy and the association with GDM, 

recent studies have also linked maternal overnutrition (overweight and obesity) and excessive 

GWG to the risk of the metabolic syndrome in the offspring. The underlying mechanisms for such 

long-term effects are still hypothetical. However, insights into the possible mechanisms 

contributing to the programming of physiological systems in the offspring including metabolic, 

hormonal and neuronal alterations as well as epigenetic modifications or impaired placental 

function are starting to emerge, especially through animal models (Plagemann 2004, Alfaradhi & 

Ozanne 2011, Li et al. 2011). Potential mechanisms explaining the relationship between excessive 

GWG (and accreted fat mass) and offspring BMI or childhood overweight may refer to fetal 

hyperleptinemia and hyperinsulinemia. These may lead to alterations in gene expressions of 

developing fetal hypothalamic structures and induce abnormal persistent changes in energy 

regulation and obesity in adult life (Poston 2010, Ensenauer et al. 2013). 

In literature (Dabelea & Crume 2011), an intergenerational vicious circle of obesity and metabolic 

disorders is used to illustrate the effects of environmental and nutritional imbalances in utero 

(Figure 1). Overweight and/or diabetes during pregnancy can lead to fetal overnutrition. Fetal 

overnutrition is often followed by increased birth weight, a high fat mass and macrosomia at 

birth. Following the explanations above, daughters are consequently at increased risk of 

becoming obese or diabetic themselves in their reproductive age if their mothers were 

overweight/obese, diabetic or gained weight in excess during pregnancy. 
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Figure 1: The vicious circle of obesity and metabolic disorders.  

(Photo credits: vitapix/istockphoto.com (figure no. 22332751), henrik5000/istockphoto.com (figure no. 16437508), 

istockphoto.com (figure no. 5275976), fatihhoca/istockphoto.com (figure no. 12292607)). 

 

However, prevention appears possible. With regard to the global obesity epidemic, adequate 

prevention and intervention strategies which can interrupt this vicious circle are urgently 

required. Especially pregnancy is a sensitive and powerful period in which women are concerned 

about the health of their growing infants and may be especially motivated to change behavior 

(Phelan 2010). In addition, interventions started during pregnancy could be continued after birth. 

Consequently, mothers would become a role model for their infant (Phelan 2010). Thus, the time 

of pregnancy provides a “teachable moment” for promoting healthy lifestyle habits which could 

be adopted even in the time after birth (Phelan 2010). Consequently, pregnancy is a crucial time 

providing the opportunity for obesity prevention in this and the next generation (Kaar et al. 2014). 

 

1.3 CHARACTERISTICS OF WEIGHT GAIN IN SINGLETON PREGNANCY 

GWG is the total amount of weight gained during pregnancy and depends on the BMI of women 

before conception (Rasmussen & Yaktine 2009). The total amount of weight gain during 

pregnancy varies considerably among women and is inversely related to weight before pregnancy 

(Lederman et al. 1997, Rasmussen & Yaktine 2009). An examination of different studies revealed 
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that the mean total GWG of normal weight women giving birth to term infants ranged from 10.0 

to 16.7 kg (Rasmussen & Yaktine 2009). However, some generalizations regarding the patterns of 

average GWG can be made. Usually, there is a minimal gain of 1-2 kg during the first trimester 

(Rasmussen & Yaktine 2009). A progressive gain in weight of approximately 0.45 kg per week 

occurs during the second trimester and 0.40 kg per week during the third trimester in order to 

support the functions of growth and development of the fetus (Institute of Medicine 1990). 

The components of GWG can be divided into the products of conception and maternal tissue 

accretion (Institute of Medicine 1990). Table 2 illustrates maternal and fetal components 

contributing to weight gain over the course of a singleton pregnancy. 

 

Table 2: Components of weight gain during pregnancy adapted from Hytten and Leitch (1971). 

 

The products of conception including fetus, placenta and amniotic fluid, account for 

approximately one third of the total amount of GWG. On the average, the fetus represents 

approximately 25 % of the total gain, the placenta about 5 %, and the amniotic fluid about 6 % 

(Hytten & Leitch 1971). The remainder of weight gain in pregnancy is due to an increase of 

maternal tissues including uterus, mammary gland, blood, extracellular fluid and maternal fat 

deposition. Different studies found a positive correlation between GWG and fat gain (Lederman et 

al. 1997, Butte et al. 2003, Berggren et al. 2016). An accretion of maternal fat deposition provides 

a source of energy for supporting the development and growth of the fetus, and buffers short or 

medium-term changes in energy supply (Nelson et al. 2010). Moreover, an appropriate weight 

gain over the course of pregnancy provides sufficient postpartum maternal fat stores to support 

lactation (Lederman et al. 1997). 

Body component Percentage (%) of total weight gain 

Products of conception 

Fetus 

Placenta 

Amniotic fluid 

27.2 

5.2 

6.4 

Maternal tissues 

Uterus 

Mammary gland 

Blood 

Extracellular fluid 

Assumed fat deposition 

7.8 

3.3 

10.0 

13.4 

26.8 
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1.4 RECOMMENDATIONS FOR WEIGHT GAIN IN PREGNANCY 

Although maternal weight and GWG is a worldwide concern there is no global consensus in 

guidelines policies (Alavi et al. 2013, Scott et al. 2014). Many countries around the world have 

provided a wide variety of recommendations to manage obesity during pregnancy but only very 

few countries have clear guidelines for appropriate GWG (Alavi et al. 2013, Scott et al. 2014). Less 

than 10 % of national policies addressed healthy maternal weight across the entire spectrum of 

childbearing including the time before, during and after pregnancy (Scott et al. 2014). The 

majority of national guidelines recommend counseling for overweight and obese women before 

conception to begin pregnancy with a healthy weight. As can be seen in most national guidelines, 

health care providers should determine women’s BMI and discuss appropriate weight gain at the 

first prenatal visit (Scott et al. 2014). 

In 1990, the IOM released recommendations for weight gain during pregnancy based on maternal 

BMI before conception, with the aim of improving the birth weight of infants. With regard to 

alarming changes in demographics of women of childbearing age, the IOM revised their guidelines 

in 2009 (Table 3) (Rasmussen & Yaktine 2009). For women with a normal pre-pregnancy weight, a 

weight gain of 11.5 kg to 16 kg for a full-term singleton pregnancy of 40 weeks has been shown to 

be associated with the lowest risk of complications during pregnancy and birth. 

 

Table 3: The 2009 US Institute of Medicine (IOM) recommendations for GWG for singleton 

pregnancies (Rasmussen & Yaktine 2009). 

Pre-pregnancy BMI GWG [kg] 

Underweight <18,5 kg/m
2
 12.5 – 18.0 

Normal weight 18.5 – 24.9 kg/m
2
 11.5 – 16.0 

Overweight 25.0 – 29.9 kg/m
2
 7.0 – 11.5 

Obesity ≥30 kg/m
2
 5.0 - 9.0 

 

Compared to 1990, women are now heavier, tend to be older when they become pregnant, are 

entering pregnancy overweight/obese or with chronic conditions such as hypertension or 

diabetes more often, are having more twin and triplet pregnancies and many are gaining too 

much weight during pregnancy (The American College of Obstetricans and Gynecologists 2013, 

Rasmussen & Yaktine 2009). While the 1990 guidelines only considered the welfare of the infant, 

the 2009 re-examined guidelines were developed to limit excessive GWG to support optimal 
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outcomes of both mothers and infants. The primarily considered outcomes used to develop GWG 

ranges were: infants born small or large for gestational age, the mother`s risk for an unplanned 

cesarean delivery, excessive (≥5 kg) weight retention, preterm birth, and childhood obesity. The 

2009 IOM revision differs from the previous one in two important ways. First, they refer to pre-

pregnancy BMI ranges for underweight, normal weight, overweight, and obese women developed 

by the World Health Organization (WHO) rather than the previous used categories from the 

Metropolitan Life Insurance tables. Second, a relatively narrow range of weight gain with an 

upper limit is recommended for obese women. This differs from previous recommendations of at 

least 6.8 kg. However, concerns have been raised that the weight gain targets are too high, 

especially for overweight and obese women. Beyerlein and colleagues (2010) stated that 

especially in overweight and obese women, weight gain within the IOM recommendations has not 

only been associated with beneficial but also with adverse pregnancy outcomes. Moreover, the 

new guidelines do not differentiate degrees of obesity, especially for morbidly obese women (The 

American College of Obstetricans and Gynecologists 2013, Kominiarek et al. 2013, Faucher & 

Barger 2015). The 2009 committee points out that the guidelines are intended for the use among 

women in the United States. Nonetheless, they may be applicable to women in other developed 

countries but not in areas of the world where women are substantially shorter or thinner than 

American women (Rasmussen & Yaktine 2009). Even if the IOM guidelines are often criticized 

(Beyerlein et al. 2009b, Beyerlein et al. 2010, Kominiarek et al. 2013, Hamad et al. 2016), the 

updated recommendations provide clinicians with a basis for practice and offer opportunities for 

gynecologists and other health care providers to manage excessive weight gain in pregnancy. 

The United Kingdom’s National Institute for Health and Clinical Excellence (NICE) recommends 

starting pregnancy at a healthy BMI and counseling on healthy lifestyle but concludes that there is 

insufficient evidence that addressing GWG will lead to improved birth outcomes (National 

Institute for Health and Care Excellence 2010). Therefore, NICE (2010) does not recommend any 

GWG guideline and to weigh women repeatedly during pregnancy, except for obese and other 

high risk women.  

The current practical recommendations for pregnant women in Germany that were developed 

with and are supported by the German professional associations and scientific societies for 

obstetricians and gynecologists, midwives and pediatricians recommend to approach a normal 

body weight before becoming pregnant and an appropriate gestational weight gain between 10 

and 16 kg for normal weight women (Koletzko et al. 2018). In the case of overweight and obese 

women, a lower weight gain in pregnancy is desirable. Moreover, it is recommended that in 
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underweight women, it should be ensured that there is sufficient weight gain during pregnancy 

(Koletzko et al. 2018). Referring to the practical recommendations energy needs in the last few 

months of pregnancy are only slightly higher (up to about 10 %) than before pregnancy (Koletzko 

et al. 2018). The guidelines of the Nutrition Societies of Germany (“Reference Values for Nutrient 

Intake”) recommend an additional energy intake of 250 kcal/day during the second trimester and 

500 kcal/day during the third trimester (Deutsche Gesellschaft für Ernährung e.V. 2015). These 

guidelines refer only to normal weight women with a GWG of 12 kg over the total duration of 

pregnancy and unabated physical activity.  

 

1.5 EXCESSIVE GESTATIONAL WEIGHT GAIN AND ITS CONSEQUENCES 

As already described, maternal overweight or obesity is associated with a variety of pregnancy 

and obstetric complications. Likewise, recent data suggest that excessive GWG may result in a 

similar risk profile of adverse maternal and fetal outcomes (Table 4). It appears to adversely affect 

the course of pregnancy and birth on the one hand and maternal and offspring health 

development over short and long terms on the other hand (Rasmussen & Yaktine 2009). Risks do 

not only affect overweight and obese women, but also women entering pregnancy with a normal 

pre-pregnancy BMI (Crane et al. 2009, Rode et al. 2012, Brunner et al. 2015). 

 

Table 4: Consequences of excessive GWG. 

 Short-term outcomes Long-term outcomes 

Maternal consequences 
Cesarean delivery, 

Preeclampsia 
GDM 

Postpartum weight retention 

Offspring consequences 
Macrosomia, LGA 

Preterm birth 
Obesity 

 

Consequences for the mother 

The most consistent adverse outcome for mothers with excessive GWG is maternal short- and 

long-term postpartum weight retention, independent of pre-pregnancy BMI (Nohr et al. 2008, 

Rasmussen & Yaktine 2009, Margerison Zilko et al. 2010, Nehring et al. 2011, Mannan et al. 2013). 

Nehring et al. (2011) showed in their meta-analysis that women with GWG above the IOM 

recommendations retained an additional of 3 kg after 3 years and 4.7 kg on average after 15 years 

postpartum compared to women who gained within the guidelines. This, in turn, becomes a 
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significant risk factor for maternal pregravid obesity in a subsequent pregnancy as well as obesity 

and related metabolic disorders in later life (Rooney & Schauberger 2002, Rooney et al. 2005, 

Mamun et al. 2010, Fraser et al. 2011, Catalano & deMouzon 2015). 

In addition to postpartum weight retention, excessive GWG is a clear risk factor for cesarean 

delivery (particularly in overweight and obese women) and is associated with gestational 

hypertension or preeclampsia, whereby the evidence for this association is more limited (Nohr et 

al. 2008, Rasmussen & Yaktine 2009, Margerison Zilko et al. 2010, Li et al. 2013, Haugen et al. 

2014, Goldstein et al. 2017). 

Moreover, few studies indicate a possible relationship between greater GWG and GDM, 

particularly among overweight or obese women (Herring et al. 2009, Hedderson et al. 2010, 

Gibson et al. 2012). Diabetes during pregnancy is a concern because it can result in short- and 

long-term complications for both the mother and the offspring, such as macrosomia (Neiger 1992) 

and an elevated risk for the mother with a history of GDM and their offspring of developing 

manifest type 2 diabetes mellitus in later life (Hedderson et al. 2010). Especially children of 

mothers with diagnosed GDM show a significant higher birth weight and dramatically higher risks 

of macrosomia (Jovanovic-Peterson et al. 1991, Langer et al. 2005, Kwik et al. 2007). However, the 

results of a randomized intervention study by Crowther et al. (2005) indicate that infants born to 

mothers receiving intensive GDM therapy were significantly less likely to be LGA and macrosomic. 

These findings emphasize the importance of a general screening for GDM and its subsequent 

adequate therapeutic treatment. There is also a positive association between maternal GDM and 

offspring overweight/obesity but it might attenuate after adjustment for pre-pregnancy BMI 

(Philipps et al. 2011, Kim et al. 2012, Nehring et al. 2013). A possible reason for the influence of 

higher GWG on the development of GDM, especially early in pregnancy, is seen in the greater 

maternal fat accretion, which may impair insulin sensitivity (Rasmussen & Yaktine 2009, 

Hedderson et al. 2010). However, as described in the review by Viswanathan et al. (2008), there is 

only a weak association between GWG and the development of abnormal glucose metabolism 

(either GDM or impaired glucose tolerance). A methodological limitation in most of studies was 

the use of total weight gain over the entire duration of pregnancy and the heterogeneity of 

diagnosis and treatment (Viswanathan et al. 2008, Goldstein et al. 2017). Focusing on weight gain 

before GDM diagnosis may prevent confounding by therapeutic interventions to manage GDM 

such as dietary counseling to control GWG. As shown in a meta-analysis of Brunner et al. (2015), 

excessive GWG measuring prior to GDM screening increases the risk of GDM by a factor of 1.4 in 

both normal and overweight/obese women. 
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Consequences for the offspring 

Referring to fetal growth, observational data described by the IOM report (1990) indicate a quite 

strong association between lower GWG and increased risk of small for gestational age infants 

(SGA), especially in underweight and normal weight women, and between higher GWG and 

increased risk of LGA (Nohr et al. 2008, Rasmussen & Yaktine 2009). Goldstein et al. (2017) 

reported the greatest risk of LGA in underweight women with weight gain above the guidelines. 

Moreover, different studies have shown that women who gain weight in excess have a 2- to 3-fold 

increased risk of fetal macrosomia (Bergmann et al. 2003, Hedderson et al. 2006, Helms et al. 

2006, Dietz et al. 2009, Ludwig & Currie 2010, Alberico et al. 2014, Tian et al. 2016, Goldstein et 

al. 2017). Macrosomia is again linked to further health consequences for both mothers and 

offspring including delivery complications such as shoulder dystocia, cesarean delivery or 

maternal death (Institute of Medicine 1990, Boulet et al. 2004, Stotland et al. 2004, Weissmann-

Brenner et al. 2012). Moreover, high birth weight subsequently is associated with the risk of 

childhood overweight and obesity (Oken & Gillman 2003, Schellong et al. 2012). 

According to the report by the IOM and the National Research Council (Rasmussen & Yaktine 

2009), there are indications of a U-shape association between GWG and preterm birth (defined as 

˂ 37 weeks’ completed gestation). An increased risk of preterm birth among women was reported 

in both the lowest and the highest GWG categories (Viswanathan et al. 2008). In contrast, 

McDonald and colleagues (2011b) as well as Goldstein et al. (2017) described a lower risk of 

preterm birth in women showing high weight gain. 

In recent years, several studies have demonstrated a growing interest in GWG with an emphasis 

on the relationship between excessive GWG and an increased risk of offspring overweight or 

obesity in childhood (Moreira et al. 2007, Oken et al. 2007, Wrotniak et al. 2008, Olson et al. 

2009, Kries et al. 2011, Margerison Zilko et al. 2010, Poston 2012, Ensenauer et al. 2013, Nehring 

et al. 2013, Kaar et al. 2014, Tie et al. 2014, van Rossem et al. 2015, Hivert et al. 2016), in 

adolescence (Oken et al. 2008, Laitinen et al. 2012) and even persisting in adulthood (Mamun et 

al. 2009, Reynolds et al. 2010, Schack-Nielsen et al. 2010, Mamun et al. 2014). Lau et al. (2014) 

reflected the existing evidence on the associations of GWG and offspring’s body weight in a 

systematic review. They referred to 23 observational cohort studies including data about children 

aged between two and 18.9 years. The findings of the review also support the hypothesis that 

high rates of GWG, especially in early- and mid-pregnancy, are a potential risk factor for childhood 

obesity (Lau et al. 2014). Moreover, the meta-analysis by Mamun et al. (2014) has shown that 

women who gained excessive weight during pregnancy had a 40 % increased risk of offspring 
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obesity. However, Lau et al. (2014) pointed out that potential confounding effects of shared 

familial characteristics like genetics and maternal and child lifestyle factors need to be measured 

and adjusted in future studies (Lau et al. 2014). Moreover, different working groups have 

confirmed that the adjustment of maternal BMI can significantly attenuate the influence of 

excessive GWG on childhood overweight/obesity (Oken et al. 2007, Wrotniak et al. 2008, Tie et al. 

2014). 

 

1.6 KNOWLEDGE ABOUT WEIGHT GAIN IN PREGNANCY AMONG EXPECTANT MOTHERS 

AND HEALTHCARE PROVIDERS 

As described in a systematic review by Vanstone et al. (2016) women do not seem to be aware of 

recommendations for a healthy weight gain during pregnancy. Different studies have indicated 

that a considerable proportion of overweight as well as obese women overestimate their optimal 

target weight gain during pregnancy (Stotland et al. 2005, Shub et al. 2013). As demonstrated by 

McDonald et al. (2011a), 37 % of women were planning to gain weight within the 2009 IOM 

guidelines whereas 39 % of women were planning to gain weight above the guidelines. Moreover, 

women are highly motivated to change their behavior to improve fetal health, but their 

knowledge about the risks and consequences of excessive GWG as well as effective methods of 

weight management seems to be poor (Shub et al. 2013, Vanstone et al. 2016, Willcox et al. 

2016). More than half of the women are seeking information about GWG using information 

sources besides their health care provider (McDonald et al. 2011a, Willcox et al. 2015). According 

to Willcox et al. (2015), pregnant women are more likely to consult non-clinician sources including 

the internet, books, friends and family members (Willcox et al. 2015). Many pregnant women 

reported that they did not achieve weight gain recommendations in adherence with the 2009 

guidelines or even receive no weight gain advice from their prenatal care provider (Stotland et al. 

2005, McDonald et al. 2011a, Olander et al. 2011, Stewart et al. 2012, Deputy et al. 2018). 

Physicians seem to be aware of the importance of healthy GWG as well as maternal and child 

health complications resulting from excess GWG (Power et al. 2009, van der Pligt et al. 2011, 

Wilkinson & Stapleton 2012). As described by van der Pligt et al. (2011), healthcare providers have 

suggested a multidisciplinary approach including input from allied health professionals as the 

most useful support. Nevertheless, they highlighted multiple barriers, primarily cost barriers, to 

achieve an appropriate management of excessive GWG. Further barriers include the need to 

improve their communication skills, lack of time, beliefs that pregnant women will have negative 
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reactions to weight-related discussions, and a lack of weight management knowledge (Olander et 

al. 2011, Heslehurst et al. 2014a). 79 % of obstetric and midwifery staff believe their training and 

education regarding GWG and lifestyle behavior change methods is inadequate (Stewart et al. 

2012). In addition, midwives noted concern about the sensitive issue weight (Willcox et al. 2012). 

The aspects of such observations support the need for adequate GWG guidance and, moreover, it 

indicates that further research is needed to identify effective approaches to support healthcare 

professionals to implement weight management into practice (Olander et al. 2011, Heslehurst et 

al. 2014b). 

 

1.7 TRENDS IN GESTATIONAL WEIGHT GAIN IN GERMANY 

Unfortunately, in many countries including Germany, an increasing proportion of pregnant 

women exceed the IOM guidelines with clear tendency towards a sustained increase (Rasmussen 

& Yaktine 2009, Schiessl et al. 2009, Kries et al. 2011, Ensenauer et al. 2013, Johnson et al. 2015). 

In response to the modern lifestyle and the increased prevalence of obesity in women of 

reproductive age, mean weight gain during pregnancy has increased significantly by 2 kg within 

two decades (1986-2005) as indicated by the German KiGGS study (Bergmann et al. 2007). 

Correspondingly, the mean birth weight has increased significantly by an average of 50 g. Ferrari 

et al. (2014) have shown in a German retrospective analysis of 11,771 women that the proportion 

of women who exceed the IOM thresholds has increased from 34 % in 2005 to 43 % in 2012. 

Overweight and obese women are more likely to gain excessive weight than women who began 

their pregnancy at a normal BMI (Kaar et al. 2014). According to Ferrari et al. (2014), 29 % of 

normal weight women, 55 % of overweight women and 58 % of obese women gained weight in 

excess (Ferrari et al. 2014). These dramatic trends were also shown by Dudenhausen et al. (2015). 

They compared the adherence to GWG recommendations in the United States and Germany. 

United State data for the analysis were based on CDC birth certificate data from nulliparous births 

(N=2,082,279). German data were used from the German BabyCare Program as well as available 

medical records at delivery (N=1656). Overall, only 34 % of German pregnancies and a similar 

proportion of 32 % of American women gained weight within the IOM recommendations 

(Dudenhausen et al. 2015). According to the German KiGGS study, the highest increase in weight 

gain during pregnancy is observed among women living in large cities and among women with a 

lower social status (Bergmann et al. 2007). 
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1.8 CURRENT LIFESTYLE INTERVENTIONS TO OPTIMIZE PREGNANCY AND OBSTETRIC 

OUTCOMES 

In recent years, plenty of research groups have investigated a variety of different approaches 

during pregnancy to promote healthy GWG to minimize adverse outcomes for mother and infant. 

An increasing number of published studies, with at least 10 trials published each year since 2011, 

and 16 published in 2016, reflect the importance and high priority of preventing obesity and 

excessive weight gain in pregnancy (The International Weight Management in Pregnancy (i-WIP) 

Collaborative Group 2017). While several randomized controlled trials (RCTs) could show 

favorable results in reducing the risk of excessive GWG and/or in reducing total GWG (Polley et al. 

2002, Wolff et al. 2008, Asbee et al. 2009, Thornton et al. 2009, Haakstad & Bo 2011, Huang et al. 

2011, Phelan et al. 2011, Quinlivan et al. 2011, Vinter et al. 2011, Ruchat et al. 2012, Walsh et al. 

2012, Bogaerts et al. 2013, Harrison et al. 2013, Rauh et al. 2013, Renault et al. 2014, Vesco et al. 

2014, Ronnberg et al. 2015, Herring et al. 2016, Sagedal et al. 2016, Daly et al. 2017, Nobles et al. 

2017, Redman et al. 2017, Simmons et al. 2017, Willcox et al. 2017, Yeo et al. 2017) or in 

improving other health outcomes like GDM (Koivusalo et al. 2015) other RCTs reported no 

convincing effects on weight gain during pregnancy (Clapp et al. 2000, Guelinckx et al. 2010, 

Jackson et al. 2011, Barakat et al. 2012, Althuizen et al. 2013, Dodd et al. 2014a, Brownfoot et al. 

2015, Skouteris et al. 2016, Garnaes et al. 2016) or other maternal and neonatal outcomes (Polley 

et al. 2002, Moses et al. 2014). Table 5 summarizes the intervention strategies and main 

outcomes of current RCTs during pregnancy targeting GWG and other health variables in mothers 

and their offspring. 

