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OBESITY 

Obesity is a worldwide public health problem. It is characterized by an abnormal or excessive 
amount of body fat. Body mass index (BMI) is a commonly used measure for adiposity. The 
World Health Organization (WHO) and Institute of Medicine (IOM) defined a BMI of 25 to 29.9 
kg/m2 as overweight and a BMI of 30 or more as obese [350]. Worldwide about 39% of adults 
aged ≥18 years were overweight in 2014 (about 1.9 billion people), furthermore 13% were 
even considered obese (about 600 million people) [349]. In Europe these estimates are even 
higher, based on data of 2008 over 50% of both men and women were overweight, and 
roughly 23% women and 20% men were considered obese [347]. Excessive weight imposes 
additional risks for a number of diseases, such as diabetes, cardiovascular diseases and cancer 
[173]. Obesity is difficult to treat, therefore prevention is critical. 

 

OBESITY IN PREGNANCY 

Obesity influences reproductive health and affects chances of becoming pregnant [73]. 
Maternal obesity puts women who become pregnant at increased risk of several complications 
during pregnancy and childbirth, including gestational diabetes mellitus (GDM), hypertension, 
preeclampsia, depression, instrumental or caesarean delivery and surgical site infection [195]. 
Furthermore, babies from overweight and obese women have a greater risk of preterm 
delivery, fetal defects, congenital anomalies, perinatal death and being born large-for-
gestational age [195]. Obesity of the mother has profound effects on the future health of the 
offspring [244], such as a lifelong risk of obesity, which has the potential to result in a 
transgenerational vicious cycle of obesity [46].  

 

GESTATIONAL DIABETES MELLITUS 

GDM is defined as “carbohydrate intolerance resulting in hyperglycaemia of variable severity 
with onset or first recognition during pregnancy” [346] . 

In pregnancy, insulin resistance increases physiologically in order to ensure nutrient supply for 
the fetus. Normally, this increased insulin resistance is overcome by an increase in insulin 
secretion. However when pancreatic beta cell function is insufficient to meet the body’s insulin 
needs, GDM develops. The International Association of Diabetes in Pregnancy Study Group 
(IADPSG) developed cut points for GDM diagnosis, which are recently adopted by WHO. GDM 
is diagnosed if women on a 75 gram oral glucose tolerance test have a fasting venous plasma 
glucose ≥ 5.1 mmol/L and/or 1 hour glucose ≥10 mmol/L and/or 2 hour glucose ≥ 8.5 mmol/L 
[209,348]. 
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In Europe between 2 and 6% of pregnancies were estimated to be affected by GDM in 2012 
[39], although at that time lack of consensus on testing methods and threshold values 
hampered comparison. The IADPSG/WHO thresholds resulted in increased GDM prevalence 
rates compared to the old cut points (e.g. in a Nordic Caucasian population prevalence 
increased from 6.1 to 7.4%) [140]. 

Obese pregnant women are at higher risk (reported odds ratio of 3.0 and higher) to develop 
GDM compared to normal weight women, whereby the risk increases further for every 
increase of 1 kg/m2 in BMI [60,327]. Furthermore, multiple risk factors increase the overall risk 
even more, such as: history of impaired glucose tolerance or GDM; certain ethnic groups 
(Hispanic-American, African-American, Native-American, South or East Asian, Pacific Islander); 
family history of diabetes; maternal age above 25 years; previous delivery of baby with birth 
weight above 4 kg; previous unexplained perinatal loss or birth of a malformed child; maternal 
birth weight above 4 kg or below 2.7 kg; glycosuria at first prenatal visit; medical condition 
associated with development of diabetes (such as metabolic syndrome, polycystic ovary 
syndrome, current use of glucocorticoids, hypertension) [68]. Moreover, excessive gestational 
weight gain (GWG) increases the risk of GDM by a factor of 1.4, although it is unclear if effect 
modification of maternal BMI categories is present [38]. 

Several adverse outcomes for both the mother and the child have been associated with GDM, 
such as being born large-for-gestational age, primary caesarean delivery, higher cord-blood 
serum C-peptide and neonatal hypoglycaemia [210]. On the long term, women with a history 
of GDM have a sevenfold increased risk to develop type 2 diabetes [22]. Both obesity and GDM 
have an independent effect on adverse pregnancy outcomes, but combined they have a 
greater impact than either one alone [47]. Therefore especially in an obese population 
prevention of GDM and follow up care after a GDM pregnancy is essential. 

 

GESTATIONAL WEIGHT GAIN 

During pregnancy maternal weight gain is a summation of the weight of the fetus, uterus, 
placenta, blood, amniotic and extracellular fluid, and increased maternal fat and lean mass 
[258]. The IOM developed recommendations for a healthy weight gain during pregnancy for 
different BMI categories. The recommended range for gestational weight gain (GWG) is 5-9 kilo 
for obese women to minimize risks and complications related to obesity in pregnancy, 
compared to a GWG of 11.5-16 kilo for normal weight women [155].  

Excessive GWG could affect the growth of the unborn child and lead to large-for-gestational 
age babies [296]. These babies are at higher risk of being overweight at a later age themselves 
[238,325], which could be due to their birth weight [185], but also to genetic factors and 
lifestyle habits, such as high caloric food intake and low levels of physical activity [157,310]. A 
consequence of excessive GWG for the mother is the retention of weight after pregnancy and 
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as a result of the additional weight she will start each subsequent pregnancy more obese. 
Interventions to avoid excessive weight gain are needed [238].  

LIFESTYLE 

Excessive GWG is mostly a consequence of an imbalance between energy intake and energy 
expenditure. Accurate maternal dietary intake [154] could help prevent detrimental effects to 
fetal growth and birth outcomes [5]. A healthy diet containing sufficient fresh vegetables, fruit, 
legumes, nuts, whole grains and fish, but avoidance of red and processed meat, refined grain 
products, eggs and high-fat dairy could be beneficial in the prevention of GDM [289]. 

Furthermore, obese women should be encouraged to incorporate 30 minutes of at least 
moderate physical activity a day, unless there are medical or obstetric contra-indications [15]. 
Regular physical activity could improve cardiovascular condition, glucose tolerance, increase 
muscle mass and bone density [6]. Furthermore, active pregnant women have reduced rates of 
nausea and vomiting, and experienced less lower back pain [104]. 

Research has shown that guidance on diet and physical activity throughout pregnancy from a 
dietician or health professional is appreciated by pregnant women, especially since women 
indicated that information regarding diet, physical activity and GWG is currently lacking 
[92,341]. Lifestyle interventions implemented in addition to usual care during pregnancy have 
shown to improve maternal diet and physical activity patterns of obese pregnant women [85]. 
In the prevention of excessive GWG behaviour modification techniques such as self-monitoring 
and goal setting, combined with frequent contact, individual attention and professional 
involvement appeared most effective [302]. 

The conducted reviews and meta-analyses seem not to support one superior strategy with 
regard to GDM prevention. In one review physical activity is shown beneficial in the prevention 
of GDM (28% lower risk of GDM compared to a control condition) [285], while in another 
recent review study no clear beneficial effect on GDM of a combined physical activity and diet 
intervention was found, although regarding GWG the women in the exercise and diet 
intervention gained 0.76 kg less compared to the women in the control group [17]. In contrast, 
it was shown previously that a dietary alone intervention was most effective in reducing GWG 
compared to a combined or physical activity alone intervention [319]. The opposite effects or 
lack of effect on GDM found in the studies conducted so far might have been due to low 
statistical power, poor adherence to the study intervention and/or to the fact that lifestyle 
interventions may not be able to overcome the pregnancy induced insulin resistance [126].  

More translational research into lifestyle intervention programmes for overweight and obese 
women is clearly warranted [285] and indeed underway [17]. A clear knowledge gap seems to 
exist on the most effective lifestyle intervention during pregnancy: healthy eating intervention, 
physical activity intervention, or a combined healthy eating and physical activity intervention.  
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CHANGING HEALTH BEHAVIOUR: THEORY 

Application of theoretical frameworks enhance the evidence for effective behavioural change 
interventions [70]. Theory based research allows according to Nigg et al. (2008) for; (1) an 
understanding of the involved mechanisms; (2) an understanding of the failure and success 
factors; (3) an understanding of the factors influencing the short and long term effects; (4 ) an 
identification of possible mediating factors; and (5) a determination why the intervention was 
successful [241]. Determinants of behaviour change differ across populations, among 
individuals and could even change over time [36].  

Two highly recommended frameworks are the health action process approach (HAPA) model 
and the self-determination theory (SDT), HAPA helps to answer the “how to?” question and 
SDT the “how come?” or “why?” questions [239]. Furthermore, Motivational Interviewing (MI) 
shares the same values as SDT [197], therefore SDT is frequently seen as the ‘theory of MI’ and 
MI as the ‘intervention method of SDT’ [316]. 

Health action process approach 
HAPA is a model of health behaviour change, informed by social cognitive theory and 
supported by empirical evidence. This framework suggests that adopting (pre-intenders), 
initiating (intenders) and maintaining (actors) behaviour change is a structured process 
including a motivational and volitional phase [293], see Figure 1.1. The motivational phase 
covers the process of intention formation that is determined by three variables (a) risk 
perception; (b) outcome expectancies; and (c) perceived task self-efficacy, or the person’s 
belief in her capability to complete the task and reach her goals [18]. The intention-behaviour 
gap is bridged by action planning and coping planning, transitioning into the volitional phase, 
where again self-efficacy (maintenance, recovery) plays a crucial role in maintaining behaviour 
change. 

Figure 1.1: The health action process approach derived from Schwarzer (2008) [293] 
 (source: http://userpage.fu-berlin.de/health/hapa.htm) 

http://userpage.fu-berlin.de/health/hapa.htm
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Self-determination theory  
SDT is a theoretical framework of human motivation and behaviour developed by Deci and 
Ryan [79,80]. This theoretical framework is based on the assumption that people have three 
basic psychological needs: competence, relatedness and autonomy. Competence refers to the 
desire to master the environment. Relatedness deals with the desire to interact with other 
people. Autonomy means having a free choice of doing something and acting out of own 
interest and values. It is suggested that when people experience these three basic needs, they 
become intrinsically motivated.  

SDT distinguishes on a continuum among various types of motivation [80], (a) amotivation, or 
the absence of intention, motivation and self-determination; (b) extrinsic motivation – external 
regulation, the motivation which is regulated by external motivation and incentives; (c) 
extrinsic motivation – introjected regulation, the motivation is a consequence of self-worth, 
treats of guilt or shame; (d) extrinsic motivation – identified regulation, the motivation 
becomes part of their identity and is worthwhile; for example a reason for changing one’s 
behaviour could be for one’s health or well-being; (e) extrinsic motivation - integrated 
regulation, the motivation is fully integrated with other aspects of one’s self; and (f) intrinsic 
motivation, which is driven by interest or enjoyment in the task itself. SDT highlighted that 
having an autonomous style of self-regulation (identified, integrated and intrinsic) leads to 
more positive behavioural outcomes, for which evidence is found in exercise behaviour [315], 
eating behaviour [333] and weight control [317]. Figure 1.2 shows a visual presentation of the 
motivational continuum. It is described as quite exclusive forms of motivation, although it is 
common that these motivations and regulations coexist for the same behaviour, could change 
over time or differ in different contexts [251]. For example, a pregnant women may value 
exercise and healthy eating because she values her own health (identified regulation), on the 
other hand she may have feelings of guilt for her unborn child if she does not exercise and eat 
healthy while pregnant (introjected regulation). The dynamics of motivation are key to long 
term success [286].  

 

 

 

 

 

Figure 1.2: Continuum of motivation according the self-determination theory (adapted from: 
[80]) 
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Motivational interviewing 
 “Motivational interviewing (MI) is defined as: a collaborative, goal-oriented style of 
communication with particular attention to the language of change. It is designed to 
strengthen personal motivation for and commitment to a specific goal by eliciting and exploring 
the person’s own reasons for change within an atmosphere of acceptance and compassion” 
[216,217] 

MI is widely adopted as a tool for facilitating change and is shown effective or equally effective 
to other interventions across many behaviours [41,143,187,188,282]. MI is designed so that 
practitioners assist clients in talking themselves into change [217]. The five main principles of 
MI are: (1) express empathy; (2) develop discrepancy; (3) avoid argumentation; (4) roll with 
resistance; and (5) support self-efficacy. Strategies to acquire these principles are: asking open-
ended questions; making reflections on what the participant has said; showing empathy; 
making confirmations; and accepting the participant’s own choice [215].  

Contrary to other counselling methods, MI is a fluid intervention whereby its users ensure its 
quality [26]. To protect the dissemination of MI the founders, Miller and Rollnick, wrote three 
MI books [215-217], and research articles to explain MI [212], what MI is [277] and is not [218], 
so the original identity of MI would not be lost, while its method spread around the world. 
Furthermore, they organised courses to become MI trainers and developed a coding system 
(Motivational Interviewing Skill Code (MISC) [116]) for measuring fidelity of MI. The fact that 
no license code or certification was needed to practice MI led to a world-wide use of MI and 
open sharing of its materials and methods [26], which started in alcohol probation but soon 
spread to other areas, such as health behaviour (smoking cessation, physical activity, diet). The 
trained MI trainers across the world organised a MI Network of trainers (MINT-network: 
motivationalinterviewing.org) which hold annual meetings to share experiences and 
knowledge across the field and together try to keep the original spirit of MI a life.  

Professionals experienced MI as a useful method to deal with difficult situations, such as 
working with obese pregnant women [33]. In contrast to other change strategies (e.g. 
education, persuasion, scare tactics), MI motivates change from within the participant. 

THE DALI PROJECT 

In 2010, the prevention project called “DALI” started, to fulfil the call from policy makers to 
develop standardised well designed randomised trials to identify suitable preventive measures 
against GDM [247,319]. DALI is an acronym for vitamin D And Lifestyle Intervention for GDM 
prevention. In this research project the aim is to investigate the effectiveness of a lifestyle 
counselling approach and a vitamin D approach in the antenatal period compared to a 
control/placebo group in the prevention of GDM. Furthermore, this project is designed to 
collate evidence about the epidemiology of GDM in Europe and to promote pan-European 
standards and measures for GDM. This is important, because currently no generally accepted 
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and uniform European agreement on screening approaches and diagnostic standards for GDM 
exist [39]. DALI is an European project of 13 partners (www.dali-project.eu). In nine European 
countries (Austria, Belgium, Denmark, Ireland, Italy, Poland, Spain, The Netherlands, and 
United Kingdom) overweight and obese pregnant women were recruited. The focus of DALI is 
on a population of increased risk of developing GDM [60,327].  

AIM OF THIS THESIS 

Before complex interventions can be implemented in practice they should follow a developing, 
piloting and evaluating phase [70]. In this thesis only a part of the conducted research within 
the DALI project is described with its main focus regarding the lifestyle intervention. The aim of 
this thesis was to develop and evaluate a lifestyle intervention for GDM prevention among 
overweight and obese pregnant women across Europe.  

OUTLINE OF THIS THESIS 

Chapter 2 presents results from (structured) interviews across nine European countries. These 
interviews were conducted to investigate beliefs, barriers and preferences of pregnant 
overweight and obese women regarding prevention of GDM.  

Based on the data gathered in these interviews and guided by the HAPA model and MI a 
lifestyle counselling intervention programme for the prevention of GDM was developed. The 
intervention and is materials were translated in a total of seven different languages (from 
English into Danish, Dutch, German, Italian, Spanish/Catalan, Polish). The design of this 
intervention programme along with all evaluation methods is described in chapter 3. 

Chapter 4 reports the primary outcomes of the pilot study (GWG, fasting glucose and 
Homeostasis Model Assessment – insulin resistance (HOMA-IR)). This chapter is followed by a 
process evaluation of the pilot study in chapter 5 in which process elements are described and 
related to the primary outcome GWG. 

After piloting the DALI study a randomised controlled trial (RCT) is conducted. In chapter 6 the 
results of the physical activity and dietary data measured with objective accelerometer and 
dietary record data are evaluated. Furthermore, in this chapter it is examined how these 
results mediate GWG, fasting glucose and HOMA-IR. 

Chapter 7 describes recommendations for future researchers to measure fidelity of MI in 
randomised trials.  

The general discussion (chapter 8) presents an overview of the main findings and critically 
discusses the theoretical, practical and methodological issues encountered in this thesis. 
Furthermore, it provides suggestions for practice and future research.  
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Beliefs, barriers and preferences of European overweight women to 
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Dorte M. Jensen, Lise Lotte T. Andersen, Frank J. Snoek, and Mireille N.M. van Poppel 

* shared first author

Published in Journal of Pregnancy 2016, No: 3435791 

Introduction: We explored beliefs, perceived barriers and preferences regarding lifestyle 
changes among overweight European pregnant women to help inform the development of 
future lifestyle interventions in the prevention of gestational diabetes mellitus. 

Methods: An explorative mixed methods, two-staged study was conducted to gather 
information from pregnant European women (BMI ≥ 25 kg/m2). In three European countries 21 
interviews were conducted, followed by 71 questionnaires in six other European countries. 
Content analysis, descriptive and chi-square statistics were applied (p<0.05).  

Results: Women preferred to obtain detailed information about their personal risk. The health 
of their baby was a major motivating factor. Perceived barriers for physical activity included 
pregnancy-specific issues such as tiredness and experiencing physical complaints. Insufficient 
time was a barrier more frequently reported by women with children. Abstaining from 
snacking was identified as a challenge for the majority of women, especially for those without 
children. Women preferred to obtain support from their partner, as well as health 
professionals and valued flexible lifestyle programmes. 

Conclusions: Healthcare professionals need to inform overweight pregnant women about their 
personal risk, discuss lifestyle modification and assist in weight management. Lifestyle 
programmes should be tailored to the individual, taking into account barriers experienced by 
overweight first-time mothers and multipara women. 
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INTRODUCTION 

Gestational diabetes mellitus (GDM), which is defined as ‘carbohydrate intolerance resulting in 
hyperglycaemia of variable severity with onset or first recognition during pregnancy’ [346], is a 
serious condition affecting 2-6% of pregnancies in Europe [39]. It adversely affects health 
outcomes for both mother or child in pregnancy and in their future health [69,167,176,207], 
with a seven-fold increased risk for the mother [22,257] and eight-fold increased risk for the 
offspring [65] of developing type 2 diabetes mellitus. High maternal weight is associated with a 
substantially higher risk of GDM [60] and the prevalence for GDM continues to increase with 
the worldwide rise of obesity [150]. This suggests that prevention of GDM especially in the 
obese population is extremely important for both mother and child. 

Current preventive strategies have mainly focussed on increasing physical activity and 
improving healthy eating [63]. Despite a trend towards a reduced prevalence of GDM in 
overweight or obese women [247,249], there is an urgent need for more well-designed 
effective lifestyle interventions for the prevention of GDM.  

Adopting a healthy lifestyle may be particularly demanding for overweight or obese pregnant 
women as they are more likely to be less physically fit and have poorer quality diets [272,313]. 
Still pregnancy seems a perfect time to intervene and discuss weight management, since 
women accept their weight and weight gain more than compared to when they are not 
pregnant [304]. Understanding the beliefs, barriers and preferences of overweight pregnant 
women is key for developing effective lifestyle modification programmes, but research in 
Europe is scarce.  

Weir and colleagues [341] have conducted an interview study in the United Kingdom (UK), in 
which they found that healthy eating was often viewed as being of greater importance for the 
health of mother and baby than participation in physical activity. Also, participants often 
described how they would wait until the postnatal period to try and lose weight. A wide range 
of barriers to physical activity during pregnancy were highlighted including both internal 
(physical and psychological) and external barriers (work, family, time and environmental). The 
study participants also lacked access to consistent information, advice and support on the 
benefits of physical activity during pregnancy.  

As part of a larger European project, we set out to enhance our understanding of beliefs, 
barriers and preferences of European overweight and obese pregnant women regarding 
lifestyle modification in view of prevention of GDM. 
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2 
METHODS 

Study design  
The study was designed as an exploratory two-staged project, applying mixed methods to 
inform directly the development of a European lifestyle programme (Vitamin D and Lifestyle 
Intervention: DALI project [160]), which will target prevention of GDM in an overweight and 
obese population. The DALI study is conducted in nine European countries; Austria, Belgium, 
Denmark, Ireland, Italy, Netherlands, Poland, Spain and the UK. This study set out to develop 
and test a suitable lifestyle programme across all these countries, since excepting the UK [341] 
there are no data regarding preferences, beliefs and barriers of lifestyle modification. Language 
difficulties required a pragmatic approach. Therefore the choice was made to start with 
qualitative interviews in the Netherlands and Belgium, conducted by a Dutch speaking person 
(KvL) educated in health science. Secondly, and based on the interview results, a cross-national 
questionnaire was performed with overweight and obese pregnant women from six European 
countries (Austria, Denmark, Ireland, Italy, Poland and Spain). In the UK, instead of this 
questionnaire, five more interviews were held, which were based on the questionnaire and the 
topic guide previously used in the Netherlands and Belgium. These interviews were conducted 
by an English-speaking person (CB).  