The Finnish RADIEL trial reduced the incidence of GDM by 39 % in high-risk women by attending a 

moderate lifestyle intervention including individualized counseling on diet, physical activity, and 

weight control (Koivusalo et al. 2015). Regarding GDM, positive results were also seen in the study 

by Quinlivan et al. (2011) in overweight and obese women, which could not be confirmed in the 

study of Guelinckx et al. (2010) and Luoto et al. (2011). 

Similarly inconsistent findings can be described for postpartum weight retention. Ronnberg et al. 

(2016) could detect significant lower mean weight retention at ≤16 weeks postpartum but no 

significant difference in weight retention after one year. Rauh et al. (2015) concluded favorable 

effects on weight retention at month four postpartum but a rather modest effect on maternal 

weight retention at 12 months postpartum. Even if positive effects regarding limiting GWG are 

apparent, the effect on outcomes beyond the immediate postpartum period is less known. For 

example, Vesco and colleagues (2016) demonstrated a reduction in GWG, but there was no 
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difference between the intervention and control groups in maternal weight or in the infant 

weight-for-length at one year postpartum. 

The results of the largest randomized trials carried out so far – Limiting weight gain in overweight 

and obese women during pregnancy to improve health outcomes (LIMIT) and the UK Pregnancies 

Better Eating and Activity Trial (UPBEAT) – are of modest success and show the limitations of diet 

and lifestyle interventions during pregnancy (Dodd et al. 2014a, Poston et al. 2015). 

The multicenter LIMIT trial involved over 2000 overweight and obese women between 2008 and 

2011 in Australia. The intervention included a combination of dietary, exercise and behavioral 

strategies at six time points during pregnancy through a mixture of face-to-face and telephone 

contacts delivered by a research dietician and trained research assistants. Differently from smaller 

trails and systematic reviews, the LIMIT trial did not find differences in mean GWG. Moreover, the 

intervention did not achieve the primary endpoint of reducing the risk of infants born large for 

gestational age. Nevertheless, the intervention resulted in a significant risk reduction in the risk of 

an infant being born with birth weight above 4 kg as well as significant improvements in the 

quality of diet and increased physical activity (Dodd et al. 2014a, Dodd et al. 2014c, Dodd et al. 

2014b). 

UPBEAT was a trial of relatively intensive behavioral support for diet and lifestyle improvement in 

1555 obese women. The complex intervention was offered once a week through eight health 

trainer-led group or individual sessions delivered face-to-face or via phone. Women in the 

intervention group were supported to problem-solve, set goals, self-monitor, and enlist social 

support in attempting to develop a healthier pattern of eating (Briley et al. 2014). There were no 

effects on the primary outcomes either the incidence of GDM or LGA-infants, despite 

improvements in some secondary outcomes in the intervention group, including reduced dietary 

glycemic load, energy intake, carbohydrate and total fat intake, increased protein and fiber 

intake, and increased physical activity (Poston et al. 2015). Moreover, women in the intervention 

group have shown a modest but significant 0.6 kg reduced GWG (Poston et al. 2015). Recently, 

Patel and colleagues (Patel et al. 2017) found that the intervention reduced infant adiposity and 

led to a sustained improvement in maternal diet at six months postpartum. 

Studies done so far were mostly carried out in high-income countries and it is not clear whether 

the results are applicable to lower income settings. 
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Table 5: Lifestyle intervention studies during pregnancy targeting GWG. 
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Table 5: Continued.  
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Results of current meta-analyses and systematic reviews 

Even meta-analyses and systematic reviews of lifestyle interventions reported inconsistent results 

(Dodd et al. 2008, Guelinckx et al. 2008, Streuling et al. 2010, Dodd et al. 2010, Campbell et al. 

2011, Gardner et al. 2011, Streuling et al. 2011, Tanentsapf et al. 2011, Brown et al. 2012, Oteng-

Ntim et al. 2012, Sui et al. 2012, Thangaratinam et al. 2012a, Thangaratinam et al. 2012b, Choi et 

al. 2013, Hill et al. 2013, Agha et al. 2014, Elliott-Sale et al. 2015, Muktabhant et al. 2015, O'Brien 

et al. 2016, Sanabria-Martinez et al. 2015, Flynn et al. 2016, Song et al. 2016, Fealy et al. 2017, 

Rogozińska et al. 2017, Zhang et al. 2018). 

A recent published systematic review demonstrated that normal weight women who received a 

dietary and lifestyle intervention during pregnancy have shown significantly reduced total GWG 

(mean difference of 1.25 kg) and were less likely to experience weight gain above the IOM 

guidelines and hypertension compared to women who received standard antenatal care (O'Brien 

et al. 2016). Similar results were shown in previous literature (Streuling et al. 2010, Gardner et al. 

2011, Thangaratinam et al. 2012a, Thangaratinam et al. 2012b). The meta-analysis of 

Thangaratinam et al. (2012a) found that weight management interventions resulted in a 

reduction in weight gain in the intervention group of 1.42 kg compared with the control group, 

and in a reduction in the incidence of preeclampsia and shoulder dystocia. In contrast, Campbell 

et al. (2011) found no clear evidence of interventions to prevent excessive weight gain during 

pregnancy. 

Focusing on overweight and obese women, Dodd et al. (2010) found no significant effect of an 

antenatal dietary intervention on mean GWG and any other maternal and infant health outcomes. 

In turn, Oteng-Ntim and colleagues (2012) suggested that a modest restriction of GWG is possible 

in overweight and obese pregnant women if they receive an antenatal lifestyle intervention. Even 

if they have not seen any beneficial effects in other outcomes such as cesarean delivery, LGA, 

birth weight or macrosomia, they have shown a trend towards a reduced prevalence of GDM 

(Oteng-Ntim et al. 2012). Interventions seem to be more successful in meeting GWG targets in 

overweight and obese pregnant women if they are delivered by prenatal health care providers 

(Yeo et al. 2017). Agha et al. (2014) concluded that behavioral interventions in pregnancy may be 

effective in reducing GWG in obese women, but not in overweight or morbidly obese women. 

Thangaratinam et al. (2012a) stated in their meta-analysis that interventions which concentrate 

on diet control are the most effective type of interventions during pregnancy in reducing GWG. 

Beneficial effects of diet only interventions were also seen in the systematic review by Tanentsapf 

et al. (2011). According to this review, dietary advice during pregnancy significantly reduced total 



INTRODUCTION 

 
28 

 

GWG, weight retention at six months postpartum and incidence of cesarean delivery, but had no 

significant effect on birth weight, preeclampsia, GDM and preterm birth (Tanentsapf et al. 2011). 

Similar to the results of the meta-analysis by Streuling et al. (2011), Sui et al. (2012) have shown 

that also exercise only interventions have a positive impact on pregnancy outcomes. Here, the 

provision of a supervised antenatal exercise intervention was associated with significantly less 

weight during pregnancy in overweight and obese women when compared with standard 

antenatal care. The review by Elliott-Sale et al. (2015) has shown that exercise during pregnancy 

significantly reduced GWG but did not significantly enhance weight loss in the postpartum period. 

Besides positive effects with regard to GWG, Sanabria-Martínez et al. (2015) found that physical 

exercise programs during pregnancy decreased the risk of GDM. Fortunately, a Cochrane review 

of diet, exercise or both for preventing excessive weight gain in pregnancy found that these 

interventions reduced the average risk of excessive GWG by 20 % (Muktabhant et al. 2015) and 

confirmed the results of Choi et al. (Choi et al. 2013) that physical activity plus dietary 

interventions are effective for weight management in pregnancy. 

The International Weight Management in Pregnancy (i-WIP) Collaborative Group has currently 

evaluated the efficacy of lifestyle interventions, including diet, physical activity and mixed 

interventions in pregnancy on maternal, fetal, and neonatal outcomes in women according to 

their BMI, age, ethnicity, parity, and underlying medical conditions (Ruifrok et al. 2014). The 

network is funded by the UK National Institute for Health Research (NIHR) and Health Technology 

Assessment (HTA) and comprises researchers, clinicians, nutritionists, dieticians, physiotherapists, 

exercise physiologists, midwives, nurses, and consumers from 17 countries (Ruifrok et al. 2014, 

Dodd & Thangaratinam 2016). The individual participant data (IPD) meta-analysis of randomized 

trials also aims to quantify the relationship between the amount of weight gained in pregnancy 

and the risk of adverse maternal and fetal outcomes, to assess whether adherence to IOM 

recommendations on GWG improves pregnancy outcomes, to identify the prognostic factors for 

GWG, to identify the most effective components of lifestyle interventions, and to assess the cost 

effectiveness of interventions (Ruifrok et al. 2014). First results of the meta-analysis of IPD 

obtained from 36 randomized trials including 12,343 women displayed positive effects of diet- 

and physical activity-based interventions on weight gain during pregnancy. Researchers of the i-

WIP Collaborative Group detected less weight gain in the intervention group than in the control 

group (mean difference −0.70 kg), irrespective of maternal BMI, age, parity, ethnicity, or pre-

existing medical condition (Rogozińska et al. 2017). Interventions also reduced the risk of 

cesarean sections but there was no significant beneficial effect identified in other maternal and 

offspring outcomes (Rogozińska et al. 2017). Addition of study level data from non-IPD studies to 
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the IPD meta-analysis resulted in stronger evidence of benefit for gestational diabetes. 

Unfortunately, diet- and physical activity-based interventions in pregnancy do not seem to be 

cost-effective compared with usual care (Rogozińska et al. 2017).  

 

Diversity of interventions applied during pregnancy – What makes it difficult to derive clinical 

practice guidelines from current intervention studies? 

Due to the considerable heterogeneity of interventions and their methodological insufficiencies, it 

remains difficult to recommend any specific and effective intervention program for limiting 

excessive GWG in pregnant women. Studies conducted so far show a wide variation in the 

characteristics of the population, number of participants, design and intensity of the intervention 

and also in their outcomes. Commonly, there is a lack of information about the control group. 

Standard care differs between countries and, thus, may affect the effectiveness of the different 

interventions (Flynn et al. 2016). Moreover, the effects of lifestyle interventions in different 

groups of women based on BMI category, age, ethnicity, parity and risk status in pregnancy is not 

clear (Goldstein et al. 2016) which complicates the comparability between studies. 

While some trials focused on optimizing GWG and health outcomes in women of all BMI 

categories (Phelan et al. 2011, Barakat et al. 2012, Rauh et al. 2013, Ronnberg et al. 2015, Sagedal 

et al. 2016, Skouteris et al. 2016), others included certain population groups like overweight or 

obese women (Wolff et al. 2008, Thornton et al. 2009, Guelinckx et al. 2010, Dodd et al. 2014a, 

Renault et al. 2014, Poston et al. 2015, Okesene-Gafa et al. 2016, Daly et al. 2017, Simmons et al. 

2017) or even women at risk of developing GDM (Korpi-Hyovalti et al. 2011, Luoto et al. 2011, 

Harrison et al. 2013, Nobles et al. 2017). 

Weight management strategies during pregnancy can be divided into those that are diet-based, 

physical-activity-based, and a mixture of diet-based and physical-activity-based. Especially, dietary 

interventions apply a wide range of advisory strategies. Typical dietary approaches provide 

healthy eating advice based on national recommendations or nutrition guidelines targeting a 

balanced diet aiming to limit total energy intake (Bogaerts et al. 2013, Dodd et al. 2014a, 

Guelinckx et al. 2010, Vinter et al. 2011, Wolff et al. 2008). Some include advice to follow a 

particular eating pattern such as a Mediterranean or DASH diet (Dietary Approaches to Stop 

Hypertension) (Renault et al. 2014, Vesco et al. 2014) to decrease consumption of certain nutrient 

components such as food of high glycemic index and glycemic load (Walsh et al. 2012, Moses et 

al. 2014). Others have used probiotic interventions because of their potential beneficial effects on 
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the gut microbiome, resulting in modification of lipopolysaccharides and insulin sensitivity (Luoto 

et al. 2010, Nitert et al. 2013, Lindsay et al. 2013, Dolatkhah et al. 2015, Halkjaer et al. 2016, 

Okesene-Gafa et al. 2016). Being physically active is also an important part of a healthy lifestyle. 

Typical physical activity based interventions are of moderate intensity (˂70 % heart rate 

maximum; ˂140 beats per minute; 12-14 on the 6-20 Borg Scale) and comprise predominately 

aerobic-exercise, some resistance exercises, stretching and strengthening and walking for 30 

minutes or for a set number of steps (Streuling et al. 2011, Thangaratinam et al. 2012b, 

Muktabhant et al. 2015, Elliott-Sale et al. 2015, WHO 2016). 

Lifestyle advices are provided in various intensities, frequencies and time frames during 

pregnancy and in the postpartum period (Flynn et al. 2016, O'Brien et al. 2016). Also the 

beginning of the intervention differs between trials (Flynn et al. 2016, O'Brien et al. 2016). 

Lifestyle advices were either given via informative materials and brochures, via emailing, the 

Internet, video and DVD messages, telephone calls, group sessions or even in individual face-to-

face meetings. Interventions were delivered through health care providers with different 

background knowledge like midwives, dieticians, medical or research assistants, nurses as well as 

physicians. Goal setting, regular weight monitoring, use of weight-gain graphs according to IOM 

guidelines, verbal feedback on success toward goals, and self-monitoring of diet and physical 

activity through the use of food and/or physical activity records, pedometers, and food scales are 

commonly utilized supporting strategies in effective studies and appear to be helpful to achieve 

optimal weight gain during pregnancy (Brown et al. 2012). 

 

The German FeLIPO trial – a pilot study 

Only few trials have tried to integrate lifestyle programs into routine antenatal care and were also 

modestly effective in reducing excessive GWG (Kinnunen et al. 2008, Harrison et al. 2013, Daley et 

al. 2015, Daley et al. 2016). Thus, there remains a clear need to establish feasible and effective 

strategies in order to limit GWG to appropriate levels. The German FeLIPO trial (acronym for 

“Feasibility of a lifestyle intervention in pregnancy to optimize maternal weight development”) 

provided knowledge regarding the feasibility of a low intensity lifestyle program in optimizing 

weight gain and health outcomes in pregnancy within the framework of the German health care 

system. The study was performed as a cluster-randomized controlled intervention trial in eight 

gynecological practices in the Munich area. 250 pregnant women of all BMI categories were 

recruited. The intervention comprised two counseling sessions with trained researchers focusing 

on diet, physical activity and weight monitoring. Women in the intervention group gained 
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significantly less weight than women in the control group receiving routine prenatal care (14.1 kg 

vs. 15.6 kg; p˂0.05). Moreover, the intervention resulted in a significantly smaller proportion of 

women exceeding the IOM guidelines (38 % vs. 60 %; p˂0.05) and the study detected a trend for a 

decreased risk of developing GDM and less cesarean deliveries among women in the intervention 

group (Rauh et al. 2013). 

 

The GeliS study and the aim of the present work 

The GeliS study (acronym for “Gesund leben in der Schwangerschaft”/healthy living in pregnancy) 

is a cluster-randomized, controlled intervention trial conducted in the federal state of Bavaria and 

represents the worldwide largest lifestyle intervention study during pregnancy so far. It is based 

on the positive experiences of the pilot study FeLIPO and aims to explore the concept of a 

comprehensive lifestyle intervention in the routine health care system. As a true public health 

approach, it is adapted to the well-established German pre- and postnatal care system used by 

almost every pregnant woman. The GeliS project aims to complement this health care system by a 

lifestyle program combining a balanced diet, regular physical activity, and self-monitoring of body 

weight to primarily avoid excessive GWG and associated adverse maternal and infant health 

outcomes. Furthermore, a five year follow-up observation will investigate the long-term effects of 

the intervention in mothers and their children. Weight development in the children will be 

followed utilizing the unique German health check-up system for children. In order to stop the 

increasing trend of pregnant women showing weight gain in excess, promoting healthy lifestyle in 

pregnancy is an urgent demand. Several interventions done in this field show inconsistent results 

and it remains difficult to derive the most successful way to prevent excessive GWG and its 

consequences. If the GeliS trial is shown to be effective and a benefit for both mother and child 

can be demonstrated, the program may provide a basis for implementation in the well-

established health care system for pregnant women in Germany and, hence, become a valuable 

strategy for the primary prevention of early childhood obesity. 

The present work wants to clarify if a lifestyle intervention program which is attached to the 

German routine health care system for pregnant women is able to reduce the proportion of 

expectant mothers showing excessive GWG according to the criteria of the IOM (Rasmussen & 

Yaktine 2009). Moreover, it will be assessed if lifestyle counseling results in decreased absolute 

amounts of GWG in pregnant women compared to women who receive standard antenatal care. 

Subgroup analyses will detect the effects of the intervention on GWG and GDM among normal 

weight, overweight and obese women. Based on the evaluation of maternity cards and birth 
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records of participating women, short-term effects of the intervention regarding obstetric and 

neonatal outcomes like GDM, birth weight for gestational age or mode of delivery will be 

comprehensively investigated. Moreover, associations between GWG and selected secondary 

outcomes will be examined. Due to the performance of the trial in five different study regions 

distributed throughout Bavaria, the effects of the intervention within the randomized clusters will 

be analyzed. 

Finally, the results of the present work will provide information on the feasibility of the GeliS 

intervention program in routine heath care by considering the recruitment process of the trial and 

its implementation into practice. 
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2. GELIS – A LIFESTYLE INTERVENTION STUDY DURING PREGNANCY 
 

The GeliS study is a lifestyle intervention study for pregnant women to promote maternal and 

fetal health through antenatal dietary and physical activity advice and self-monitoring of body 

weight. As a multicenter and multidisciplinary public health project the trial was conducted in ten 

regions of Bavaria, a federal state of Germany. The primary hypothesis being tested in the study is 

that an antenatal intervention prevents gestational weight gain (GWG) in excess which has been 

linked to numerous adverse maternal and fetal outcomes. The study was developed and 

conducted by the Else Kröner-Fresenius-Center for Nutritional Medicine of the Technical 

University of Munich (TUM) in cooperation with the Competence Center for Nutrition (KErn). The 

trial is supported by the Bavarian State Ministry of Food, Agriculture and Forestry, the Bavarian 

State Ministry of Health and Care, the AOK Bayern, and the Else Kröner-Fresenius- Stiftung (EKFS). 

The GeliS study protocol as well as study related materials were approved by the ethics 

committee of the Technical University of Munich. The protocol was registered in the 

ClinicalTrials.gov Protocol Registration System (NCT01958307). The study was conducted in 

accordance with the International Conference on Harmonization Good Clinical Practice guidelines 

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

 

2.1 STUDY ENDPOINTS 

Primary outcome 

The primary objective tested in the GeliS trial was to examine whether the intervention compared 

to standard antenatal care leads to a smaller proportion of participating women with excessive 

GWG as defined by the Institute of Medicine (IOM) (Rasmussen & Yaktine 2009). 

 

Secondary outcomes 

Secondary outcome parameters include:  

 Incidence of gestational diabetes mellitus (GDM) 

 Other pregnancy complications such as preeclampsia 
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 Anthropometric measures and health status of the newborns (birth weight, height, head 

circumference, large for gestational age (LGA), small for gestational age (SGA), APGAR-

Score, pH) 

 Obstetric complications such as mode of delivery, induction of labor, rate of cesarean 

deliveries 

 Maternal body weight after delivery (6-8 weeks postpartum) 

 Maternal dietary habits during pregnancy and after delivery 

 Maternal physical activity habits during pregnancy and after delivery 

 Maternal mental health 

 Postnatal depression at 6-8 weeks after delivery 

 

2.2 STUDY DESIGN AND SETTING 

The GeliS trial was designed as a prospective, cluster-randomized, controlled, open intervention 

trial in Bavaria, a federal state in south eastern Germany. Five Bavarian administrative regions 

were chosen as study setting: Oberbayern, Oberpfalz, Oberfranken, Mittelfranken and 

Unterfranken. An overview of the geographic location of selected regions in Bavaria is shown in 

Figure 2. 

 

Figure 2: GeliS study regions. 
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2.2.1 THE CLUSTER RANDOMIZATION 

The study is a cluster-randomized trial conducted in gynecological and midwife practices in the 

“real-life” setting of routine care in ten selected urban and rural districts in Bavaria. The level of 

randomization was rural and urban districts. Within each of the five participating Bavarian 

administrative regions, two (urban as well as rural) districts were first pairwise matched with 

regard to annual number of birth as well as sociodemographic and geographic criteria. 

Randomization into defined intervention and control region was then carried out within these 

pairs by computer. The rationale for using cluster randomization was to avoid contamination or 

spillover effects between trial arms, which would have occurred if individuals or practices were 

randomized. 

 

2.2.2 RECRUITMENT OF GYNECOLOGICAL AND MIDWIFE PRACTICES AND COUNSELORS 

Each pair of an intervention and control region was supervised by local project managers 

employed by expert centers for nutrition run by the Bavarian State Ministry of Food, Agriculture 

and Forestry. Project managers searched for potential practices on various levels using the 

internet, telephone book, and family brochures of respective districts. Contact details of practices 

and midwives were partly listed by the professional association of gynecologists, the 

Kassenärztliche Vereinigung Bayerns (KVB – Bavarian Association of Statutory Health Insurance 

Physicians) and the Bavarian Association of Midwives. Moreover, regional quality circles of 

gynecologists and homepages of health insurances were used to find potential gynecological 

practices and midwives. Project managers initially contacted eligible gynecological and midwife 

practices via information leaflets and afterwards, they asked for participation by phone and in 

informal meetings in which detailed information on the background, procedures and organization 

of the GeliS study were presented.  

 

2.2.3 QUALIFICATION OF COUNSELORS 

Gynecologists, their medical staff and midwives in the intervention regions acted as health care 

providers and key communicators by conducting lifestyle counseling sessions for participating 

pregnant women in the “real-life” setting of routine care. As a precondition for participation as a 

counselor in the GeliS study they had to attend two standardized qualifying seminars with a total 

of approximately 10 hours of structured teaching. Seminars provide sufficient background 
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information in order to ensure competency in lifestyle counseling and standardization of the 

intervention. They were organized by project managers from the expert centers for nutrition and 

members of the GeliS study team from the Technical University of Munich and the Competence 

Center for Nutrition. Seminar contents and information material for the counselors were 

developed in cooperation with the Healthy Start - Young Family Network, a project of IN FORM, 

which is funded by the German Federal Ministry of Food and Agriculture. Presentations slides and 

the manual for further training on nutrition and physical activity during pregnancy can be 

downloaded free of charge (Healthy Start - Young Family Network 2018). Overall, 21 qualifying 

seminars took place in all five study regions with 81 potential GeliS counselors (53 medical 

assistants, 20 midwives, seven gynecologists, and one student trainee) at the first whole-day 

seminar and 68 participants (43 medical assistants, 18 midwives, five gynecologists, and two 

student trainees) at the second seminar. In the following, the contents of seminars are described 

in detail. 

 

First day seminar 

The first day seminar consisted of five units including background information on the GeliS trial 

and detailed facts about a healthy lifestyle during pregnancy. 

Unit 1: GeliS study 

In the first unit, background information and the rational of the GeliS trial were explained. 

Counselors were introduced to the study design, essential procedures and relevant study 

documents. A standardized schedule of each lifestyle counseling session of the trial was given and 

the mode of data collection was described.  

Unit 2: Basic information 

In the second unit, the importance of a healthy lifestyle during pregnancy including a balanced 

diet and regular physical activity as well as abstaining from alcohol and smoking were illustrated 

with regard to the hypothesis of fetal programming. In this context, the influence of maternal pre-

pregnancy weight and GWG on maternal and fetal adverse outcomes and long-term health 

consequences were discussed. It was pointed out that counselors may play a fundamental role in 

helping women to escape the hypothesized intergenerational circle of obesity by offering ways to 

achieve a healthy lifestyle. Participants learned about the IOM recommendations for GWG and 

the distribution of this weight across different tissues. They also were informed about the 
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relatively small increase in energy demand (200-300 kcal/day) but substantial higher macro- and 

micronutrient requirements during pregnancy. It was emphasized that the quality rather than the 

quantity of food should be taken into account, which means that it is not necessary to "eat for 

two". 

Unit 3: Nutrition in pregnancy 

The third unit informed counselors about the principles of a balanced diet during pregnancy 

according to practice guidelines developed by the Healthy Start - Young Family Network in 

consensus with most medical, scientific and professional institutes in Germany (Koletzko et al. 

2013a). Recommended portions for daily consumption of different food groups and beverages 

were visualized by the German „Ernährungspyramide“ (aid infodienst Ernährung, Landwirtschaft, 

Verbraucherschutz e.V. 2012), which is based on the recommendations of the Deutsche 

Gesellschaft für Ernährung (DGE, German Nutrition Society) (Deutsche Gesellschaft für Ernährung, 

Österreichische Gesellschaft für Ernährung, Schweizerische Gesellschaft für Ernährungsforschung, 

Schweizerische Vereinigung für Ernährung 2012). Critical micronutrients during pregnancy such as 

folic acid, iodine and iron were particularly highlighted. Vegetarian and vegan diet during 

pregnancy and their limitations as well as favorable aspects of breastfeeding were discussed. 

Unit 4: Physical activity in pregnancy 

The central issue of this unit was to demonstrate the health benefits of an active pregnancy. The 

importance of moderate exercises and sports as well as daily physical activity was explained. The 

following recommendations on frequency, intensity, time and type of physical activity were 

presented: 30 min of moderate intensity activity on most days of the week or 150 min of 

moderate intensity activity per week, both in an appropriate heart rate zone. A list of appropriate 

and inappropriate sports was given. In addition, counselors were encouraged to motivate 

pregnant women to a physically active lifestyle in everyday life, e.g. by walking instead of driving 

for transportation or by using the stairs instead of the lift. 

Unit 5: Potential risks during pregnancy 

Different risks including alcohol consumption and smoking can have harmful effects on the fetus 

during pregnancy. In this unit, it was emphasized that pregnant women should completely avoid 

alcohol consumption and smoking during pregnancy. It was also elucidated that pregnant women 

should not smoke and should not stay in rooms where people smoke or have been smoked. 

Moreover, the procedures of GDM diagnosis and therapy were shown. Finally, appropriate food 
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selection and preparation was explained to avoid food poisoning such as toxoplasmosis and 

listeriosis. 

 

Second day seminar 

The second seminar focused on information given in the last lifestyle counseling session within 

the GeliS project (6-8 weeks postpartum). It was designed for half a day.  

Unit 1: Exchange of counselors` experiences 

The second seminar started with an exchange of experiences between participating GeliS 

counselors. They reported about their first experiences in counseling sessions and any problems 

they may have had with study documents and materials.  

Unit 2: Breastfeeding and infant formula 

The following session highlighted the importance of breastfeeding for the best development of 

newborns. Project managers presented various aspects about breastfeeding, e.g. components of 

breast milk and an appropriate maternal diet during the breastfeeding period. Counselors were 

encouraged to motivate pregnant women to breastfed, in particular by highlighting the benefits 

for mothers and their newborns. The recommendations on breastfeeding duration correspond to 

the practice guidelines of the Healthy Start - Young Family Network (Koletzko et al. 2013b) and 

were presented as follows: Exclusive breastfeeding is recommended until the end of the 4th 

month or the beginning of the 5th month of life. Depending on maturity of the infants, the 

introduction of complementary food can start between the beginning of the 5th and the 7th month 

postpartum but can individually differ. It is recommended to continue breastfeeding during this 

time. The total duration of breastfeeding is determined by mothers and their infants themselves.  

In addition, participants learned about various types of formula nutrition and their preparation if 

mothers refuse breastfeeding or being unable to breastfeed their child. 

Unit 3: Physical activity after pregnancy 

In the third unit, counselors were informed on possibilities of supporting physical activity behavior 

of infants in the first year of life. Moreover, opportunities were shown to be active as a mother 

and as a family. 
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Unit 4: Complementary feeding 

The last session comprised complementary feeding including the recommended time to start and 

practical tips on feeding. Understanding signals from infants as well as basic principles about the 

components and preparation of different baby foods are further aspects of this unit. 

 

Evaluation of seminars 

At the beginning of both seminars, the counselors´ level of knowledge regarding a healthy lifestyle 

in pregnancy was examined by a knowledge test. Seminar participants had to answer brief 

multiple choice or open questions about central issues concerning a healthy lifestyle of pregnant 

women. At the end of the seminar, the level of knowledge was re-tested. In addition, participants 

completed a brief evaluation questionnaire. The knowledge test and evaluation questionnaire 

were developed in cooperation with the Healthy Start - Young Family Network and the 

Competence Center for Nutrition. Both, results of the knowledge test and evaluation 

questionnaire can be considered for developing future qualifying seminars for health care 

providers. 

 

2.2.4 RECRUITMENT OF PARTICIPANTS 

The recruitment process of participants in the GeliS study was based on experiences of the FeLIPO 

pilot trial (Rauh et al. 2013).  

After attending qualifying seminars, gynecologists and medical assistants as well as midwives 

were responsible for recruiting pregnant women in selected study regions. It was planned to 

continuously inform all expectant mothers in participating practices about the GeliS project using 

leaflets and study posters in waiting rooms or in a one-to-one conversation. All women before the 

end of the 12th week of gestation were invited to take part in the study and were encouraged to 

complete a short screening questionnaire including demographic and anamnestic data relevant to 

the study as well as possible reasons for refusal. Aim of the screening questionnaire was on the 

one hand to check inclusion and exclusion criteria and on the other hand to obtain basic 

information about participating and non-participating women. 
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Screening and consent to study participation (Visit V0: ≤12th week of gestation)  

If women were interested to participate in the study, following inclusion and exclusion criteria 

(Table 6) were checked: 

 

Table 6: Inclusion and exclusion criteria 

Inclusion criteria Exclusion criteria 

 Gestational age ≤12
th

 week of gestation 

 Age: 18 years - 43 years 

 Pre-pregnancy BMI ≥18,5 and ≤40,0 kg/m
2
 

 Sufficient German language skills 

 Written informed consent 

 Multiple pregnancy 

 High risk pregnancy (contraindications to 

exercise) 

 Uncontrolled chronic diseases (e.g. thyroid 

dysfunction, diabetes mellitus) 

 Psychiatric or psychosomatic diseases 

 

In order to represent the general healthy population, underweight and severely obese women 

were excluded. Eligible women received detailed study information and provided their written 

informed consent. Each participant in both, intervention and control regions, obtained the first 

questionnaire containing questions about dietary and physical activity habits, intake of 

supplements as well as about maternal mental health. Moreover, women in intervention regions 

received a pedometer (Beurer GmbH, Ulm, Germany) with adequate instructions used to monitor 

and motivate walking. A subgroup of women in the intervention and the control group (region 

Oberbayern) documented their daily steps in a personal diary. 

 

2.2.5 THE GELIS LIFESTYLE INTERVENTION PROGRAM (VISIT V1-VISIT V4) 

Offering lifestyle counseling to pregnant women within the routine health care, the GeliS study 

aims to encourage women to comply with recommendations for GWG according to the IOM 

criteria and to promote a healthy lifestyle over the course of pregnancy. Women in the 

intervention group were encouraged to a healthy pattern of eating, to be physical active in daily 

life and to self-monitor their weight gain during the course of pregnancy. The intervention was 

conducted by specifically trained and certified gynecologists, medical assistants and midwives in 

participating gynecological practices. Figure 3 illustrates the study scheme of the GeliS project 

including all visits, examinations performed as well as data assessed throughout the whole trial. 
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Figure 3: GeliS study scheme.  

V: visit, Wk gest: weeks of gestation, Q: questionnaire, OGTT: oral glucose tolerance test, TEL: telephone call, WBCB: 

well baby check-up booklet, Data source: Rauh et al. (2014). 

 

Expectant mothers in the intervention regions received three structured and individualized face-

to-face counseling sessions during pregnancy and one session after delivery, each lasting 30-

45 minutes. The counseling sessions were attached to routine pre- and postnatal visits (visit 1: 

12th-16th, visit 2: 16th-20th, and visit 3: 30th-34th week of gestation and visit 4: 6th-8th week 

postpartum) and followed a predefined curriculum. The recommendations of dietary and physical 

activity advice were in accordance with the practical guidelines developed by the Healthy Start - 

Young Family Network (Koletzko et al. 2013a). 

To ensure consistency in counseling processes and contents, lifestyle counselors obtained a 

presentation folder including 24 easily understandable predefined slides for every session as well 

as checklists for scheduling and documentation of sessions. 

Participants in both, intervention and control group, received a questionnaire at visits 0, 3 and 4 

including questions about dietary and physical activity habits, intake of supplements as well as 

about maternal mental health. In addition, the third questionnaire contained questions about 

postnatal depression as well as an evaluation form to assess the acceptance of the lifestyle 

program in the intervention group. The following section describes the contents of visits in detail. 
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Visit 1 (12th-16th week of gestation) 

In the first visit, the importance of a healthy lifestyle during pregnancy and its determining factors 

were addressed. In this context, women received first information on a balanced diet containing 

carbohydrates, fat and protein consistent with current German dietary recommendations 

(Deutsche Gesellschaft für Ernährung, Österreichische Gesellschaft für Ernährung, Schweizerische 

Gesellschaft für Ernährungsforschung, Schweizerische Vereinigung für Ernährung 2012). The 

additional demand of energy and nutrients were illustrated while critical nutrients, especially folic 

acid, iodine and iron were highlighted. Women learned to understand the risks of alcohol, 

smoking and foodborne infections during pregnancy. Physical activity advice focused on 

encouraging women to adopt a more active lifestyle. A chart for adequate weight gain according 

to pre-pregnancy BMI category was introduced to self-monitor weight development as proposed 

by the IOM (Rasmussen & Yaktine 2009). Women’s weight was measured at each visit and 

documented in maternity cards. Moreover, brochures including examples for adequate exercise 

and a list of local prenatal physical exercise programs as well as a brochure with 

recommendations for a balanced diet in pregnancy were handed out. The first questionnaire 

which was distributed in visit 0 was collected by counselors.  

Visit 2 (16th-20th week of gestation, 4 weeks distance to visit 1)  

At the second appointment, pregnant women received more detailed and specific advice on diet 

and physical activity as well as an individual feedback based on information from the first 

collected questionnaire. Furthermore, they learned about possibilities for integrating an active 

lifestyle into daily routine. Counselors addressed GWG again by discussing personal weight gain 

charts. Women were encouraged to attend a standardized two hour oral glucose tolerance test 

(oGTT) which was recommended to perform between the 24th and 28th week of gestation. 

Visit 3 (30th-34th week of gestation) 

Contents from the previous visits were repeated and consolidated. Expectant mothers were 

informed on prenatal and postnatal exercise classes. Counselors addressed specific problems that 

might occur in pregnancy, such as water retention or back complaints. Beneficial aspects of 

breastfeeding were highlighted. Once again, weight gain was monitored and discussed and the 

second questionnaire was handed out. Between the 30th and 34th week of gestation, a venous 

EDTA blood sample was collected for measurement of glycosylated hemoglobin (HbA1c). 
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Visit 4 (6th-8th week postpartum) 

In the last lifestyle counseling session, the importance of breastfeeding for mothers and their 

newborns was discussed and counselors provided information on appropriate maternal diet and 

physical activity during breastfeeding as well as infant feeding practices. 

The second questionnaire was collected and the third questionnaire was handed out with a free 

envelope to send the questionnaire back to the study team. The third questionnaire included 

questions about maternal dietary and physical activity habits, intake of supplements, postnatal 

depression, breastfeeding behavior as well as questions for the evaluation of the project. 

 

Control Group 

Women in the control group received routine prenatal care. They obtained leaflets about a 

healthy lifestyle in pregnancy, but no specific individual advice on diet, physical activity or weight 

gain in pregnancy. Weight measurements, data collection, and distribution of questionnaires took 

place within routine prenatal care visits at the same time periods as in the intervention group. 

 

2.2.6 STUDY DOCUMENTS AND MATERIALS 

All documents and materials utilized in the trial are summarized in Table 7. 

 

Table 7: Documents and materials used in the GeliS trial. 

Study documents and materials Utilization and purpose 

Documents for data collection 

Screening questionnaire 
*) 1) 

To record baseline characteristics from participants and non-
participants and to check inclusion and exclusion criteria. 

Questionnaire part 1, part 2 and part 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

To evaluate maternal dietary and physical behavior, and intake of 
dietary supplements during pregnancy and 6-8 weeks after delivery. 
 
Maternal dietary behavior: Food Frequency Questionnaire (FFQ) 
according to the DEGS-Study (German Health Interview and 
Examination Survey for Adults) 

2)
 with added questions on the intake 

of dietary supplements. 
 
Maternal physical activity behavior: validated Pregnancy Physical 
Activity Questionnaire (PPAQ), modestly adjusted to German habits .

3)
 

 
Maternal mental health: questionnaire with validated elements 
(WHO-5; PHQ-4; questions from the KORA study - a research platform 
that is used by national and international research teams. 

4)
 

 
Postnatal depression 6-8 weeks after delivery: German version of the 
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Edinburgh Postnatal Depression Scale (EPDS) validated by Bergant et 
al. (1998).

 

 
Evaluation of study procedures by study participants. 

1) 
 

Pedometer diary: Seven-day diary to assess the total number of steps 
as measurerd by pedometers. Diary is only used in a subgroup (region 
Oberbayern).

1) 

Maternity card Copies of study relevant pages from maternity cards to evaluate 
pregnancy outcomes. 

Birth record Copies of birth records to evaluate obstetric and birth outcomes. 

Organizational documents 

Instructions 
*) 1) 

Leaflet with study related instructions for project managers, practices 

in intervention and control regions and for counselors with pre 

specified contents and a list of supplemental material for every visit. 

Checklists 
*) 1) 

List with annotations to measurements, provision and collection of 

questionnaires, provision of supplemental materials, organization of 

appointments. 

Signature of participants to acknowledge that counseling was given. 

Sticker for maternity card 
1) 

Recording study relevant information (postpartum weight, blood 

glucose concentrations, HbA1c) which is not yet part of maternity 

cards. 

Case Report Forms 
*) 1) 

Contain data obtained during women’s participation. 

Participant information and  
written informed consent 

1) 
Precondition for study participation. 

Documents for qualifying seminars 

Manual & slides 
5)

 The manual provides a detailed and clear summary of the contents of 
the qualifying seminars. 

Counseling documents 

Presentation folder 
*)

 
6) 

 

 

 

 

 

 

 

Explanatory notes for presentation slides 
6) 

Folder with numbered presentation boards that contain information 

about: 

Healthy lifestyle in pregnancy, adequate GWG, recommended dietary 

principles, supplementation of micronutrients, alcohol and smoking in 

pregnancy, allergy prevention, GDM 

Binder had to be used in every visit. Number and type of slides are 

predefined for V1, V2, V3 and V4. 

 

Background information for the counselor about every slide of the 

binder. Notes are to be used during counseling sessions. 

Weight gain chart 
*) 1) 

Chart with range of adequate GWG dependent on pre-pregnancy BMI 

(according to IOM criteria 
7)

) for self-monitoring of GWG. Three 

different charts for normal, overweight or obese pre-pregnancy body 

weight. 

Pedometer 
8) 

 

Portable device counting every step for self-monitoring of walking 

activity and motivation for increasing physical activity in daily life. 

Feedback table 
1) 

Supporting table to analyze individual dietary patterns assessed by 

questionnaires. 
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Supplemental material 

Flyer „Fit durch die Schwangerschaft“ 
9) 

Flyer with basic information about a healthy lifestyle in pregnancy. 

Leaflet „Das beste Essen in der 

Schwangerschaft“ 
10) 

Brochure with detailed information about a healthy diet in pregnancy. 

Leaflet „Bewegt durch die Schwangerschaft“ 
1) 

Leaflet with different gymnastic exercises for pregnant women. 

Leaflet with local sport opportunities 
1) 

List with local sport opportunities. 

Leaflet diet/physical activity  
in the first year of life 

Brochure with information for a healthy diet and physical activity in 
the first year of the infants. 

AOK health-program 
11) 

Sport and lifestyle courses offered and paid by the AOK Bayern. 

Flyer „Stillen – was sonst?“ 
12) 

Flyer with advantages of breastfeeding. 

Sticker for well baby check-up booklet 
13) 

Sticker shows important facts for a healthy first year of infants. 

Sticker for maternity card 
14) 

Sticker shows important facts for a healthy lifestyle during pregnancy. 

*)
 Documents are presented in the appendix. 

1)
 Created by the GeliS study team 

2)
 Haftenberger et al. (2010) 

3) 
Chasan-Taber et al. (2004) 

4)
 Helmholtz Zentrum München - Deutsches Forschungszentrum für Gesundheit und Umwelt 

5)
 Created by Healthy Start - Young Family Network (2014a) 

6)
 Created by Healthy Start - Young Family Network (2014b) 

7)
 Rasmussen & Yaktine (2009) 

8)
 Beurer GmbH (Ulm, Germany) 

9)
 Created by Healthy Start - Young Family Network (2012a) 

10)
 Created aid infodienst Ernährung, Landwirtschaft, Verbraucherschutz e.V. (2013) 

11)
 AOK Bayern – Die Gesundheitskasse (2017) 

12)
 Created by Healthy Start - Young Family Network (2012b) 

13)
 Created by Healthy Start - Young Family Network (2011a) 

14)
 Created by Healthy Start - Young Family Network (2011b) 

 

2.2.7 FOLLOW-UP 

To determine whether the intervention has led to sustained change in maternal dietary and 

physical activity behaviors and to address the influence of the intervention on the long-term 

health of mother and child, a follow-up observation program is conducted after one, three and 

five years after delivery. Information on breastfeeding and infant feeding practices, growth 

development, maternal weight development as well as dietary and physical activity behavior of 

mothers and children is collected by questionnaires. The infant anthropometrics and health status 

are obtained from the German well baby check-up booklet. This booklet is offered to all mothers 

in Germany at birth to enhance regular health examinations by the family pediatricians. 
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2.2.8 DROP-OUT CRITERIA 

Following reasons were considered as drop-out criteria and were documented in Case Report 

Forms (CRFs): 

 Insufficient compliance according to the study protocol 

 Decline of further study visits 

 Change of practice or residence 

 Participants were no longer reachable 

 Miscarriage/ late loss of pregnancy 

 Complications during pregnancy that interfere with the study protocol 

 Others.  

 

2.3 OUTCOME MEASURES AND DATA COLLECTION 

Pregnancy and obstetric outcomes 

Pregnancy and obstetric data are routinely documented in maternity cards at every prenatal visit. 

In Germany, pregnant woman obtain maternity cards at their first gynecological visit as soon as 

pregnancy is confirmed. It includes data about fetal and maternal health and the expected date of 

birth as well as data of the follow up checkup postpartum. 

Detailed obstetric outcomes were obtained from birth records including mode of birth, induction 

of labor, fetal position at delivery, potential maternal and newborns complications, birth related 

injuries, type of anesthesia, APGAR-Score, and anthropometrics of the newborn. 

Weight measurements 

Pre-pregnancy BMI calculation was based on self-reported pre-pregnancy weight at the time of 

recruitment. Weight was routinely measured at every antenatal visit and documented in the 

maternity card. To obtain standardized weight data, a detailed standard operation procedure of 

weight measurement was offered to participating practices. GWG as the primary outcome 

parameter of the project was calculated as the weight change between the measured weight at 

the first (V0) and the last prenatal visit (G). If weight was not measured at the first visit, the self-

reported pre-pregnancy weight was used instead. Moreover, maternal weight retention was 

measured between 6 and 8 weeks postpartum (V4).  
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Oral glucose tolerance test 

To test for GDM, all study participants were encouraged to attend a standardized 75-g two-hour 

oral glucose tolerance test between the 24th and 28th week of gestation. Tests were performed 

according to the guidelines of the German Diabetes Society (DDG) and the German Society of 

Gynecology and Obstetrics (DGGG) (Kleinwechter et al. 2016), which comply with the guidelines 

of the International Association of the Diabetes and Pregnancy Study Groups (IADPSG) (Metzger 

et al. 2010). After an overnight fast for at least eight hours, plasma glucose level was measured 

before, one and two hours after intake of 75 grams glucose. Table 8 presents the diagnostic 

thresholds for fasting, 1-h, and 2-h plasma glucose concentrations. According to the IADPSG, GDM 

was diagnosed if at least one of these thresholds was equaled or exceeded. Measured glucose 

values were documented in maternity cards. Depending on the severity, women with GDM 

diagnosis partly received specific treatment (dietary counseling or insulin treatment). This was 

done by the treating gynecologist at his/her own discretion. However, every participating center 

received information on the current national guidelines for the management of gestational 

diabetes. 

 

Table 8: Thresholds in venous plasma after a 75-g-oGTT for diagnosis of GDM according to DDG 

and DGGG (Kleinwechter et al. 2016). 

 

Glucose thresholds in venous plasma 

(mg/dl) (mmol/l) 

Fasting glucose 92 5,1 

1-hour-glucose 180 10,0 

 2-hour-glucose 153 8,5 

 

Measurement of glycosylated hemoglobin concentration (HbA1c) 

Additional information about the presence and severity of diagnosed GDM was obtained by 

determining the HbA1c. Therefore, EDTA blood was collected between the 30th and 34th week of 

gestation. Results were documented in maternity cards. 

Assessment of SGA and LGA infants 

Infants classified as SGA are born with a birth weight lower than the 10th percentile for their 

gestational age. LGA infants are generally defined as those with a birth weight greater than the 
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90th percentile for gestational age (Lee et al. 2013). The assessment of SGA and LGA born infants 

were based on the German perinatal data from 1995-2000 (Voigt et al. 2006). 

Demographic data 

Demographic data were obtained from the screening questionnaire. Participants as well as 

rejecters were asked for the following data: 

 Age 

 Height (cm); pregravid weight (kg) 

 Parity 

 Nationality; native country; native language 

 Marital status; living together with a partner 

 Educational level 

 Professional level 

 Working status 

 

2.4 DATA MANAGEMENT  

Practice staff in intervention and control regions sent relevant pages of maternity cards, birth 

records and questionnaires to local project managers in respective regions. All data were 

pseudonymized and transferred to CRFs by project managers before they were sent to data 

management at the Münchner Studienzentrum for database entry and retention.  

Adherence to the study protocol as well as data documentation was regularly monitored by the 

Münchner Studienzentrum in cooperation with research assistants from the Technical University 

of Munich. 

 

2.5 POWER CALCULATION 

The primary outcome of the study is the proportion of women showing excessive GWG according 

to the IOM guidelines. As hypothesized, a lifestyle intervention focusing on diet, physical activity 

and weight monitoring will prevent gaining weight in excess. The sample size of the study was 

calculated based on the proportion of women exceeding weight gain recommendations according 

to the IOM guidelines and the results of the previous conducted pilot study (Rauh et al. 2013). 
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According to the Bavarian perinatal register, at least 40 % of the women (BMI ≥18.5 kg/m2) were 

expected to exceed the recommended IOM levels in the control group (Beyerlein 2009a, personal 

communication based on the Bavarian perinatal data from 2007). It was assumed that the 

intervention would lead to a decrease to 30 %. 1900 pregnant women (Donner & Klar 2000b) 

were needed to detect this difference in proportions with 90 % power using a significance level 

(alpha) of 5 % and an intraclass correlation coefficient (ICC) of 0.5 % (Hannan et al. 1994). With 

regard to a possible imbalance in the sample size between groups as well as a drop-out rate of up 

to 20 % until delivery, 2500 participants had to be recruited for the trial. 

 

2.6 DATASETS FOR ANALYSES 

The rejecter set contains women who were assessed for eligibility but declined to participate. 

The baseline set contains all women who provided written consent with the exception of women 

who were not eligible when reassessed. 

The primary analysis set contains all women in the baseline set with the exception of: 

• Women with miscarriages or late loss of pregnancy 

• Women who had terminations 

• Women with pregnancy complications that interfere with the intervention 

• Maternal deaths during pregnancy 

• Women with preterm birth (<37 week of gestation) 

The per-protocol set for the primary outcome contains all women in the primary analysis set with 

the exception of: 

• Women with a missing measured weight value at V0 or G 

• Women in the intervention group who missed a lifestyle counseling session during 

 pregnancy 

• Women in the intervention group who had a lifestyle counseling session more than two 

 weeks later than planned during pregnancy 

• Women who violated the inclusion/exclusion criteria in terms of gestational age at 

 entry, age and pre-pregnancy BMI 
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2.7 STATISTICAL ANALYSES 

Data were cleaned and checked for missing values prior to analyses. The intervention and control 

arms were compared and tested for superiority in terms of the proportion of women with 

excessive GWG. 

The null and alternative hypotheses are: 

H0: There is no difference in the proportion of women with excessive GWG between the 

intervention and control groups. 

HA: There is a difference in the proportion of women with excessive GWG between the 

intervention and control groups. 

H0 was rejected if the p value for the “group” coefficient in the primary analysis model was less 

than 0.05. 

For the primary analysis, a generalized estimating equations (GEE) logistic regression model with 

excessive GWG as the dependent variable and group (intervention/control) as an independent 

variable were used (Donner & Klar 2000a). Unadjusted and adjusted analyses were conducted. 

Pre-pregnancy BMI category, age, parity and gestational age at the first prenatal visit (V0) were 

adjusted for in the model. The GEE approach was used to adjust for the clusters, assuming an 

exchangeable correlation structure (Donner & Klar 2000a). 