The study was guided by the Health Action Process Approach (HAPA) model of behaviour 
change, which builds on social-cognitive theory to help predict (preventive) health behaviour 
change of individuals at-risk [293], and the Motivational Interviewing (MI) framework, which is 
a collaborative, person-centered form of guiding to elicit and strengthen motivation for change 
[215]. Special focus is given to (i) risk perception and perceived importance, (ii) barriers and 
perceived self-efficacy and (iii) preferences with regard to support in lifestyle modification. 

The Institutional Review Board of the VU Medical Center and local ethical committees from the 
respective centers in the nine countries approved the study (NRES Committee East of England 
– Norfolk: 11/EE/0221; Medical University Poznan: 1165/12; UZ KU Leuven: ML7625; VUmc 
Amsterdam: 2012/400; Hospital De La Santa Creu i Sant Pau Barcelona 13/006 (OBS); Medical 
University Vienna: 2022/2012 – 1369/2013; Region Hovedstaden Copenhagen: H-4-2013-005; 
Province of Padua: 4201 × 11; Galway University Hospitals: 7/12).  

 

Study participants and recruitment 
In both phases of the study women with a pre-pregnancy body mass index (BMI) ≥ 25 kg/m2, 
which is a risk factor for the development of GDM [269], were randomly sampled. Women 
were either pregnant or had given birth within the last 12 months. Those that already had 
given birth were asked about the time while pregnant, which provided additional data on 
received information and care around weight management as part of pregnancy care.  

For the interviews, women were identified from those attending obstetric services for 
pregnancy in Amsterdam, Zwolle or Enschede, The Netherlands; Leuven, Belgium; Cambridge, 
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UK. In Belgium and the UK women were recruited by their healthcare professional. In the 
Netherlands women who previously were approached to participate in a lifestyle intervention 
programme [245] were invited. Of the women included from the Netherlands, five had actually 
experienced this lifestyle intervention programme and five had previously declined 
participation. The women who were unable to come to the research centre or hospital were 
interviewed by telephone. In the Netherlands and in Belgium 53 women were approached to 
take part in the current study, and all those who replied positively have been included. We 
have no data on reasons for lack of willingness to participate. No data exists either on the total 
number of women invited in the UK. 

For the questionnaire, women were identified in the participating obstetric services for 
pregnancy in Vienna, Austria; Copenhagen, Denmark; Galway, Ireland; Pisa or Padua Italy; 
Poznan, Poland; and Barcelona, Spain. In all these countries women were recruited by their 
healthcare professional. No information exists on the total number of women invited in the 
different countries. 

 

Data collection 
Phase 1: Semi-structured Interview procedure  
A thematic interview guide with predefined questions was used, while giving the participants 
the freedom to elaborate on a particular subject. Included questions were based on the 
particular objective of this study and findings from previous studies [168,303,313,322,341,352]. 
The interview started with introductory questions concerning the women’s experiences with 
pregnancy and the importance of a healthy lifestyle. Next their beliefs, experiences, perceived 
barriers and facilitators regarding a healthy diet and physical activity were investigated, 
followed by questions about preferred types of support, activities and mode of delivery of an 
intervention. A pilot-test of the interview guide was carried out with one pregnant woman (not 
included in the study), which resulted in minor changes in the wording. The interviews 
comprised 15 face-to-face interviews and six telephone interviews and lasted between 15 
minutes and 120 minutes, were voice-recorded and transcribed verbatim. The interviews were 
performed by KvL (The Netherlands and Belgium) in the period from January 2010 - April 2010 
and CB (UK) in the period from November 2011 - April 2012. After 16 interviews theme 
saturation was achieved and confirmed with the five final interviews conducted in the UK. 

Phase 2: questionnaire procedure  
In phase two, the topics from the interviews were rewritten as statements in a questionnaire, 
with response categories on a 5-point Likert scale (strongly agree – agree – neutral – disagree - 
strongly disagree) and with space for open ended comments. The questionnaire contained 
closed and open-ended questions in English and was sent to participating obstetricians, 
midwives, and physicians in Austria, Denmark, Ireland, Italy, Poland and Spain to gather 
information from those other European countries. Pregnant women completed the 
questionnaire in their native language together with their midwife/obstetrician/physician 
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during a consultation, except for Spain where the questions were answered by telephone. Both 
face-to-face and telephone conversations were audio recorded and the comment responses 
and open questions were back-translated by the midwife/obstetrician/physician into the 
English language and sent to the Netherlands for analyses. In total 71 questionnaires were 
completed in the period July – December 2010.  

 

Data analysis 
The transcripts of the interviews were coded by KvL and analysed according to the framework 
method of qualitative data analysis [273] using software package AtlasTi 5. The coding for 
three interviews was independently reviewed by a second researcher (NO), showing high 
agreement. A few disagreements were resolved by discussion.  

All questionnaire data were entered in SPSS (v15.0) (SPSS Inc, Illinois, USA). The answer 
categories for ‘strongly agree’ and ‘agree’ were combined (referred as agreed), as well as 
‘strongly disagree’ and ‘disagree’ (referred as disagreed). Descriptive statistics (frequencies and 
percentages) were used to summarize quantitative data. Chi square statistics were used to 
explore associations between answers and respondent characteristics. The level of statistical 
significance was set at p <0.05. 

 

RESULTS 

The majority of the women involved in the interview part of the study had a high level of 
education and had a European background (Table 2.1). Fifteen women were interviewed 
throughout pregnancy (between 16 and 39 weeks of gestational age) and six women were 
interviewed between 0 and 12 months post-delivery. In the questionnaire part of the study 
women tended to be more equally divided across age and educational level. Sixty-six women 
were between 6 and 40 weeks of gestational age and five women were between 3 to 4 months 
postpartum. In both groups about 60% of all the women had another child at home.  

The learnings from this study, combining interview and questionnaire data, are grouped in 
three categories, with reference to the HAPA model [293] and MI framework [215]: (i) risk 
perception and perceived importance, (ii) barriers and self-efficacy and (iii) preferences with 
regard to a lifestyle programme aimed to assist in improving physical activity and eating habits 
in order to manage gestational weight gain. The main results are presented in Table 2.2. 
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Table 2.1: Characteristics of participating overweight and obese pregnant women (N=92)  
Characteristic Number of 

participants 
interview  

(total N=21) 

Number of 
participants 

questionnaire 
(total N=71) 

Age 
   Younger than 30 years 
   Between 30 and 35 years 
   Older than 35 years 

 
8 (38%) 

10 (48%) 
3 (14%) 

 
23 (32%) 
23 (32%) 
25 (35%) 

Educational level  
   Academic graduate 
   Higher education graduate 
   High-school graduate 
   Vocational training  
   Primary school  
   Unknown 

 
8 (38%) 
8 (38%) 
2 (10%) 
2 (10%) 

1(5%) 
- 

 
21 (30%) 

3 (4%) 
26 (37%) 
11 (16%) 

9 (13%) 
1 (1%) 

Country of birth 
   Netherlands 
   Belgium 
   United Kingdom 
   Italy 
   Spain 
   Ireland 
   Poland 
   Austria 
   Denmark 
Country of birth parents 
   Both parents born in Europe 
   One of parents born elsewhere 

 
10 (48%) 

6 (29%) 
5 (24%) 

- 
- 
- 
- 
- 
- 

 
19 (90%) 

2 (10%) 

 
- 
- 
- 

20 (28%) 
10 (14%) 
10 (14%) 
10 (14%) 
11 (16%) 
10 (14%) 

 
59 (83%) 
12 (17%) 

Parity 
   Nulliparous 
   Parous 
 

 
8 (38%) 

13 (62%) 
 

 
28 (39%) 
43 (61%) 

   Pregnant 
   Already given birth 

15 (71%) 
6 (29%) 

66 (93%) 
5 (7%) 

Experience with GDM prevention programme  
   None 
   Yes 

 
16 (76%) 

5 (24%) 

 
71 (100%) 

- 
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Risk perception and perceived importance: 
The most important motivator for a healthy lifestyle was the health of their babies (100%, 
Table 2.2).  

“The health of your child is most important, that’s my top concern. Of course, 
my own health as well, but I have my child more often in my mind than 
myself.” (#8, 19 weeks pregnant with 2nd child, The Netherlands).  

In this study 62% of the women indicated that nobody had ever talked to them about the risks 
and consequences of GDM (Table 2.2). Although all of the women were overweight or even 
obese, only 57% thought they had a high risk of actually developing GDM (Table 2.2). Some 
women acknowledged that they would be more proactive in maintaining a healthy lifestyle if 
caregivers would emphasize the importance of doing so, for instance by paying attention to 
their higher risk for diseases and complications caused by their weight.  

“There is little time to talk about these things. I was told ‘there is a higher risk 
for you to develop diabetes’ [...], but you have to search for information 
yourself. Nobody ever mentioned to me what it means to have diabetes or 
gestational diabetes. I think that would help, so that you really grasp the 
consequences.” (#4, delivered 3rd child, The Netherlands) 

“I noticed that care providers hardly ever bring up weight issues. I think it is 
important that general practitioners and midwives give us more guidance in 
controlling our weight.” (#3, delivered 1st child, 4 months postpartum, The 
Netherlands). 

 
Barriers and perceived self-efficacy: 
Barriers for women to be physically active during pregnancy may be internal and/or external. 
Two internal barriers brought forward by our interviewed women and quantitatively scored by 
those who filled out the questionnaire were experiencing physical complaints (80%) and 
tiredness (46%) (Table 2.2).  

”In the beginning you are tired, a lot. Just not enough energy …, you come 
back from work, but are too tired to go out again.” (#13, delivered 1st child, 2 
months postpartum, Belgium) 

Not having sufficient time (34%) was reported as external barrier (Table 2.2). Those women 
with children were more likely to agree that they had too little time to be physically active 
(47%) compared to nulliparous women (14%) (p=0.002).  

 “Before my first pregnancy I used to exercise a lot. Then I got pregnant again 
for a second time real soon and had no time anymore. “...” My physical 
activity is walking at home, the stairs and running after the children.” (#15, 
16 weeks pregnant with 3rd child, Belgium) 
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Almost all women (92%) were motivated because they felt better after completing any physical 
activity (Table 2.2). In addition, the interviewed women indicated that regular engaging in 
physical activity with friends or others during their pregnancy supported them in being active.  

The interviewees tended not to differentiate between a healthy diet in general and during 
pregnancy, but they did mention the importance of meeting their unborn child’s nutritional 
needs and the foods that should be avoided during pregnancy, such as soft cheeses and raw 
meat.  

“Ever since I have been pregnant I have made a very very conscious effort to 
make sure I was doing the right things and eating the right things, because 
obviously, I’m trying to grow someone (laughs).” (#19, 35 weeks pregnant 
with 2nd child, UK)  

Women with children found it less difficult to maintain a healthy diet throughout pregnancy 
(30%), compared to women without children (64%) (p=0.01). Other frequently experienced 
barriers to eating healthily mentioned by the interviewed women were having cravings, social 
gatherings and being busy. 

“Being an example is motivating. It is impossible to take candy and tell your 
children they can’t have it. […] If you do not want your child to drink cola, 
then you should not be doing it yourself.” (#11, 35 weeks pregnant with 2nd 
child, Belgium) 

 

Preferences for a lifestyle programme: 
A programme addressing both healthy eating and physical activity was preferred by the 
women, in which personal risks, consequences and emotional issues relating to weight and 
GDM should be addressed.  

“Forcing things down people’s throats I believe is not the way to go, so 
actually having someone say do you think this might be the best option, to 
try to encourage you to choose for yourself, but not forcing it down your neck 
is a good way of people trying to communicate with you to eat healthily.” 
(#17, pregnant with 6th child, UK).  

Women would like to talk to a health provider, coach or dietician (86%) and were motivated if 
another person checked their diet and weight regularly (76%, see Table 2.2). 

All women were generally in favour of being offered multiple choices in terms of time, location 
(at home or in a hospital), communication channels (face-to-face, telephone and/or internet 
(see Table 2.2)) and activities (swimming, walking, group fitness/exercises, cycling).  



Qualitative study 

27 

2 
“I don’t know because some people work better in groups some people do 
not, I am more on my own kind of thing, because sometimes it might get a 
bit too much, so it depends on the person. I would probably be like one on 
one.” (#21, pregnant with 2nd child, UK) 

The support of the partner is seen as extremely important (91%, see Table 2.2), underscoring 
the need to include the partner in the process of behaviour change in pregnant women. 
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Interview Questions Interview answers (N=21) Statements questionnaire % agree 
(N=71) Remarks given by participants (N) 

Risk perception and perceived importance 

Are you familiar with GDM, the 
consequences and risks associated with it? 

Most are informed but not 
extensively 

Nobody ever talked about 
the consequences of 
gestational diabetes with me 

62 

Would you have appreciated if someone 
had done so?  

Yes (46); No (4); Only if I had developed 
GDM (3) 

How high do you estimate your own risk for 
developing GDM? 

Different risk perceptions were 
reported 

I think I have a high risk for 
developing GDM 57 

Why do you think so? 
(over) weight (26); (family) history (G)DM 

(20); Unhealthy lifestyle (6); My doctor 
said so (4) 

Why don’t you think so? 
Healthy diet and enough exercise (8); 

Normal test results (7); No (family) history 
diabetes mellitus (7);Don’t know anything 

about GDM (3) 

How important is GDM prevention to you? Almost all women think this is 
important 

I would go to great length to 
prevent GDM 92 

How could you prevent GDM? 
Healthy nutrition (59); More physical 

activity (32); Lose weight (7) 

How important is your health for you? How 
did this change during your pregnancy? 

All indicate health of baby most 
important. 

 
Important to eat the correct food 

A healthy lifestyle is very 
important at this moment 94 

Is this different from before you were 
pregnant? 

No (31); Yes (32); Yes, but I can do less 
(back pain) and I am eating more (5) 

Already during pregnancy I 
feel responsible for the 
health of my baby 

100 
 

No remarks 
 

How did your weight change over the past 
years and how does this affect you? Do you 
mind people telling you that you are 
overweight? 

Most were struggling with their 
weight for years, but prefer a more 

advocate approach from health 
provider 

I would not mind health 
providers telling me I am 
overweight 
 

79 
 

No remarks 
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Table 2.2: continued 

Interview Questions Interview answers (N=21) Statements questionnaire % agree 
(N=71) Remarks given by participants (N) 

Barriers and perceived self-efficacy 

What do you think is a healthy 
diet during pregnancy? Is this 
difficult for you to follow? What 
makes this difficult? 

A healthy diet in pregnancy does not 
differ from a diet in general. 

Being busy, social gatherings, cravings 
and the notion to eat for two made it 

harder than usual 

It is not difficult to maintain 
a healthy diet during 
pregnancy 

49 
In which situations is this difficult? 

Cravings / hungry (22); Social occasions (10) 

In my surroundings it is 
common for pregnant 
women to eat and snack 
more than usual 

62 
Is this extra difficult? 

no (24); yes (17); sometimes (3) 

How physically active were you 
before you became pregnant, 
how did this change during your 
pregnancy? 

Most participants stopped dangerous 
sports and participated in less intensive 

activities 

I have not changed my 
exercise / physical activity 
habits during pregnancy 

38 

What has changed? 
Less physical activity (walking, running, cycling, 

swimming) (25); More physical activity (walking, 
swimming) (12); Changed the type of activity (5) 

What makes it hard for you to 
become or stay physically active 
during your pregnancy? And 
what will make you stop? 

Tiredness, being too busy and physical 
problems are the most frequently 
mentioned barriers which make it 

harder than usual to stay physically 
active 

I will stop with physical 
activity when I develop 
physical complaints 

80 

What will make you stop? 
Complaints of pain (hard belly, back-, pelvic-, 
abdomen-, muscle-, leg pain) (30);Tiredness / 

exhausted (11); Bad for baby (9); Doctors advice 
(6); Heart problems / headache / migraine (5); 

Blood loss (2) 

I am too tired to be 
physically active 46 No comments 

I have too little time to be 
physically active 34 

What other practical barriers keep you from 
physical activity? 

Other children / childcare (19); Motivation / Dislike 
of physical activity / Laziness (9); Work (6); Costs 

(6) 
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Interview Questions Interview answers (N=21) Statements questionnaire % agree 
(N=71) Remarks given by participants (N) 

Preferences 

Most women thought guidance, 
weight control and support 
research were reasons to 

participate in a prevention 
programme. 

I find aiming for weight control in 
pregnancy more appealing than the 
prevention of gestational diabetes 

37 

In favour of weight control: Both 
equally important (1); Weight control 
prevents GDM (4); Weight is a bigger 
problem (4); Weight control is easier 

(2) How should we encourage pregnant 
women to take part in a prevention 
programme? 

In favour of GDM: Both equally 
important (15); GDM more important 

(9); GDM more dangerous for baby (3); 
More afraid of developing GDM (2); 
Focusing on GDM affects weight (2) 

How should an intervention 
programme look like? Do you have 
preference regarding guidance? 
Communication channels? What 
should definitely be included? 

Talking about weight problems 
and addressing physical activity 

and healthy eating should be 
included in a prevention 

programme.  

It motivates me if another person checks 
my diet and my weight regularly 76 No remarks 

I would like to talk to a health provider, 
coach or dietician about my weight 
problems 

86 No remarks 

What motivates you to become 
physically active and eat more 
healthily? 
 

Support from partner and 
regular appointments with 

friends/others. 
Thinking of the consequences 
and feeling good afterwards 

I feel better if I am physically active 92 No remarks 

It is important for me that my partner 
supports me 91 No remarks 

Would you need help with healthy 
eating and physical activity in 
pregnancy and what kind of help 
would you appreciate? 

Dietary advice from a dietician 
would be appreciated, regarding 

what (not) to eat and weight 
management 

During pregnancy I would appreciate 
having personal support for having a 
healthy diet 

71 
How? Face-to-face (dietician, 

physician, obstetrician) (39); Internet 
(12); Telephone (11) 

What were reasons for you to seek 
help regarding weight related issues? 

They knew what to do regarding 
weight control in general but 

not specifically during 
pregnancy 

I know what I have to do to lose weight in 
general, but I don’t know how to control 
my weight during pregnancy 

44 

Why is it different for you in 
pregnancy? Responsible for health of 
baby (8); More hunger (7); Difficult to 

do physical activity (6); Difficult to 
follow a diet (4); You don’t notice, due 
to growth of baby (3); I don’t know (3) 

I know where pregnant women can get 
help with weight control in my 
surrounding/neighbourhood 

30 No remarks 
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DISCUSSION 

We explored beliefs, experiences and preferences regarding lifestyle modification during 
pregnancy among a diverse sample of overweight and obese European women who are at 
increased risk of developing GDM. The interviews in Belgium, the Netherlands and the UK 
provided an in-depth analysis and richness on risk perception of GDM, barriers and facilitators 
regarding the topics physical activity, healthy eating and weight control. The questionnaire 
results across other European countries corroborated our findings from the interviews, 
providing valuable information on the best European approach to intervene in the lives of 
overweight and obese pregnant women. 

To make changes to one’s behaviour a person should first perceive a necessity to change [293]. 
Perceived importance of behaviour change is one of the determinants of motivation and 
strongly driven by risk perception [293]. This may pertain to the woman’s own health as well as 
the health of the unborn baby. All women in our study valued the importance of the health of 
their unborn child, which is not a unique finding, but definitely underscoring the observation 
that pregnancy is a key time in which women are motivated to live healthily [222].  

Consistent with earlier research, in our study pregnant women appear highly receptive to 
health information and advice during pregnancy [92]. However, professionals do not use this 
opportunity to discuss the accompanying risk of obesity in pregnancy as they experience it to 
be a ‘conversation stopper’ [306]. Furthermore, professionals report they do not want to 
offend their clients by addressing their obesity and the risks involved [107,141], which could 
potentially impact negatively on the midwife-woman relationship [141]. Based on an in-depth 
interview study in obese pregnant women, a clear need exists for training of professionals in 
non-judgemental weight counselling and motivational techniques [181]. The need for this 
motivational training is supported by the observational study of Brown et al. (2013) collecting 
all the verbal and written information provided to first-time pregnant women regarding 
physical activity, diet, and weight management, which lacked purpose goals within verbal 
instructions, performance feedback, and specificity and relevance of target goals [35].  

The barriers related to physical activity like physical complaints, tiredness, and time, 
mentioned by the women in this study were mentioned by normal weight European pregnant 
women in previous conducted studies as well [31,94,118,138,341], suggesting that these 
barriers may apply to the whole pregnant population. So far, studies on the relationship 
between BMI and exercise during pregnancy are inconclusive [109], although it would be of 
interest to see if physical complaints differ in magnitude and severity between a normal weight 
and overweight population.  

In our study women who had at least one other child indicated that time constrains made it 
harder for them to be physically activity, which is consistent with other studies in which first 
time pregnant women were 1.6-1.9 times more likely to be physically active compared to 
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multipara women [109]. Providing childcare or home-based interventions may prove helpful in 
this context. 