The presented results correspond to complete case analysis including all participants for whom 

primary outcome data were available, apart from those women who had a preterm delivery 

(˂37th week of gestation). Women with preterm delivery were excluded from the analysis in order 

to present the proportion of women with excessive GWG in a full-length pregnancy. In addition, 

an intention to treat approach was taken for the primary analysis including all participants in the 

primary analysis set. If the primary outcome was missing for some participants, multiple 

imputation using fully conditional specification was used to create ten imputed datasets with 

results pooled across these datasets (Berglund & Heeringa 2014). The data were imputed based 

upon all weight data recorded during pregnancy (at V0, V1, V2 and V3), pre-pregnancy BMI 

category, age, parity, gestational age at the first and last prenatal visits, study group and cluster. 

Further, a pre-specified per-protocol analysis was performed excluding those participants who 

missed a measured weight at screening or last visit prior to birth, who violated inclusion/exclusion 

criteria, or, for those in the intervention group, missed a lifestyle counseling session or had a 

counseling session more than two weeks later than planned. 
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Subgroup analyses were conducted to assess the effect of the intervention separately by pre-

pregnancy BMI category, educational level, and region. 

Patient demographics and other baseline characteristics were summarized by study group for the 

baseline set. The characteristics of participants between the baseline and rejecter sets were 

compared in exploratory analyses. 

GEE linear, logistics and multinomial models were similarly used to compare the secondary 

endpoints between the intervention and control groups and fit for the continuous, binary and 

categorical outcome variables, respectively. 

All analyses were performed using SAS software, version 9.4 for Windows, Copyright 2002-2015, 

SAS Institute Inc., Cary, NC, USA. 
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3 RESULTS 
 

The GeliS lifestyle intervention program was intended to limit excessive weight gain in pregnancy 

and to support maternal and fetal health. This section shows the numbers of recruited practices, 

counselors and pregnant women, the flow of participants through the trial as well as baseline 

characteristics of participants and rejecters. Afterwards, results of the primary outcome 

gestational weight gain (GWG) and secondary outcomes are presented. 

 

3.1 PARTICIPATING PRACTICES, COUNSELORS AND PREGNANT WOMEN 

The project was conducted in five administrative regions of Bavaria (Oberbayern, Oberpfalz, 

Oberfranken, Mittelfranken, Unterfranken). In these regions, 71 gynecological and midwife 

practices took part in the trial (Table 9). 

 

Table 9: Gynecological and midwife practices participating in the GeliS study. 

 

It was planned to recruit a total of 100 practices with 50 practices each in the intervention and 

control regions. Despite a second recruitment period in Mittelfranken and Unterfranken it was 

not possible to achieve the planned amounts of practices. 39 practices in the intervention regions 

and 32 practices in the control regions participated in the trial.  

62 counselors (gynecologists, midwives and medical assistants) were recruited for the study 

(Table 10). They completed qualifying seminars and recruited at least one pregnant woman. 

 

Table 10: Qualified counselors in the GeliS study. 

All regions Oberbayern Oberpfalz Oberfranken Mittelfranken Unterfranken 

62 13 13 11 14 11 

 

 

 
All regions Oberbayern Oberpfalz Oberfranken Mittelfranken Unterfranken 

Intervention 39 8 9 9 8 5 

Control 32 9 8 6 7 2 

Total 71 17 17 15 15 7 
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From July 2013 to December 2015, participating practices assessed pregnant women for inclusion. 

2286 pregnant women took part in the project equally distributed to the intervention and control 

group (Table 11). 

 

Table 11: Numbers of participants in the GeliS study. 

 All regions Oberbayern Oberpfalz Oberfranken Mittelfranken Unterfranken 

Intervention 1152 124 322 284 262 160 

Control 1134 212 280 461 146 35 

Total 2286 336 602 745 408 195 

 

Due to the small number of participating practices and counselors in Unterfranken only 35 

pregnant women were recruited in the control region. Most women were recruited in 

Oberfranken (n=745).  

 

3.2 CHARACTERIZATION OF THE STUDY POPULATION 

Flow of participants 

Figure 4 displays the flow of participants through the GeliS trial. 2641 pregnant women were 

initially screened for study participation. 311 (11.8 %) of them declined study participation. Main 

reasons for declining were lack of time (n=46), no interest (n=22), fear about data protection 

(n=18), belief in own experiences or competences (n=17), too high effort (n=6) and study 

participation in previous pregnancy (n=2). 204 women did not specify their reasons for refusal. 

Multiple answers were possible. 44 (1.7 %) women were interested to participate in the trial but 

were excluded because 35 (1.3 %) did not meet eligibility criteria, six (0.2 %) had a miscarriage 

and three (0.1 %) could not be reached anymore for giving written informed consent. Of 2286 

women who provided their consent, 25 (1.1 %) were not eligible when reassessed. Finally, 1139 

women formed the intervention group and got detailed counseling about healthy weight and 

lifestyle during pregnancy. 1122 women were assigned to receive standard antenatal care. 

For 2017 (89.2 %) women, primary outcome data were available. Reasons for missing outcome 

data were miscarriage (n=73), termination (n=9) or severe pregnancy complications (n=4). Further 

158 (7.0 %) women dropped out in both groups and were excluded from the analysis due to the 

following main reasons (multiple reasons were possible): change of practice or residence (n=65), 

decline of further study visits (n=59), participants were no longer reachable (n=31).  
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It was planned to recruit a total of 2500 pregnant women. The actual drop-out rate of 10.8 % 

(intervention group: 10.6 %, control group: 11.0 %) was lower than the estimated drop-out rate of 

20 %. Moreover, the number of women included was balanced with 1152 women included in the 

intervention group and 1134 women included in the control group. Both conditions made it 

possible to stop the recruitment with a lower number of participants than originally planned. 

1885 (83.4 %) women were included in complete-case analysis of the primary outcome. 132 

(5.8 %) women had a preterm birth and were excluded from analysis of GWG. For the per-

protocol analysis of the primary outcome 97 (4.3 %) additional women in both groups were 

excluded for the following reasons (multiple reasons were possible): 43 (1.9 %) had a pre-

pregnancy BMI slightly lower (n=38) or higher (n=5) than defined in the study protocol. From 22 

women (1.0 %) weight measured at entry was missing. 20 women in the intervention group 

(0.9 %) missed at least one counseling session. 18 women in the intervention group (0.8 %) were 

counseled more than two weeks before or after the planned time frame. After all, 1788 (79.1 %) 

women remained for the per-protocol GWG analysis. 

2018 (89.3 %) infants (including premature births) were included in the complete-case analysis at 

birth and 1911 (84.5 %) women were analysed with regard to short-term postpartum weight 

retention (PPWR). 
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Figure 4: Flow chart of the GeliS trial.  
BMI= body mass index; GWG= gestational weight gain; PPWR=postpartum weight retention. 

1
Multiple reasons possible. 



RESULTS 

 
56 

 

Baseline characteristics of participants and rejecters 

A comparison of baseline characteristics between participants and rejecters is shown in Table 12. 

 

Table 12: Comparison of baseline characteristics between GeliS study participants and rejecters. 

 
Participants (n=2261) Rejecters (n=311) 

Age (years) 30.3 ± 4.5
 

29.9 ± 4.4
 

Height (cm)
a)

 167.3 ± 6.0
 

167.2 ±6.2
 

Pre-pregnancy weight (kg)
a)

 68.2 ± 13.4
 

66.2 ± 13.4
 

Pre-pregnancy BMI (kg/m
2
) 24.4 ± 4.5

 
23.6 ± 4.5

 

Pre-pregnancy BMI category 
  

Underweight 48/2261 (2.1) 21/311 (6.8) 

Normal weight 1419/2261 (62.8) 204/311 (65.6) 

Overweight 520/2261 (23.0) 57/311 (18.3) 

Obese 274/2261 (12.1) 29/311 (9.3) 

Parity 
  

0 1299/2258 (57.5) 152/307 (49.5) 

1 759/2258 (33.6) 115/307 (37.5) 

≥2 200/2258 (8.9) 40/307 (13.0) 

Nationality 
  

German 2167/2257 (96.0) 297/309 (96.1) 

Others 90/2257 (4.0) 14/309 (4.5) 

Country of birth 
  

Germany 2002/2256 (88.7) 254/309 (82.2) 

Others 254/2256 (11.3) 55/309 (17.8) 

Native Language 
  

German 2117/2255 (93.9) 275/309 (89.0) 

Others 138/2255 (6.1) 44/309 (14.2) 

Marital Status 
  

Married 1453/2250 (64.6) 200/307 (65.2) 

Single/divorced 797/2250 (35.4) 107/307 (34.9) 

Living with a partner  2158/2252 (95.8) 287/309 (92.9) 

Educational level 
  

None 6/2253 (0.3) 1/308 (0.3) 

General secondary school 354/2253 (15.7) 96/308 (31.2) 

Intermediate secondary school 952/2253 (42.3) 156/308 (50.7) 

High school 9941/2253 (41.8) 55/308 (17.9) 

Professional level 
  

Apprentice/student 61/2237 (2.7) 7/306 (2.3) 

No professional qualification 52/2237 (2.3) 13/306 (4.3) 

Completed vocational training (apprenticeship, college) 1531 /2237 (68.4) 214/306 (69.9) 

University degree 593/2237 (26.5) 67/306 (22.0) 

Others - 6/306 (2.0) 

Working status 
  

Full-time job 1160/2235 (51.9) 144/309 (46.6) 

Part-time job 560/2235 (25.1) 78/309 (25.2) 
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Marginal employment 136/2235 (6.1) 22/309 (7.1) 

Serve an apprenticeship 59/2235 (2.6) 9/309 (2.9) 

Not working 55/2235 (2.5) 10/309 (3.2) 

Parental leave/housewife 265/2235 (11.9) 50/309 (16.2) 

Data are given as mean ± standard deviation or number (%) 
a) Self-reported 
BMI=Body Mass Index 

 

Study participants tended to be slightly older than study rejecters (30.3 years vs. 29.9 years). They 

had a higher mean weight and BMI at the beginning of pregnancy with a lower percentage of 

women being normal weight (62.8 % vs. 65.9 %) and higher percentage of overweight (23.0 % vs. 

18.3 %) and obese women (12.1 % vs. 9.3 %) than rejecters. A higher percentage of participating 

women expected their first child (57.5 % vs. 49.5 %) whereas a higher percentage of study 

rejecters gave birth to one, two or more children. A higher percentage of study rejecters reported 

being not born in Germany and that German is not their native language, respectively. 

Participating women were well educated including 41.8 % of women completed high school and 

42.3 % completed intermediate secondary school. In contrast, only 17.9 % of rejecters completed 

high school but almost one third completed only general secondary school. There is a higher 

proportion of rejecters who had no professional qualification and a smaller proportion with 

university degree.  

 

Baseline characteristics of participants  

Table 13 outlines the anthropometric, sociodemographic and lifestyle characteristics of 

participants in the control and intervention group at trial entry.  

 

Table 13: Baseline characteristics of the GeliS study population. 

 
Intervention (n=1139) Control (n=1122) Total (n=2261) 

Age (years) 30.2 ± 4.4
 

30.4 ± 4.7
 

30.3 ± 4.5
 

Height (cm)
a)

 167.4 ± 6.0
 

167.2 ± 6.0
 

167.3 ± 6.0
 

Pre-pregnancy weight (kg)
a)

 68.4 ± 13.1
 

68.0 ± 13.7
 

68.2 ± 13.4
 

Pre-pregnancy BMI (kg/m
2
) 24.4 ± 4.4

 
24.3 ± 4.6

 
24.4 ± 4.5

 

Pre-pregnancy BMI category  
 

 

Underweight  24/1139 (2.1) 24/1122 (2.1) 48/2261 (2.1) 

Normal weight (including underweight) 732/1139 (64.3) 735/1122 (65.5) 1467/2261 (64.9) 

Overweight 271/1139 (23.8) 249/1122 (22.2) 520/2261 (23.0) 

Obese 136/1139 (11.9) 138/1122 (12.3) 274/2261 (12.1) 

Gestational age at entry (week) 8.1 ± 2.1
 

8.4 ± 2.2
 

8.3 ± 2.2 

Gravidity  
 

 

1 558/1053 (53.0) 478/1032 (46.3) 1036/2085 (49.7) 
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2 315/1053 (29.9) 347/1032 (33.6) 662/2085 (31.8) 

3 120/1053 (11.4) 135/1032 (13.1) 255/2085 (12.2) 

≥4 60/1053 (5.7) 72/1032 (7.0) 132/2085 (6.3) 

Parity  
 

 

0 706/1139 (62.0) 593/1119 (53.0) 1299/2258 (57.5) 

1 358/1139 (31.4) 401/1119 (35.8) 759/2258 (33.6) 

≥2 75/1139 (6.6) 125/1119 (11.2) 200/2258 (8.9) 

Smoking  
 

 

Yes, regular smoking 36/1061 (3.4) 42/1044 (4.0) 78/2105 (3.7) 

Yes, occasional smoking (˂1 cigarette per day) 24/1061 (2.3) 22/1044 (2.1) 46/2105 (2.2) 

Not anymore 441/1061 (41.6) 460/1044 (44.1) 901/2105 (42.8) 

Never smoked 560/1061 (52.8) 520/1044 (49.8) 1080/2105 (51.3) 

How many cigarettes per day? 4.6 ± 3.1
 

6.2 ± 4.4
 5.4 ± 3.9 

Nationality  
 

 

German 1092/1139 (95.9) 1075/1118 (96.2) 2167/2257 (96.0) 

Others 47/1139 (4.1) 43/1118 (3.9) 90/2257 (4.0) 

Country of birth  
 

 

Germany 1001/1138 (88.0) 1001/1118 (89.5) 2002/2256 (88.7) 

Others 137/1138 (12.0) 117/1118 (10.5) 254/2256 (11.3) 

Native Language  
 

 

German 1067/1137 (93.8) 1050/1118 (93.9) 2117/2255 (93.9) 

Others 70/1137 (6.2) 68/1118 (6.1) 138/2255 (6.1) 

Marital Status  
 

 

Married 766/1136 (67.4) 687/1114 (61.7) 1453/2250 (64.6) 

Single/divorced 370/1136 (32.6) 427/1114 (38.3) 797/2250 (35.4) 

Living with a partner 1093/1134 (96.4) 1065/1118 (95.3) 2158/2252 (95.8) 

Educational level  
 

 

None 2/1138 (0.2) 4/1115 (0.4) 6/2253 (0.3) 

General secondary school 172/1138 (15.1) 182/1115 (16.3) 354/2253 (15.7) 

Intermediate secondary school 486/1138 (42.7) 466/1115 (41.8) 952/2253 (42.3) 

High school 478/1138 (42.0) 463/1115 (41.5) 9941/2253 (41.8) 

Professional level  
 

 

Apprentice/student 33/1132 (2.9) 28/1105 (2.5) 61/2237 (2.7) 

No professional qualification 20/1132 (1.8) 32/1105 (2.9) 52/2237 (2.3) 

Completed vocational training  
(apprenticeship, college) 

782/1132 (69.1) 749/1105 (67.8) 1531 /2237 (68.4) 

University degree 297/1132 (26.2) 296/1105 (26.8) 593/2237 (26.5) 

Working status  
 

 

Full-time job 613/1124 (54.5) 547/1111 (49.2) 1160/2235 (51.9) 

Part-time job 267/1124 (23.8) 293/1111 (26.4) 560/2235 (25.1) 

Marginal employment 62/1124 (5.5) 74/1111 (6.7) 136/2235 (6.1) 

Serve an apprenticeship 33/1124 (2.9) 26/1111 (2.3) 59/2235 (2.6) 

Not working 27/1124 (2.4) 28/1111 (2.5) 55/2235 (2.5) 

Parental leave/housewife 122/1124 (10.9) 143/1111 (12.9) 265/2235 (11.9) 

Data are given as mean ± standard deviation or number (%) 
a) Self-reported 
BMI=Body Mass Index 
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Baseline characteristics were generally balanced across the trial groups. Women in the lifestyle 

intervention group had almost the same median age as women who received standard antenatal 

care during the GeliS trial (30.2 years vs. 30.4 years). Mean self-reported weight and pre-

pregnancy BMI was similar in the intervention and control group (68.4 kg and 68.0 kg; 24.4 kg/m2 

and 24.3 kg/m2) with nearly two thirds of women being normal weight and one third of women 

being overweight and obese. 48 participants with a pre-pregnancy BMI slightly lower than 

18.5 kg/m2 (inclusion failures; 24 intervention and 24 control participants) were included in the 

normal weight BMI category for statistical analyses. Women in both groups were in the 9th week 

of gestation at trial entry. A higher percentage of women in the intervention group were 

nulliparous (62.0 % vs. 53.0 %) and were never pregnant before the study (53.0 % vs. 46.3 %) 

compared to women in the control group. 124 (5.9 %) participating women reported that they 

currently smoke with no relevant difference between study groups (5.7 % vs. 6.1 %). 5.4 cigarettes 

were smoked per day. Most of study participants were born in Germany and lived together with a 

partner. Women in both groups were well educated with high percentage having a university 

degree (26.2 % vs. 26.8 %). Half of the participating women in each of the groups had a full-time 

job. 

 

Anamnestic characteristics 

Data on anamnestic characteristics were documented in maternity cards by practice staff or 

gynecologists at the beginning of pregnancy. Data were available for 1027 participants in the 

intervention group and 1013 participants in the control group (Table 14). Of these, 851 in the 

intervention group and 856 in the control had at least one of the presented medical findings at 

the screening visit. Familiar predispositions include diabetes, hypertension, abnormalities, 

hereditary diseases, and psychological diseases. 

 

Table 14: Anamnestic characteristics of GeliS participants. 

 
Intervention (n=1027) Control (n=1013) Total (n=2040) 

Familiar predisposition 467 (45.5) 491 (48.5) 958 (47.0) 

Own serious diseases 226 (22.0) 262 (25.9) 488 (23.9) 

Tendency to bleeding or thrombosis 30 (2.9) 36 (3.6) 66 (3.2) 

Allergies 378 (36.8) 413 (40.8) 791 (38.8) 

Former blood transfusion 14 (1.4) 8 (0.8) 22 (1.1) 

Specific psycholgical stress 44 (4.3) 21 (2.1) 65 (3.2) 

Specific social burden 4 (0.4) 5 (0.5) 9 (0.4) 

Rhesus incompatibility (in previous 5 (0.5) 4 (0.4) 9 (0.4) 
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pregnancies) 

Dwarfism 2 (0.2) 2 (0.2) 4 (0.2) 

Skeletal abnormality 39 (3.8) 51 (5.0) 90 (4.4) 

Pregnant women above 35 years 159 (15.5) 180 (17.8) 339 (16.6) 

Many previous births (more than 4 children) 2 (0.2) 1 (0.1) 3 (0.1) 

Status after infertility treatment 43 (4.2) 28 (2.8) 71 (3.5) 

Status after preterm birth 26 (2.5) 30 (3.0) 56 (2.7) 

Status after deficiency birth 4 (0.4) 12 (1.2) 16 (0.8) 

Status after 2 or more miscarriages/abortions 49 (4.8) 37 (3.7) 86 (4.2) 

Dead/injured fetus in anamnesis 9 (0.9) 9 (0.9) 18 (0.9) 

Complications of previous deliveries 57 (5.6) 67 (6.6) 124 (6.1) 

Post partum complications 13 (1.3) 28 (2.8) 41 (2.0) 

Status after cesarean section 105 (10.2) 117 (11.5) 222 (10.9) 

Status after uterus surgery 33 (3.2) 42 (4.1) 75 (3.7) 

Rapid pregnancy sequence (less than 1 year) 44 (4.3) 32 (3.2) 76 (3.7) 

Other specific characteristics 103 (10.0) 73/1013 (7.2) 176 (8.6) 

High risk pregnancy 122 (11.9) 178 (17.6) 300 (14.7) 

Data are given as number (%) 

 

Women in both groups are comparable in their anamnestic data. 2.7 % of study participants had a 

preterm birth and 10.9 % of women had a cesarean delivery in a previous pregnancy. According to 

participating gynecologists, 14.7 % of study participants had a high risk pregnancy. Women in the 

intervention group (11.9 %) were less likely to be at high risk than women in the control group 

(17.6 %). 

 

3.3 PRIMARY OUTCOME – GESTATIONAL WEIGHT GAIN 

Results concerning gestational weight gain are shown in the whole study population and grouped 

by intervention and control. Intervention effects are presented in terms of an estimated odds 

ratio comparing the odds of the outcome in the intervention group with the control group. An 

odds ratio <1 would be in favor of the intervention. Unadjusted and adjusted analyses, adjusting 

for pre-pregnancy BMI category, age, parity and gestational age at the first prenatal visit, were 

conducted.  
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3.3.1 ADHERENCE TO IOM GUIDELINES 

Gestational weight gain according to the IOM guidelines in the whole study population 

Figure 5 demonstrates the adherence to the IOM guidelines among all GeliS-participants and 

shows differences between normal weight, overweight and obese women.  

 

Figure 5: Adherence to IOM guidelines by study participants depending on pre-pregnancy BMI. 

Gestational weight gain=weight change between the weight measured at the first and the last prenatal visit; 

Inadequate, adequate and excessive GWG is defined according to the criteria provided by the U.S. Institute of Medicine 

(Rasmussen & Yaktine 2009); GWG=gestational weight gain; IOM=Institute of Medicine 

 

34.0 % of all women showed adequate weight gain (Figure 5). 45.4 % of all participants exceeded 

the IOM guidelines whereas 20.6 % of women gained less than recommended. Among normal 

weight women, 40.4 % adhered to the IOM recommendations and gained up to 16 kg in 

pregnancy. 24.6 % of normal weight women gained less than the recommended range and 35.1 % 

exceeded the recommendations. Excessive GWG was more frequent among overweight and 

obese women compared to normal weight participants. Two thirds of overweight (67.0 %) and 

obese (61.0 %) women exceeded the recommended ranges. Only one-fifth of overweight (22.6 %) 

and obese (20.6 %) women complied with the recommendations. 
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Gestational weight gain according to the IOM guidelines between study groups 

No considerable differences were seen between study groups regarding adherence to the IOM 

guidelines (Figure 6). Analyses of excessive GWG resulted in no evidence for different effects 

between the intervention and control group (Figure 6, Table 15, Appendix: Table 28). Weight gain 

recommendations were exceeded by 45.1 % of women in the intervention group and 45.7 % of 

women in the control group. There was no statistically significant difference between groups 

(adjusted OR: 0.95; 95 % CI: 0.66 to 1.38; p=0.79). 21.4 % in the intervention and 19.9 % in the 

control group gained weight below IOM recommendations (p=0.002) (Appendix: Table 28). The 

intraclass correlation coefficient (ICC), reflecting potential systematic differences between the 

clustered study regions, was low (0.8 %). 

 

Figure 6: Proportion of women with excessive, adequate and inadequate GWG in the 

intervention and the control group.  

Gestational weight gain=weight change between the weight measured at the first and the last prenatal visit; 

Inadequate, adequate and excessive GWG is defined according to the criteria provided by the U.S. Institute of Medicine 

(Rasmussen & Yaktine 2009); GWG=gestational weight gain; IOM=Institute of Medicine; Int=intervention group; 

Con=control group 

 

Similar results for the primary outcome were obtained in the per-protocol and the multiple 

imputation analysis (Table 15). According to the per-protocol analysis, 45.4 % of women who 

received three counseling sessions about a healthy lifestyle during pregnancy and monitored their 
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weight in this period gained weight in excess whereas 46.5 % of women who received standard 

antenatal care exceeded the IOM recommendations. Similarly, there was no statistically 

significant difference between groups (adjusted OR: 0.92; 95% CI: 0.65 to 1.29; p=0.63). 

 

The effect of the intervention was also analyzed according to the initial BMI category (Figure 6, 

Table 15). The intervention showed no effect in all BMI categories. Among the normal weight BMI 

category, 34.2 % of women in the intervention group and 35.9 % of women in the control group 

exceeded IOM guidelines. Less overweight women in the intervention group gained weight in 

excess (65.2 % vs. 69.0 %; p=0.38) with no significant effect of the intervention. Among obese 

women, the intervention resulted in a higher percentage of women who gained weight in excess 

(63.9 % vs. 58.3 %; p=0.79), which was not statistically significant.  

 

Table 15: Study participants with excessive GWG. 

Women gaining more weight than recommended by IOM guidelines 

 
 

 
Effect of intervention (95 % CI) 

 
Intervention Control Unadjusted p value Adjusted

1
 p value

1
 

Complete-case 427/946 (45.1) 429/939 (45.7) 1.05 (0.76-1.43) 0.78 0.95 (0.66-1.38) 0.79 

Multiple Imputation  
 

1.03 (0.77-1.39) 0.82 0.95 (0.68-1.33) 0.75 

Per-protocol 401/883 (45.4) 421/905 (46.5) 1.02 (0.75-1.37) 0.92 0.92 (0.65-1.29) 0.63 

Excessive GWG by pre-pregnancy BMI category 

Normal weight 208/608 (34.2) 224/624 (35.9) 1.00 (0.68-1.47) 0.99 0.92 (0.61-1.38) 0.67 

Overweight 150/230 (65.2) 138/200 (69.0) 0.85 (0.55-1.33) 0.48 0.81 (0.51-1.29) 0.38 

Obese 69/108 (63.9) 67/115 (58.3) 1.27 (0.75-2.14) 0.38 1.08 (0.62-1.87) 0.79 

Excessive GWG by region 

Oberbayern 46/106 (43.4) 72/182 (39.6) 1.17 (0.72-1.90) 0.52 1.05 (0.61-1.83) 0.86 

Oberpfalz 112/262 (42.8) 113/222 (50.9) 0.72 (0.50-1.03) 0.07 0.57 (0.38-0.85) 0.01 

Oberfranken 101/236 (42.8) 191/392 (48.7) 0.79 (0.57-1.09) 0.15 0.60 (0.42-0.85)  0.01 

Mittelfranken 119/218 (54.6) 49/115 (42.6) 1.62 (1.03-2.55) 0.04 1.54 (0.95-2.51) 0.08 

Unterfranken 49/124 (39.5) 4/28 (14.3) 3.92 (1.28-11.99) 0.02 6.01 (1.64-21.96) 0.01 

Excessive GWG by education level 

General  
secondary school 

77/137 (56.2) 74/155 (47.7) 1.43 (1.17-1.75) <0.001 1.38 (1.05-1.81) 0.02 

Intermediate  
secondary school 

194/415 (46.8) 200/388 (51.6) 0.83 (0.62-1.11) 0.20 0.78 (0.55-1.10) 0.16 

High school 156/391 (39.9) 151/390 (38.7) 1.07 (0.72-1.60) 0.74 0.92 (0.60-1.41) 0.71 

Data are given as n (%), effect sizes as odds ratios and 95 % CIs 
Gestational weight gain=weight change between the weight measured at the first and the last prenatal visit 
1Generalized estimating equations (GEE) logistic regression model adjusted for pre-pregnancy BMI, age, parity and gestational age at 
1st visit 

 

Looking at different study regions (Table 15), highly variable results were obtained. After 

adjustment, the intervention resulted in significantly less women with excessive weight gain in 

Oberpfalz (p=0.01) and Oberfranken (p=0.01). In contrast, among the other regions (Oberbayern, 
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Mittelfranken, Unterfranken) more women in the intervention group gained weight in excess than 

women in the control group. Analyses resulted in significant effects in Mittelfranken before 

adjustment (p=0.04) and in Unterfranken before (p=0.02) as well as after adjustment (p=0.01).  

Among low educated women in the trial (Table 15), a significant higher percentage exceeded IOM 

recommendations in the intervention group (56.2 % vs. 47.7 %; p=0.02). In contrast, there were 

no differences in women with a higher educational level (39.9 % vs. 38.7 %; p=0.71). 

 

3.3.2 MEAN TOTAL GESTATIONAL WEIGHT GAIN 

Participating women in the intervention and control group had a mean total GWG of 14.1 kg 

during pregnancy showing no differences between groups (Table 16, Appendix: Table 29).  

 

Table 16: Mean total GWG in control versus intervention group. 

Mean total GWG (kg) 

 
 

 
Estimated mean difference 

 
Intervention 
(n=946) 

Control 
(n=939) 

Unadjusted p value Adjusted
1
 p value

1
 

Complete-case 14.1 ± 5.3 14.1 ± 5.2 0.28 (-0.61-1.17) 0.54 0.09 (-0.79-0.97) 0.84 

Mean total GWG by pre-pregnancy BMI category 

Normal weight 14.6 ± 4.5 14.8 ± 4.6 0.06 (-0.79-0.90) 0.90 -0.10 (-0.93-0.72) 0.81 

Overweight 14.0 ± 6.0 14.1 ± 5.5 -0.02 (-0.90-0.86) 0.96 -0.26 (-1.14-0.63) 0.57 

Obese 11.5 ± 6.8 10.6 ± 6.5 1.00 (-0.90-2.90) 0.30 0.52 (-1.05-2.09) 0.51 

Mean total GWG by region 

Oberbayern 14.3 ± 4.5 13.6 ± 4.3 0.7 (-0.3-1.8) 0.19 0.3 (-0.7-1.4) 0.52 

Oberpfalz 13.9 ± 4.9 14.7 ± 5.1 -0.8 (-1.7-0.1) 0.08 -1.1 (-2.0-(-0.2)) 0.02 

Oberfranken 13.7 ± 5.3 14.5 ± 5.4 -0.8 (-1.7-0.1) 0.07 -1.0 (-1.8-(-0.1)) 0.03 

Mittelfranken 14.8 ± 6.0 13.3 ± 5.8 1.5 (0.2-2.8) 0.03 1.1 (-0.2-2.4) 0.11 

Unterfranken 13.7 ± 5.1 10.1 ± 5.7 3.5 (1.4-5.7) 0.002 4.0 (1.6-6.3) 0.001 

Data are given as means ± standard deviation, effect sizes as marginal mean difference and 95 % CIs 
Gestational weight gain=weight change between the weight measured at the first and the last prenatal visit 
1Generalized estimating equations (GEE) logistic regression model adjusted for pre-pregnancy BMI, age, parity and gestational age at 
1st visit 

 

Mean total gestational weight gain was 14.6 kg in normal weight, 14.0 kg in overweight and 

11.0 kg in obese women (Appendix: Table 29) and did not differ between intervention and routine 

care group (Table 16). 

Moreover, results of analyses by region are similar to those of excessive GWG (Table 16). 

Whereas lifestyle counseling lead to significantly less mean total GWG after adjustment in 

Oberpfalz (adjusted mean estimated difference: -1.1; 95 % CI: -2.0 to -0.2; p=0.02) and 
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Oberfranken (adjusted mean estimated difference: -1.0; 95 % CI: -1.8 to -0.1; p=0.03), women in 

the intervention regions in Oberbayern, Mittelfranken and Unterfranken gained more weight 

during pregnancy than women in the control regions with significant results in Mittelfranken 

before adjustment (p=0.03) and in Unterfranken before (p=0.002) as well as after adjustment 

(p=0.001).  

 

3.3.3 WEIGHT GAIN AT DIFFERENT TIME POINTS DURING PREGNANCY 

Table 17 shows the mean average weight gain at different time points during pregnancy.  

 

Table 17: Weight gain at different time points during pregnancy. 

 
Intervention (n=946) Control (n=939) Total (n=1885) 

Mean average weekly weight gain by pre-
pregnancy BMI category (kg) 

0.5 ± 0.2 0.5 ± 0.2 0.5 ± 0.2 

Normal weight 0.5 ± 0.1 0.5 ± 0.2 0.5 ± 0.1 

Overweight 0.5 ± 0.2 0.5 ± 0.2 0.5 ± 0.2 

Obese 0.4 ± 0.2 0.4 ± 0.2 0.4 ± 0.2 

Weight gain between visits (kg)  
  

V1 minus first measured (V0) 1.0 ± 1.8 1.1 ± 1.8 1.0 ± 1.8 

V2 minus V0 2.8 ± 2.4 2.9 ± 2.4 2.9 ± 2.4 

V3 minus V0 9.9 ± 4.1 10.2 ± 4.1 10.1 ± 4.1 

Weight gain from first antenatal visit until oGTT  
  

Normal weight 3.1 ± 2.1 3.2 ± 2.2 3.2 ± 2.2 

Overweight 2.6 ± 2.6 2.8 ± 2.6 2.7 ± 2.6 

Obese 1.3 ± 3.0 1.5 ± 2.7 1.4 ± 2.8 

Data are given as means ± standard deviation 

 

Women participated in the GeliS trial, gained on average 0.5 kg per week over the entire time of 

pregnancy (Table 17). There was no difference between the intervention and control group. The 

0.5 kg per week also applies for the subgroups of normal weight and overweight women with no 

differences between the intervention and control group. Obese women in both groups gained on 

average 0.4 kg per week.  

In order to examine the influence of counseling sessions, weight was measured at same time 

points at visit 1, visit 2 and visit 3 (Table 17). At visit 1 (12th-16th week of gestation), pregnant 

women gained on average 1.0 kg. Between the beginning of pregnancy and visit 2 (16th-20th week 

of gestation) women gained on average 2.9 kg. Until the last counseling session during pregnancy 

(30th-34th week of gestation) women gained on average 10.1 kg with a slight difference between 
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groups (9.9 kg vs. 10.2 kg). Before oGTT measurements (16th-20th week of gestation), normal 

weight women gained more weight (3.2 kg) than overweight (2.7 kg) and obese women (1.4 kg) 

with small differences in favor of the intervention group (Table 17). 

 

3.4 SECONDARY OUTCOMES 

Secondary outcome variables comprise the comparison of pregnancy and birth related outcomes 

between study groups including results of the oral glucose tolerance test (oGTT) as well as 

maternal and fetal complications during pregnancy and birth, birth related anthropometrics and 

short-term postpartum weight retention (PPWR).  

 

3.4.1 MATERNAL PREGNANCY AND BIRTH RELATED OUTCOMES 

Gestational diabetes mellitus 

2h-oGTT and fasting glucose concentration 

In order to test for gestational diabetes mellitus (GDM), a 2h-oGTT was conducted between the 

24th and 28th week of gestation. GDM was diagnosed if at least one of the three thresholds 

according to the guidelines of the German Diabetes Society (DDG) and the German Society of 

Gynecology and Obstetrics (DGGG) (Kleinwechter et al. 2016) was exceeded. Six participants who 

were diagnosed as “No GDM” were excluded from GDM analyses because they were tested 

before the 20th week of gestation. All participants who were considered for the primary analysis 

set were analyzed but also including those women who had a premature birth.  

1008 (88.5 %) women in the intervention group and 954 (85.0 %) women in the standard care 

group had an oGTT and could be assessed for the analyses of GDM. 109 (10.8 %) women in the 

intervention group and 106 (11.1 %) women in the control group developed GDM (Table 18). 

However, this difference was not statistically significant before and after adjustment for potential 

confounders (adjusted OR: 0.84; 95 % CI: 0.41 to 1.71; p=0.62). 

While in 215 of all women GDM was diagnosed, only 82 women were treated. 3.5 % of women in 

the intervention and 4.9 % in the control group received GDM treatment. 2.9 % of these women 

have been urged to undergo a change of diet and 1.8 % of women were treated with insulin. 

Some women received both insulin and dietary treatment. 
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Whereas the rate of diagnosed GDM tended to be lower in normal weight (6.9 % vs. 7.9 %; 

p=0.25) and obese women (27.5 % vs. 30.3 %; p=0.56) who received the intervention, the rate of 

GDM was slightly higher in overweight women (13.0 % vs. 9.4 %; p=0.82) with no statistical 

significance. 

In contrast to the results for excessive GWG, there were less women in the intervention regions of 

Oberbayern (5.2 % vs. 20.3; p=0.001) and Mittelfranken (10.5 % vs. 25.4 %; p=0.001) who 

developed GDM compared to women in the control regions (Table 18). In contrast, a higher 

percentage of women in intervention regions of Oberpfalz (10.3 % vs. 5.7 %; p=0.08) and 

Oberfranken (14.6 % vs. 6.3 %; p=0.001) developed GDM compared to women of control groups 

in these two regions. 

 

Table 18: Women with diagnosed GDM and results of fasting glucose concentrations. 

 
 

 
Effect of intervention (95 % CI) 

 
Intervention Control Unadjusted p value Adjusted

1
 p value

1
 

Diagnosed GDM   
    

Complete-case 
109/1008 
(10.8) 

106/954 (11.1) 0.74 (0.37-1.47) 0.38 0.84 (0.41-1.71) 0.62 

Treated GDM 35/1008 (3.5) 47/954 (4.9) 0.68 (0.33-1.39) 0.29 0.76 (0.43-1.37) 0.36 

Dietary treatment 24/1008 (2.4) 33/954 (3.5) 
    

Insulin treatment 19/1008 (1.8) 17/954 (1.8)     

Diagnosed GDM by pre-pregnancy BMI category 

Normal weight 45/649 (6.9) 49/620 (7.9) 0.75 (0.38-1.46) 0.39 0.67 (0.35-1.31) 0.25 

Overweight 31/239 (13.0) 20/212 (9.4) 1.13 (0.40-3.19) 0.82 1.12 (0.43-2.92) 0.82 

Obese 33/120 (27.5) 37/122 (30.3) 0.73 (0.33-1.63) 0.44 0.79 (0.36-1.75) 0.56 

Diagnosed GDM by region 

Oberbayern 6/115 (5.2) 33/163 (20.3) 0.22 (0.09-0.54) 0.001 0.21 (0.08-0.54) 0.001 

Oberpfalz 30/292 (10.3) 13/227 (5.7) 1.89 (0.96-3.70) 0.07 1.84 (0.92-3.69) 0.08 

Oberfranken 36/247 (14.6) 26/412 (6.3) 2.53 (1.49-4.31) 0.001 2.51 (1.45-4.35) 0.001 

Mittelfranken 25/230 (10.5) 31/122 (25.4) 0.36 (0.20-0.64) 0.001 0.33 (0.18-0.63) 0.001 

Unterfranken 12/124 (9.7) 3/30 (10.0) 0.96 (0.25-3.66) 0.96 1.06 (0.24-4.65) 0.94 

Fasting glucose concentration (mg/dl) 

Complete-case 79.5 ± 9.2 77.4 ± 12.4 1.2 (-3.9-6.4) 0.64 1.2 (-3.7, 6.2) 0.62 

Fasting glucose concentration by pre-pregnancy BMI category (mg/dl) 

Normal weight 78.6 ± 8.9 75.9 ± 11.8 1.7 (-3.1-6.5) 0.49 1.6 (-3.1-6.4) 0.51 

Overweight 80.3 ± 8.7 78.3 ± 12.5 1.3 (-4.5-7.1) 0.67 1.1 (-4.6-6.8) 0.70 

Obese 83.3 ± 10.6 83.6 ± 13.0 -0.8 (-5.9-4.2) 0.74 -0.7 (-5.6-4.1) 0.76 

Fasting glucose concentration by region (mg/dl) 

Oberbayern 77.4 ± 10.3 82.2 ± 12.4 -4.8 (-7.6-(-2.0)) 0.001 -4.7 (-7.5-(-1.8)) 0.001 

Oberpfalz 80.4 ± 8.2 69.9 ± 13.0 10.6 (8.7-12.4) ˂0.001 10.3 (8.5-12.1) ˂0.001 

Oberfranken 80.3 ± 9.9 77.5 ± 9.8 2.8 (1.3-4.4) ˂0.001 2.6 (1.1-4.2) 0.001 
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Mittelfranken 79.6 ± 9.1 85.7 ± 10.9 -6.1 (-8.3-(-4.0)) ˂0.001 -6.3 (-8.5-(-4.2) ˂0.001 

Unterfranken 77.9 ± 8.7 73.8 ± 10.3 4.1 (0.5-7.7) 0.03 4.1 (0.6-7.6) 0.02 

Data are given as number (%) or mean ± standard deviation 
Effect sizes: Continuous variables as estimated marginal mean difference (95 % CIs) and categorized variables as odds ratios (95 % 
CIs) 
1Generalized estimating equations (GEE) logistic regression model adjusted for pre-pregnancy BMI, age and parity 

 

Fasting glucose concentration was higher in the intervention group compared to the control 

group (79.5 mg/dl vs. 77.4 mg/dl; p=0.62) with different results by analyses in regions (Table 18). 

Women in intervention regions in Oberbayern and Mittelfranken had significantly lower 

concentrations before starting the oGTT than women in control regions. In contrast, women in 

intervention regions in Oberpfalz, Oberfranken and Unterfranken had significantly higher fasting 

glucose concentrations than women in control regions. 

Hemoglobin A1c (HbA1c) 

In order to obtain additional information on the presence and severity of diagnosed GDM, 

glycosylated hemoglobin concentrations were measured between the 30th and 34th week of 

gestation. Mean HbA1c in late pregnancy was 5.1 % in both groups (intervention group: 

32.2 mmol/mol; control group: 32.1 mmol/mol) (Table 19). Obese women in the intervention 

group had a slightly lower mean HbA1c (33.3 mmol/mol vs. 33.6 mmol/mol; p=0.007). Negligible 

differences were also seen regarding study regions. The intervention resulted in slightly higher 

HbA1c values in Oberbayern and Oberfranken but slightly lower HbA1c values in Oberpfalz, 

Mittelfranken and Unterfranken. 

 

Table 19: Results of HbA1c measurements in the intervention versus the control group. 

 
 

 
Effect of intervention (95 % CI) 

 
Intervention Control Unadjusted p value Adjusted

1
 p value

1
 

HbA1c (%)       

Complete-case 5.1 ± 0.3 5.1 ± 0.3 0.01 (-0.00-0.03) 0.13 0.02 (-0.01-0.05) 0.12 

HbA1c (%) by pre-pregnancy BMI 

Normal weight  5.1 ± 0.3 5.0 ± 0.3 0.02 (-0.01-0.04) 0.24 0.02 (-0.00-0.05) 0.08 

Overweight 5.1 ± 0.4 5.1 ± 0.3 0.04 (-0.01-0.09) 0.10 0.04 (-0.02-0.09) 0.20 

Obese 5.2 ± 0.3 5.2 ± 0.3 -0.05 (-0.09-(-0.02)) 0.003 -0.05 (-0.09-(-0.02)) 0.005 

HbA1c (%) by region  
     

Oberbayern 5.1 ± 0.3 5.1 ± 0.3 0.08 (0.00-0.16) 0.04 0.12 (0.04-0.20) 0.004 

Oberpfalz 5.1 ± 0.3 5.1 ± 0.4 -0.00 (-0.07-0.06) 0.88 0.01 (-0.06-0.07) 0.85 

Oberfranken 5.1 ± 0.4 5.1 ± 0.3 0.01 (-0.04- 0.07) 0.66 0.01 (-0.05-0.06) 0.82 

Mittelfranken 5.1 ± 0.3 5.1 ± 0.4 -0.01 (-0.09-0.07) 0.77 0.00 (-0.08-0.08) 0.96 

Unterfranken 5.1 ± 0.3 5.1 ± 0.2 -0.01 (-0.12-0.13) 0.94 -0.00 (-0.14-0.14) 0.96 
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HbA1c (mmol/mol)  
  

Complete-case 32.2 ± 3.7 32.1 ± 3.5 0.15 (-0.45-0.74) 0.63 0.24 (-0.40, 0.87) 0.47 

HbA1c (mmol/mol) by pre-pregnancy BMI 

   Normal weight  31.8 ± 3.5 31.7 ± 3.5 0.21(-0.56-0.97) 0.60 0.29 (-0.47-1.04) 0.46 

   Overweight 32.6 ± 3.9 32.4 ± 3.1 0.25 (-0.641.14) 0.58 0.25 (-0.691.19) 0.60 

   Obese 33.3 ± 3.7 33.6 ± 3.7 -0.28 (-0.54-(-0.02)) 0.04 -0.32 (-0.56-(-0.09)) 0.007 

HbA1c (mmol/mol) by region 

Oberbayern 33.0 ± 3.3 31.7 ± 3.3 1.30 (0.41-2.19) 0.004 1.68 (0.79-2.58) <0.001 

Oberpfalz 31.6 ± 3.8 32.6 ± 3.8 -1.05 (-1.77-(-0.32)) 0.005 -0.95 (-1.68-(-0.22)) 0.01 

Oberfranken 32.8 ± 3.6 31.9 ± 3.4 0.83 (0.22-1.44) 0.008 0.75 (0.15-1.35) 0.01 

Mittelfranken 31.7 ± 3.7 31.9 ± 3.9 -0.12 (-1.01-0.76) 0.78 -0.03 (-0.91-0.86) 0.95 

Unterfranken 32.5 ± 3.8 32.7 ± 2.1 -0.25 (-1.79-1.29) 0.75 -0.24 (-1.80-1.32) 0.76 

Data are given as mean ± standard deviation, effect sizes as marginal mean difference and 95 % CIs 
1Generalized estimating equations (GEE) logistic regression model adjusted for pre-pregnancy BMI, age and parity 

 

Pregnancy complications 

The intervention did not increase complications such as vaginal bleeding (3.2 % vs. 4.4 %; p=0.22). 

Among women in the intervention group, preterm labor was less frequently reported (1.6 % vs. 

2.9 %; p=0.003) (Table 20). Maternal blood pressure was measured at each visit. Hypertension 

was defined as high blood pressure (systolic blood pressure ≥140 mmHg and/or diastolic blood 

pressure ≥90 mmHg) on at least two visits. Elevated blood pressure was reported more often in 

the intervention group (9.5 % vs. 6.4 %; p=0.02; Table 20, Appendix: Table 30). Anemia was less 

frequently identified in the intervention group than in the control group (2.3 % vs. 6.6 %; p=0.12). 

 

Table 20: Pregnancy complications in the intervention versus the control group. 

   Effect of intervention (95 % CI) 

 
Intervention 
(n=956) 

Control 
(n=893) 

Unadjusted 
p 
value 

Adjusted
1
 

p 
value

1
 

Bleeding 31 (3.2) 39 (4.4) 0.69 (0.35-1.34) 0.27 0.65 (0.32-1.29) 0.22 

Placenta previa 12 (1.3) 7 (0.8) 
2 

 
2
  

Hydramnios 1 (0.1) 6 (0.7) 
2
  

2
  

Oligohydramnios 11 (1.2) 15 (1.7) 
2
  

2
  

Placental insufficiency 4 (0.4) 14 (1.6) 
2
  

2
  

Cervical insufficiency 16 (1.7) 22 (2.5) 
2
  

2
  

Preterm labor 15 (1.6) 26 (2.9) 0.54 (0.35-0.84) 0.01 0.51 (0.33-0.79) 0.003 

Anemia 22 (2.3) 59 (6.6) 0.39 (0.13-1.15) 0.09 0.41 (0.14-1.24) 0.12 

Proteinuria 1 (0.1) 1 (0.1) 
2
  

2
  

Preeclampsia/ HELLP 
syndrome 

14/1006 (1.4) 13 (1.3) 
2 

 
2 
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Moderate or heavy 
edemas 

5 (0.5) 8 (0.9) 
2
  

2
  

Hypertension 99/1041 (9.5) 66/1039 (6.4) 1.56 (0.98-2.49) 0.06 1.64 (1.09-2.45) 0.02 

Data are given as n (%), effect sizes as odds ratios and 95 % CIs 
1Generalized estimating equations (GEE) logistic regression model adjusted for pre-pregnancy BMI, age and parity  

2No statistic testing due to small number of cases 

 

Obstetric outcomes 

Results concerning obstetric outcomes in control and intervention group are shown in Table 21. 

Almost two thirds of children were born spontaneous with no differences between the 

intervention and control group. Elective cesarean section rates were higher among women in the 

intervention group (15.5 % vs. 11.6 %; p=0.02). Emergency cesarean section rates were 14.8 % in 

the intervention group and 15.9 % in the control group (p=0.26). Labor was induced more often in 

women in the control group (17.3 % vs. 23.5 %; p=0.04). Anesthesia (76.8 % vs. 80.1 %; p=0.47) 

and obstetric complications (75.8 % vs. 76.7 %; p=0.54) were similarly frequent among groups. 

 

Table 21: Obstetric outcomes among study participants. 