Pregnancy often results in a decline in physical activity levels [64], as reported by the 
participants in our study. American guidelines suggest that pregnant women who are 
sedentary prior to pregnancy should build up their activity level to at least 30 minutes of at 
least moderate activity a day, while already active women should maintain or increase their 
level up to 30-60 minutes a day [15]. However, prescribing physical activity will only translate 
into behavioural change if the person is motivated and confident of her own ability to actually 
make that behavioural change. Self-efficacy is highly related to intention formation [293], 
weighing the pro’s and con’s of a specific behavioural change. It is found that higher levels of 
self-efficacy to exercise and to overcome exercise barriers are associated with more leisure 
time physical activity during pregnancy [71]. Promoting pregnant women’s self-efficacy by 
health counselling is therefore key. 

There are many benefits from being more physically active both for maternal and fetal health 
[139]. Yet, these benefits have not been reported by the women in this study, which suggests a 
need for an improvement in the quantity and quality of information related to physical activity 
presented by health care professionals [64].  

This research indicates on the one hand difficulties for women with children to become 
physically active, yet on the other hand they experience fewer problems to eating a healthy 
diet. Eating healthier may be due to their wish to set an example for their children or they may 
be more knowledgeable regarding healthy food from a previous pregnancy. In intervention 
development it may be especially valuable to distinguish between first time mothers and those 
women who already have children.  

Based on the results from this study an intervention programme across Europe should 
primarily be flexible to attend and individually tailored to a woman’s personal lifestyle, 
addressing topics related to weight management, physical activity and healthy eating. The 
partner is seen as highly important by almost all women, which is concurrent with earlier 
research [94,322,341]. In addition to partner support, this research suggests that it may be 
important to extend interventions to family and friends since they might discourage these 
women from being more active especially in third trimester of pregnancy [64].  

 

Strengths and limitations 
This mixed-method study was conducted in a heterogeneous group of overweight and obese 
women, making it possible to investigate the views of women living in nine different countries 
across Europe. This favours the external validity. However, selection bias can not be excluded, 
as we have no information available on the non-responders. There were clear trends and 
answers were rather comparable across sites, with no obvious differences observed between 
countries. This would justify the implementation of a similar intervention strategy across these 
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countries. However, we should interpret our findings with caution given the small sample size 
of this study, which made it impossible to conduct separate analysis by ‘country’. We further 
recognize that women’s responses might have been different for those ‘being overweight or 
obese’ or those ‘currently pregnant or postpartum’ women. Additionally the type of 
experienced barriers across pregnancy may have been dynamic as was found in earlier 
research [71], although it was not our intention to investigate this, since we wanted to develop 
an intervention to intervene across the whole pregnancy. Also the data gathering either by 
telephone call or by face-to-face interview might have had an impact on the results, although 
we believe that this pragmatic approach led to the inclusion of women who would otherwise 
not have participated due to time constrains and therefore we see this as a valuable addition 
to the data collection process. Translation of questions into different European languages and 
back might have influenced our results, although we found striking consistency in responses 
across countries. Furthermore, it is a limitation that detailed information regarding the 
response rate is lacking in most of the countries. 

 

Conclusion 
From our results it would appear that overweight and obese pregnant women overall are 
motivated to adopt a healthy lifestyle, but we cannot assume all overweight and obese 
pregnant women have that “readiness to change” [276]. Raising and reinforcing risk awareness 
combined with promoting self-efficacy warrants special attention, with a prominent role for 
health professionals [308]. A tailored counselling intervention, attuned to the stage of 
behaviour change [293] and taking into account barriers related to parity might be beneficial. 
In the end, this study led to the development of the DALI intervention programme, in which 
lifestyle coaches in addition to the usual care women receive will provide risk communication 
and individual lifestyle counselling on lifestyle behaviours such as weight management, 
physical activity and healthy eating. A detailed description of the developed intervention is 
written elsewhere [160]. Further research will demonstrate if addressing the issues that 
emerged from this study can help European overweight and obese women successfully prevent 
GDM.  
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Background: Gestational diabetes mellitus (GDM) is an increasing problem world-wide. 
Lifestyle interventions and/or vitamin D supplementation might help prevent GDM in some 
women.  

Methods/Design: Pregnant women at risk of GDM (BMI≥29 (kg/m2)) from 9 European 
countries will be invited to participate and consent obtained before 20 weeks of gestation. 
After giving informed consent, GDM will be excluded (based on IADPSG criteria: fasting 
glucose<5.1mmol; 1 hour glucose <10.0 mmol; 2 hour glucose <8.5mmol) and women will be 
randomised to one of the 8 intervention arms using a 2x(2x2) factorial design: ( 1) healthy 
eating (HE), 2) physical activity (PA), 3) HE+PA, 4) control, 5) HE+PA+vitamin D, 6) 
HE+PA+placebo, 7) vitamin D alone, 8) placebo alone), pre-stratified for each site. In total, 880 
women will be included with 110 women allocated to each arm. Between entry and 35 weeks 
of gestation, women allocated to a lifestyle intervention will receive five face-to-face, and four 
telephone counselling sessions, based on the principles of motivational interviewing. The 
lifestyle intervention includes a discussion about the risks of GDM, a weight gain target <5 kg 
and either seven healthy eating ‘messages’ and/or five physical activity ‘messages’ depending 
on randomisation. Fidelity is monitored by the use of a personal digital assistance (PDA) 
system. Participants randomised to the vitamin D intervention receive either 1600 IU vitamin D 
or placebo for daily intake until delivery. Data is collected at baseline measurement, at 24-28 
weeks, 35-37 weeks of gestation and after delivery. Primary outcome measures are gestational 
weight gain, fasting glucose and insulin sensitivity, with a range of obstetric secondary 
outcome measures including birth weight.  

Discussion: DALI is a unique Europe-wide randomised controlled trial, which will gain insight 
into preventive measures against the development of GDM in overweight and obese women.  

Trial registration: ISRCTN70595832 
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BACKGROUND 

Europe is facing an unprecedented threat from Type 2 diabetes mellitus (T2DM) with 
associated human suffering and an economic burden of enormous and rapidly growing 
proportions [55]. While T2DM is traditionally associated with a sedentary lifestyle and an 
unhealthy diet, the currently observed growth in developed countries is greater than expected 
from lifestyle deficiencies alone. Evidence is accumulating that Gestational Diabetes Mellitus 
(GDM) may be a more important contributor to these epidemics than previously recognised 
[238,297]. Firstly, women with past GDM comprise up to 31% of parous women with T2DM 
[56]. Secondly, intrauterine exposure to hyperglycaemia through GDM, predisposes the off-
spring to diabetes and obesity: so called "fuel mediated teratogenesis" [206]. If GDM is acting 
as the "accumulator" contributing to the T2DM epidemic, strategies to arrest this inter-
generational transmission are urgently needed.  

GDM is defined as 'carbohydrate intolerance resulting in hyperglycaemia of variable severity 
with onset or first recognition during pregnancy' [346]. GDM is characterised by pancreatic 
beta cell function that is insufficient to meet the body's insulin needs, usually in association 
with the increasing insulin resistance of pregnancy. There is no common unique pathogenic 
complication of diabetic pregnancy and a continuous relationship exists between maternal 
glycaemia and perinatal outcomes [4].  

Like T2DM in general, the prevalence of GDM in Europe is reported to vary considerably, in 
some populations GDM occurs already in up to 20% of all pregnancies. However, there is no 
generally accepted and uniform European agreement on screening approaches and diagnostic 
standards, making pan-European surveys of GDM currently very difficult [39].  

The pathophysiological processes associated with GDM, particularly those relating to insulin 
secretory capacity and underlying insulin resistance are also contributors to the development 
of T2DM. Strategies for preventing T2DM could therefore also be useful for GDM prevention. 
Currently no strong evidence exists regarding the best intervention for prevention of GDM 
[247,318], although a low glycaemic index diet, healthy diet according to recommendations for 
the general population, or an exercise programme could be beneficial. In addition lifestyle 
studies conducted specifically with overweight or obese pregnant women, potentially involving 
weight gain restriction, may reduce the prevalence of GDM and restrict gestational weight 
gain, although the quality of the published studies thus far is mainly poor [249]. Well-designed 
randomised trials, with standardised behavioural interventions are needed [127].  

Beyond lifestyle interventions, Vitamin D supplementation (serum 25-hydroxyvitamin D 
(25OHD)) has also been proposed as an approach that could prevent T2DM [100]. In 
pregnancy, insulin sensitivity is reduced. Normally, improved beta cell function and 
proliferation meet the increased secretory demands in pregnancy, but when this fails, GDM will 
occur. In pregnant women, an inverse correlation was found between vitamin D and insulin 
resistance, measured using Homeostasis Assessment (HOMA), suggesting that deficiency may 
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contribute to insulin resistance [192]. In women with GDM, administration of vitamin D led to a 
decrease in fasting glucose levels [283]. Therefore, vitamin D is postulated to contribute to 
insulin sensitivity and beta cell function, and deficiency may contribute to impaired glucose 
tolerance (IGT) during pregnancy. Suggested mechanisms are varied and in addition to those 
mediated through calcium and parathyroid hormone, include effects on cytokine release and 
innate and adaptive immunity[312]. 

This study will focus on prevention of GDM in the antenatal period and is designed to collate 
evidence about the epidemiology of GDM in Europe, to promote pan-European standards and 
measures for GDM and to identify suitable preventive measures against GDM.  

 

METHODS/DESIGN 

Overall study design 
This is a multicentre, randomised controlled trial using a 2x(2x2) factorial design across nine 
European countries. Pregnant women attending a participating antenatal clinic or hospital in 
one of these countries will be approached and asked to take part in the study. Baseline 
assessment will occur before 20 weeks gestation, immediately followed by randomisation into 
one of the eight, pre-stratified intervention groups. Follow up measurements will occur at 24-
28 weeks, 35-37 weeks and birth. This trial is funded by the European Union 7th framework 
(FP7/ 2007–2013) under Grant Agreement no. 242187, further local funding is received in 
some of the individual centres. All study procedures have been pilot tested and modified as 
necessary for the main study. The study was approved by the relevant ethical committees 
before the start of DALI (NRES Committee East of England – Norfolk: 11/EE/0221; Medical 
University Poznan: 1165/12; UZ KU Leuven: ML7625; VUmc Amsterdam: 2012/400; Hospital De 
La Santa Creu i Sant Pau Barcelona 13/006 (OBS); Medical University Vienna: 2022/2012 – 
1369/2013; Region Hovedstaden Copenhagen: H-4-2013-005; Province of Padua: 4201 X.11; 
Galway University Hospitals: 7/12).  

 

Participants 
Pregnant women with a pre-pregnancy body mass index (BMI) ≥ 29 kg/m2 are eligible for 
inclusion [208]. Where pre-pregnancy weight is not known the most earliest antenatal weight 
will be used. Further inclusion criteria are: before 20 weeks of gestation, singleton pregnancy 
and aged ≥ 18 years. Women will be excluded from the study if they: are diagnosed with GDM 
on oral glucose tolerance testing, before randomisation, using IADPSG criteria defined as 
fasting venous plasma glucose ≥ 5.1 mmol/L and/or 1 hour glucose ≥10mmol/L and/or 2 hour 
glucose ≥ 8.5 mmol/L at baseline measurement [209]; have pre-existing diabetes; are not able 
to walk at least 100 meter safely; require specific diets; have chronic medical conditions (e.g. 
valvular heart disease); have significant psychiatric disease; are unable to speak major 
language of the country of recruitment fluently or are unable to converse with the lifestyle 
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coach in another language for which translated materials exist. For the vitamin D arm, two 
additional exclusion criteria apply: have current or past abnormal calcium metabolism, e.g. 
hypo-/hyperparathyroidism, nephrolithiasis, hypercalciuria; have hypercalciuria (>0.6 
mmol/mmol creatinine in spot morning urine) or hypercalcaemia (>10.6 mg/dl | 2.65mmol/L) 
detected at baseline measurement. 

Women who have developed GDM at baseline are informed that they cannot participate any 
further in DALI and are recommended to contact their health care provider regarding their 
GDM. These women are asked to consent to have the information regarding their pregnancy 
outcomes collected. As the IADPSG criteria are not used to diagnose GDM at all sites, each site 
has a protocol on how to link women with appropriate services in their locality. 

 

Sample size and power calculation 
The primary outcomes of the study are gestational weight gain, fasting glucose and insulin 
sensitivity in late pregnancy. The numbers needed in each arm (80% power, 5% significance, 
two tailed alpha) were calculated assuming a 20% drop out. To detect a weight gain difference 
of 4 kg (mean of 11 kg and standard deviation (SD) of 6.5 kg) we would need 80 women in each 
arm. To measure a fasting glucose difference of 0.3mmol/L (mean of 5.0 mmol/L and a SD of 
0.5 mmol/L) we would need 85 women in each arm. To find a difference 0.44 for the HOMA-IR 
(mean of 2.2 and a SD of 0.8) we would need 101 women in each arm. Lesser numbers are 
required when using the factorial design, combining cells for comparisons. The trial will be 
conducted in nine European countries (ten study centres) and in each centre 88 women will be 
recruited (total n = 880) before 20 weeks of pregnancy and randomly assigned to one of the 
eight arms pre-stratified for centre and 2x2 trial (lifestyle 2x2 or vitamin D/placebo 2x2).  

 

Recruitment 
Women will be recruited in the following nine European countries: United Kingdom, Ireland, 
Netherlands, Belgium, Poland, Italy, Spain, Austria, Denmark (2 study centres), from a diverse 
range of socio-economic and ethnic backgrounds. Participating hospitals, surrounding 
midwives, obstetricians and general practices are involved in recruitment. Each country will 
have its own tactics to optimize recruitment (e.g. leaflets, flyers, posters outlining the 
intervention). An information sheet will be given to all eligible participants, which includes all 
aspects of the study. Women will have the opportunity to consider participation and to ask 
questions to the researcher. It is stressed that women can terminate participation at any time 
within the study without affecting her usual care. The privacy of the participant is protected, 
and all data will be protected and processed anonymously. Written consent will be obtained 
prior to the first baseline measurement. Women are requested to give consent for 1) 
participation in the study, including gathering data, blood sampling, associated measurements 
and extraction of relevant data from medical records, 2) storage of blood and placenta tissue in 
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a biobank and 3) external examination of their baby at birth. Depending on the site, costs 
involving study visits, parking or travel expenses will be reimbursed and in some places small 
gifts for attending the measurement visits will be given. The inclusion period is planned from 
February 2013 until the end of December 2013, based on recruitment of 2-3 patients a week at 
each centre. At each site a screening log will contain all patients screened for the study and the 
reasons why they were not randomised, if this is the case, to allow the consort diagram to be 
completed. 

 

Randomisation 
Women who are eligible will be randomly allocated to one of the eight intervention arms (as is 
shown in Figure 3.1): 1) healthy eating (HE), 2) physical activity (PA), 3) HE+PA, 4) 
HE+PA+vitamin D, 5) HE+PA+placebo, 6) vitamin D alone, 7) placebo alone, 8) control. A 
computerized random number generator draws up an allocation schedule pre-stratified for 
intervention centre and 2x2 trial. The DALI trial coordinator will prepare sealed opaque 
envelopes containing the intervention arm to which each participant is allocated. The outcome 
of the allocation will be reported by the lifestyle coach to the participant, before the start of 
the intervention. Those involved with measurements are kept blinded of the intervention. 

 

Procedure 
Clinical assessments will be made by a member of the research team at four time points: 
before 20 weeks (Screening/baseline), 24-28 weeks (visit 2), 35-37 weeks (visit 3) gestation and 
after delivery. The lifestyle intervention will be delivered by a lifestyle coach (Figure 3.1). 
Vitamin D will be taken daily from randomisation until delivery. Should GDM develop after 
baseline, women will be managed according to local standard practice. All treatments will be 
recorded and the DALI intervention will be discontinued. Measurement procedures, however, 
will continue, although at 35-37 weeks instead of an oral glucose tolerance test (OGTT) only 
fasting blood will be collected. 
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Measurement 3 + ultrasound 
35-37 weeks 

≈13-20 weeks F2F 

+ 1-3 weeks F2F 

+ 2-4 weeks F2F 

+ 2-4 weeks F2F 

≈ 30 weeks F2F 

Excluded:  
[1] pre-existing diabetes; [2] not able to walk at 
least 100meter safely; [3] require complex 
diets; [4] have chronic conditions; [5] have 
significant psychiatric disease; [6] are unable to 
speak major language of the country of 
recruitment; [7] past or current abnormal 
calcium metabolism*; 

Included:  
BMI at or above 29, singleton pregnancy, aged 18 years or more 

 

Excluded:  
GDM, hypercalciuria*, 

hypercalcaemia* 

Patient identification:  

Baseline / screening measurement + consent 
Until 19+6 days gestation 

Figure 3.1: Study design of the DALI project 
* Vit D group 
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Lifestyle interventions 
After randomisation, and after receiving all baseline measurement results, the individual 
sessions with a lifestyle coach will be scheduled for each participant. The counselling is 
targeted at healthy eating and/or physical activity according to a defined schedule. It builds on 
principles of patient empowerment and cognitive behavioural techniques, inspired by 
Motivational Interviewing (MI). Women will be assigned to the same personal coach during the 
intervention. The overarching intervention framework was derived from a previous lifestyle 
trial aimed at diabetes prevention in (non-pregnant) adults [301]. 

In the programme, face-to-face contact will be offered, along with telephone booster calls. The 
same amount of time will be offered to every participant during the trial. The intervention will 
be provided in five sessions of approximately 30-45 minutes duration, and in four optional 
telephone calls of up to 20 minutes that occur between the face-to-face sessions (see Figure 
3.1). The face-to-face sessions can take place either in the home of the participants or in the 
hospital / midwife practice / general practice, depending on local arrangements. The timing of 
these contacts and the time between these contacts is dependent on the preference of the 
participant and the availability of the lifestyle coach, in order to deliver the intervention with 
the most appropriate timing and to optimize chances of the uptake of behaviour change. 
However it is stressed that at least 4 face-to-face counselling sessions should occur before the 
second measurement and that the intervention should be finished before 35 weeks of 
gestation. 

To facilitate the coaches and promote treatment integrity, each coach will have a desk-file 
outlining the intervention and options in detail and will use a Personal Digital Assistant (PDA) to 
provide a framework for the visit and to help guide the coach to deliver the intervention. The 
PDA will also be used to record the intervention results / discussion at each step. Details of the 
session will be entered into the PDA programme as the session progresses or directly at the 
end of the session in order to focus all attention on the participant. All information will be 
synchronised to the server of the trial coordination team at the end of each session.  

To prepare consultations, answers from the baseline questionnaire on the ‘readiness to change 
scores’ for all the physical activity and healthy eating messages will be loaded on the PDA and 
can be used in helping to tailor the intervention, e.g. explain risk factors and identify barriers to 
change. Participants will choose one or more key items (agenda setting) as their main area of 
concern: risk factors of GDM, weight management, healthy eating and/or physical activity. The 
last two can only be chosen once subjects are allocated to these intervention groups.  

Once a message has been selected, the first phase of behaviour change is centred on intention 
formation (motivation). Current behaviour will be assessed and motivation for change will be 
established. To assess the participant’s readiness to change, coaches can use a ruler for 
motivation, importance and confidence, prompting the question: “How motivated are you right 
now to change this specific behaviour on a scale from 1-10, where 1 is not at all motivated, and 
10 extremely motivated”. Followed by questions to elicit change talk as “what is the reason 
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you rated yourself at a ‘(for example 4)’ instead of a 1?” and “what do you need to change this 
4 to a 6 (number rated as sufficient)?”. These scales are a useful tool for the coach as well as 
for the participant to gain insight in why change is needed (importance), what is driving the 
women’s desire to change (motivation) and to increase a person’s own beliefs of own ability to 
actually make the desired change (confidence). Since an individual’s readiness to change is 
variable and dynamic, these scales can be used in follow up consultations as well to gain insight 
in the development of the women’s changes she already experienced and serve as a feedback 
tool. 

To help women resolve feelings of ambivalence and promote intrinsic motivation, perceived 
disadvantages and advantages of lifestyle change are explored using a decisional balance 
sheet. The primary focus is on reducing the disadvantages of the current behaviour and 
promoting the advantage of the preferred behaviour. The status quo will be acknowledged, 
while ‘change talk’ will be rewarded with positive reinforcement.  

If women score low for the importance scale of changing their behaviour, education on risk and 
benefits might enhance their motivation for change. The communicated risk factors of 
developing GDM [269] consist of unchangeable (inherent) risk factors like: previous GDM, 
family history of diabetes, polycystic ovarian syndrome (PCOS), ethnic background as well as 
modifiable risk factors like: weight, unhealthy nutrition, insufficient physical activity and 
excessive sedentary behaviour. The primary focus of the intervention will be on the modifiable 
factors. The risk communication will serve as an introduction and will build motivation to 
change their weight, physical activity and nutrition behaviour.  

By offering social support, encouraging women to say what could work, talking about past 
successes and achievements, speculating and exploring extremes, confidence for behaviour 
change will be enhanced. 

Finally, when the woman is ready to make the change, this will be translated into personal goal 
setting and action planning. Action cards will be used as a tool to help women formulate a 
specific and realistic goal. Involving questions to alter the chances of success: “What is your 
action plan?, When will you start?, How will you make this change?, What if it did not turn out 
the way you wanted, what will be your back-up plan?”. 

Following realistic goal setting (in subsequent sessions), the women are encouraged and 
supported in their efforts to eat healthily and/or to be sufficiently physically active. During this 
action phase, behavioural strategies will be provided along with mobilising social support and 
identifying and overcoming obstacles where possible. 

Participants allocated to one of the five groups with a lifestyle intervention receive a toolkit 
with useful materials to help them change their behaviour. The content of the toolkit is 
dependent on the group they are allocated to. All coached participants receive a participant 
manual, with general information about (risk of developing) GDM, which is explained above, 
and weight management.  
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The Institute of Medicine (IOM) has advised on a minimum, mean and maximum weight gain 
for each pre-pregnancy BMI-group until 40 weeks of gestational age. For the group ≥ BMI 29 it 
is advised to gain between 5 to 9 kilogram [155]. While the purpose of the DALI trial is to 
minimize gestational weight gain, women are advised to gain a maximum of 5 kilogram. If 
before the start of the intervention, they have already gained ≥ 5 kilogram the advice is to 
maintain this weight throughout the remaining pregnancy. The goal of the intervention is to 
make the women aware of the fact that they are able to influence their weight (gain) even 
during pregnancy. Goal setting to achieve optimal weight gain during pregnancy appears to be 
helpful [34]. Therefore, if women find it helpful to keep track of their weight, they have the 
possibility to measure their weight every session with the lifestyle coach.  

Where a lifestyle choice is already in place, fortification discussions will occur. All messages will 
be reviewed as an option (although they may be promptly discarded). Some of the messages 
overlap and so some actions will therefore address more than one message. 

 

Physical activity (PA) intervention 
According to the American College of Obstetrics and Gynaecology (ACOG) guidelines[15], 
pregnant women are recommended to be moderately physically active for at least 30 minutes 
per day (building up to 60 minutes if possible) on at least 5 days of the week (preferably 7).  

Each participant will be advised by attractive messages to: 

1) “Be active every day”: Incorporate light and moderate PA as much as possible into their daily 
life (e.g. by parking further away from destination or undertake special activities for 
pregnant women). 

2) “Sit less”: Reduce sedentary time. 
3) “Build your strength”: Incorporate upper and/or lower limb resistance exercise as PA. 
4) “Take more steps”: To increase the number of steps taken per day. 
5) “Be more active at weekends”: To be more active during the weekends. 

An action plan for increasing PA levels will be made during the first session, and evaluated in 
subsequent sessions. The participants receive a manual with additional information about PA, 
including an adapted F.I.T.T. model (frequency, intensity, time, type) based on ACOG guidelines 
[15] and information about the above mentioned PA advices. To help the women increase their 
PA they will receive pedometers (Yamax Digiwalker SW-200, Tokyo, Japan) and flexible elastic 
dynabands (Thera-Band, Akron, USA), respectively to provide feedback about their behaviour 
and progress and to help them perform at home upper and/or lower limb resistance exercises. 
For these exercises, an additional (training) video has been developed, containing an 8 min 
workout with the dynaband and showing specific exercises one by one. The exercises can be 
found in the manual as well. Included in the manual is also a list with helpful places where 
pregnant women can go for PA classes, e.g. pregnancy swimming, pregnancy fitness classes 
and pregnancy yoga. Activities such as swimming, walking and cycling are activities that the 
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participants should be able to undertake during the course of their pregnancy. As pregnancy 
progresses through the third trimester, PA may decrease and this will be managed 
sympathetically by providing alternatives e.g. upper limb exercises whilst sitting. 

 

Healthy Eating (HE) intervention 
The following dietary objectives will be set for each participant to achieve or to maintain:  

1) “Replace sugary drinks”: To reduce intake of sugary drinks (e.g. replace with water). 
2) “Eat more non-starchy vegetables”: To eat more non-starchy vegetables. 
3) “Increase fibre consumption”: To choose high-fibre, over low fibre products  

(≥5 g fibre/100g). 
4) “Watch portion size”: To be conscious about the amount of food eaten each meal. 
5) “Eat protein”: To increase intake of proteins (e.g. meat, fish, beans). 
6) “Reduce fat intake”: To reduce fat intake (e.g. snack, fast food, fried foods). 
7) “Eat less carbohydrates”: To reduce intake of carbohydrates (e.g. potatoes, pasta, rice, 

snacks, candy). 

An action plan for improving dietary behaviour will be made during the first session, and 
evaluated in subsequent sessions. Participants have the opportunity to discuss their dietary 
record, which was completed as measurement tool to minimize unnecessary time-consuming 
intervention modules with their coach. The participants receive the participant manual with 
additional information about healthy eating, including a section on how to read a food label, an 
adapted food pyramid (which is concurrent with the dietary objectives) and detailed 
information about the above-mentioned dietary topics.  

 

Lifestyle coaches 
A lifestyle coach will carry out the face-to-face counselling and the telephone booster sessions. 
The appointed lifestyle coaches have been selected for their natural ability to be emphatic, and 
most had a background in behavioural change, healthy eating and/or physical activity. They will 
receive a special training programme containing MI techniques [211] to help women overcome 
their ambivalence or barriers that keep them from making the desired lifestyle changes. The 
coaches receive the following tools: 1) a coach- and PDA manual in English, with detailed 
information about DALI, MI, a flow of a (‘perfect’) conversation containing helpful questions 
and background information and an explanation of the use of the PDA; 2) presentations in 
English about GDM; the DALI intervention and messages; MI; Goal setting/ planning; 3) a basic 
two to three day training course in MI from a professional local MI trainer in the local language 
of the country; and 4) feedback on at least one actual conversation with a real person by a MI 
trainer preferably on the Motivational Interviewing Treatment Integrity (MITI 3.1.1) [228]. In 
the end all lifestyle coaches should be able to ‘roll with resistance‘, express empathy, develop 
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discrepancy, support self-efficacy, elicit change talk, make complex reflections and ask open 
questions.  

The counselling sessions will be supervised and evaluated by a local MI trainer to optimise 
counselling quality and to minimize variation between coaches. Each counselling session will be 
recorded to understand the interaction between the coach and participant, with the 
participant’s permission. The content, together with general characteristics, will be 
summarized in a report that is then filed in the database for future thematic analysis. In the 
pilot study lifestyle coaches have become acquainted with the protocol and the target group. 
Each coach has to confirm they have read the DALI study materials, provide written 
descriptions of some aspects of DALI, and attend an observed ‘standardisation session’ where 
their interaction with a mock participant is videoed. A standardisation meeting will take place 
at the beginning of the trial and a learning and sharing community page on Facebook will 
provide an online place to post and discuss DALI related issues among lifestyle coaches in order 
to stimulate improvement of skills.  

 

Vitamin D intervention 
No consensus on the definition of vitamin D (25-hydroxyvitamin D (25OHD)) sufficiency outside 
pregnancy exists, and cut-off levels of 50 nmol/L [243] and 75 nmol/L [334] have been 
proposed. There is no indication that the definition should be different in pregnancy, and in 
other pregnancy studies the same cut-offs for deficiency and insufficiency have been used as 
for non-pregnant adults [307]. Thus, IOM recommendation is a minimum of 600 IU/day [279], 
National Institute for Health and Clinical Excellence (NICE) recommends a minimum of 400 
IU/day [240] with the upper tolerable intake set at 4000 IU/day [279]. Normally obstetricians 
and midwives provide usual care including a prescription of multivitamin pills containing 400-
600 IU vitamin D/day. 

In a recent study no negative consequences occurred in pregnant women with 4000 IU vitamin 
D/day. It further showed that the desired plasma levels of 80nmol/L were reached with 2000 
IU/day and that a higher dose of 4000 IU/day did not increase plasma levels of vitamin D much 
more compared to 2000 IU/day [149].  

Taking into account that most women use multivitamins during pregnancy, containing on 
average 400 IU vitamin D, we chose to use a dosage of 1600 IU/day as the intervention dosage 
in our trial, in tablet form, Devaron ®, produced by Vemedia (Diemen, Netherlands) (RVG 
09766). Each tablet contains 400 IU, and participants are asked to take 4 tablets/day until 
delivery. Devaron is prepacked in bottles containing 90 tablets each. 

We aim at achieving a vitamin D concentration >=50 nmol/L at term in the majority of obese 
pregnant women receiving supplementation. Taking into account a non-confirmed publication 
of a U-shaped relationship between maternal vitamin D and offspring IgE [152], an upper cut-
off 135 nmol/L (ideally not to exceed) will be considered. 
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Placebo intervention 
Placebo tablets, identical to the Devaron tablets in appearance, will be produced in bulk by 
Vemedia especially for the DALI trial. Vemedia will provide the results of the batch analysis of 
the placebo’s after producing those. An IMPD for the placebo will be produced by Apotheek 
Haagse Ziekenhuizen (AHZ). Packaging of the placebo will be done by AHZ in The Hague, in 
identical bottles with identical labels as the Devaron bottles. The women will be asked to take 
4 tablets daily. 

 

Control group 
The control group will receive the same recruitment process and study assessments as the 
other participants but they will not receive any lifestyle intervention or vitamin D/placebo 
administration. They will receive usual care from their midwife or obstetrician during 
pregnancy. 

 

Data collection 
Data will be collected from participants at four time points (see table 3.1): baseline/screening 
measurement (<20 weeks), at 24-28 weeks, at 35-37 weeks and after delivery. These visits are 
scheduled mostly together with usual care visits, to minimize time consuming study visits. At 
these time points (except at delivery) an OGTT is performed. In between blood collections, 
participants will be asked to complete a questionnaire and anthropometric measurements will 
be performed as well. The women will be asked to wear an accelerometer for 3 days including 
a weekend/holiday day and write down their nutritional intake in a dietary record for that 
period. These data can be returned with a reply-paid envelope which is provided to them. At 
first trimester, 24-28 weeks and 35-37 weeks, data of obstetrical ultrasound examinations will 
be collected, depending on the study site whether these check-ups are usual care visits or 
additional to the study. 

At birth maternal blood is collected shortly before the birth process (or a day after delivery, to 
minimize disrupting blood levels caused by the delivery itself). Placenta tissue and cord blood is 
collected and processed within 30 minutes after birth. Neonatal measurements will be 
performed within 48 hours after birth. The women will be asked to complete a questionnaire 
and data from the medical records will be requested regarding the delivery. 

 

Blinding 
Participants cannot be blinded for the intervention, but are asked not to reveal information 
about their intervention treatment to the measurement team. Across countries different 
health professionals perform the measurements. At the beginning of the trial and within 6 
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months all the health professionals are trained in a standardisation meeting to perform these 
measurements. 

 

Physical examination 
Maternal  
Height will be measured only at the baseline measurement with a stadiometer (SECA 206, 
SECA, Birmingham, UK), with accuracy to the nearest centimeter, the average value of two 
measurements will be used. Pre-pregnancy weight will be based on self-report. Height 
measurement and pre-pregnancy weight will be used to calculate BMI (kg/m2), a BMI of 29 or 
above accounts as inclusion criteria. At each measurement women will be weighed on 
calibrated electronic scales (SECA 888; SECA 877) wearing no shoes and light clothes, to the 
nearest 0.1 kg; the average value of two measurements will be used. At baseline and at 35-37 
weeks of gestation, relative body fat will be estimated after measurement of subcutaneous 
skinfolds (biceps, triceps, suprailiac and subscapular) with a Harpenden calliper (British 
indicators, Sussex, England) according to the method described by Durnin and Womersly 
(1974) [89]. The measurement is performed twice and the mean value is used. In case the two 
measurements differ more than 1.0 mm, the skinfold is measured a third time and the mean 
value of the three values is used. At baseline, waist circumference will be measured twice at 
the level midway between the lowest ribcage and the iliac crest [342], the average of these 
two values is taken. When the first measure taken differs from the second measurement by 
more than 3 cm an additional measure is taken. Neck circumference will be obtained three 
times during pregnancy in a standing relaxed upright position between mid-cervical spine and 
mid-anterior neck, to within 1 mm [24].The blood pressure (diastolic and systolic) and heart 
rate (OMRON 705, Kyoto, Japan), will be recorded on the left arm with an appropriate-sized 
cuff after the participant had been seated for at least 2-3 minutes. The average value of two 
measurements taken one minute apart will be used. 

Fetus/Baby 
Prenatal examination will be performed by obstetrical ultrasound measurements and in the 
postnatal period the baby will have a physical examination within 48 hours after birth.  

Ultrasound examination of fetal growth and development will be performed during the first 
trimester at 24-28 and 35-37 weeks of gestation. If the baseline measurement is beyond 16 
weeks of gestation, at least one early ultrasound record is mandatory (<14 weeks) with a crown 
rump length (CRL) [254] , to define an accurate date of gestation and hence an estimated date 
of delivery. The first trimester ultrasound includes the following measurements: biparietal 
head diameter, head circumference, the abdominal circumference and the femur length to 
calculate the estimated fetal weight (EFW) [123]. Optional are the CRL [254] and nuchal 
translucency [321], depending on the gestational age of examination and the fetal liver size 
measurement [11,275,337]. Doppler measurements include the Ductus Venosus (DV) 
(pulsatility index, presence of the a-wave) and the maternal uterine arteries (Uaa) (pulsatility 



Chapter 3 

48 

and resistance index) [8]. Also placental location is defined. At 24-28 and 35-37 weeks the fetal 
biometry will again be defined, except for the CRL, to calculate the EFW. Additionally the 
definition of the amniotic fluid Index as a marker of fetal well-being and development is 
defined [224]. Doppler measurements are expanded with the umbilical artery (pulsatility and 
resistance index), umbilical vein (maximum velocity and presence of single, double or no 
pulsations) and the middle cerebral artery (pulsatility and resistance index with the maximum 
peak systolic velocity) additional to the DV and Uaa [8,19,196,326]. All fetal growth and 
Doppler measurements have been described intensively for fetal monitoring in obstetrical care 
and defined by the International Society of Ultrasound in Obstetrics and Gynaecology (ISUOG) 
guidelines [287]. At 24-28 and 35-37 weeks, more innovative measurements concerning fetal 
body composition evolution are also explored in some participating sites with sufficient 
expertise. These non-invasive intrauterine measurements consists of fetal fat mass and fetal 
lean mass, area of the upper arm (midportion of the humerus) and upper leg (midportion of 
the femur), together with the abdominal fat thickness, subscapular fat thickness 
[40,49,51,77,108,250] and the fetal liver size [275,337]. 

At birth both the placenta and the arterial and venous cord blood will be sampled and 
processed. The placenta weight (g) will be measured after the removal of the umbilical cord 
and the membranes using a calibrated scale with minimal precision up to 10 grams. 

The newborn baby is examined immediately after birth (one and five minutes) on five criteria 
on a three point scale (0, 1 or 2), resulting in the Apgar scores with a maximum score of ten. 
[13,97] 

Within 48 hours after birth the baby’s weight, length and head circumference will be 
measured, as well as anthropometry measurements (abdominal circumference, upper- and 
lower arm and upper- and lower leg circumferences) with skin fold measurements of triceps, 
quadriceps, subscapular and suprailiac region in mm [32,49,75,343] . 

The skinfold measurements are performed with a Harpenden skinfold calliper with a 0.2mm 
accurate scale [89]. Every skinfold target is measured at pre-defined spots: triceps skinfold, 
midway between the acromion and olecranon; the subscapular skinfold, at the lower angle of 
the scapula; the flank skinfold, in the mid-axillary line just above the crest of the ilium and the 
thigh skinfold, midway between the crural fold and the large semilunar crease above the 
patella when the leg is fully extended in the longitudinal plane of the leg. The skinfold will be 
measured lifting the skin with the thumb and index finger, taking care not to include any 
underlying tissue. Each measurement will be repeated once and if a difference of more than 
0.2mm is registered, a third measurement is performed and the average of the three is taken.  

An additional means of gathering information on neonatal lean and fat mass development is 
total body fat electrical conductivity (TOBEC). The decision to measure subcutaneous skinfolds 
instead of TOBEC in the neonate was taken because skinfold examination allows the evaluation 



Study design 

49 

3 

of the body fat distribution on trunk and extremities, which may be more helpful in identifying 
the specific risk feature of T2DM of central obesity [40,50].  

 

Oral glucose tolerance test (OGTT) 
At baseline, 24-28 and 35-37 weeks an OGTT is performed. After an overnight fast of 10 hours, 
a fasting blood sample is collected, immediately followed by the administration of 250 ml 75 g 
glucose drink (within a period of 5 minutes). Further blood collections take place at the time 
points 60 and 120 minutes in which only glucose and insulin will be assessed. At some sites 
blood will also be collected at 30 and 90 minutes. Participants are instructed not to walk, eat or 
drink extensively during this test. For clinical practice use and inclusion in the study glucose will 
be measured in the blood samples at 0, 60 and 120 minutes in the local laboratories at baseline 
and 24-28 weeks of gestation, some centers will locally analyse the 35-37 weeks sample as 
well. 

 

Biological samples 
Blood will be collected from the mother at the time of the OGTT and within 48 hrs after 
delivery and from the newborn immediately after delivery (approximately 16 ml of arterial and 
16 ml of venous blood from placental chorionic vessels). The samples will be centrifuged and 
separated aliquots (1000 µl or 250 µl) will be placed in microrack tubes and stored at -20º or -
80º C until further analysis in the central trial laboratory in Graz, Austria.  

Four placental biopsies, each from the central part of one of the four quadrants in relation to 
the cord insertion will be taken. These pieces will be equally divided in a maternal and fetal 
part and stored in a cryotube. The cryotube will be filled with RNA-later (Sigma-Aldrich, St. 
Louis, MO, USA) and kept at 4ºC for at least 24 hours to allow the RNA-later to fully penetrate 
the tissue. Thereafter the cryotubes will be stored in a freezer of at least -20ºC until shipment 
and further analysis in Graz. 

 

Laboratory analyses 
From maternal fasting blood samples the concentrations of plasma glucose, 3ß-OH-butyrate, 
lipids (triglycerides, free fatty acids, total cholesterol, high density lipoprotein cholesterol and 
low density lipoprotein cholesterol), insulin, leptin, HbA1c, vitamin A, vitamin D and 
carotenoids will be determined. 

From arterial and venous neonatal blood samples, the levels of plasma glucose, 3ß-OH-
butyrate, triglycerides, vitamin D, C-reactive protein, leptin and erythropoietin will be 
measured. 
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C-reactive protein, insulin, leptin and erythropoietin concentrations will be quantified using 
commercially available Enzyme-Linked Immuno Sorbent Assay (ELISAs), vitamin D levels by 
liquid-chromatography coupled with mass spectrometry (LC-MS) and vitamin A and carotenoid 
levels by high-performance-liquid-chromatography (HPLC) and Ultraviolet (UV) detection. The 
concentrations of all other analytes will be quantified by conventional clinical chemistry 
methods. 

 

Behaviour 
To assess the amount of physical activity the pregnancy physical activity questionnaire (PPAQ) 
[54] will be used. This questionnaire covers the time spent on sedentary, light, moderate and 
vigorous behaviour and it is structured into duration per day or week during the current 
trimester of pregnancy. The PPAQ is validated in pregnancy and reliable to use in European 
countries [54]. In addition the participants will wear an accelerometer (Actigraph GT3X+, GT1M 
or Actitrainer), which offers an objective way to assess physical activity [130]. The Actigraph is 
a tri-axial accelerometer developed and manufactured in Pensacola, Florida, USA. The 
lightweight device has a sampling frequency of 60-80 Hz. The unit of data derived from the 
accelerometer is counts/minute. Using the Freedson cut-off points [106] the number of 
minutes per day in light, moderate and vigorous activity will be calculated as well as time spent 
sedentary. Participants will wear this device at least for three days, including two days during 
the week (Monday-Friday) and one day in the weekend (Saturday or Sunday) or a holiday day. 
Data from waking up until going to bed will be used for analysis. The participants will be asked 
to remove the accelerometer while swimming, showering or bathing, because it is not 
waterproof. At such non-wearing intervals participants will be asked to write down what they 
did in an activity log. 

For the purpose of the intervention the dietary behaviour questions will be closely linked to 
sub-behaviours targeted in the intervention. Therefore a list of 12 items has been formulated 
on which women can indicate the frequency (days per week) and amount (as large as the size 
of the palm of a hand or equal to 200 ml for fluids) of the specified food consumed. The list 
exists of the following items: vegetables, fish, meat/eggs, high fat milk products, fruit, 
potatoes/pasta, cakes/muffins, whole grain bread, fruit juice, non-diet soft drinks, fast food 
and breakfast.  

To complement the 12-item list a dietary record is completed as well, in which participants 
keep track of what they eat and drink as detailed as possible for three days, including one 
weekend day. Food and drinks consumed are noted for all meals (breakfast, lunch, dinner) and 
snacks (in betweens), with quantities, brand names, and preparation methods included where 
appropriate. Preferably this is done in the same period as wearing the accelerometer. For the 
purpose of interpretation, the three-day-food dietary records will be translated into English 
and analysed with food nutrition tables and a coding book. Average daily kilojoules (energy 
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intake), percentage total fat, saturated fat, carbohydrate, protein, fibre and the amount of 
vegetables will be calculated. 