   Effect of intervention (95 % CI) 

 
Intervention Control Unadjusted 

p 
value 

Adjusted
1
 

p 
value

1
 

Mode of delivery (including preterm births) 

Spontaneous birth 615/1016 (60.5) 628/1003 (62.6) Reference  Reference  

Elective cesarean 
section 

157/1016 (15.5) 117/1003 (11.6) 1.37 (1.05-1.78) 0.02 1.41 (1.08-1.85) 0.02 

Emergency 
cesarean section 

150/1016 (14.8) 159/1003 (15.9) 0.96 (0.75-1.24) 0.77 0.86 (0.67-1.12) 0.26 

Instrumental 
vaginal delivery 

94/1016 (9.3) 99/1003 (9.9) 0.97 (0.72-1.31) 0.84 0.83 (0.61-1.14) 0.25 

Induction of labor  174/1007 (17.3) 233/992 (23.5) 0.71 (0.48-1.06) 0.10 0.65 (0.43-0.98) 0.04 

Fetal position at delivery 

Cephalic 
presentation 

952/1014 (93.9) 937/999 (93.8) Reference  Reference  

Breech 
presentation 

60/1014 (5.9) 55/999 (5.5) 0.99 (0.68-1.44) 0.94 0.93 (0.65-1.35) 0.72 

Transverse 
presentation 

2/1014 (0.2) 7/999 (0.7)     

Birth related injuries  574/1012 (56.7) 592/996 (59.4) 0.93 (0.70-1.23) 0.60 0.86 (0.65-1.13) 0.27 

Vaginal laceration 225/1012 (22.2) 285/996 (28.6)     

Perineal tear (first-
/second-degree) 

237/1012 (23.4) 271/996 (27.2)     

Perineal tear (third-
/fourth-degree) 

15/1012 (1.5) 14/996 (1.4)     

Episiotomy 206/1012 (20.4) 146/996 (14.7)     

Others 55/1012 (5.4) 109/996 (10.9)     

Anesthesia 769/1001 (76.8) 787/982 (80.1) 1.05 (0.55-2.00) 0.87 1.23 (0.69-2.19) 0.47 

Local 248/1001 (24.8) 300/982 (30.5)     

Epidural/peridual 319/1001 (31.9) 282/982 (28.7)     
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Spinal 180/1001 (18.0) 142/982 (14.5)     

General/ 
endotracheal 

45/1001 (4.5) 48/982 (4.9)     

Others 17/1001 (1.7) 21/982 (2.1)     

Obstetric 
complications 

767/1012 (75.8) 767/999 (76.7) 1.31 (0.79-2.19) 0.30 1.18 (0.70-1.99) 0.54 

Premature rupture 
of membranes 

228/1012 (22.5) 257/999 (25.7)     

Exceeded date of 
birth 

144/1012 (14.2) 161/999 (16.1)     

Pathological 
cardiotocography  

204/1012 (20.2) 193/999 (19.3)     

Prolonged first or 
second stage of 
labor 

148/1012 (14.6) 155/999 (15.5)     

Disproportion 50/1012 (4.9) 22/999 (2.2)     

Meconium-tainted 
amniotic fluid 

78/1012 (7.7) 107/999 (10.7)     

Umbilical cord 
anomalies 

134/1012 (13.2) 139/999 (13.9)     

Others 419/1012 (41.4) 494/999 (49.4)     

Data are given as n (%), effect sizes as odds ratios and 95 % CIs 
1Generalized estimating equations (GEE) logistic regression model adjusted for pre-pregnancy BMI, age and parity  
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3.4.2 BIRTH RELATED OUTCOMES IN INFANTS 

Birth related outcomes in infants are summarized in Table 22. Newborns of women who received 

counseling sessions during pregnancy had a slightly lower birth weight compared to newborns of 

women in the control group (3313 g vs. 3363 g; p=0.02) (Figure 7). The unadjusted mean 

difference was lower if preterm births were excluded from birth weight analysis (unadjusted 

mean difference: -33.6 g; 95 % CI: -60.8 to -6.5; p=0.02).  

 

 

Figure 7: Birth weight (including preterm births) of infants between study groups. 

Birth weight of infants in the intervention group was 3313 g (± 536 g) and birth weight of infants in the control group 

was 3363 g (± 498 g) (Unadjusted marginal mean difference: -50.2; 95 % CI: -80.6 to -19.7; p=0.001; adjusted marginal 

mean difference: -44.0; 95 % CI: -81.0 to -7.01; p=0.02). 

 

Mean birth length was also lower in the intervention group (51.1 ± 2.7 cm vs. 51.6 ± 2.5 cm, 

adjusted mean difference -0.5; 95 % CI: -0.7 to -0.2; p=0.001). No differences were identified in 

the proportion of children born large for gestational age (LGA) and small for gestational age (SGA). 

There were slightly more children with birth weight above or equaling 4500 g in the intervention 

group compared to the control group (1.3 % vs. 0.6 %; p=0.20). No differences between groups 

were detected for the number of children with weight above or equaling 4000 g at birth (8.5 % vs. 

8.3 %; p=0.66). The rate of preterm born infants was low in both groups (7.1 % vs. 6.0 %; p=0.44). 

One stillbirth was observed in the intervention group and one neonatal death per group. Head 

circumference and APGAR-Scores were similar between groups. Male and female newborns were 

equally distributed between groups with a slight tendency of less male newborns in the 



RESULTS 

 
73 

 

intervention group (50.5 % vs. 54.5 %). The intervention did not lead to a significant increase in 

infant complications at birth (10.0 % vs. 8.2 %; p=0.31). 

 

Table 22: Birth related outcomes in infants in the intervention versus the control group. 

   Effect of intervention (95 % CI) 

 
Intervention Control  Unadjusted p value Adjusted

1
 

p 
value

1
 

Birth weight (g) 

Including 
preterm births 

3313 ± 536 3363 ± 498 -50.2 (-80.6-(-19.7)) 0.001 -44.0 (-81.0-(-7.0)) 0.02 

Excluding 
preterm births 

3391 ± 444 3419 ± 427 -33.6 (-60.8-(-6.5)) 0.02 -26.4 (-59.0-6.3) 0.11 

Large for 
gestational age 

73/1013 (7.2) 
75/1003 
(7.5) 

0.99 (0.87-1.12) 0.87 1.01 (0.86-1.20) 0.86 

Small for 
gestational age 

88/1013 (8.7) 
84/1003 
(8.4) 

1.06 (0.83-1.34) 0.65 1.03 (0.82-1.31) 0.78 

Birth weight 
≥4000 g 

86/1015 (8.5) 
83/1003 
(8.3) 

1.02 (0.87-1.22) 0.78 1.04 (0.88-1.23) 0.66 

Birth weight 
≥4500 g 

13/1015 (1.3) 6/1003 (0.6) 2.01 (0.58-6.89) 0.27 2.28 (0.66-7.90) 0.20 

Preterm birth  72/1014 (7.1) 
60/1004 
(6.0) 

1.21 (0.83-1.77) 0.32 1.18 (0.78-1.79) 0.44 

APGAR-Score  
(0 min) 

8.8 ± 1.1 8.7 ±1.3 0.09 (-0.10-0.27) 0.35  0.11 (-0.07-0.29) 0.22 

APGAR-Score  
(5 min) 

9.7 ± 0.7 9.7 ± 0.6 -0.01 (-0.09-0.06) 0.73  -0.00 (-0.07-0.07) 0.97 

APGAR-Score  
(10 min) 

9.9 ± 0.9 9.9 ± 0.5 0.02 (-0.05-0.09) 0.55  0.02 (0.04-0.09) 0.51 

Head circum-
ference (cm) 

34.6 ± 1.7 34.8 ± 1.5 -0.2 (-0.4-0.0) 0.07 -0.2 (-0.4-0.0) 0.09 

Birth length (cm) 51.1 ± 2.7 51.6 ± 2.5 -0.5 (-0.7-(-0.2)) <0.001 -0.5 (-0.7-(-0.2)) 0.001 

pH level 7.3 ± 0.1 7.3 ± 0.1 -0.00 (0.02-0.02) 0.85  0.00 (-0.02-0.02) 0.88 

Gender  
 

    

male 
513/1015 
(50.5) 

547/1004 
(54.5) 

    

female 
502/1015 
(49.5) 

457/1004 
(45.5) 

    

Complications  
101/1014 
(10.0) 

82/1001 
(8.2) 

1.23 (0.90-1.68) 0.19 1.18 (0.86-1.61) 0.31 

Infections 12/1014 (1.2) 8/1001 (0.8)     

Fetal hypoxia/ 
respiratory 
dysfunction 

15/1014 (1.5) 7/1001 (0.7)     

Malformation 7/1014 (0.7) 7/1001 (0.7)     

Others 77/1014 (7.6) 
67/1001 
(6.7) 

    

Data are given as number (%) or mean ± standard deviation 
Effect sizes: Continuous variables as estimated marginal mean difference (95 % CIs) and categorized variables as odds ratios (95 % 
CIs) 
1Generalized estimating equations (GEE) logistic regression model adjusted for pre-pregnancy BMI, age and parity 
Birth weight data were available for 1015 infants in intervention group and 1003 infants in control group. 
Birth length data were available for 1011 infants in intervention group and 992 infants in control group. 
Data for head circumference were available for 1008 infants in intervention group and 973 infants in control group. 
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3.4.3 POSTPARTUM WEIGHT RETENTION 

Women in the intervention group weighed 73.8 kg between six and eight weeks after giving birth 

(V4) which did not differ from weight measured among women in the control group with 73.0 kg 

at this time (Table 23). As shown in Table 23, mean short-term weight retention defined as 

maternal weight measured between six and eight weeks after giving birth (V4) minus weight 

measured at first antenatal visit (V0) was similar between both groups (4.0 kg vs. 4.3 kg; p=0.65). 

There were also no differences in maternal weight retention when subgroup analyses according 

to pre-pregnancy BMI category were performed. 

 

Table 23: Maternal weight retention (6-8 weeks postpartum). 

   Effect of intervention (95 % CI) 

 
Intervention 
(n=976) 

Control 
(n=935) 

Unadjusted p value Adjusted
1
 

p 

value
1
 

Weight measured 6-8 
weeks postpartum (kg) 

73.8 ± 13.4 73.0 ± 13.7 0.62 (-1.12-2.35) 0.48 0.62 (-0.27-1.51) 0.17 

Normal weight 67.2 ± 8.6 66.3 ± 8.4 0.91 (0.03-1.80) 0.04 0.93 (0.04-1.81) 0.04 

Overweight 81.3 ± 9.2 80.5 ± 8.8 0.44 (-1.59-2.48) 0.67 0.38 (-1.46-2.21) 0.69 

Obese 95.4 ± 11.9 96.0 ± 11.8 -0.73 (-2.56-1.12) 0.44 -0.83 (-2.74-1.07) 0.39 

Weight retention (kg) 
(6-8 weeks postpartum) 

4.0 ± 4.8 4.3 ± 4.8 -0.13 (-0.95-0.69) 0.76 -0.19 (-1.01-0.63) 0.65 

Normal weight 4.4 ± 4.1 4.8 ± 4.0 -0.32 (-0.96-0.32) 0.33 -0.34 (-0.97-0.30) 0.30 

Overweight 4.0 ± 5.2 4.5 ± 5.3 -0.45 (-1.23-0.34) 0.26 -0.42 (-1.25-0.42) 0.33 

Obese 1.4 ± 6.5 1.2 ± 6.1 0.56 (-1.65-2.77) 0.62 0.34 (-1.68-2.36) 0.74 

Data are given as mean ± standard deviation, effect sizes as marginal mean difference and 95 % CIs 
1Generalized estimating equations (GEE) logistic regression model adjusted for pre-pregnancy BMI, age and parity 
Weight retention=Weight measured between 6 and 8 weeks postpartum (V4) minus weight measured at V0 
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3.5 CORRELATIONS BETWEEN GESTATIONAL WEIGHT GAIN AND PRE-PREGNANCY 

BMI AND SECONDARY OUTCOMES IN THE WHOLE STUDY POPULATION 

The following part shows associations between GWG as well as pre-pregnancy BMI and different 

outcome parameters including birth weight, HbA1c and cesarean delivery in the whole study 

sample independent of the intervention.  

 

 

Figure 8: Correlations of GWG with different secondary outcomes.  

Gestational weight change=weight change between the weight measured at the first visit (V0) and the weight measured 

at the last prenatal visit (G); correlation of GWG with birth weight (A) and HbA1c (B) in the whole study population. 

 

There was significant evidence (p<0.001) of a weak positive association between GWG and birth 

weight (r = 0.21) (A; Figure 8). No significant evidence of an association between GWG and HbA1c 

was found (B; Figure 8).  
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Figure 9: Correlations of pre-pregnancy BMI with different secondary outcomes.  

Correlation of pre-pregnancy BMI with birth weight (A) and HbA1c (B) in the whole study population. 

 

There was significant evidence (p<0.001) of a weak positive association between pre-pregnancy 

BMI and birth weight (r = 0.12) (A; Figure 9) and significant evidence (p<0.001) of a weak positive 

association between pre-pregnancy BMI and HbA1c (B; Figure 9). 

Moreover, outcomes between women who gained weight in excess versus women who gained 

weight according to IOM recommendations are compared in Table 24. 

 

Table 24: Outcomes of women with excessive versus not excessive GWG 

 Excessive GWG Not excessive GWG p value 

Cesarean section 272/850 (32.0) 249/1026 (24.3) <0.001 

LGA 86/849 (10.1) 54/1024 (5.3) <0.001 

Birth weight >4000g 114/850 (13.4) 57/1025 (5.6) <0.001 

GDM 67/817 (8.2) 126/988 (12.8) 0.002 

HbA1c (mmol/mol) 32.4 ± 3.6 31.8 ± 3.6 0.001 

Data are given as number (%) or mean ± standard deviation 
Chi-square tests were used for comparisons of rates, and t-test for HbA1c comparison of means. 
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Cesarean deliveries were more frequent among women with excessive GWG (32.0 % vs. 24.3 %; 

p<0.001). Infants born to women who have gained weight in excess were more likely to have a 

high birth weight above 4000 g (13.4 % vs. 5.6 %; p<0.001) and were more likely to be large for 

their gestational age (10.1 % vs. 5.3 %; p<0.001). Moreover, women who have gained weight 

above the recommended IOM ranges had higher HbA1c values than women who have gained 

weight according to the IOM recommendations (32.4 mmol/mol vs. 31.8 mmol/mol; p=0.001). 

Results for gestational diabetes were converse. Women who have gained above the IOM 

recommendations developed significantly less frequent GDM compared to women who have 

gained within healthy ranges (8.2 % vs. 12.8 %; p=0.002). 

 

3.6 CORRELATIONS BETWEEN COMPLIANCE AND GESTATIONAL WEIGHT GAIN 

Compliance with the intervention 

Compliance with the intervention program in terms of attending the scheduled sessions was 

good. Detailed information is presented in Table 25. The first planned lifestyle intervention 

session (12th-16th week of gestation) was received by 98.3 % of women in the intervention group, 

the second (16th-20th week of gestation) by 97.6 %, the third (30th-34th week of gestation) by 

95.9 % and the postpartum session by 93.7 % (Table 25). While 87.6 % of women attended all four 

counseling sessions, 2.7% did not attend any of the four sessions. The mean number of attended 

sessions was 3.7. During pregnancy, 2.8 sessions were attended on average. The large majority of 

sessions were performed in the correct time intervals (Table 25). 

 

Table 25: Quantitative evaluation of lifestyle counseling sessions. 

 
Number of women Correct time interval 

Lifestyle counseling sessions 

Session 1: 12
th

-16
th

 week of gestation 1069/1087
1
 (98.3 %) 953/1069 (89.1 %) 

Session 2: 16
th

-20
th

 week of gestation 1047/1073
1
 (97.6 %) 957/1047 (91.4 %) 

Session 3: 30
th

-34
th

 week of gestation 1006/1049
1
 (95.9 %) 855/1006 (85.0 %) 

Session 4: 6-8 weeks postpartum 974/1039
1
 (93.7 %) 759/974 (77.9 %) 

Number of counseling sessions 

No session 30/1099
2
 (2.7 %)  

One session 21/1099
2
 (1.9 %)  

Two sessions 32/1099
2
 (2.9 %)  

Three sessions 54/1099
2
 (4.9 %)  

Four sessions 963/1099
2
 (87.6 %)  

1number of women in the intervention group at the time of the respective session 
2number of women in the intervention group excluding women with major pregnancy complications 
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As shown in Table 26, there was no significant evidence of a difference in mean total GWG 

between women who attended all sessions during pregnancy and those who did not (p=0.53). 

This confirms the results of the per-protocol analysis. 

 

Table 26: Mean total GWG of women attended all lifestyle counseling sessions during 
pregnancy versus women attended not all sessions during pregnancy. 

 
Mean total GWG [kg] p value 

Women attended not all sessions during pregnancy 13.3 ± 6.4 
0.53 

Women attended all sessions during pregnancy 14.1 ± 5.2 

Data are given as mean ± standard deviation 
T-test was used for comparison of means. 

 

Protocol violations 

A further marker of compliance is the rate of protocol violations. The rate of severe protocol 

violations and the total number of violations per participant in one practice were analyzed. Severe 

protocol violations mainly include missing counseling sessions or a missing oGTT. Light violations 

were recorded if for example sessions or tests occurred too early or late. There is some evidence 

of a positive association between the rate of severe protocol violations per participant in one 

practice and mean GWG: estimated Spearman coefficient is 0.35 (p=0.04). A note of caution is 

needed though because some of the more extreme points (high rate with high mean, low rate 

with low mean) are from practices with relatively few participants. Similarly, a positive association 

was estimated for severe and light violations pooled, but this was not statistically significant: 0.28 

(p=0.11). 

Profession of counselors 

The women in the complete-case set were counseled by 43 medical assistants (762 participants), 

13 midwives (122 participants) and five gynecologists (57 participants). The mean (SD) weight 

change by profession was 14.2 kg (5.2), 13.4 kg (5.6) and 14.1 kg (5.7), respectively (Figure 10). 

ANOVA does not provide significant evidence of a difference (p=0.30). 



RESULTS 

 
79 

 

 

Figure 10: Mean total GWG of participants classified by profession of healthcare providers. 

Gestational weight gain=weight change between the weight measured at the first and the last prenatal visit. 
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4. DISCUSSION 
 

The GeliS lifestyle study was conducted as a public health approach designed to limit the 

proportion of women with excessive gestational weight gain (GWG) and, moreover, to reduce 

maternal and fetal adverse pregnancy and obstetric outcomes in the “real-life” setting of routine 

care. Three counseling sessions focusing on diet, physical activity and monitoring of weight gain 

were given during pregnancy. One session regarding breastfeeding, infant feeding practices and 

physical activity for the young family followed between six and eight weeks postpartum. Study 

procedures were adapted to the daily routine work of gynecological and midwife practices to 

allow an implementation of the intervention into the German maternity health care system after 

successful evaluation. 

The recruitment process and the implementation of the trial into practice are reflected in the 

following section. Primary and secondary outcomes of the study are discussed critically and put 

into the context of the existing literature. Strengths and limitations of the work are indicated. 

 

4.1 RECRUITMENT PROCESS 

As planned, pregnant women were recruited before the end of the 12th week of gestation (on 

average in the 9th week of gestation). To intervene early in pregnancy is important as many 

women gain much of their pregnancy weight in the first trimester (Jersey et al. 2012, Hill et al. 

2016) and high early GWG appears to be predictive for total excessive GWG (Carreno et al. 2012, 

Knabl et al. 2014) and adverse pregnancy outcomes (Brown et al. 2002, Carreno et al. 2012, 

Campbell et al. 2016, Cho et al. 2015, Gaillard et al. 2015, MacDonald et al. 2017, Zhong et al. 

2017). GeliS counselors were encouraged to include expectant mothers as early as possible in 

order to start with the intervention preferably at the beginning of the second trimester. 

Nevertheless, recruiting women at this early time of pregnancy increase the risk to include a 

higher proportion of women with miscarriages or even terminations and adding a risk of distress 

for these women (Hill et al. 2017). Among GeliS study participants 73 women (3.2 %) had a 

miscarriage or late loss of pregnancy.  

The recruitment of practices differed between study regions and strongly depended on the 

motivation of gynecologists and their medical staff in both intervention and control regions. While 

some gynecologists were convinced of the aim and background of the study and were highly 
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motivated to participate, others raised concerns about the compatibility of study procedures with 

daily practice. Some physicians feared that the study would be too time-consuming and interfere 

with their daily work. Frequently, it was not possible to reach physicians by telephone. Either they 

had no time or practice staff blocked a telephone call before, making a conversation with the 

physician impossible. In contrast, midwives were frequently open-minded towards study 

participation but some gynecological practices preferred their own practice staff as counselors 

and even rejected the cooperation with midwives. The cooperation with midwives could have 

compensated the lack of time of own practice staff and, thus, more interested pregnant women 

could have been recruited. Unfortunately, freelance midwives had only little chance to recruit 

pregnant women before the end of the 12th week of gestation. Generally, study participation 

depended on willingness of practice staff. If medical assistants were highly motivated to engage 

they often convinced physicians to take part in the study. Otherwise, if medical assistants were 

unwilling to participate, physicians had no chance even if they were motivated. For future work, 

an intensive cooperation with the medical association or the professional association of 

gynecologists might be helpful to reach a maximum of physicians and to demonstrate the 

scientific demand of such trials. Not only the recruitment of practices but also the recruitment of 

pregnant women depended more on organizational structures within practices than on the 

amount of pregnant women within a practice. The area of practices (rural versus urban regions) 

did also not provide conclusions about the efficiency of recruitment. 

In two study regions (Mittelfranken and Unterfranken) the recruitment of practices and pregnant 

women proceeded very slowly. In Unterfranken there were gynecological practices with high 

amounts of patients in both control and intervention regions. Most of them rejected study 

participation because of limited time. Other practices had only few patients and set other 

priorities like laboratory or reproductive medicine. Moreover, in Unterfranken there was no 

quality circle of gynecologists which made the recruitment even more difficult. In December 2014, 

study regions in Mittelfranken and Unterfranken were extended and further practices were 

recruited in order to limit imbalances between numbers of women recruited across study regions. 

Selection process and cluster randomization of extended regions followed the GeliS study 

protocol and was approved by the ethics committee of the Technical University of Munich. 
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4.2 STUDY POPULATION 

The 2286 women included in the GeliS study were equally distributed into intervention and 

control arms. Baseline characteristics were comparable between groups, showing the 

effectiveness of the randomization process.  

Characteristics of women participating in the GeliS study were comparable to available Bavarian 

and also German data. The average age of study participants and rejecters was 30. As known from 

national data, about one third of pregnant women in Germany are aged between 30 and 34 

(AQUA 2014, IQTIG 2017). One third of study participants of the GeliS trial were overweight 

(35.1 %) with 12.1 % being obese. These proportions were in line with obstetric data of Bavaria 

(BAQ 2016) and Germany (AQUA 2014). Weight prior or rather at the beginning of pregnancy is 

the most predictive factor for GWG above IOM recommendations (Deputy et al. 2015, Samura et 

al. 2016).  

57.5 % of all pregnant women in the GeliS trial expected their first child which is in line with 

Bavarian (BAQ 2016) and national obstetric data (AQUA 2014, IQTIG 2017). As known from 

literature (Schiessl et al. 2009, Kominiarek & Peaceman 2017, Rogozińska et al. 2017), nulliparous 

and primiparous women are at higher risk of exceeding weight gain recommendations compared 

to multiparous women. Half of rejecters reported to have already one or more than one child 

which may cause the main reasons for declining study participation: lack of time and belief in own 

experiences or competences. 11.3 % of study participants were born in foreign countries. Most 

study participants (84.1 %) have intermediate and high levels of education. In contrast, most 

rejecters (81.9 %) have low and intermediate levels of education. It is known that people with a 

low level of education often have a lower level of competence in dealing with health-related 

services, such as prevention programs (Robert Koch-Institut 2009). A potential hypothesis is that 

highly educated women may be more interested in or be aware of healthy lifestyle strategies and 

may be more willing to take action to prevent excessive GWG. Education is an important social 

determinant of many health outcomes but the accessibility to educationally disadvantaged 

women and those who have greatest need should be targeted in future projects. 

Smoking during pregnancy is a well-known risk factor for adverse fetal outcomes including low 

birth weight, preterm birth and stillbirth (Rogers 2008, Deutsches Krebsforschungszentrum 2010, 

Dietz et al. 2010). 5.9 % of participating pregnant women of the GeliS trial reported to smoke 

regularly or occasionally with no big differences between groups (5.7 % vs. 6.1 %). This was a 

lower or quite similar percentage as known from national data of about 6.8 % (AQUA 2014) or 

5.4 % (IQTIG 2017) but a higher percentage as known from Bavarian data of 3.6 % (BAQ 2016). 
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According to the German Perinatal Survey for the years 2007–2011, data on 3.187.920 singleton 

pregnancies demonstrated that 11.2 % pregnant women were smokers (Scholz et al. 2013). These 

results were confirmed by the results of the second wave of the German Health Interview and 

Examination Survey for Children and Adolescents (KiGGS Wave 2, 2014-2017), which have shown 

that 10.9 % of expectant mothers smoked during pregnancy (Kuntz et al. 2018). It is noteworthy 

that the proportion of mothers who smoked during pregnancy decreased from 19.9 % since the 

KiGGS baseline study (2003-2007) to 10.9 % (Kuntz et al. 2018). 42.8 % of GeliS participants stated 

to not smoke anymore. Among others, Lindberg et al. (2016) analyzed the relationship between 

smoking status and GWG and found that former smokers are at increased risk of excess GWG. 