Paternal and maternal smoking behaviour will be assessed regarding smoking status, reasons 
and date of quitting or amount of current cigarette consumption and change in consumption. 
Alcohol consumption and change in alcohol consumption due to pregnancy will be asked at 
baseline. 

During pregnancy short sleep duration and specially snoring have been associated with 
abnormal glucose tolerance and hypertension [96,156,265], so sleeping habit and snoring will 
be taken into account.  

 

Vitamin D 
In the questionnaire days travelled to a warmer climate in winter or spring and number of sun 
beds will be asked. The month of blood collections will be noted to link this to vitamin D 
content.  

The use of multivitamin pills and their dosage will be recorded and the amount of vitamin 
D/placebo pills missed (compliance) will be noted based on self-report and by pill counter at 
the measurements session from returned bottles.  

Adverse events like hypercalciuria (≥2.27 mmol/mmol calcium/creatinine) and hypercalcaemia 
will be checked for locally at all measurements (at 24-28 weeks >9.0 mg/dl | 2.25 mmol/L; and 
at 35-37 weeks > 9.7 mg/dl | 2.43 mmol/L). 

 

Psychosocial factors 
Based on the Health Action Process Approach (HAPA) model [293] we will assess perceived 
importance, outcome expectancy, self-efficacy and intention related to weight control, physical 
activity and nutrition. These factors have been shown to be important predictors in healthy 
pregnant women or in women with (previous) GDM [164,170,341] and captured with single 
validated items that have been used in previous studies. The stage of change questions for 
physical activity and nutrition behaviour are adapted from Te Wai O Rona: Diabetes Prevention 
Strategy [301], itself adapted from Prochaska [264]. Mental Health (stress, depression, anxiety) 
has been shown to affect birth weight and gestational age [314]. Therefore we chose to 
measure mental health with the widely-used WHO well being index [184] and pregnancy 
specific worries with the Cambridge worry scale [120]. To measure health related quality of life 
the EuroQol (EQ 5D) will be used [2]. 
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Other 
Social demographics, like household composition, marital status, ethnicity (maternal, paternal 
and of grandparents), education, employment, occupation, shift work, parity, age and paternal 
information will be obtained. 

In the questionnaire information on pre-existing conditions is included: family history of 
diabetes, previous GDM diagnosis, IGT, hypertension and PCOS. Past/current obstetric history 
and medication / vitamin use is assessed also. 

Co-morbidities, sick leave and complications during pregnancy or delivery will be assessed. 
Obstetrical and perinatal complications will be registered, such as spontaneous or induced 
abortion before 22 weeks, intra-uterine death at or after 22 weeks gestation, hypertensive 
diseases, preeclampsia, pre-term delivery (<37 weeks), need for labour induction or 
augmentation, assisted vaginal delivery, shoulder dystocia, maternal haemorrhage and 
caesarean section. Also adverse events for the neonate, such as hypoglycaemia, 
hyperbilirubinaemia (with or without therapy), respiratory distress, congenital malformation, 
admission to the neonatal (intensive) care unit, stillbirth, early or late neonatal death will be 
registered. 

 

Primary outcome measures 
For assessing intervention effects, the primary outcomes were maternal weight gain, fasting 
glucose levels and insulin sensitivity. Maternal weight gain will be defined as the weight change 
from baseline measurement to the last measurement at 35-37 weeks of gestation. Insulin 
sensitivity will be derived from homeostasis model assessment (HOMA) [201].  

 

Economic evaluation 
This study will include an economic evaluation to assess the cost-effectiveness of the 
intervention. All direct costs, medical and nonmedical, and indirect cost, morbidity and 
mortality, will be registered. Regarding economic evaluation of prevention strategies, the cost-
effectiveness analysis will be carried out from a societal perspective. Moreover, we will assume 
the following general principles when performing the analysis: 1) intention to treat 2) the time 
horizon will be extended to 10 weeks postpartum to register all cost and benefits, and 3) an 
assessment of uncertainty in final outputs will be applied. In this case, univariate and 
multivariate analyses of strategies and scenarios (including discounting rates) will be 
undertaken. Finally a multivariate analysis of possible scenarios related to epidemiological 
variations, costs and benefits will be performed. Furthermore, cost-effectiveness, and cost 
utility mean ratios of each intervention will be calculated and compared. Incremental cost-
effectiveness ratios (Δ Costs /Δ Effectiveness) and net health benefits (according to willingness 
to pay) of each intervention will be calculated. Additionally, the degrees of dominance of 
competing strategies will be analysed by using the efficiency frontier graphs. Univariate (i.e. 
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tornado graphs- for detecting the most sensitive parameters) and multivariate sensitivity 
analyses (i.e. confidential intervals and nonparametric-bootstrapping) will be performed. 
Moreover, a budgeting impact of the introduction of the most efficient strategies will be 
carried out aiming to highlight the feasibility of introducing those strategies. Finally, data from 
this prospective study will enable us to perform a decision modelling for health economic 
evaluation of the introduction of the different strategies in Europe to prevent GDM in time 
horizons of 3 and 5 years and applying a discounting rate for costs and benefits (i.e. 3.5%). This 
model will allow investigators to estimate cost-effectiveness of the interventions in simulated 
cohort studies in each of the sites. 

 

Database 
All trial subject data is entered into a web-based electronic database using the Microsoft.Net 
development environment that is accessible from any web-enabled computer, tablet or cell 
phone. The database is housed on an SQL server that employs a certificate and is housed in a 
physically-secure location. Pages are in English and employ drop-down menus, pick-lists and 
text boxes, and are encrypted with Standard SSL level encryption. Operator entry is password 
protected. No personal identifiers for study subjects are housed within the database; rather 
they are cross-referenced to a unique study number, the first two digits of which indicate the 
geographic clinical site. The security and confidentiality standards of the database are 
compliant with those required under HIPAA privacy rules established by the National Institutes 
of Health, U.S.A., and the recommendations of EuroSOCAP. Back-up copies of the entire 
database are made daily. A Data Management Board has been created to oversee the integrity 
of data and to determine its academic usage. 

 

Process evaluation 
Process evaluation [288] will be used to gain insight into the response rate of the target 
population (reach), behaviour changes, implementation, fidelity (the extent to which the 
intervention was delivered as planned), delivered dose (the amount of the intervention 
actually delivered) and participants perceptions (satisfaction). For this the recruitment 
database, counselling logs on the PDA, evaluation questionnaire and the MITI 3.1.1 code [228] 
will be used. 

  



Chapter 3 

54 

Table 3.1: Sampling and measurements 
 Method or 

sample used 
Baseline 24-

28wk 
35-
37wk 

birth <48 hours 
postnatal 

Physical examinations maternal 
Weight Scale (twice) x x x   
Height Stadiometer 

(twice) 
x     

Waist circumference Tape (twice) x     
Neck circumference Tape (once) x x x   
Skin folds (fat percentage) Calliper (twice) x  x   
Blood pressure (systolic, diastolic) 
and heart rate 

Twice x x x   

Physical examinations fetus/baby 
Fetal ultrasound a  x x x   
APGAR (1min; 5min)     x  
Neonatal measurements (birth 
weight, length, head circumference, 
neonatal body composition (skin 
fold thickness, circumference of 
extremities, abdominal 
circumference) 

Calliper (twice) 
and tape 

    x 

Perinatal and obstetric outcome: 
maternal and neonatal outcome f 
and complications 

    x x 

Laboratory assessment 
Fasting plasma glucose, HbA1c, 
insulin b 

Fasting venous 
sample 

x x x  xg 

Leptin, vitamin A, vitamin D, 
carotenoids, 3ß-OH-Butyrate 

Fasting venous 
sample 

x x x  xg 

Lipids (triglycerides, free fatty acids, 
total cholesterol, HDL cholesterol 
and LDL cholesterol) 

Fasting venous 
sample 

x x x  xg 

(30), 60, (90), 120 min plasma 
glucose and serum insulinb 

venous sample x xc xc   

Serum calcium and albumin Venous sample xd xd xd   
Urinary calcium/creatinine ratio Morning spot 

urine 
xd xd xd   

Cord blood sample  Arterial and 
venous sample 

   x  

Placenta tissue Tissue sample    x  

Behaviour  
Accelerometer 3 day Actigraph x x x   
PPAQ Questionnaire x x x   
Dietary record 3 day Dietary record x x x   
12 item food frequency list Questionnaire x x x   
Smoking Questionnaire x  x   
Alcohol Questionnaire x     
Sleeping pattern Questionnaire x x x   
Attitude, knowledge, social support, Questionnaire x x x   
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 Method or 
sample used 

Baseline 24-
28wk 

35-
37wk 

birth <48 hours 
postnatal 

self-efficacy, risk perception and 
stages of change in PA and diet 
Barriers and facilitators to change 
PA and HE 

Questionnaire   x   

Access to PA venues and healthy 
food 

Questionnaire x x x   

Vitamin D  
Travel to warmer climate in 
winter/spring, sun beds 

Questionnaire x x x   

Pill count Research nurse  x x x  

Psychosocial       
Health related Quality of life (EQ-5D) Questionnaire x x x x  
WHO Five Well Being index Questionnaire x x x   
Cambridge Worry Scale Questionnaire x x x   

Other  
Household composition, marital 
status, ethnicity, education, 
employment, occupation, shift 
work, parity, age 

Questionnaire x     

Pre-existing condition: family history 
diabetes mellitus, impaired glucose 
tolerance, hypertension, polycystic 
ovarian syndrome 

Questionnaire x     

Past/current obstetric history Questionnaire x     
Drugs / vitamins / medication Questionnaire x x x x  
Adverse events and safety questions Questionnaire  x x xe  
Questions about the biological 
father 

Questionnaire x     

Evaluation  
Dose, reach, fidelity, satisfaction Questionnaire   x   
Costsf, distance, visits  Questionnaire x x x   
 

a Data collected from routine and expert scans that occur during the time points 
b Blood samples will be collected in the fasting state and at [30, 60, 90 and 120 minutes] or [60, and 120 minutes] 

depending on site following ingestion of the glucose drink (75 g D-glucose in 250 ml water) 
c If GDM is diagnosed by IADPSG criteria, subsequent visits only test the fasting measurements 
d obtained locally only for the vitamin D arm  
e t delivery only registration of adverse events 
f data registration for a longer period postnatal 
g collection of samples in a non-fasting state 
Abbreviations: PPAQ: Pregnancy Physical Activity Questionnaire; PA: Physical Activity; HE: Healthy Eating; WHO: 
World Health Organisation; 
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Data analysis 
Multilevel analyses will be performed, to take the clustering effect into account, since the 
success of treatment can be dependent on the skills of the provider as well as specific 
characteristics of a treatment centre. Longitudinal, linear regression analyses will be performed 
to assess intervention effects. In these analyses, the correlation between multiple 
measurements within one individual is taken into account. The regression coefficient reflects 
the average difference in the outcome variable between conditions. Possible confounders will 
be entered into the regression analyses. Confounding will be defined as a change in the 
regression coefficient of 10% or more. Possible effect modification will be studied as well, 
defined as a significant (p <0.10) interaction-term between group allocation and the variable 
concerned. Data will be analysed according to the intention-to-treat principle. Interactions 
between interventions will be assessed, and when not present, groups will be combined. 

 

DISCUSSION 

Our study is unique in that it is conducted Europe-wide and aims to develop preventive 
measures to lower the incidence of GDM. The combination of preventing excessive gestational 
weight gain, by improving physical activity and healthy eating alongside vitamin D 
supplementation is thought to improve insulin sensitivity and prevent an increase in blood 
glucose levels. This should ultimately reduce the risk of macrosomia in the infant and future 
overweight/obesity and T2DM. 

The goal to limit gestational weight gain to a maximum of 5 kg, is below the current cut off 
points for the obese category [155]. However, these gestational weight gain cut off points were 
defined using limited data available at that time. Recent research advocates for less gestational 
weight gain, at least for severe obese women, since it is associated with less macrosomia or 
large for gestational age infants [28,147,169]. Insight into the diet and physical activity patterns 
that lead to less weight gain or even weight loss can be helpful to these recommendations and 
might explain some of the negative effects associated with excessive weight loss, such as small 
for gestational age babies.  

MI [282] and goal setting [34] are promising strategies in helping behaviour-related changes to 
occur. While evidence on lifestyle interventions in overweight pregnant women is still scarce 
[249], and present with unique challenges, pregnancy offers an excellent window of 
opportunity for lifestyle change, as women are motivated by the will to care for their growing 
infant. MI is suitable to assist the women in reviewing their ambivalence in a non-confronting 
way and help translate intrinsic motivation into actual behaviour changes. It is anticipated that 
barriers to change may shift throughout the pregnancy period, demanding continued tailored 
support to keep women on track with managing their gestational weight gain, healthy eating 
and physical activity. Combining simple understandable and relevant health messages with a 
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detailed manual and a lifestyle coach is expected to be sufficiently effective to attain the 
desired weight management goal. 

An effect of vitamin D on several pregnancy outcomes is suggested [59]. However, whether the 
same association between a deficiency of maternal vitamin D and the incidence of GDM exist 
in randomised control trials as in observational studies has still to be established [260]. The 
DALI study will aim to close this gap in knowledge and will evaluate the potential effectiveness 
of vitamin D supplementation on the risk of developing GDM, something which is needed 
especially for certain population groups, but also for the countries and the rising incidence of 
GDM and T2DM [9]. DALI will also be the first study to assess whether vitamin D 
supplementation will provide additional benefits on the capability to reduce the risk of GDM 
beyond lifestyle alone.  

Biobanking on a European level has been recognised as one of the major resources promoting 
biomedical research. This will allow future comparison of the metabolic phenotype and 
genotype of responders and non-responders after consideration of the psychological and 
situational characteristics of participating women. The robust trial monitoring and methods to 
maintain fidelity of the trial will maximise the confidence that any difference in response is due 
to differences between participants rather than differences in the way the trial was delivered. 
Maintaining fidelity is something of particular importance when intervening across 9 countries 
with their own languages, cultures and health systems.  

The information obtained from this trial can be used to inform and develop public health 
policies Europe-wide in pregnancy and pregnancy related prevention of GDM. The overall aim 
of the DALI study is to identify the best available measures to prevent GDM in an ongoing 
pregnancy, to provide cost-benefit calculation of GDM prevention for health care systems, and 
to establish a pan-European cohort of mother-offspring pairs for future analyses with a central 
biobank and database. 
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Objective: Ways to prevent gestational diabetes mellitus (GDM) remain unproven. We 
compared the impact of three lifestyle interventions (healthy eating (HE), physical activity (PA) 
and both HE and PA (HE+PA)) on GDM risk in a pilot multicentre randomised trial. 

Research design and methods: Pregnant women at risk for GDM (BMI≥29 (kg/m2)) from nine 
European countries were invited to undertake a 75-g oral glucose tolerance test before 20 
weeks’ gestation. Those without GDM were randomised to HE, PA or HE+PA. Women received 
five face-to-face and four optional telephone counselling sessions, based on the principles of 
motivational interviewing. A gestational weight gain (GWG) <5 kg was targeted. Coaches 
received standardized training and an intervention toolkit. Primary outcome measures were 
GWG, fasting glucose and insulin sensitivity (HOMA) at 35-37 weeks.  

Results: Among the 150 trial participants, 32% developed GDM by 35-37 weeks and 20% 
achieved GWG <5 kg. HE women had less GWG (-1.6 kg (95% CI -3.0 to -0.2); P=0.02) and lower 
fasting glucose (-0.3 mmol/L (95% CI -0.4 to -0.1); P=0.01) than those in the PA group at 35-37 
weeks. HOMA was comparable. No significant differences between HE+PA and the other 
groups were observed. 

Conclusion: An antenatal HE intervention is associated with less GWG and lower fasting 
glucose compared with PA alone. These findings require a larger trial for confirmation, but 
support the use of early HE interventions in obese pregnant women.   

http://care.diabetesjournals.org/content/38/9/1650#aff-1
http://care.diabetesjournals.org/content/38/9/1650#aff-8
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INTRODUCTION 

Gestational diabetes mellitus (GDM) is associated with increased risk of adverse perinatal 
outcomes, with a continuous relationship between glycaemia on oral glucose tolerance test 
(OGTT) and pregnancy outcome [210]. Obesity in pregnancy and excess gestational weight gain 
(GWG) are associated with similar adverse pregnancy outcomes, which are additional to any 
harm from antenatal hyperglycaemia [298]. 

Although obesity in pregnancy, excess GWG and GDM are associated with adverse outcomes, 
the evidence that interventions to reduce these harms are beneficial is mixed [249]. In a meta-
analysis, combined lifestyle intervention (physical activity (PA) with healthy eating (HE)) was 
associated with reduced GWG (overall and in some studies), but not with improvement in 
perinatal outcomes (macrosomia or caesarean delivery) or significant reduction in GDM rates 
[249]. More recent large randomised controlled trials (RCTs) have shown no reduction in the 
incidence of GDM with lifestyle intervention, with limited differences in GWG between 
intervention and control women [189,271,335], but potential reductions in birth weight [189]. 
Although prevention of excessive GWG and macrosomia are key goals in such interventions, 
there has been concern that too little maternal weight gain could be associated with an 
increased incidence of small for gestational age babies and reduced offspring fat-free mass 
[48]. With these cautions, it is clear that further trials are needed to investigate efficacious 
approaches that will reduce GWG and progression to GDM, particularly in obese women. 

We now report on the findings from the lifestyle pilot for DALI (Vitamin D And Lifestyle 
Intervention for GDM prevention) [160], undertaken to test the procedures, methodology and 
lifestyle interventions for the forthcoming full RCT within a European multicentre RCT of three 
different lifestyle approaches for the prevention of GDM. The pilot reports on risk of GDM 
rather than GDM itself and does not include the vitamin D intervention. 

 

RESEARCH DESIGN AND METHODS 

Overall study design 
The pilot study for DALI is a multi-centre, RCT of three different lifestyle approaches that could 
prevent GDM. The pilot was undertaken across 10 European centres in nine countries, each 
with its own nutrition and physical activity cultural norms. This diversity in background 
populations was included to ensure that the intervention was applicable in different settings 
and populations. The study was approved by the relevant ethics committees. The pilot was 
registered as an RCT (ISRCTN70595832). The primary outcomes were maternal weight gain 
(defined as the weight change from baseline measurement to the last measurement at 35-37 
weeks of gestation), fasting glucose, and insulin sensitivity as derived from the homeostasis 
model assessment (HOMA) at 35-37 weeks [201]. The pilot study was devised to recruit four 
women for each of the three interventions in each centre (total n=120).  
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Participants 
Pregnant women aged ≥ 18 years, before 20 weeks of gestation with a pre-pregnancy body 
mass index (BMI) ≥ 29 kg/m2 (based on feasibility following a review of European obesity 
prevalence) were eligible for inclusion. Women were excluded from the study if they were 
diagnosed with GDM by OGTT before randomisation, using World Health Organization (WHO) 
2013 criteria (fasting venous plasma glucose ≥ 5.1 mmol/L and/or 1-hour glucose ≥10 mmol/L 
and/or 2-hour glucose ≥ 8.5 mmol/L) [348]. Other exclusion criteria were pre-existing diabetes, 
inability to walk ≥100 meters safely, multiple pregnancy, requiring a complex diet, a significant 
chronic medical condition or psychiatric disease, and inability to speak the major language of 
the country of recruitment fluently or to converse with the lifestyle coach in another language 
for which translated materials existed. 

 

Recruitment 
The ten centres were Cambridge (coordinating centre), Galway, Amsterdam, Leuven, Poznan, 
Pisa/Padova (as one centre), Barcelona, Vienna, Odense and Copenhagen. A common 
information sheet, in the local language, was given to eligible participants for consideration 
and the trial explained by the research midwife/nurse. Written consent was obtained for 
participation. The pilot study started in January 2012 and the last participant gave birth in 
August 2013. 

 

Procedures 
After signed consent, assessments were made by the research midwife/nurse before 20 weeks 
(screening/baseline), 24-28 weeks, and 35-37 weeks of gestation and after delivery. The 
lifestyle intervention was delivered by a lifestyle coach. Where GDM developed after baseline, 
women were managed according to local practice. Figure 4.1 in Chapter 3 (page 44) provides a 
diagrammatic overview of assessments and intervention. 