Similar results were shown by Deputy et al. (2015) who observed that smoking cessation was 

associated with excessive weight gain among normal weight and obese women. However, the 

information of the response option “not anymore” was not clearly defined in the GeliS study. It 

was not known if pregnant women stopped smoking at the beginning of pregnancy or long time 

ago. Analyses of participants' smoking status should be interpreted with caution, as they are 

based on self-reported data. 

In summary, participants were found to be representative of the target population for age, pre-

pregnancy BMI, smoking status and parity compared to available national data. However, the 

results of the study may not be completely applicable to the overall population of Germany 

because women of the GeliS trial predominantly had a high educational level above average, 

belonged to the white Caucasian population and, moreover, almost none of them came from an 

ethnic minority. 

 

4.3 PRIMARY OUTCOME ANALYSES – A COMPARISON WITH LITERATURE AND 

NATIONAL DATA 

Our findings suggest that provision of lifestyle advice within routine care during pregnancy 

addressing diet, physical activity and weight monitoring is not effective in avoiding excessive GWG 

or at reducing total GWG. Unfortunately, the promising results of the pilot study FeLIPO could not 

be repeated by the GeliS intervention. While the proportion of women who exceeded the 

Institute of Medicine (IOM) guidelines could be significantly reduced in FeLIPO (38.2 % vs. 59.5 %; 

p=0.03) (Rauh et al. 2013), there was no difference between the intervention and control group in 

the GeliS study (45.1 % vs. 45.7 %; p=0.79). Consistent results were observed regarding absolute 

amounts of weight gain (14.1 kg vs. 14.1 kg; p=0.84).  
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The lack of intervention effect for our primary outcome GWG is comparable with current research 

that demonstrated low evidence and inconsistent findings (Dodd et al. 2010, Skouteris et al. 2010, 

Campbell et al. 2011, Catalano & deMouzon 2015, Dodd et al. 2014a, Poston et al. 2015, Flynn et 

al. 2016, Poston 2017, The International Weight Management in Pregnancy (i-WIP) Collaborative 

Group 2017). A large meta-analysis including individual participant data (IPD) of more than 12,000 

women came to similar conclusions (The International Weight Management in Pregnancy (i-WIP) 

Collaborative Group 2017). According to the i-WIP Collaborative Group (2017), lifestyle 

interventions consistently reduce GWG but the effect was quite small (-0.7 kg) and 37 % of 

women still had weight gain that exceeded the guidelines. Except for a reduction of the risk of 

cesarean delivery, the i-WIP consortium did not report any further significant effects for mothers 

and their children including birth weight (The International Weight Management in Pregnancy (i-

WIP) Collaborative Group 2017).  

Regarding the study design, it has to be mentioned that the large majority of previously 

conducted lifestyle intervention studies were performed by trained experts within academic study 

centers. In contrast to the GeliS approach this only poorly reflects the “real-life” situation. 

Controlled studies involving exercise groups, objective monitoring of physical activity and 

constant observation of dietary behavior may be more likely to achieve effects in the prevention 

of excessive GWG. However, there is an urgent need for the development and evaluation of 

effective strategies in the “real-life” setting of routine prenatal care in order to be applicable at 

the population level. The GeliS trial was designed based on the FeLIPO trial and was comparable 

in terms of the trial setting and counseling contents (Rauh et al. 2013). However, there was one 

major difference between the two trials. In the FeLIPO trial, counseling was provided by a trained 

dietary expert, while practice personnel delivered the sessions in the GeliS study. This 

considerable difference may substantially contribute to the discrepancy in the results of the two 

studies. Apart from the pilot trial FeLIPO (Rauh et al. 2013), two identified completed studies have 

integrated lifestyle interventions into prenatal care (Kinnunen et al. 2008, Harrison et al. 2013), 

but only one of them was successful in reducing GWG (Harrison et al. 2013). Although the study 

was integrated into routine care, counseling was performed by a qualified expert instead of 

trained practice staff as done in the GeliS study (Harrison et al. 2013). 

Nevertheless, Muktabhant et al. (2015) highlighted in their Cochrane review that the included 

weight management (diet and physical activity) interventions reduced the number of women 

gaining weight in excess by 20 % and also other meta-analyses and systematic reviews of previous 
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studies reported a reduction in GWG (Streuling et al. 2010, Gardner et al. 2011, Tanentsapf et al. 

2011, Oteng-Ntim et al. 2012, Thangaratinam et al. 2012a, Choi et al. 2013, O'Brien et al. 2016). 

 

A comparison with national data 

Data of the GeliS trial concerning the primary outcome are comparable to German and Bavarian 

data (Table 27).  

 

Table 27: Mean total GWG and proportion of women exceeding IOM guidelines compared to 

the GeliS study 

Study Mean total GWG [kg] Women exceeding IOM guidelines [%] 

GeliS 14.1 45.4 

Ferrari et al. 2014 13.7 42.9 

Schiessl et al. 2009 14.1 - 

Beyerlein et al. 2009a 14.0 41 

Ensenauer et al. 2013 14.9 53.6 

 

Survey data obtained from 11,771 women at a regional university hospital in Cologne (Ferrari et 

al. 2014) fit the primary outcome data of GeliS participants. In 2012, 42.9 % of women examined 

in Cologne exceeded the guidelines of the IOM and a total GWG of 13.7 kg was measured (Ferrari 

et al. 2014). Also data from the BAQ, the Bavarian working group on clinical quality assessment, 

are comparable to the data of GeliS participants. Maternal data were analyzed for 695,707 

mature singleton deliveries in obstetric units in Bavaria, Southern Germany, from 2000 to 2007 

(Schiessl et al. 2009). A mean GWG of 14.1 kg was observed calculated as last weight prior to 

delivery minus maternal weight at booking (Schiessl et al. 2009). Regarding weight gain according 

to the IOM guidelines, Beyerlein (2009a) reported a comparable pattern looking at the BAQ data 

mentioned above. 22 % of pregnant women gained weight below the IOM recommendations 

(GeliS: 21 %), 37 % within the recommendations (GeliS: 34 %) and 41 % exceeded the guidelines 

(GeliS: 45 %). In a retrospective cohort study (PEPO - Perinatal Prevention of Obesity 

Development), data of 6837 mother-child dyads were collected during the mandatory school 

entry health examinations in six regions of Bavaria (Ensenauer et al. 2013). Ensenauer et al. (2013) 

obtained a proportion of 53.6 % of women showing GWG above the recommended guidelines 

which was higher than the proportion in the GeliS study. 6837 women in six Bavarian regions had 

a mean total GWG of 14.9 kg which was also slightly higher than the results of mean total GWG in 
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GeliS. Finally, the results of the GeliS study confirm the high percentage of women who exceed 

the IOM recommendations and, thus, suggest an urgent need for action. 

 

Primary outcome in study regions 

Results of the primary outcome in the five study regions were highly heterogeneous. In Oberpfalz 

and Oberfranken the intervention led to a significantly smaller proportion of women exceeding 

the IOM criteria and reduced the mean total GWG after adjustment. In contrast, more women in 

the intervention groups in Oberbayern and Mittelfranken exceeded the IOM guidelines and had 

higher mean total GWG compared to the control groups. This was also seen in Unterfranken but 

here, results need to be interpreted with caution due to the low amount of participants in the 

control group. Differences in the primary outcome among study regions may be a result of a 

different provision of the intervention in practices or even at the level of counselors. Each GeliS 

counselor received a standardized two day seminar as well as detailed instructions and materials 

for counseling. However, conditions in the practices, especially limited time and suitable 

locations, as well as a various levels of commitment regarding the trial and finally, a different 

educational background of counselors may have contributed to a different quality of the 

intervention delivered and, thus, may be reasons for different results in study regions. As 

described above, the recruitment of practices and pregnant women in Oberpfalz and Oberfranken 

was more efficient than in the other three regions. This indicates that gynecologists, midwives 

and medical assistants in these regions were more motivated and strongly committed which may 

contribute to better results regarding the primary endpoint. 

Generally, the study was not designed and adequately powered to evaluate the effects of the 

intervention in single study regions. Therefore, the results concerning study regions need to be 

interpreted with caution. 

 

Primary outcome in subgroups 

In general, more overweight and obese women exceed the IOM GWG guidelines than healthy 

weight women (Rasmussen & Yaktine 2009, Ferrari et al. 2014, Goldstein et al. 2016, Rogozińska 

et al. 2017) and lifestyle interventions often showed no effect in the subgroups of overweight and 

obese women (Dodd et al. 2010, Poston & Chappell 2012, Dodd et al. 2014a). In the GeliS study, 

35 % of all participating normal weight women gained weight above the IOM recommendations, 
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whereas 67 % of overweight and 61 % of obese women exceeded the IOM criteria. No influence 

of the BMI subgroup on the intervention effects was observed. 

Focusing on women with normal BMI at the beginning of pregnancy, a systematic review by 

O’Brien (2016) has shown only a slight positive impact of interventions. In particular, Phelan et al. 

(2011) have detected in the US-American Fit for Delivery Study that a single face-to-face 

counseling session targeting weight gain, healthy eating and exercise was effective in reducing the 

proportion of normal weight women who gained weight in excess. Similar positive effects were 

described by Polley et al. (2002) who demonstrated reduced excessive GWG among normal 

weight women in the intervention group.  

With regard to overweight and obese women, no significant improvements were seen in both 

studies (Polley et al. 2002, Phelan et al. 2011). Rauh et al. (2013) have also detected that the 

effect of the intervention was generally more pronounced among normal weight women and had 

no effect on overweight/obese women. Similarly, the Australian LIMIT intervention did not 

succeed in a better adherence to IOM guidelines in overweight and obese women (Dodd et al. 

2014a). Despite an intensive intervention program as tested throughout the UPBEAT trial in obese 

women, the effects regarding GWG were only small (-0.55 kg) (Poston et al. 2015). As Ruchat et 

al. (2012) mentioned, overweight and obese women tend to have unhealthy eating habits and a 

sedentary lifestyle before becoming pregnant. Thus, behavior changes may be even more 

challenging than in their healthy weight counterparts. Moreover, overweight and obese women 

may have body weight issues and low self-esteem. For those reasons, this subgroup of pregnant 

women may need more support and encouragement than healthy weight women in order to be 

able to overcome crucial barriers (Ruchat & Mottola 2012). Accordingly, lifestyle interventions 

which were based on frequent counseling sessions for women with a BMI about 30 kg/m2 (Wolff 

et al. 2008, Vinter et al. 2011, Renault et al. 2014, Poston et al. 2015) seem to be more effective 

than those which were less frequent (Polley et al. 2002, Phelan et al. 2011). Nevertheless, such 

high intensity lifestyle programs limit the ability to integrate them in clinical practice. 

Next to BMI subgroups, primary outcome data of the GeliS trial were also analyzed according to 

the educational background of the pregnant women. Women in the intervention group who had a 

low level of education (general secondary school) exceeded the IOM criteria more often than 

women who received no additional lifestyle advice (56.2 % vs. 47.7 %; p=0.02). No effects were 

seen among women who completed intermediate secondary school and among higher educated 

women (high school). It cannot be excluded that the design of the GeliS intervention may not be 

suitable for lower educated women in terms of intensity, materials or complexity. However, 
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counselors were instructed to give simple and practical recommendations. In general, women 

with low educational level are more likely to gain weight outside the IOM recommendations 

(Bogaerts et al. 2012, O'Brien et al. 2017). However, there is inconsistent evidence in literature 

regarding the effect of maternal educational level (O'Brien et al. 2017). Even if the GeliS 

intervention did not show favorable results in women with a low educational attainment, 

targeted, individualized healthcare interventions are necessary, especially for lowly educated 

women, in order to increase their chances of gaining weight in accordance with the GWG 

recommendations (O'Brien et al. 2017). 

 

4.4 SECONDARY OUTCOME ANALYSES 

Taken together, the GeliS antenatal intervention failed in demonstrating notable changes 

regarding pregnancy complications as well as obstetric and neonatal outcomes. No beneficial 

effects were seen regarding the prevalence of gestational diabetes mellitus (GDM), cesarean 

sections, large for gestational age (LGA) born infants or short-term maternal weight retention. 

There was a weak favorable trend towards a lower birth weight as well as a lower birth length in 

the intervention group. However, it has to be mentioned that the GeliS trial was not adequately 

powered for such outcomes. In the following, the intervention effects on GDM and birth weight 

will be discussed in detail and will be compared with current literature. 

 

4.4.1 GESTATIONAL DIABETES MELLITUS 

Prevalence of gestational diabetes mellitus in the whole study sample 

11.0 % of study participants tested exceeded at least one of the threshold values of a 75-g-oGTT 

(oral glucose tolerance test) for diagnosis of GDM according to DDG and DGGG (Kleinwechter et 

al. 2016). This proportion was slightly lower than population-based representative data for 

Germany showing an overall prevalence of 13.2 % (Melchior et al. 2017). However, these data 

were obtained from pregnant women who received mainly only the pretest that is based on a 

single measurement of plasma glucose concentration one hour after a 50 g glucose intake. 

According to the German Maternity Directive (Gemeinsamer Bundesausschuss 2016), GDM 

screening shall be offered to all pregnant women not suffering from preexisting manifest diabetes 

mellitus. The screening comprises a pretest (one hour 50-g-GCT) and a diagnostic test (two hour 

75-g-oGTT) if results from the pretest exceed the cutoff values (≥135 mg/dl (7.5 mmol/l) after one 
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hour). However, it should be considered that the glucose challenge test (GCT) is conducted 

independent of food intake and time of day (Kleinwechter et al. 2016). In the GeliS study, 

gynecologists were instructed to directly perform the 75-g-oGTT and to conduct it according to 

DDG and DGGG (Kleinwechter et al. 2016). According to the population-based, nationwide 

analysis of the screening coverage by Melchior and colleagues (2017), 80.8 % of pregnant women 

were screened for GDM with most of them (63.3%) receiving only the pretest, while 12.7 % 

received both the pretest and the diagnostic test, and 4.8 % received only the diagnostic test. 

 

Prevalence of gestational diabetes mellitus in women who have received lifestyle advice 

The GeliS intervention did not prevent GDM given that 10.8 % of women in the intervention group 

and 11.1 % of women in the control group were diagnosed. Several randomized controlled trials 

(RCTs) (Polley et al. 2002, Wolff et al. 2008, Asbee et al. 2009, Thornton et al. 2009, Guelinckx et 

al. 2010, Korpi-Hyovalti et al. 2011, Luoto et al. 2011, Vinter et al. 2011, Hui et al. 2012, Hawkins 

et al. 2015, Poston et al. 2015), meta-analyses and reviews (Tanentsapf et al. 2011, Han et al. 

2012, Thangaratinam et al. 2012a, Yin et al. 2014, Bain et al. 2015, The International Weight 

Management in Pregnancy (i-WIP) Collaborative Group 2017) have also reported no significant 

benefits of interventions during pregnancy regarding the prevention of GDM. In a Cochrane 

review including 13 RCTs (involving 4983 women) no clear difference was observed in the risk of 

developing GDM for women receiving a combined diet and exercise intervention compared with 

women receiving no intervention (Bain et al. 2015). The working group pointed out that included 

trials varied in the quality, characteristics of the interventions, study populations and outcome 

definitions (Bain et al. 2015). In addition, they highlighted that there is currently no conclusive 

evidence as to which types of intervention are the most suitable for preventing GDM (Bain et al. 

2015). However, there seems to be a trend towards a reduction in GDM for women receiving 

dietary advice compared with standard care with a greater treatment effect for overweight and 

obese women (Rogozińska et al. 2015, Tieu et al. 2017). Rogozińska and colleagues (2015) have 

shown that diet-based interventions reduced the risk of GDM even by 33 %, but similar to the 

Cochrane review they found no effect on GDM through interventions based on diet and lifestyle. 

Nevertheless, there are individual RCTs (Quinlivan et al. 2011, Walsh et al. 2012, Koivusalo et al. 

2015, Wang et al. 2015, Wang et al. 2017) and meta-analyses or reviews of these RCTs (Sanabria-

Martinez et al. 2015, Song et al. 2016, Shepherd et al. 2017, Bennett et al. 2018) indicating 

positive effects of lifestyle interventions regarding the prevention of GDM. Song and colleagues 

(2016) analyzed 29 RCTs with 11,487 pregnant women and demonstrated that either diet or 
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physical activity interventions can achieve an 18 % reduction in the risk of GDM, especially if 

initiated before the 15th week of gestation. In addition, a positive trend regarding GDM was also 

achieved in the pilot study FeLIPO (Rauh et al. 2013). If study level data from non-IPD studies were 

added to the IPD meta-analysis from the i-WIP Collaborative Group (2017), beneficial results for 

GDM were also seen. 

A further indicator of GDM was the analysis of HbA1c measurements. The glycosylated 

hemoglobin concentration is not suitable as a parameter for GDM diagnosis alone. However, if 

diabetes was diagnosed by oGTT, measurement of HbA1c could be helpful to quantify the extent 

of preceding hyperglycemia. Moreover, Ensenauer et al. (2015) have found that a high HbA1c 

value (≥5.7 % (39 mmol/mol)) at delivery indicated gestational dysglycemia in obese women 

negative for GDM. Moreover, it is associated with an increased offspring risk for being born LGA, 

having higher average birth weights, and with adverse long-term effects on maternal outcomes 

several years postpartum. Mean HbA1c value measured in late pregnancy was not increased 

among GeliS participants and no differences between the study groups were observed. Obese 

women showed slightly higher levels of HbA1c than normal and overweight women. In addition, 

the values of obese women in the intervention group were slightly lower than those of obese 

women in the control group. Further subgroup analyses of HbA1c in women with GDM or in 

women who have infants born LGA will be conducted in order to examine these relationships also 

in the GeliS trial. 

 

Prevalence of gestational diabetes mellitus with regard to the study regions 

Similar to the results of the primary outcome, there were differences when performing the 

analysis separately for the five GeliS study regions. In contrast and that is questionable, analysis 

are oppositional to the findings regarding excessive GWG. The intervention resulted in a lower 

prevalence of GDM in Oberbayern (p=0.001) and Mittelfranken (p=0.001) and in a higher 

prevalence in Oberpfalz (p=0.08) and in Oberfranken (p=0.001). However, results for the 

prevalence of GDM need to be interpreted with caution. Possible reasons for the huge differences 

in the prevalence of GDM could be variances in measurement techniques between practices 

(Figure 11). Therefore, practice staff was contacted by phone and asked about detailed 

measurement procedures of GDM in their practice. 
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Figure 11: Possible influencing factors of blood sugar levels.  

NaF=Sodium fluoride; EDTA=Ethylenediaminetetraacetic acid. 

 

As expected there was a high variance in measurement procedures between practices. However, 

no systematic errors could be detected. As the study was not designed and adequately powered 

to evaluate the effects of the intervention in single study regions, the results concerning study 

regions need to be interpreted with caution. 

The GDM diagnosis was conducted by the study team following strict adherence to the defined 

blood glucose thresholds (Metzger et al. 2010, Kleinwechter et al. 2016). In many cases, GDM was 

diagnosed if only the fasting value was equaled or exceeded but the other two values were 

physiological. However, slightly higher fasting values can also occur if women have not completely 

refrained from eating or due to hectic/stress/excitement (way into the practice, examination, 

etc.). The strict evaluation of blood glucose thresholds by the study team was reflected in the 

analysis of women treated. Only 38 % of women with diagnosed GDM received either insulin or 

dietary treatment or both.  

Further large studies of high quality are needed to assess possible benefits of lifestyle advice on 

glycemic outcomes. 
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4.4.2 BIRTH WEIGHT 

Birth weight data in the GeliS study were in the range of representative data from Germany and 

Bavaria. The mean birth weight of newborns of GeliS participants was 3338 g which is comparable 

with 3330 g observed in the KiGGS study. 8.4 % of GeliS infants had a birth weight above or 

equaling 4000 g and 0.9 % above or equal 4500 g. Knowing from BAQ (2016) data, 7.8 % of infants 

born in Bavaria had birth weight above or equaling 4000 g and 1.0 % above or equaling 4500 g, 

respectively.  

The intervention resulted in a significant trend towards a lower mean birth weight, even if the 

difference between the intervention and control group was only small (3313 g vs. 3363 g; p=0.02). 

The difference observed in birth length in the intervention group of the GeliS study may be the 

explanation for the difference in birth weight. Similar to the pilot study FeLIPO, the intervention 

resulted in no significant differences regarding infants born LGA and infants with birth weight 

above or equaling 4000 g and above or equaling 4500 g. Also meta-analyses and systematic 

reviews reported no evidence concerning an effect of lifestyle interventions on birth weight 

(Dodd et al. 2010, Tanentsapf et al. 2011, Oteng-Ntim et al. 2012, Thangaratinam et al. 2012a, 

Flynn et al. 2016, O'Brien et al. 2016). According to Thangaratinam et al. (2012a), there were no 

significant differences in birth weight and the incidence of LGA babies between the groups. 

Similar observations were made by the i-WIP Collaborative Group (2017).  

 

4.4.3 MATERNAL AND OBSTETRIC OUTCOMES 

Although most other maternal and obstetric outcomes were not affected by the intervention, 

several differences were observed. Elective caesarean section was more frequently reported in 

the lifestyle counseling group. As the mode of delivery was not addressed during lifestyle 

counseling, a specific effect of the intervention seems to be unlikely. Due to the cluster 

randomization, one possible explanation could be differences in procedures between hospitals in 

performing cesarean sections, which is underpinned by a high variance in the cesarean section 

rate between regions (Kolpik et al. 2012). Among women in the control group, labor had to be 

induced more often than in the counseling group. Labor is induced frequently, especially after the 

estimated due date, but as gestation week at birth was comparable between groups, the 

difference in the rate of labor induction could again relate to clinic-specific procedures. 

Concerning hypertension, the intervention program itself is unlikely to explain the group 

difference. Blood pressure was measured routinely in medical practices. Differences in blood 
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pressure measurement procedures between the single practices cannot be excluded and may be 

one possible explanation. Another difference between groups was the proportion of women with 

preterm labor which was slightly higher in the control group. This parameter was evaluated as 

safety factor in order to ensure that encouraging women to be physically active during pregnancy 

would not lead to premature contractions. The circumstance that the proportion was not higher 

and even lower in the intervention group supports the safety of the physical activity component. 

In summary, correlation analyses of GWG or pre-pregnancy BMI with different secondary 

outcomes in the whole study sample confirmed results from literature. Weight gain during 

pregnancy above the recommended range by the IOM as well as a high pre-pregnancy BMI were 

associated with adverse outcomes for mothers and infants including high birth weight, LGA 

infants and cesarean section. These findings of the GeliS trial support the importance of this 

target group with regard to lifelong health. 

 

4.5 IMPLEMENTATION OF THE STUDY INTO PRACTICE 

To date, the prenatal care provided by gynecologists and midwives mainly focuses on fetal growth 

parameters and potential maternal and fetal complications but does usually not include lifestyle 

advice. The GeliS intervention program was carried out as a public health approach in the “real-

life” setting of routine care for pregnant women which constitutes the main strength of the study. 

It comprised a lifestyle intervention program with comprehensive contents mediated in four 

counseling sessions in order to promote a healthy lifestyle among pregnant women and to limit 

the proportion of women with excessive GWG.  

Different surveys were conducted in order to evaluate if the intervention could be implemented 

in the practice of routine antenatal care for pregnant women (Figure 12). First, counselors gave 

feedback about their first experiences with the intervention within qualifying seminars. Second, 

counseling sessions were monitored by a master’s degree student. Finally, personal feedback of 

counselors and participants about the intervention program was collected by questionnaires after 

the study.  



DISCUSSION 

 
94 

 

 

Figure 12: Different surveys for evaluating the lifestyle intervention program 

 

Evaluation of the lifestyle intervention program by counselors 

Due to the specific characteristics of the study designed as a public health approach, it was not 

possible to extensively check whether the sessions were consistently implemented as intended by 

the gynecologists, midwives and medical assistants. However, the adherence to study protocol 

and the quality of these counseling sessions as well as the feasibility of the program within 

routine care were evaluated by a master’s degree student at the Chair of Nutritional Medicine of 

the Technical University of Munich (Hoffmann 2014). For that purpose, a sample of lifestyle 

counseling sessions was supervised by the student assessing duration, contents delivered in the 

sessions as well as the utilization of the study materials. Selected results are presented in the 

Appendix (Table 31). Nevertheless, it is important to note that only a small group of 20 counselors 

were monitored in this thesis. While the master’s thesis was performed during the course of 

study, the experiences of GeliS counselors with study procedures were recorded at the end of the 

study using an evaluation questionnaire (Appendix: Table 32). The results of these surveys are 

broadly comparable. Most counselors reported that pregnant women were highly motivated to 

attend the GeliS program which is an urgent condition to realize modifications in lifestyle 

behavior. Moreover, counselors reported feeling competent regarding the contents and 

procedures of the program by attending qualifying seminars before giving intervention sessions 

and utilizing study documents and materials provided.  