 

Randomisation 
Eligible women were randomly allocated to one of the three interventions: HE, PA, or both 
(HE+PA) following an allocation schedule prestratified for intervention centre, using a 
computerized random number generator. Sealed, opaque envelopes (containing the 
intervention arm to which each participant was allocated with a randomisation number) were 
sent to each site by the DALI trial coordinator (D.S.). After assurance of eligibility, the personal 
details of the participant were provided to the lifestyle coach who opened the next 
randomisation envelope. Those involved with measurements were kept blinded to the 
intervention through non-involvement and explicit training. Separation between coach and 
measurements team was assessed during site monitoring visits. 
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Lifestyle interventions 
After randomisation, five face-to-face and four optional telephone counselling sessions were 
scheduled for each participant as shown previously in Figure 3.1. As previously described [160], 
counselling involved discussion of seven HE and/or five PA ‘messages’ based upon previous 
work [301] as shown in Table 3.1. Messages were supported by a ‘toolkit’ for the participant 
including participant handbook, educational materials (e.g. adapted F.I.T.T. model (frequency, 
intensity, time, type)) based on American College of Obstetricians and Gynaecologists (ACOG) 
guidelines [15], pedometers (Yamax Digiwalker SW-200, Tokyo, Japan) and flexible elastic 
dynabands (Thera-Band, Akron, USA). The message delivery was built upon behavioural theory 
principles, including patient empowerment and cognitive behavioural techniques inspired by 
motivational interviewing (MI) [215]. At least four face-to-face counselling sessions were 
expected to take place before the second measurement session and the intervention was 
completed by 35 weeks of gestation. Standardisation of the intervention was achieved through 
a training programme concluding with an observed session with an actor, provision of a desk-
file with all materials and methods, and use of a personal digital assistant (PDA: HTC HD7 
Windows phone), with bespoke software to provide a framework for the session. A ‘paper’ PDA 
including all fields was available for when there were any problems with the PDA.  

A key component for women was to strive to achieve a maximum GWG of 5 kg, as this is the 
lower limit of the weight gain recommended by the Institute of Medicine (IOM) for those with 
a BMI ≥30 [155] and following the observation of better outcomes among Danish obese 
women with this degree of weight gain [161]. If GWG was already beyond this before the start 
of the intervention or GWG exceeded 5 kg, women were supported to minimise their GWG 
thereafter. The coaches had scales available to assist women with their weight management, 
when scales were not available in the home. 

Table 4.1: Lifestyle messages 

 

Healthy Eating (HE) intervention 
 1) “Replace sugary drinks”: Reduce intake of sugary drinks (e.g. replace with water). 
 2) “Eat more non-starchy vegetables”: Eat more non-starchy vegetables. 
 3) “Increase fibre consumption”: Choose high-fibre, over low fibre products (≥ 5g 

fibre/100g). 
 4) “Watch portion size”: Be conscious about the amount of food eaten each meal. 
 5) “Eat protein”: Increase intake of proteins (e.g. meat, fish, beans). 
 6) “Reduce fat intake”: Reduce fat intake (e.g. snack, fast food, fried foods). 
 7) “Eat less carbohydrates”: Reduce intake of carbohydrates (e.g. potatoes, pasta, rice, 

snacks, candy). 
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Table 4.1. continued 

Physical activity (PA) intervention 
 1) “Be active every day”: Incorporate light and moderate PA as much as possible into daily 

life (e.g. by parking further away from destination or undertake special activities for 
pregnant women). 

 2) “Sit less”: Reduce sedentary time. 
 3) “Build your strength”: Incorporate upper and/or lower limb resistance exercise as PA. 
 4) “Take more steps”: increase the number of steps taken per day. 
 5) “Be more active at weekends”: Be more active during the weekends. 
  

Assessments 
At the three OGTT sessions (Figure 3.1), following a 10-hour fast, women completed 
questionnaires (including e.g. demographics, pre-pregnancy weight, lifestyle, past/current 
medical and obstetric history and medication use) and anthropometric measurements 
between blood tests. Local laboratories were used to rapidly obtain results of the OGTT to 
assess eligibility for the study. Blood samples were centrifuged and separated serum and 
plasma aliquots (1000 or 250 µl) were placed in microrack tubes and stored at -20ºC or -80º C 
until further analysis in the central trial laboratory in Graz, Austria, certified according to ISO 
9001 standards. 

Glucose was measured using the hexokinase method (DiaSys Diagnostic Systems, Holzheim, 
Germany) with a lower limit of sensitivity of 0.1 mmol/L. Insulin was quantified by a sandwich-
immunoassay (ADVIA Centaur, Siemens Healthcare Diagnostics Inc., Vienna, Austria) with an 
analytical sensitivity of 0.5 mU/L, intra-assay coefficients of variation (CVs) of 3.3-4.6% and 
interassay CVs of 2.6-5.9%. Leptin was measured using a sandwich ELISA (DRG Instruments, 
Marburg, Germany). The assay had an analytical sensitivity of 1.0 ng/mL, intra-assay CVs of 6.0-
7.0% and interassay CVs of 8.7-11.6%. All assays were performed according the instructions of 
the manufacturer. HOMA was calculated as [glucose*insulin]/22.5 [201].  

Height was measured at baseline with a stadiometer (SECA 206, SECA, Birmingham, U.K.; 
Leicester Height Measure) and the average value of two measurements was used. Women 
were weighed on calibrated electronic scales (SECA 888 and SECA 877) wearing no shoes and 
light clothes, to the nearest 0.1 kg; the average value of two measurements was used. Weight 
gain was defined as the change in objectively measured weight, and was calculated for three 
periods: baseline to 24-28 weeks, baseline to 35-37 weeks and 24-28 to 35-37 weeks. Data 
from the medical records were obtained regarding comorbidities, obstetric and perinatal 
outcomes and birth weight.  
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Outcomes 
As primary outcomes, GWG, fasting glucose and insulin sensitivity (HOMA) at 35-37 weeks 
were used as they will be in the main trial. Secondary outcomes were the number of women 
who developed GDM, birth weight, insulin concentration, and leptin concentration. 

 

Statistics 
Trial data were entered into a bespoke web-based electronic database using the Microsoft NET 
development environment. For the assessment at 35-37 weeks, fasting glucose and insulin, and 
insulin sensitivity were carried forward from 24-28 weeks if GDM was diagnosed. Women 
diagnosed with GDM at 24 weeks (n=24) were excluded from the 35-37 week GWG analyses. 
Insulin and HOMA data were log transformed because of skewness. As a pilot, no power 
calculations were performed to decide on sample size and it was arbitrarily agreed that four 
women would be recruited per intervention per site to test local procedures while minimizing 
pilot size. 

Data were analysed according to the intention-to-treat principle. Analyses were performed 
blind to the intervention group allocation. Analyses for the RCT were performed according to 
an a priori statistical analysis plan and hence no adjustment was made to significance levels for 
multiple comparisons. Differences between total study sample and number of subjects 
dropping out of the study were assessed using Student t-test (normally distributed continuous 
variables), Mann-Whitney U test (skewed continuous variables) or X2 test (categorical 
variables). To assess differences between intervention groups, multilevel analyses were 
performed, with two levels (coach and individual). This takes into account possible clustering 
effects, since the success of treatment can be dependent on the skills of the provider as well as 
specific characteristics of a treatment centre. Analyses were adjusted for baseline values of the 
outcome or for BMI at baseline and numbers of weeks between measurements for the 
analyses with GWG outcomes. In the regression analyses, all three intervention groups were 
entered simultaneously to calculate differences between groups. In the multilevel models, log-
transformed data for insulin and HOMA were used. For dichotomous variables, logistic 
regression models were used to assess differences between intervention groups. A bilateral 
P<0.05 was taken as significant. 
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Figure 4.1: Consolidated standards of reporting trials (CONSORT) diagram of recruitment, 
randomisation, and dropout 
 

  

Refused (n= 436) 
• Too far from hospital 

(n=11) 
• No time or no interest 

(n=151) 
• Other reason (n= 34) 
• Unknown (n=240) 
 

Excluded (n= 80): 
- Not meeting inclusion 
criteria (n=56) 
• gestation > 20 wks (n=21) 
• BMI < 29 (n=6) 
• Pre-existing diabetes or 

too high glucose (n=7) 
• Not speaking main 

language (n=22) 
- Other reason (n=20) 
- Unknown (n=4) 

Consented (n=217) 

Women approached 
(n=733) 

randomised (n=150) 

Withdrew consent (n=5) 

Excluded (n=62): 
• GDM (n=48) 
• BMI < 29 (n=5) 
• Gestation > 20 wks (n=3) 
• Required complex diet (n=1) 
• Other reason (n=5) 

Allocated to HE (n=50) Allocated to PA (n=50) 

Outcome analysis 24-28wks 
(n=42) 

Outcome analysis 35-37wks 
(n=37) 

Outcome analysis 24-28wks 
(n=46) 

Outcome analysis 35-37wks 
(n=41) 

Lost to follow-up (n=9) 
• Withdrew  consent (n=2) 
• Malformation (n=1) 
• Too busy/no time (n=2) 
• Did not want OGTT (n=1) 
• Unknown (n=3) 
Did not complete final 
measures (n=4) 

Outcome analysis 24-28wks 
(n=43) 

Outcome analysis 35-37wks 
(n=37) 

Lost to follow-up (n=6) 
• No time (n=2) 
• Intervention dissatisfaction 

(n=1) 
• Abortion / miscarriage (n=2) 
• Moved away (n=1) 
Did not complete final 
measures (n=7) 

Allocated to HE+PA (n=50) 

Lost to follow-up (n=5) 
• Withdrew  consent (n=1) 
• Malformation (n=1) 
• Other (n=2) 
• Unknown (n=1) 
Did not complete final 
measures (n=4) 
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RESULTS 

Figure 4.1 shows the flow of the participants throughout the study. A large proportion (22%) 
had GDM on the initial OGTT and hence were not included in the RCT. The numbers in each 
group and their baseline characteristics were similar (Table 4.2). Women dropping out (n=35; 
23%) before the final OGTT had higher post-OGTT load glucose and insulin concentrations and 
BMI at baseline (Table 4.2). Numbers per site ranged from 3 in Odense to 26 in Belgium. Seven 
of the 150 women showed a weight gain of 5 kg or more between self-reported pre-pregnancy 
weight and baseline measurements, but many women were either unaware of, or likely 
approximated, their pre-pregnancy weight. 

On average women gained 8.6 kg (SD 4.6) from baseline to 35-37 weeks of gestation, and only 
20% of women achieved the <5 kg GWG target from baseline across the three intervention 
groups. HE alone was associated with less weight gain by 24-28 weeks and 35-37 weeks than 
PA (-2.6 kg [95%CI -4.9; -0.2] and -1.6 kg [95%CI -3.0;-0.2]) respectively (Table 4.3). No 
differences were observed between HE+PA and the other two groups. 

There were no significant differences in glucose, insulin or leptin measurements across groups 
at baseline or by 24-28 weeks’ gestation (Table 4.3). However, by 35-37 weeks’ gestation, HE 
had significantly lower fasting glucose and 2-hour insulin concentrations with non-significantly 
lower GDM incidence than PA. No significant differences between HE+PA and the other two 
groups were observed. There were no significant differences in HOMA or leptin (Table 4.3). At 
24-28 weeks, 24 of 130 women (19%) had developed GDM and by 35-37 weeks this increased 
to 36 of 112 women (32%), of whom three women received insulin treatment. 
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Table 4.2: Baseline characteristics of all women included in the DALI lifestyle pilot per intervention group, and those who dropped out at 35-37 
weeks’ gestation 

Variable HE, n = 50 HE+PA, n = 50 PA, n = 50 Total, n = 150 

Drop out  
35-37 week 
n = 35 (23.3%) 

P drop out vs  
continuing 

Age (years) 31.1±6.0 30.5±5.0 33.1±5.2 31.6±5.5 32.3±5.8 0.37 
Multiparous (%) 41.7% 46.0%  46.0% 44.6% 48.6%  0.70 
European descent (%) 84.0% 88.0%  90.0%  87.3% 88.6%  1.00 
Lives with partner (%) 90.0%  98.0%  87.8%  91.9% 80.0% 0.007 
Higher education (%) 44.0% 64.0%  52.0% 53.3% 37.1% 0.03 
Maternal smoking (%) 12.0%  22.0%  14.0%  16.0% 22.9% 0.29 
Paternal smoking (%) 32.0% 38.0%  38.0% 36.0% 34.3% 0.84 
History of GDM (%) 3.2% 3.4%  10.3%  5.6% 9.1% 0.59 
First-degree family history diabetes (%) 28.0% 26.0% 24.0% 26.0% 28.6% 0.83 
Chronic hypertension (%) 14.3% 10.0% 14.0% 12.8% 14.3% 0.78 
Gestation on entry (weeks) 14.2±1.7 14.2±2.0 14.7±2.3 14.4±2.0 13.9±2.2 0.15 
Pre-pregnancy weight (kg) 95.3±17.1 93.2±15.2 94.1±14.6 94.2±15.6 94.5±17.0 0.89 
Weight at entry (kg) 96.4±17.0 93.9±14.8 96.6±14.9 95.7±15.5 96.0±16.9 0.87 
Height (cm) 166.5±6.4 165.8±6.8 167.2±7.5 166.5±6.9 163.0±6.2 <0.001 
BMI pre-pregnancy (kg/m2) 34.3±5.6 33.9±4.6 33.6±4.4 33.9±4.9 35.5±5.3 0.03 
BMI at entry (kg/m2) 34.8±5.9 34.1±4.7 34.5±4.5 34.5±5.0 36.0±5.2 0.04 
Fasting glucose (mmol/L) 4.4 ±0.4 4.6±0.6 4.5 ±0.4 4.5±0.5 4.6±0.3 0.11 
1 hour glucose (mmol/L) 6.3 ± 1.7 6.5 ± 1.3 6.5 ± 1.5 6.4±1.5 7.1±1.2 0.01 
2 hour glucose (mmol/L) 5.5 ±1.2 5.7 ± 1.3 5.5 ± 1.1 5.6±1.2 6.2±1.3 0.001 
Fasting insulin (mU/L) 14.1 (10.5, 18.2) 12.2 (8.1, 17.9) 14.0 (10.3, 16.6) 13.5 (9.2, 17.8) 12.7 (8.9, 21.6) 0.76 
1 hour insulin (mU/L) 85.9 (57.8, 156.3) 100.0 (73.3, 154.3) 66.6 (55.7, 120.0) 82.6 (61.5, 150.4) 108.9 (80.9, 174.6) 0.003 
2 hour insulin (mU/L) 60.3 (36.0, 121.1) 61.0 (40.5, 129.7) 49.3 (32.8, 83.7) 59.5 (36.7, 107.1) 125.8 (60.6, 174.8) <0.001 
HOMA 2.76 (1.81, 3.66) 2.26 (1.56, 3.72) 2.75 (1.87, 3.50) 2.65 (1.76, 3.60) 2.49 (1.79, 4.40) 0.58 
Leptin (ng/mL) 42.4 ±18.5 42.8 ± 17.7 38.9 ± 18.1 41.5±18.0 46.4±18.0 0.11 
Data are mean ± SD or median (interquartile range) unless otherwise indicated. No baseline differences were found between intervention groups.  
The boldface data indicate statistically significant differences. Differences tested with Mann-Whitney U test. 
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 n HE n HE+PA n PA 

Adjusted 
difference or 
OR (95% CI) 
HE vs HE+PA P 

Adjusted 
difference 
or OR (95% 

CI) 
HE vs PA P 

Adjusted 
difference 
or OR (95% 

CI) 
HE+PA vs PA P 

Glucose metabolism 24-28 weeks 

Fasting glucose 
(mmol/L) 

40 4.3 ± 0.3 42 4.4 ± 0.4 41 4.5 ± 0.4 -0.001  
(-0.1; 0.1) 

0.99 -0.1  
(-0.2; 0.1) 

0.20 -0.1  
(-0.3; 0.03) 

0.13 

1 hour glucose 
(mmol/L) 

37 7.2 ± 1.6 39 7.2 ± 1.4 39 7.6 ± 1.7 0.2  
(-0.4; 0.9) 

0.43 -0.1 
 (-0.8; 0.5) 

0.69 -0.5 
 (-1.1; 0.2) 

0.17 

2 hour glucose 
(mmol/L) 

36 5.6 ±1.3 39 6.1 ± 1.5 40 6.1 ± 1.3 -0.3  
(-0.9; 0.3) 

0.37 -0.5  
(-1.0; 0.1) 

0.10 -0.2  
(-0.7; 0.4) 

0.53 

Fasting insulin 
(mU/L) 

40 17.9  
(12.0, 20.6) 

42 13.1  
(10.9, 20.2) 

43 15.4  
(11.9, 19.7) 

0.05  
(-0.1; 0.2) 

0.60 0.004  
(-0.2; 0.2) 

0.97 -0.04  
(-0.2; 0.1) 

0.66 

1 hour insulin (mU/L) 36 157.6 
 (97.2, 194.7) 

40 139.0 
 (74.7, 185.8) 

41 117.4  
(79.7, 183.2) 

0.1  
(-0.2; 0.4) 

0.39 0.1 
 (-0.2; 0.3) 

0.47 -0.1  
(-0.3; 0.2) 

0.53 

2 hour insulin (mU/L) 35 66.0  
(49.1, 132.6) 

40 91.0  
(44.7, 144.6) 

42 92.2  
(51.1, 136.8) 

-0.1  
(-0.4; 0.3) 

0.70 -0.2  
(-0.6; 0.1) 

0.17 -0.2  
(-0.5; 0.2) 

0.32 

HOMA 
 

40 3.30 
 (2.25, 4.08) 

42 2.63  
(2.18, 3.65) 

41 2.98  
(2.11, 4.28) 

-0.01  
(-0.9; 0.9) 

0.98 -0.4  
(-1.4; 0.5) 

0.36 -0.4  
(-1.4; 0.5) 

0.38 

Leptin (ng/mL) 40 42.7 ± 20.4 42 39.7 ± 17.9 41 41.5 ± 17.3 1.5  
(-4.8; 7.9) 

0.63 -1.6  
(-7.8; 4.7) 

0.62 -3.2  
(-9,4; 3.1) 

0.32 

Glucose metabolism 35-37 weeks 

Fasting glucose* 
(mmol/L) 

37 4.3 ± 0.4 39 4.4 ± 0.5 42 4.6 ± 0.4 -0.2  
(-0.3; 0.03) 

0.09 -0.3  
(-0.4; -0.1) 

0.01 -0.2  
(-0.3; 0.05) 

0.16 

1 hour glucose* 
(mmol/L) 

33 7.9 ± 1.4 37 7.8 ± 1.5 38 8.1 ± 1.6 0.4  
(-0.3; 1.0) 

0.28 0.1 
 (-0.6; 0.8) 

0.79 -0.3  
(-1.0; 0.4) 

0.41 

2 hour glucose* 
(mmol/L) 

31 6.3 ± 1.5 36 6.7 ± 1.3 38 6.7 ± 1.0 -0.3  
(-1.0; 0.4) 

0.35 -0.6  
(-1.2; 0.01) 

0.06 -0.3  
(-0.9; 0.3) 

0.39 

Fasting insulin* 
(mU/L) 

38 21.8  
(14.8, 28.4) 

37 17.9  
(14.5, 27.4) 

40 18.1  
(14.7, 24.2) 

0.1  
(-0.2; 0.4) 

0.47 0.01  
(-0.3; 0.3) 

0.95 -0.1 
 (-0.4; 0.2) 

0.47 
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Table 4.3: continued 

 n HE n HE+PA n PA 

Adjusted 
difference or 
OR (95% CI) 
HE vs HE+PA P 

Adjusted 
difference 
or OR (95% 

CI) 
HE vs PA P 

Adjusted 
difference 
or OR (95% 

CI) 
HE+PA vs PA P 

1 hour insulin* 
(mU/L) 

33 177.6  
(115.3, 269.1) 

37 192.5  
(136.3, 220.9) 

39 175.4  
(119.9, 230.0) 

0.1  
(-0.3; 0.4) 

0.71 0.1  
(-0.2; 0.5) 

0.47 0.03  
(-0.3; 0.4) 

0.87 

2 hour insulin* 
(mU/L) 

31 115.2  
(56.5, 187.7) 

36 152.3  
(99.6, 207.2) 

39 156.4  
(100.0, 206.6) 

-0.2  
(-0.7; 0.2) 

0.33 -0.4 
 (-0.8; -0.02) 

0.04 -0.2  
(-0.5; 0.2) 

0.37 

HOMA* 36 3.90  
(2.73, 5.54) 

37 3.44  
(2.80, 5.57) 

40 3.60 
 (2.29, 5.25) 

-0.7  
(-3.0; 1.7) 

0.60 -2.3 
 (-5.6; 1.0) 

0.17 -1.8  
(-5.1; 1.5) 

0.29 

Leptin (ng/ml) 36 43.7 ± 22.3 37 42.3 ± 15.0 40 43.5 ± 17.2 2.0 
(-6.6; 10.7) 

0.64 -2.6  
(-10.3; 5.2) 

0.51 -4.5  
(-12.4; 3.4) 

0.26 

GDM at 35-37 weeks 
(%) 

36 10 (28%) 35 11 (31%) 41 15 (42%) 0.84  
(0.30; 2.33) 

0.74 0.67  
(0.25; 1.75) 

0.41 0.79  
(0.31; 2.07) 

0.64 

Weight gain             

Weight gain T1-T2** 
(kg) 

42 3.5 ± 3.9 42 4.3 ± 3.5 46 5.2 ± 3.1 -0.8  
(-2.4; 0.7) 

0.29 -2.6  
(-4.9; -0.2) 

0.03 -0.7  
(-3.0; 1.6) 

0.55 

Weight gain T1-
T3**,§ (kg) 

31 7.6 ± 5.3 30 8.5 ± 4.2 34 9.6 ± 4.3 -1.0  
(-3.4; 1.4) 

0.39 -1.6  
(-3.0; -0.2) 

0.02 -0.8  
(-2.3; 0.6) 

0.24 

Weight gain T2-
T3**,§ (kg) 

31 3.9 ± 2.7 30 3.9 ± 2.0 34 4.5 ± 2.8 -0.1  
(-1.4; 1.1) 

0.85 -0.5  
(-1.7; 0.87 

0.43 -0.2  
(-1.5; 1.0) 

0.72 

Weight gain <5kg**,§ 
(%)  

31 9 (29%) 30 4 (13%) 34 6 (18%) 2.98  
(0.87; 10.20) 

0.08 1.86 
 (0.63; 5.52) 

0.26 0.59  
(0.17; 2.03) 

0.40 

Data are mean ± SD or median (interquartile range) unless otherwise indicated. For continuous outcome variables: adjusted differences from mixed models, with two levels 
(coach and individual), adjusted for baseline values of the outcome. For dichotomous outcome variables: logistic regression models, adjusted for baseline values of the 
outcome. Natural log-transformed values of insulin were used in the mixed models. Numbers in each column vary with completeness of data. The boldface data indicate 
statistically significant differences.  
*Value of 24–28 weeks carried forward to 35–37 weeks for women who had GDM at 24–28 weeks.  
**Adjusted for BMI at baseline and number of weeks between measurements: T1–T2 is weight gain between baseline and 24–28 weeks; T1–T3 is weight gain between 
baseline and 35–37 weeks; T2–T3 is weight gain between 24–28 weeks and 35–37 weeks. §Women with GDM at 24–28 weeks were excluded from analyses. 
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DISCUSSION 

Procedures generally worked well, although recruitment overshot (to 150 women) due to the 
lag between baseline data collection, receiving OGTT results/confirming eligibility and 
informing all sites that recruitment was completed. There was no expectation that the study 
would be large enough to show a difference in the primary outcomes comparing different 
interventions. The significant differences in GWG, fasting glucose and 2-hour insulin levels 
(albeit trivial) between HE and PA were therefore surprising, although even with the DALI 
interventions, 32% of women developed GDM. The data suggest that the HE intervention was 
more efficacious than the PA intervention in reducing GDM risk, although the higher GWG in 
PA may reflect an increase in muscle mass, not necessarily in adiposity. 