As reported in literature, from the health care providers’ perspective there is often a lack of time, 

training, skills, self-efficacy and concerns about discussing weight with pregnant women (Schmied 

et al. 2011, Heslehurst et al. 2014a, Furness et al. 2015). In addition, obese women reported that 

they feel judged by health care professionals raising the topic of their weight (Lindhardt et al. 

2013). Although counseling sessions in the GeliS trial followed a predefined curriculum, 

differences in the quality of the intervention delivered were possible. Unfortunately, medical 

assistants which represent the largest group of counselors did not use weight gain charts regularly 
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(Hoffmann 2014). It seemed that they partially felt uncomfortable to discuss weight with 

participating women and were concerned about fostering anxiety. These findings support 

previous results from research conducted with health professionals concluding that weight issues 

may need to be discussed with great care and that training should be provided for health 

professionals regarding discussing GWG (Heslehurst et al. 2011, Olander et al. 2011, Schmied et 

al. 2011, Heslehurst et al. 2014a). Application of charts was a central tool of the GeliS intervention 

in order to promote appropriate weight gain. In future projects the handling of weight gain charts 

should be trained to a larger extend.  

In addition, individual feedback on dietary and activity behavior based on information from the 

first questionnaire collected was not given as regularly as it was intended (Hoffmann 2014). 

Therefore, a suboptimal quality of the lifestyle counseling may also explain the missing 

effectiveness of the intervention program. Even if counselors reported feeling well prepared 

through training sessions, a two day seminar may not be adequate to qualify gynecologists, 

medical assistants and midwives for high-quality lifestyle coaching. This was emphasized as GeliS 

counselors considered cooperation with nutritional and physical activity experts as helpful 

(Appendix: Table 32) which is in line with a survey of practitioners regarding the management and 

assessment of GWG conducted by van der Pligt et al. (2011). Correspondingly, the pilot study 

FeLIPO demonstrated that a lifestyle intervention provided by experienced nutritionists was 

successful in preventing excessive GWG (Rauh et al. 2013). Fortunately, most of participating 

counselors in the GeliS trial would appreciate a lifestyle intervention as part of routine care and 

would still participate in similar programs (Appendix: Table 32). A systematic review by Heslehurst 

et al. (2014a) identified that healthcare professionals appear to be motivated to address weight 

management with pregnant women and to overcome barriers to practice through improving their 

knowledge and skills. In future qualifying seminars, it is planned to add a unit on motivational 

interviewing to provide sufficient communication skills (Healthy Start - Young Family Network 

2014a). It is supposed to address the basics of communication and counseling and the importance 

of pregnant women's motivation for counseling. The concept of motivational interviewing is 

particularly suitable for conversations with pregnant women who have a low or ambivalent 

willingness to change their behavior as the consultant supports women in developing their own 

motivation to change their behavior. 
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Evaluation of the lifestyle intervention program by participants 

The evaluation of the intervention by participating women has been analyzed in a bachelor’s 

thesis (data are not presented in the current work). Lifestyle advice was experienced as helpful by 

most of the women. Half of the women reported that the intervention has partially contributed to 

changes in their dietary and physical activity behavior. Moreover, recommendations on GWG 

were also reported as helpful by most of the participants in the intervention group. Similar to the 

statements of counselors, women in the intervention group have requested lifestyle advice as 

part of routine care during pregnancy. These findings were supported by a high participation rate, 

high proportion of women attending all lifestyle sessions during pregnancy and in the postpartum 

period as well as a low drop-out rate of 11 % which was lower than the expected rate of 20 % 

reflecting the applicability of the program. Moreover, it indicates – indirectly – that expectant 

mothers are highly interested in a healthy lifestyle in order to promote the healthy development 

of their infants. This was similarly observed in other studies (Willcox et al. 2015, Vanstone et al. 

2016, Nikolopoulos et al. 2017). Especially first-time mothers seek information about GWG 

(Szwajcer et al. 2005, Willcox et al. 2015). Together with high rates of excessive GWG, this 

emphasizes the gap between the current situation in prenatal care and the need for information 

and support.  

 

4.6 WHY THE INTERVENTION WAS NOT SUCCESSFUL - POSSIBLE EXPLANATIONS  

Pregnancy reflects a time of many changes in life including financial, relationship, social and 

physical conditions and there are circumstances which can make it difficult to concentrate on diet 

or physical activity changes. Morning sickness, food aversions and fatigue or indigestion could be 

some of them. Moreover, there are competing demands such as primary care and/or specialist 

appointments, screening tests and potential complications which can interfere with the 

compliance to intervention strategies (Hill et al. 2017). However, as described above, women 

seem to be open for behavior changes during the time of pregnancy in order to ensure a healthy 

development of their child. Nevertheless, current intervention strategies show only small effects 

(The International Weight Management in Pregnancy (i-WIP) Collaborative Group 2017). 

Regardless of the good accessibility of pregnant women in gynecology and midwife practices due 

to frequent clinical visits it appears that there are different barriers to overcome bad habits and 

form new positive habits (Dodd & Briley 2017, Hill et al. 2017). It was found that the formation of 

new habits needs on average 66 days of repetition. Depending on complexity of behaviors it can 

take up to 254 days to be realized (Lally et al. 2010). In the context of the GeliS intervention, it is 
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possible that desired weight results were not achieved because the short window of gestation for 

new habit formation was even too short and behavioral changes could not be stabilized during 

the time of intervention. 

As discussed in previous works, intervention programs have often been initiated too late (Gardner 

et al. 2011, Catalano & deMouzon 2015, Hill et al. 2017). Catelano and deMouzon (2015) have 

investigated possible explanations for not achieving desired outcomes (e.g. fetal overgrowth, 

GDM or preeclampsia) through current lifestyle interventions in obese women. They suggested 

that the metabolic condition of mothers before pregnancy and in early pregnancy affects early 

placental function and gene expression (Catalano & deMouzon 2015). Furthermore, they argued 

that these alterations in maternal/placental function occur in the first trimester of pregnancy 

prior to when most intervention trials are initiated (Catalano & deMouzon 2015). Despite the 

early recruitment of pregnant women in the GeliS trial, the first counseling session took place at 

the beginning of the second trimester.  

Given that more than 50 % of overweight and obese women exceed the recommended weight 

ranges but almost one third of normal weight women also do, women of all BMI classifications 

between 18.5 kg/m2 and 40 kg/m2 were included and analyzed in the present GeliS study in order 

to reach the broadest possible range of women. Similarly, women were included independent of 

parity, independent of cultural background and independent of age as well as independent of 

educational level. As Hill and colleagues (2017) mentioned, it is possible that a one-size-fits-all 

approach may not be appropriate to consider individual differences in knowledge, exposure to 

information, skills, resources, and motivation. Nevertheless, as concluded in the work of the i-WIP 

Collaborative Group (2017), all women could benefit from lifestyle interventions including diet 

and physical activity, irrespective of maternal characteristics including BMI, ethnicity, age, and 

underlying medical conditions. 

 

4.7 GENERAL STRENGTHS AND LIMITATIONS OF THE TRIAL 

Although the GeliS intervention showed no major effects on GWG and pregnancy complications, 

the trial has several strengths next to some limitations. The GeliS trial used robust methods 

including prospectively measured weight and BMI in all participants and a cluster-randomized 

design which counteracted spillover effects of lifestyle counseling contents from women of the 

intervention to the control group. A further strength of the trial was the large sample size, the 

inclusion of normal weight as well as overweight and obese women, the low drop-out rate, only 
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few missing data in the complete-case analysis, pre-specified primary and secondary outcomes 

with practical relevance during prenatal care, and a pre-specified analysis plan. As intended, the 

trial could be scheduled in combination with pre- and postnatal visits within the setting of routine 

care for pregnant women.  

Nevertheless, the intensity of the GeliS intervention comprising three counseling sessions during 

pregnancy may not be sufficient to promote significant lifestyle changes and differences in GWG. 

Otherwise, increasing the intensity of the intervention might have affected compliance of 

pregnant women and also of health care providers because of their limited resources. 

Implementing the program into routine care may require the support of specifically trained 

dieticians or lifestyle coaches in a quieter surrounding than a busy practice office. Separated 

rooms exclusively intended for counseling sessions could contribute to an increased quality of the 

lifestyle intervention. 

Moreover, a limitation of the lifestyle intervention program was that counseling was not 

extensively based on concepts of behavior change. Lifestyle counseling included methods such as 

self-monitoring and feedback on behavior. An extension with additional methods such as 

motivational interviewing was not possible, but could enhance the quality. 

The safety of the intervention is a crucial aspect when dealing with pregnant women. The rate of 

preterm born infants was low in women participating in the GeliS trial and there was no adverse 

intervention effect regarding preterm births. This was also true for infants being born small for 

gestational age (SGA). As concluded by the i-WIP Collaborative Group (2017), pregnant women 

should be encouraged to engage in physical activity, as the meta-analysis found that preterm 

birth was not associated with physical activity during pregnancy. Moreover, among GeliS 

participants the intervention did not lead to an increase of further pregnancy and obstetric 

complications such as preterm labor or bleedings or to an increase in infant complications at birth 

such as adjustment disorders, cardiac irregularities or hypoglycemia. There was a small but 

significant difference between intervention and control groups in the proportion of women who 

gained weight below the recommended guidelines (19.9 % vs. 21.4 %; p=0.002; Appendix: Table 

28). 21.4 % of women in the intervention group have shown weight gain below recommendation 

levels, which was lower than 29.1 % of women in the meta-analysis of the i-WIP Collaborative 

Group (2017). 

Pre-pregnancy BMI was calculated by self-reported weight and height which may have led to an 

underestimation or underreporting of pre-pregnancy BMI in overweight and obese women and, 

thus, to an overestimated proportion of women with excessive GWG. As described in literature, 

this aspect is a well-known problem that exists throughout pregnancy and non-pregnancy 
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research (Connor Gorber et al. 2007, Mandujano et al. 2012). However, it has also been shown 

that self-reported pre-pregnancy weight and weight measured at the first prenatal visit resulted 

in identical classification of pre-pregnancy BMI (Holland et al. 2013, Bannon et al. 2017) and that 

reporting errors have no large influence on the associations between pregnancy-related weight 

and birth outcomes (Headen et al. 2017). Within the GeliS trial, weight was reassessed at the 

beginning of pregnancy by practice staff in participating gynecological practices using 

standardized methods which were given by the study team. Finally, the calculation of GWG was 

based on weight measured by practice staff.  

As a further common problem in intervention studies, selection bias also occurred in the GeliS 

trial. Women participating in the GeliS trial had a higher than average level of education, 

belonged to the white Caucasian population and only a small proportion of them came from 

ethnic minorities, as sufficient language skills were a prerequisite for participation. Therefore, 

results may not be generalizable to the overall population of Germany.  

Furthermore, women in the control group were aware of participating in a study assessing their 

diet and physical activity behavior and GWG in pregnancy although a cluster-randomized design 

was chosen to avoid spill-over effects. Both groups received study material including 

questionnaires on dietary behavior and physical activity, which could have led to increased 

awareness and behavior adaptions among women in the control group. Therefore, intervention 

effects could be underestimated by a possible influence on behavior.  

A further limitation was the imbalance of recruitment rates in different study regions, which may 

be related to unmotivated gynecologists and practice staff or to lower numbers of pregnant 

patients during the recruitment phase among practices. 
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5. CONCLUSION AND OUTLOOK 
 

There is an urgent demand for successful lifestyle interventions in pregnancy as more than 40 % 

of pregnant women in Germany exceed the recommended guidelines for gestational weight gain 

(GWG) resulting in short- and long-term negative consequences. Results of the primary outcome 

of the GeliS study highlight the difficulties in limiting GWG at a population level, with 45.1 % of 

women in the intervention group gaining weight in excess. As literature has shown, lifestyle 

interventions during pregnancy can improve health outcomes for mothers and their offspring but 

up to now, the effects of such interventions are rather small and are not sufficient to give any 

specific recommendations for interventions to prevent excessive GWG (Poston & Chappell 2012, 

Thangaratinam et al. 2012a, Muktabhant et al. 2015, Dodd & Briley 2017, Hanson et al. 2017, The 

International Weight Management in Pregnancy (i-WIP) Collaborative Group 2017, van der Pligt et 

al. 2017). Nevertheless, researchers underline the importance of recommending regular physical 

activity and balanced diet during pregnancy and highlighting the benefits of a healthy lifestyle of 

expectant mothers (The International Weight Management in Pregnancy (i-WIP) Collaborative 

Group 2017). Researchers concluded that there is no need for concern about the safety of the 

IOM recommendations for weight gain and also about the safety of lifestyle interventions, 

particularly with regard to physical activity in pregnancy. Positive effects of a healthy lifestyle 

during pregnancy should be elucidated to expectant mothers by emphasizing the benefits and 

lack of harm (Thangaratinam et al. 2012a, Poston 2017). 

The GeliS lifestyle program did not yield in favorable effects on GWG (primary outcome) or any 

other secondary outcomes, except for a small trend towards a decreased birth weight and length. 

Based on the process and the results of the GeliS study, recommendations for future approaches 

can be derived (Figure 13). 



CONCLUSION AND OUTLOOK 

 
101 

 

 

Figure 13: Recommendations for future approaches 

 

As researchers have previously suggested (Muktabhant et al. 2015, Goldstein et al. 2016, Hill et al. 

2017), study procedures were adapted to the daily routine work of gynecological and midwife 

practices in order to allow an implementation of the intervention into the German maternity 

health care system. To date, no other trial has investigated the compatibility of an additional 

lifestyle advisory component within routine health care for pregnant women to such a large 

extent. Interviews with participating gynecologists, medical assistants and midwives have 

supported the feasibility of attaching the intervention to antenatal care. As it is a major goal to 

implement programs that were previously successful in academic settings into routine care, in 

future, qualifying seminars could be intensified. However, it remains questionable if an 

appropriate lifestyle intervention regarding weight management as well as diet and physical 

activity behavior can be delivered adequately through gynecological practice staff and if it is 

achievable within the current standard care capacity. The integration of a program such as GeliS 

into daily work and the combination of counseling sessions with routine care visits may also 

require cooperation with specifically trained and experienced dieticians or lifestyle coaches. This 

could lead to an improvement of the quality of lifestyle counseling and might thus, reduce the 
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proportion of women with excessive GWG and associated health consequences. Although the 

GeliS study was not successful in limiting the rate of excessive GWG, the implementation of 

weight management strategies into routine care is a promising approach to deliver knowledge 

about healthy lifestyle and weight gain.  

As the GeliS trial was supported by the Bavarian State ministry for nutrition, agriculture and 

forestry, the Bavarian State ministry for health and care as well as by a large German health 

statutory insurance fund, there was a chance to address concerns and awareness of policy 

makers. Promoting political will and advocacy of important stakeholders is an essential step in 

order to implement such a program into the standard care for pregnant women and, moreover, 

to raise public awareness for the topic. In this context, the GeliS study was a favorable approach 

connecting science and policy and translating scientific knowledge into the “real-life” situation of 

routine care for pregnant women. However, the integration of an effective and efficient lifestyle 

intervention program into daily work and combination of counseling sessions with pre- and 

postnatal visits remains a challenge. 

As an alternative to traditional face-to-face counseling, interventions can be provided 

electronically-based (e-based), which has already been tested by different working groups 

(Nicholson et al. 2016, Graham et al. 2017, Hayman et al. 2017, Lau et al. 2017, Willcox et al. 

2017, van den Heuvel 2018). E-based platforms are websites, internet, mobile phone applications 

(Apps), SMS, email, computers and interactive videos and combinations of these delivery formats 

with in-person and phone sessions (Lau et al. 2017). They provide an opportunity to deliver 

trusted source information through a low-cost method during pregnancy (Redman et al. 2017) as 

every second expectant mother reported to use pregnancy-related Apps before, during and after 

pregnancy (Forschungsgruppe g/d/p 2015). Therefore, it is conceivable that e-based interventions 

could easily be integrated into standard health care. Nevertheless, the evidence on effectiveness 

is limited and needs further investigation (Lau et al. 2017, Overdijkink et al. 2018, van den Heuvel 

et al. 2018). 

There is a current app-trilogy which was developed by the Competence Centre for Nutrition (KErn) 

in cooperation with the Healthy Start - Young Family Network and the “Stiftung 

Kindergesundheit” in order to support women with the desire of having children, during 

pregnancy as well as during the breastfeeding period and the beginning of complementary 

feeding till the third year of life (KErn – Kompetenzzentrum für Ernährung & Stiftung 

Kindergesundheit 2018). The trilogy comprises information about healthy diet and physical 

activity which are based on the practice guidelines developed by the Healthy Start - Young Family 
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Network (Koletzko et al. 2013a) and includes weight monitoring as well as further interactive 

tools. It is conceivable that this app could be developed as a tool for a future e-based intervention 

concept. 

Recently published e-based intervention trials demonstrated several potential benefits during 

pregnancy (O'Brien et al. 2014, Lau et al. 2017) and in the postpartum period (Sherifali et al. 

2017). In particular, Willcox and colleagues (2017) found out that a mobile health intervention 

promoting healthy diet, physical activity and GWG was able to significantly reduce GWG and 

maintain physical activity in overweight and obese women. Similarly, Redman et al. (2017) have 

shown in a parallel-arm randomized controlled trial (RCT) that an intensive lifestyle intervention 

via a mobile phone was effective in reducing the proportion of overweight and obese women 

exceeding the Institute of Medicine (IOM) guidelines. Additionally, the intervention was cost-

effective and resulted in increased intervention adherence (Redman et al. 2017). Nevertheless, 

Lau et al. (2017) concluded that there is currently inadequate evidence to suggest the use of e-

based lifestyle interventions for improving maternal and neonatal outcomes. More research is 

necessary regarding the use and acceptance of such e-based interventions (Sherifali et al. 2017). 

A healthy pre-pregnancy body weight is associated with better pregnancy and childhood 

outcomes (MacInnis et al. 2016) but the limited time of pregnancy may not be sufficient to realize 

new dietary and physical activity behavior changes in order to affect these outcomes. Thus, this 

“window of opportunity” may be overestimated as a life phase to induce rapid and sustained 

lifestyle changes. Therefore, it might be useful to incorporate the pre-conceptional period into 

intervention strategies in order to prevent and manage obesity and related adverse health 

outcomes already before conception and, moreover, to have a long-term chance of behavior 

formation and to enter pregnancy with healthy lifestyle habits (Goldstein et al. 2016, Poston et al. 

2016, Samura et al. 2016, Teede & Moran 2016, Hanson et al. 2017, Hill et al. 2017, Dutton et al. 

2018). 69 % of German first-time mothers are going to have additional children (Statistisches 

Bundesamt 2013). Therefore, using the inter-conceptional time could be a further aspect of pre-

conceptional interventions. It could be a chance to reduce maternal weight prior to a subsequent 

pregnancy and, hence, to minimize the risk of excessive GWG and associated adverse outcomes 

(van der Pligt et al. 2013, Hill et al. 2017). Nevertheless, it remains difficult to recruit women in 

the pre-conceptional period as half of all pregnancies are unplanned (Bundeszentrale für 

gesundheitliche Aufklärung (BZgA) 1996, Sedgh et al. 2014). Starting interventions already in the 

postpartum period and continuing until the next pregnancy provides an opportunity to overcome 

the barrier of reaching women in their pre-conceptional period (Bogaerts et al. 2017). Systematic 
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reviews and meta-analyses have indicated positive effects of lifestyle interventions for weight 

management among postpartum women (Nascimento et al. 2014, Lim et al. 2015). 

Subsequent planned analyses of the GeliS trial will provide information on the dietary and 

physical activity behavior among study participants during the course of pregnancy as well as 

about the long-term effects of the intervention. These analyses will ascertain whether the 

intervention affected dietary and physical activity behavior and, thus, could help to understand 

the missing intervention effect on maternal and fetal outcomes. Furthermore, they may highlight 

which components of the counseling need more emphasis in future trials. A follow-up observation 

is planned up to the 5th year of life in order to extensively evaluate the weight development as 

well as long-term health of mothers and their infants. The GeliS study provides a large dataset of 

dietary and physical activity behavior, maternal mental health and postnatal depression, intake of 

dietary supplements during pregnancy, breastfeeding rates as well as health outcomes of mothers 

and their children. This dataset is unique for Bavaria and offers the possibility for further 

comprehensive analyses also independent of the intervention. 
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1. STUDY DOCUMENTS 

Study document 1: Participant information and written informed consent (Intervention) 
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Study document 2: Participant information and declaration of consent (Control) 
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Study document 3: Screening questionnaire 
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Study document 4: Detail of the Case Report Form 
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Study document 5: Folder with presentation boards for parental counseling 

 

 

Study document 6: Weight gain charts 
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Study document 7: Instructions 
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Study document 8: Checklists 
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Study document 9: Sticker for maternity card 

 

 

 

 

2. SUPPLEMENTAL TABLES 

 

Table 28: GWG among study participants according the IOM recommendations. 

 
All Participants Normal weight women Overweight women Obese women 

 
Int 
(n=946) 

Con 
(n=939) 

Adjusted  
p value

1
 

Int (n=608) 
Con 
(n=624) 

Int (n=230) 
Con 
(n=200) 

Int 
(n=108) 

Con 
(n=115) 

˂IOM 
202 
(21.4) 

187 
(19.9) 

0.002 156 (25.7) 147 (23.6) 26 (11.3) 19 (9.5) 20 (18.5) 21 (18.3) 

=IOM 
317 
(33.5) 

324 
(34.5) 

- 244 (40.1) 254 (40.7) 54 (23.5) 43 (21.5) 19 (17.6) 27 (23.5) 

>IOM 
427 
(45.1) 

429 
(45.7) 

0.79 208 (34.2) 224 (35.9) 150 (65.2) 138 (69.0) 69 (63.9) 67 (58.3) 

Data are given as n (%) 
Gestational weight gain=weight change between the weight measured at the first and the last prenatal visit 
1Generalized estimating equations (GEE) logistic regression model adjusted for pre-pregnancy BMI, age, parity and gestational age at 
1st visit 
IOM=Institute of Medicine; Int=Intervention; Con=Control 

 

Table 29: Mean total GWG among all study participants. 

Mean total GWG (n=1885) 14.1 ± 5.2 

Normal weight 14.7 ± 4.5 

Overweight 14.0 ± 5.8 

Obese 11.0 ± 6.7 

Data are given as mean ± standard deviation 
Gestational weight gain=weight change between the weight measured at the first and the last prenatal visit 
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Table 30: Maternal blood pressure. 

Maternal blood pressure (mmHg) Intervention Control 

Visit 0  
 

Systolic  117.7 ± 12.4 115.5 ± 11.9 

Diastolic  73.4 ± 9.2 70.7 ± 9.2 

Visit 1  
 

Systolic 117.3 ± 12.4 114.0 ± 12.0 

Diastolic 72.9 ± 9.3 69.4 ± 9.2 

Visit 2  
 

Systolic 116.0 ± 12.3 114.0 ± 12.6 

Diastolic 71.6 ± 8.7 68.5 ± 9.0 

Visit 3  
 

Systolic 116.9 ± 12.4 114.3 ± 12.0 

Diastolic 72.7 ± 9.2 69.3 ± 9.1 

Visit G  
 

Systolic 120.9 ± 13.0 118.6 ± 13.1 

Diastolic 76.2 ± 9.8 73.3 ± 9.9 

Blood pressure after birth/ in puerperium  
 

Systolic 119.9 ± 13.2 118.6 ± 12.5 

Diastolic 73.3 ± 10.1 75.4 ± 9.8 

Data are given as mean ± standard deviation   

 

 
Table 31: Qualitative evaluation of lifestyle counseling sessions. 

Quality parameters  

Monitored counseling sessions (n) 53 

Median duration of sessions (min) 35 

Utilization of study documents (n) 46/53 (86.8 %) 

Among study document users: completeness of counseling contents (n) 32/46 (69.6 %) 

Weight monitoring with weight gain chart (n) 39/53 (73.6 %) 

Individual counseling (n) 33/53 (62.3 %) 
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Table 32: Experiences of GeliS counselors with study procedures. 
Data were recorded at the end of the trial using an evaluation questionnaire. The feedback was available from 63.5 % of 

counselors. 
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