Previous RCTs initiated before 20 weeks’ gestation have largely shown no impact on GDM 
prevalence, fasting glucose [189,247,249,271] or insulin concentrations. Exceptions are the 
BAMBINO physical activity intervention pilot [43], which saw a reduction in fasting glucose by 
28 weeks’ gestation, but with GWG unreported; and the Lifestyle in Pregnancy (LiP) study, 
which showed lower insulin concentrations at 28-30 weeks in the intervention group, but no 
significant reduction in fasting glucose [336].  

The LiP study showed a GWG difference of only 1.4 kg between intervention and control 
women despite a very ambitious intervention programme including repeated visits to a 
dietitian, weekly fitness class and fitness centre membership. Thus, a time-consuming 
programme might be less effective than a simple one. One of the key issues with lifestyle 
interventions in general has been their limited impact on GWG when compared with control 
subjects. Several of the RCTs did have lower GWG in the intervention group [189,271,335], but 
controls had a lower GWG than anticipated, resulting in a lesser difference between the 
groups. A meta-analysis showed that differences between intervention and control groups 
across 10 RCTs achieved a mean difference in GWG of -2.21 kg [249]. In spite of this, few 
reported a significant reduction in glycaemia or GDM. The study by Quinlivan et al. (n=124) 
[266] was the only trial in the meta-analysis that achieved a significant reduction in GDM (odds 
ratio (OR) 0.18) and achieved a 6.8 kg GWG difference. The study by Thornton et al. (n=232) 
[323] also achieved a substantially lower GWG (-9.07 kg) but with a nonsignificant reduction in 
GDM (OR 0.53). 

Our findings of more/better effects of diet alone are in line with a previous review, finding 
larger effects of dietary intervention alone on GWG, compared with PA or a combined 
approach [319]. We speculate that a combined intervention might dilute the message or 
require too much change, and then be demotivating. Another interpretation would be that a 
combined intervention does not mean “complete” but “partial” HE and PA; PA intervention 
being less effective, HE+PA ranks intermediate between HE and PA. The lack of effect of the PA 
interventions does not imply no effect of PA on pregnancy and offspring outcomes per se, as 
this pilot had no control subjects. Interventions to increase PA in pregnancy are well known to 
be difficult [246] especially in the third trimester. Although we are being as careful as possible 
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to avoid the kinds of GWG convergence seen in some other major RCTs, it might be difficult to 
prevent a low GWG in the control group among women motivated to come into a lifestyle trial. 
Including multiple European cultures might generate a range of lifestyle responses in control 
subjects as well as intervention participants. Such differences between sites, with their very 
different underlying cultural landscapes (and climates) and associated differences in nutrition 
and physical activity habits will be of interest in the main trial. At this point, it would appear 
that our generic approach to the lifestyle change messages (Table 4.1) has been successful. 
These were originally based on an intervention among New Zealand Maori [301] and hence 
expected to be cross cultural to some extent. We found the motivational interviewing 
approach to be well suited to the intervention. Even so, only 29% of participants in the HE 
group of the pilot achieved the <5 kg GWG goal, a proportion comparable to those in other 
RCTs (e.g. [335]).  

One other difference in the DALI approach from other RCTs is the exclusion of women with 
GDM by WHO 2013 criteria (22%) prior to recruitment. It may be that in the other trials, it was 
never possible to reverse pre-existing GDM in these women. However, there is debate over the 
validity of the new criteria in early pregnancy [348] which were built around data at 24-28 
weeks gestation [69]. Data from China suggest that a significant proportion of women with 
GDM on the fasting glucose in early pregnancy, have no GDM using the new criteria at 24-28 
weeks [353].  

The study has a number of weaknesses. It was established as a pilot to a full RCT of 440 
women, and hence there were no power calculations performed to decide on the number of 
participants required and there was no untreated control group. As a pilot, the expertise of the 
intervention coaches would have improved over time, in preparation for the main trial. 
Numbers were still too small to look for adherence to lifestyle change or adverse pregnancy 
outcomes. The main trial will report on accelerometer and dietary record data. We have not 
adjusted the significance level for multiple comparisons; however, the comparisons followed 
our a priori statistical analysis plan, and the difference in GWG is in line with other RCTs, which 
speaks against the role of chance. 

In conclusion, an HE intervention among obese European women led to lower GWG, fasting 
glucose, and 2-hour insulin concentrations by 35-37 weeks’ gestation than a PA intervention or 
a combination of HE and PA. Although a larger trial is still clearly needed, these pilot findings 
are promising, and support the use of early HE interventions in obese pregnant women. 

 

  



 

 



 

 

CHAPTER 5: 

Is a motivational interviewing based lifestyle intervention for obese 
pregnant women across Europe implemented as planned? Process 

evaluation of the DALI study 

 

Judith G.M. Jelsma, David Simmons, Nina Gobat, Stephen Rollnick, Kinga Blumska, Goele Jans 
Sander Galjaard, Gernot Desoye, Rosa Corcoy, Fabiola Juarez, Alexandra Kautzky-Willer 
Jürgen Harreiter, Andre van Assche, Roland Devlieger, Dirk Timmerman, David Hill 
Peter Damm, Elisabeth R. Mathiesen, Ewa Wender-Ożegowska, Agnieszka Zawiejska 
Annunziata Lapolla, Maria G. Dalfrà, Stefano del Prato, Alessandra Bertolotto 
Fidelma Dunne, Dorte M. Jensen, Liselotte Andersen, Frank J. Snoek, Mireille N.M. van Poppel 

Under review BMC pregnancy and childbirth 

Background: Process evaluation is an essential part of designing and assessing complex 
interventions. The vitamin D and lifestyle intervention study (DALI) study is testing different 
strategies to prevent development of gestational diabetes mellitus among European obese 
pregnant women with a body mass index ≥29 kg/m2. The intervention includes guidance on 
physical activity and/or healthy eating by a lifestyle coach trained in motivational interviewing 
(MI). The aim of this study was to assess the process elements: reach, dose delivered, fidelity 
and satisfaction and to investigate whether these process elements were associated with 
changes in gestational weight gain (GWG).  

Methods: Data on reach, dose delivered, fidelity, and satisfaction among 144 participants were 
collected. Weekly recruitment reports, notes from meetings, coach logs and evaluation 
questionnaires (n=110) were consulted. Fidelity of eight (out of twelve) lifestyle coach 
practitioners was assessed by analysing audio recorded counselling sessions using the MI 
treatment integrity scale. Furthermore, associations between process elements and GWG were 
assessed with linear regression analyses. 

Results: A total of 20% of the possible study population (reach) was included in this analysis. 
On average 4.0 (of the intended 5) face-to-face sessions were delivered. Mean MI fidelity 
almost reached ‘expert opinion’ threshold for the global scores, but was below ‘beginning 
proficiency’ for the behavioural counts. High variability in quality of MI between practitioners 
was identified. Participants were highly satisfied with the intervention, the lifestyle coach and 
the intervention materials. No significant associations were found between process elements 
and GWG. 

Conclusion: Overall, the intervention was well delivered and received by the study population, 
but did not comply with all the principles of MI. Ensuring audio recording of lifestyle sessions 
throughout the study would facilitate provision of individualized feedback to improve MI skills. 
A larger sample size is needed to confirm the lack of association between process elements 
and GWG.  
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BACKGROUND 

Obesity and excessive gestational weight gain (GWG) are both independent risk factors for 
adverse outcomes and complications of pregnancy, such as gestational diabetes mellitus 
(GDM) [244]. The Institute of Medicine (IOM) has developed guidelines for GWG based on the 
pre-pregnancy body mass index (BMI) [155]. To prevent women from exceeding these 
recommendations, prevention trials are needed [113]. A number of lifestyle studies have been 
designed to assist in limiting gestational GWG by providing an intervention focused on healthy 
eating, physical activity or a combined approach, although so far no definitive answer in favour 
of any of these interventions has been found [57,311,319]. 

Motivational Interviewing (MI) has been shown to be effective in helping persons change their 
lifestyle behaviours, such as physical activity and diet across different target populations 
[41,143,187,188,199,282] and might be an effective counselling technique for professionals to 
deal with the difficult situations experienced by obese pregnant women [179] and to assist in 
limiting GWG [145]. MI is a “collaborative, goal-oriented style of communication with particular 
attention to the language of change. It is designed to strengthen personal motivation for and 
commitment to a specific goal by eliciting and exploring the person’s own reasons for change 
within an atmosphere of acceptance and compassion” (p.29) [215].  

The vitamin D and Lifestyle Intervention (DALI) study aims to investigate across a number of 
European centres, how effective a behavioural lifestyle intervention is in the prevention of 
GDM. In these centres, pregnant women with a BMI of ≥29 kg/m2 receive guidance from a 
lifestyle coach trained in MI [160]. The pilot study found lowest GWG with a healthy eating (HE) 
intervention relative to a physical activity (PA) or combined (HE+PA) intervention [300]. While 
these results seem promising they need to be confirmed in a larger trial including a control 
group. Furthermore, intervention components are complex in nature, so it is important to 
evaluate process variables to indicate how a planned intervention was conducted, especially 
when different persons delivered an intervention across many countries, as is the case in our 
study.  

Process evaluations allow researchers to provide insight into why an intervention has shown 
positive or negative results [182,223]. Moreover, in behavioural intervention research it is of 
utmost importance to report treatment fidelity, which refers to the “methodological strategies 
used to monitor and enhance the reliability and validity of behavioural interventions“ (p.443) 
[23]. Miller and Rollnick (2014) underscore the importance for assessing the quality of the 
intervention when delivering MI in order to determine the effect of the quality of MI in the 
intervention on the results of the study [219]. Another important component is the description 
of strategies used to acquire a higher treatment fidelity that could be valuable for clinical 
practice in the actual implementation process [23]. 

The primary objective of this process evaluation was to assess reach (including recruitment), 
dose delivered, fidelity and satisfaction of the DALI lifestyle pilot study. The secondary 
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objective was to investigate whether these process elements could explain differential effects 
of the intervention on changes in GWG.  

 

METHODS 

There are several approaches for conducting complex process evaluation, with no single best 
way to design a process evaluation [119]. The current paper uses dimensions from the 
framework of Linnan and Steckler (2002) [182]. The original framework includes seven 
dimensions: context, reach, fidelity, dose delivered and received, implementation and 
recruitment. This has some overlap with the five dimensions of the reach, effectiveness, 
adoption, implementation, and maintenance (RE-AIM) evaluation framework [114]. In table 5.1 
an overview of the developed process evaluation plan is presented, with a specification of the 
research questions, complete and acceptable delivery and used process measure according to 
Saunders et al. (2005) [288]. 

 

Table 5.1: Process evaluation plan 
Process evaluation question Complete and acceptable 

delivery 
Process measure  

How many people of the target 
population took part in the 
project? (reach) 

The intervention group is 
comparable to the study 
population 

Weekly recruitment report 
kept by each research centre 

What recruitment procedures 
were used to attract pregnant 
women? (recruitment) 

Strategies on recruitment 
across multicentre 
research.  

Notes from (telephone) 
meetings with research nurses, 
coaches, principal investigators 
throughout the project  

How many participants received 
5 face-to-face conversations 
with a personal lifestyle coach? 
(dose delivered) 

All (100%) received 5 
face-to-face 
conversations with a 
personal lifestyle coach 

Coach logs recorded after a 
session 

To what extend was face-to-
face counselling delivered as 
planned by MI guidelines? 
(fidelity) 

MI was applied to deliver 
the face-to-face 
conversations 

Recorded conversations 
assessed using the 
Motivational Interviewing 
Treatment Integrity measure 
(MITI 3.1.1) 

How many telephone booster 
sessions did the participants 
receive? (dose delivered) 

0-4 telephone booster 
sessions were delivered 

Coach logs recorded after a 
session 

How satisfied were participants 
with the DALI intervention 
(components)? (dose received: 
satisfaction) 

All participants were 
satisfied with the DALI 
intervention 

Evaluation questionnaire at 35-
37 weeks of gestation 
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DALI study 
A detailed description of the cross-national DALI study is provided elsewhere [160]. In short, 
pregnant women with a body mass index (BMI) ≥ 29 kg/m2 were recruited between January 
2012 and March 2013. All women who agreed to participate in the DALI project underwent a 2 
hour 75gram oral glucose tolerance test (OGTT) before 20 weeks of gestation, whereby those 
with GDM according to the International Association of Diabetes in Pregnancy Study Group 
(IADPSG) criteria were excluded [209]. The pilot lifestyle study was conducted in eleven study 
centres across nine European countries (Austria (Vienna), Belgium (Leuven), Denmark (Odense 
and Copenhagen), Ireland (Galway), Italy (Padua and Pisa), Netherlands (Amsterdam), Poland 
(Poznan), Spain (Barcelona) and the United Kingdom (UK) (Cambridge)). Local medical ethical 
committees in these countries approved the study and all participants gave written informed 
consent. 

DALI intervention  
Women were randomly allocated to one of three intervention arms; a healthy eating (HE) arm, 
a physical activity (PA) arm or a combined HE and PA (HE+PA) arm. Between entry and 35 
weeks of gestation five face-to-face sessions were planned supplemented with four optional 
telephone counselling sessions with a personal lifestyle coach, based on the principles of MI. 
Tools such as a pedometer, a dynaband, a dietary record, action goal cards and a manual with 
information on GDM, appropriate GWG, HE and/or PA were provided to the participants, 
depending on the intervention randomisation arm.  

Lifestyle coaches 
Key competencies for the lifestyle coach were: being empathic (understanding another 
person’s experience, feeling and behaviour), curious (willingness to explore the person’s 
experience), client focused (primary focus to help another person) and collaborative (equal 
perception of client and coach). The coach should not be dominant or chaotic (should be able 
to structure a conversation).  

In total twelve lifestyle coaches delivered the intervention sessions. In all the individual sites 
one coach was appointed, except in one site where a coach left the project and was replaced. 
All coaches were female with various professional backgrounds; most were PhD students with 
a master’s degree in either nutrition or human movement science; one was working as a 
midwife, one as a registered dietitian and one person had a background in information 
technology. Three coaches were familiar with MI prior to the start of this study, either by 
completing a local MI course or by acquiring experience in an earlier intervention study. 

Training of the lifestyle coaches 
Prior to the start of the pilot study a first 2-day central training was offered to the coaches in 
Cambridge (UK), and led by experienced MI trainers. The first training included an introduction 
to MI and its key concepts, followed by role-play exercises and video recordings. These 
interactive components allowed coaches to play the role of study participant and lifestyle 
coach to experience the impact of MI. Furthermore, coaches practiced core skills and received 
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individualised feedback on their performance. The training covered the eight stages in learning 
MI [213], whereby the following skills were taught: 1) spirit of MI; 2) OARS (open questions, 
affirmations, reflections, summaries): client centred counselling skills; 3) recognizing change 
talk (desire, ability, need, reason and commitment) and sustain talk; 4) eliciting and 
strengthening change talk (by the use of OARS); 5) rolling with resistance; 6) developing a 
change plan / making an action plan (activation, commitment, taking steps); 7) consolidating 
commitment; and 8) transition and blending with the DALI intervention. A second two day 
training was delivered a few months later to review the coaches’ MI competency, share 
experiences and receive feedback on a role-play. The DALI coaches received in total 32 hours of 
MI training. 

The training was held in English, and it was recommended to non-English practitioners to 
contact a local and native language speaking MI trainer from the international Motivational 
Interviewing Network of Trainers (Virginia, US; www.motivationalinterviewing.org; MINT-
network) for further feedback based on an actual conversation in their own language.  

 

Reach 
Reach is defined as the proportion of participants included in the intervention [288]. The 
numbers of persons eligible for participation (based on inclusion and exclusion criteria) were 
recorded in a weekly recruitment sheet at each site. Reasons for (not) participating in the DALI 
project were recorded. Approaching and attracting participants for a research project can be 
challenging, especially in a cross-national research project. Therefore, in research meetings 
with research nurses, coaches and principal investigators, recruitment strategies were 
discussed and recorded.  

 

Dose delivered 
Dose delivered is defined as the amount or number of intended components delivered by the 
practitioner [288]. The number of face-to-face counselling sessions and telephone booster calls 
that were delivered to the participants was assessed. The aim was to deliver all (100%) of the 
five face-to-face conversations, while the telephone booster sessions were optional for the 
participants. It was preferred to deliver four face-to-face sessions prior to the second 
measurement at 24-28 weeks of gestation and to deliver the final face-to-face session prior to 
the last measurement at 35-37 weeks of gestation. Coaches kept information regarding dose 
delivered on a personal digital assistance (PDA) and uploaded this to a central database. A 
paper version of the PDA was kept in case of technical problems.  

 

  

http://www.motivationalinterviewing.org/
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Fidelity 
Fidelity is defined as the extent to which the intervention was implemented as intended [288]. 
To assess fidelity, practitioners were asked to audio record all sessions (with permission of the 
participant). The aim was to code at least four sessions of different patients throughout the 
pilot study of each practitioner to provide a reliable competency score for each practitioner on 
the MITI [158]. Fidelity of MI was assessed using the Motivational Interviewing Treatment 
Integrity (MITI 3.1.1.) scale [228]. Finally, to assess an overall MI fidelity score for the DALI 
intervention, the individual scores for each practitioner were weighted for the total number of 
participants counselled. 

Motivational Interviewing Treatment Integrity (MITI 3.1.1) 
The MITI 3.1.1. is a behaviour coding system that measures the extent to which a practitioner 
uses MI skills in a particular session. This instrument is widely used to test MI fidelity and has 
good reliability and sensitivity [101,103,233,256]. The MITI 3.1.1. has two components: global 
scores and behaviour counts. Coders used two ‘passes’ through the audiotape. The first pass is 
used to assess the global scores and the second pass to assign a behaviour count. Global scores 
were rated on a five point Likert scale for the following five dimensions: Evocation, 
Collaboration, Autonomy/support, Direction and Empathy. Adding the Evocation, 
Collaboration, Autonomy/support dimensions forms the global ‘spirit’ score. Furthermore all 
utterances were assigned a behaviour count: open and closed questions, simple and complex 
reflections, giving information, MI adherent (e.g. advise with permission, affirming, 
emphasizing the client’s control, supporting) and MI non adherent (e.g. advice without 
permission, confronting, directing). It is possible that some utterances remain uncoded (e.g. 
off-topic talk, self-disclosure statements, facilitative statements, structure statements). The 
following summary scores of the behaviour counts were formed: Reflection to question ratio; 
Percent Open questions; Percent Complex reflections; Percent MI-adherent. ‘Beginning 
proficiency’ for motivational interviewing is met in the following conditions: global scores ≥ 3.5, 
reflection to question ratio in favour of reflection ≥ 1, percent open questions is ≥50%, percent 
complex reflection is ≥40% and percent MI-adherent is ≥90% [228]. In Table 5.2 a more 
detailed explanation and thresholds of the MITI scores are provided. 

Rating procedure 
MITI 3.1.1. requires a 20-minute randomly selected sample and a clear target behaviour goal. 
Additional study requirements were that the audio session was delivered prior to the second 
measurement, making effect correlations possible. Session were chosen randomly from the 
available recorded sessions (see Table 5.5). Furthermore the 20-minute segment was chosen 
randomly within each recording, although the segment should start at the beginning of one of 
the intervention messages (either the discussion of risk factors of GDM, or weight gain targets, 
or one of the healthy eating or one of the physical activity messages) so off topic talk in the 
beginning or end, such as discussing time and place for the next appointment was not included 
in the segment. If off topic talk still occurred during the session this remained uncoded, which 
is according to the MITI 3.1.1.  
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Coders 
The lifestyle coaches delivered the lifestyle intervention in their own language. Therefore the 
sessions needed to be assessed by different coders proficient in these languages. 

The conversations in Belgium, Ireland, The Netherlands and UK were assessed by one of the 
authors (JJ) and a coder not involved in the study (VM). Both received separately an extensive 
MITI 3.1.1 training (40 hours). Experience with coding according to the MITI 3.1.1 was gained 
by a supervised coding of 18 samples both in Dutch and English before coding the actual study 
sample. Global scores of the study sample were discussed to reach consensus, if no consensus 
was reached the average of both was taken; for behavioural counts, the average of both counts 
was taken. Inter-rater reliability was assessed on the double coded study sample. 

In Spain (PL), Denmark (HFK) and Italy (GP) members from the international MINT network 
experienced in coding with the MITI 3.1.1 assessed the fidelity of the sessions. Due to 
pragmatic reasons and costs no second coder was appointed. In Spain the conversations were 
evaluated according to the MITI 3.0 [227], because a translated Spanish manual for the MITI 
3.0 was available. The MITI 3.0 differs from the MITI 3.1.1 in only minor textual revisions. 

 

Satisfaction 
In the self-developed evaluation questionnaire the overall participant satisfaction with DALI 
was measured on a 10 point Likert scale [very negative (1)-very positive (10)]. In addition, 
participants were asked to rate their satisfaction with the usefulness of the intervention 
materials (manual, pedometer, dynaband) used in the DALI study on a 10 point Likert scale [not 
useful at all (1) – very useful (10)]. A satisfaction score for the manual consisted of an averaged 
score for different parts of the manual (general information, GDM, weight management, 
healthy eating, physical activity), which was dependent on the intervention arm a woman was 
allocated to. Satisfaction about the lifestyle coach was assessed with the following six items: 
overall, overall knowledge, knowledge of the intervention, “helped you rather than told you 
what to do’’, attitude, and ability to support. All these items were measured on a 10 point 
Likert scale [could do a lot better (1) – excellent (10)] and averaged to obtain an overall score. 
Furthermore, participants could rate both face-to-face and telephone calls on a 10 point Likert 
scale [not useful at all (1) – very useful (10)]. 
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Table 5.2: Motivational Interviewing Treatment Integrity 3.1.1 score explanation and threshold 
[228] 

 Explanation Threshold 
Global score   
Evocation the extent to which the practitioner conveys an 

understanding that motivation for change and the 
ability to move toward that change, reside mostly 
within the client and therefore focuses efforts to elicit 
and expand it within the therapeutic interaction 

3.5 

Collaboration the extent to which the practitioner behaves as if the 
interview is occurring between two equal partners, 
both of whom have knowledge that might be useful in 
the problem under consideration 

3.5 

Autonomy/Support the extent to which the practitioner supports and 
actively fosters client perception of choice as opposed 
to attempting to control the client’s behaviour or 
choices 

3.5 

Direction  the degree to which a practitioner maintain 
appropriate focus on a specific target behaviour or 
concerns directly tied to it 

3.5 

Empathy the extent to which the practitioner understands or 
makes an effort to grasp the client’s perspective and 
feelings 

3.5 

Spirit Average of the Evocation, Collaboration, 
Autonomy/support dimensions 

3.5 

Behavioural count   
Reflection:Questions dividing the total amount of reflections by the total 

amount of questions 
1:1 

% Open Questions dividing the amount of open questions by the total 
amount of closed and open questions 

50% 

% Complex Reflections dividing the amount of complex reflections by the total 
amount of simple and complex reflections 

40% 

% MI Adherent dividing the amount of MI-adherent statements by the 
total amount of MI adherent and MI non adherent 
statements combined 

90% 

 

Effectiveness 
We examined the association between trial processes (fidelity, dose, and a composite score of 
both) and one of the primary outcomes GWG. This can help explain why the interventions did 
or did not work. To assess GWG, participants were weighed on a weighing scale (SECA 888; 
SECA 877) wearing no shoes and light clothes to the nearest 0.1kg. GWG was calculated by 
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subtracting the baseline weight (before 20 weeks) from the weight measured at the final 
measurement (35-37weeks of gestation). 

 

Data analysis 
Inter-rater reliability of the MITI 3.1.1 was assessed with intra-class correlation coefficients 
(ICC) for the behavioural scores and Krippendorf Alpha (KALPHA) [134]for the global scores 
over the study sample that was double coded (n=20) [158]. The norm for good reliability is a 
KALPHA of 0.8 or higher [78]. ICCs were calculated using a two-way mixed model for absolute 
agreement. The following guidelines for interpretation of ICCs were used: below 0.40 = poor, 
0.40-0.59 = fair, 0.60-0.74 = good, 0.75-1.00 = excellent [61]. 

Linear regression analyses were performed to explore association between process elements 
(independent variable) and GWG (dependent variable), correcting for baseline BMI and the 
total number of weeks between measurements. The following independent variables were 
considered: number of face to face (F2F) conversations, total number of conversations (F2F 
and phone / email combined), and a dichotomized implementation score for the process 
element fidelity, which was formed by adding all those MITI 3.1.1 criteria that fulfilled 
‘beginning proficiency’, whereby a score of four or more out of seven elements was considered 
as ‘high’ and a score below four as ‘low’ (in Table 5.2 those with high MI competency are 
indicated with an asterisk). An overall score for the variable ‘DALI as intended’ was scored as 
‘yes’ or ‘no’ fulfilling the criterion of: “all those who received counselling from a lifestyle coach 
who fulfilled ‘beginning proficiency’ in four out of seven elements and who received all five 
face-to-face sessions”. All those participants that lacked follow up data were removed from the 
sample. P<0.05 was considered to be statistically significant. Analyses were conducted with 
software IBM Statistical Package for Social Sciences (SPSS) version 20.1. 

 

RESULTS 

Reach  
In Figure 5.1 the flowchart of this study is presented. A total of 144 participants from a total of 
733 pregnant women who were invited (19.6%) were included in the DALI project. Of those 
that declined with a reason 41% reported not to be interested in this project and 36% thought 
it involved too much of their time to participate in this study. Of the 144 participants 
randomised to the DALI project, 48 were randomly allocated to the HE intervention, 47 to the 
PA intervention and 49 to the HE+PA intervention. A total of twenty participants dropped out 
during the study for various reasons. In one case this was due to the dislike of the HE 
intervention, the information provided was regarded ‘too obvious’. 

Some deviations from the inclusion – exclusion criteria led to eight cases with a pre-pregnancy 
BMI lower than 29 who were randomised (in error) into one of the intervention-groups. Of 
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these, six women had a BMI above 29 at the first DALI visit and are included in the DALI study 
and will be considered in future analysis. Still, one of these women dropped out of the HE 
intervention group due to a spontaneous abortion. 

Each country applied different recruitment strategies based on differences in the organization 
of health care services (Table 5.3). Almost all countries actively invited women based on their 
BMI from their medical file or from referral from other parties such as obstetrician, midwife or 
general practitioner. In some cases the research nurse approached women in the waiting room 
of either the hospital or midwifery centre. Posters and leaflets about this ongoing study were 
presented, and two centres used TV advertisement in the waiting room. Ultrasound booking 
scans early in pregnancy were a perfect opportunity in some countries to invite women. In Italy 
all pregnant women received a booklet with information on all the currently ongoing studies. 
An advertisement on the hospital website and hosting a website in the local language made 
DALI visible online. Applied tactics related to pregnancy expositions, newspaper adds, 
involvement of leaflets in oversized clothes shops and child day care centres led to an 
extending visibility of DALI, although were less successful in actually recruiting participants. In 
Table 5.4, the recruitment numbers for each country are presented separately. The exclusion 
numbers for GDM were around 22%, although in some countries this was as low as 7% (UK), 
while in others as high as 44% (Denmark-Odense).  

The two most frequently mentioned reasons for participating in this study were the chance to 
reduce the risk of gestational diabetes (66%) and help society and science (55%). Learning 
more about lifestyle and pregnancy (36%) and receiving more ultrasound scans than usual 
(34%) helped subjects as well to decide to participate. Only 11% of the women indicated that 
more blood tests were a positive reason. A total of 30% of the women took part because 
someone (e.g. partner, friend, midwife, general practitioner) recommended this study. 

Dose delivered 
On average 4.0 (SD±1.6) F2F conversations and 2.1 (SD±1.6) telephone conversations were 
delivered to the women. In total 63% of the participants received all five F2F sessions. 
Furthermore, 9% of the participants received a total of four sessions, 13% a total of three 
sessions, 3% a total of two sessions and 4% only one session. Directly after randomisation 8% 
of the women dropped out and did not receive any lifestyle intervention. On average the first 
F2F conversation lasted 52 (SD±15) minutes, the second F2F conversation lasted 43 (SD±13) 
minutes, the third F2F conversation lasted 38 (SD±11) minutes, the fourth F2F conversation 
lasted 38 (SD±12) minutes and the final F2F conversation lasted 34 (SD±12) minutes. The 
duration of the telephone conversations was on average 14 (SD±8) minutes. A total of 42% of 
the participants received the intended four F2F sessions prior to the second measurement. 
Twelve Belgium women preferred email support instead of the optional telephone calls.  

MI Fidelity 
No audio records from the pilot study were available from four coaches working in Austria, 
Denmark (Odense), Italy (Padua) and Poland. In Italy and Poland participants refused consent 
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for recording of the conversations, which made the practitioners reluctant for asking each 
time. In Austria and Denmark, the practitioners were not aware of the required audio 
recording. The aim was to select at least four sessions of each practitioners, although due to 
fewer available recordings (#3, #5, #7) or the exclusion of some recorded session due to 
recorded time (#2) this was not obtained for certain practitioners. Practitioner #3 only had a 
session recorded on the behavioural counts. The analysed samples comprised 17.5% of the 
total available audio records. The results of each practitioner are presented in Table 5.5.  

The practitioners had varying levels of MI skilfulness. All coaches had a global Direction score 
according to ‘beginning proficiency’. Three practitioners (#2, #4, #6) reached a ‘beginning 
proficiency’ level for the global scores Spirit and Empathy. Two practitioners (#3 and #6) 
reached almost a ‘beginning proficiency’ level for all the behavioural counts as well, although 
most practitioners were far from these required levels. Two practitioners (#5 and #7) scored 
many MI non adherent statements (12 and 14.5 respectively). These statements were a result 
of advice giving without (implicit) permission. Overall, after correcting for the number of 
participants counselled in this study the MI scores reached ‘beginning proficiency’ for the 
global scores Direction and Autonomy/support, but scored below the cut off for the 
behavioural counts.  

The inter-class reliability for the English and Dutch conversations on the behaviour counts 
ranged from fair to excellent (see Table 5.5). The global ratings Spirit, Empathy and Direction 
were all in the range for good reliability.  

Satisfaction 
The overall DALI intervention received an 8.6 (SD±1.4) from the participants. The practitioners 
were rated with a 9.2 (SD±1.1). The F2F conversations were rated with an 8.8 (SD±1.5) and the 
phone calls with an 8.2 (SD±1.9). The women in the HE+PA group or in the PA group gave a 7.7 
(SD±2.5) for the exercise dynabands and an 8.4 (SD±1.9) for the pedometer. A total of 16% 
rated the exercise dynabands and 6% the pedometer a 5 or lower (somewhat useful). The 
received manual was rated in the HE+PA group with an 8.2 (SD±0.2) in the HE group with an 8.4 
(SD±0.3) and in the PA group with a 7.6 (SD±0.3). Only 9% of the women rated the manual with 
a 5 (somewhat useful) or lower. 

Effectiveness 
Baseline and follow up GWG data was available for a total of 105 participants and was used in 
the analysis. Table 5.6 shows no significant associations between process elements and GWG. 
Although not statistically significant, in the PA group the participants who were counselled by a 
practitioner who reached ‘beginning proficiency’ in MI had 3.1 kg less GWG (95%CI: -7.0 to 0.8) 
compared to those who were counselled by a practitioner who did not reach ‘beginning 
proficiency’ in MI. In the HE group those who received more F2F sessions had 1.9 kg (95%CI: -
0.8 to 4.6) more GWG, although this was also not statistically significant and partly caused by 
one outlier who lost 7 kg and attended only one lifestyle session. 
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Figure 5.1: Flowchart of the DALI pilot study 

733 pregnant women were approached from 
January 2012-March 2013 

Declined participation (n=436): 
• No interest (n=80) 
• Too much and no time (n=71) 
• Second thoughts /  did not attend first visit (n=11) 
• Live too far away from hospital (n=11) 
• No due to OGTT / needle phobia (n=10) 
• Nausea (n=9) 
• No social support from partner or domestic problems 

(n=4) 
• No reply / unknown (n=240) 

Meeting exclusion criteria (n=63): 
• Unable to speak major language of country (n=22) 
• ≥ 20 weeks pregnant (n=21) 
• BMI < 29 (n=6) 
• Pre-existing diabetes (n=4) 
• Glucose to high on earlier blood test (n=3) 
• Literacy issues (n=2) 
• Chronic medical conditions (n=2) 
• Twin pregnancy (n=2) 
• Psychiatric disease (n=1) 

Other reasons (n=17): 
• Miscarriage (n=5) 
• Delivery in non-participating hospital or at home (n=5) 
• Cerclage (n=1) 
• Gastric bypass (n=1)  
• Participating in another study (n=1)  
• Unknown (n=4) 

 

Excluded (n=516) 
• Declined participation 

(n=436) 
• Meeting exclusion criteria 

(n=63) 
• Other reasons (n=17) 

 

Consented (n=217) 
Excluded (n=52) 
- Declined participation (n=5) 

• Withdrew consent (n=5) 
- Meeting exclusion criteria (n=42) 

• GDM (n=37) 
• BMI<29 (n=3) 
• ≥ 20 weeks pregnant (n=1) 
• Required complex diet (n=1) 

- Other reasons (n=5) 
• Unable to cannulate (n=2) 
• Miscarriage n=(1) 
• Vomiting (n=1) 
• Randomised to vitamin D part (n=1) 

Excluded (n=21) (Randomised in error) 
Intervention HE (n=6) 
Intervention PA (n=9) 
Intervention HE+PA (n=6) 

HE (n=6) PA (n=9) HE+PA (n=6) 
• GDM (n=4) 
• BMI<29 

(n=2)* 

• GDM (n=5) 
• BMI<29 

(n=4)* 

• GDM (n=2) 
• BMI<29 (n=2)*  
• ≥ 20 weeks 

pregnant (n=2) 
 

Randomised (n=144)* 

Randomised to HE (n=48)*  Randomised to PA (n=47)*  Randomised to HE+PA (n=49)* 

Lost to follow-up (n=6)* 
• Too busy/ no time (n=2) 
• Moved away (n=1) 
• Miscarriage/abortion (n=2) 
• Intervention too obvious 

(n=1) 
 

Lost to follow- up (n=5) 
• Personal problems/ health 

reason (n=2) 
• Withdrew consent (n=1) 
• Malformation (n=1) 
• Unknown (n=1) 

 

Lost to follow-up (n=9) 
• Too busy/ no time (n=2) 
• Withdrew consent (n=2) 
• Study demands i.e. OGTT test 

(n=1) 
• Malformation (n=1) 
• Unknown (n=3) 

Evaluation questionnaire data 
35-37weeks (n=35) 

Evaluation questionnaire data 
35-37weeks (n=40) 

Evaluation questionnaire data 35-
37weeks (n=35) 
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Table 5.3: Recruitment strategies applied across Europe  
Strategies: AUT BEL DNK

- CO 
DNK
- OD 

ESP GBR  ITA IRL NLD POL 

Referral based on BMI           
• Medical file (hospital) x x x x  x  x x x 
• Early ultrasound  x x   x x x   x 
• General practitioner   x x     x  
• Obstetrician x x   x x x x x x 
• Midwife  x x x x x x x x  
• Community midwife     x x   x  
• Other clinics (e.g. antenatal 

clinic, endocrinology, 
department, 
private obstetrician) 

x    x  x x  x 

In medical setting:           
• Approached by research nurse 

waiting room 
x x   x x   x  

• Information on all research 
projects combined 

      x    

• TV advertisement in waiting 
room 

 x x        

• Poster, leaflets advertisement x x x  x x x x x x 
• Hospital website     x      

Outside medical setting:           
• Advertisement in newspaper     x   x x  
• Advertisement in clothe shops         x  
• Advertisement in day-care         x  
• Radio        x   
• Pregnancy exhibition         x  
• QR codes   x        
• Website (local language)   x      x  
Abbreviations: AUT: Austria; BEL: Belgium; DNK-CO: Denmark Copenhagen; DNK-OD: Denmark Odense; ITA: Italy; 
IRL: Ireland; NLD: The Netherlands; ESP: Spain; POL: Poland; GBR: United Kingdom;  
 

Figure 5.1 (previous page): Flowchart of the DALI pilot study 

*Six of the eight women with a pre-pregnancy BMI below 29, but with a BMI above 29 at the 
first DALI visit will be considered included in the study. As a consequence the total number 
randomised adds to 150, with equal numbers (n=50) in each lifestyle group. In the HE one 
additional woman dropped out due to an abortion. 
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Table 5.4: Recruitment numbers in each site in Europe 

 AUT BEL DNK-CO DNK-OD ESP GBR IRL ITA NLD POL Total 

Approached 91 67 84 140 39 118 46 45 71 32 733 

Excluded  68 37 62 131 24 90 28 17 48 11 516 

Declined 52 30 52 131 20 77 18 12 34 10 436 
Meeting 
exclusion 
criteria 

15 6 5 0 3 9 7 5 13 0 63 

Other reason 1 1 5 0 1 4 3 0 1 1 17 

Consented 23 30 22 9 15 28 18 28 23 21 217 

GDM 6 4 6 4 2 2 2 8 9 5 48 

other reason 1 3 2 2 2 8 5 1 1 0 25 
Randomised 16 23 14 3 11 18 11 19 13 16 144 
Abbreviations: AUT: Austria; BEL: Belgium; DNK-CO: Denmark Copenhagen; DNK-OD: Denmark Odense; ITA: Italy; 
IRL: Ireland; NLD: The Netherlands; ESP: Spain; POL: Poland; GBR: United Kingdom; BMI: body mass index  
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Table 5.5: Fidelity rating on the MITI variables 

 

Averaged scores based on n conversations #1  
n=4 

#2*  
n=3 

#3*²  
n=1 

#4*  
n=4 

#5 
n=3 

#6*  
n=8 

#7  
n=2 

#8  
n=3 

Total Inter rater  
reliability scores 1 

 Global scores            KALPHA 
Evocation (>3.5) 3.8 3.7 - 3.8 1.7 4.4 2.0 3.0 3.1 0.76 
Collaboration (>3.5) 3.5 3.3 - 3.3 1.7 4.3 2.5 2.7 3.0 0.75 
Autonomy / Support (>3.5) 4.3 4.0 - 3.8 2.3 4.0 3.5 3.0 3.5 0.52 
Spirit (>3.5) 3.6 3.7 - 3.6 1.9 4.2 2.7 2.9 3.2 0.83 
Direction (>3.5) 5.0 5.0 - 4.0 3.7 4.9 4.0 5.0 4.5 0.86 
Empathy (>3.5) 3.3 3.7 - 4.0 2.7 4.5 2.0 3.0 3.3 0.86 

Behavioural counts               ICC 
Giving Information 20.1 30.8 6.0 20.1 10.3 14.9 11.5 16.8 15.9 0.81 
MI Adherent 4.9 8.0 4.0 7.3 9.7 4.1 18.5 6.3 7.7 0.80 
MI non Adherent 0.6 1.0 0.0 1.8 12.0 0.3 14.5 1.3 3.8 0.55 
Closed question 13.0 18.5 1.0 16.0 8.7 10.2 26.0 12.8 12.8 0.83 
Open question 4.9 7.2 5.0 8.3 5.7 6.3 12.0 6.5 6.9 0.71 
Simple reflection 6.3 13.5 8.0 6.4 2.3 10.1 19.5 7.3 9.0 0.48 
Complex reflection 0.1 4.7 6.0 5.6 5.7 10.8 4.5 0.5 4.6 0.91 
% Open Questions (>50%) 29 28 83 36 41 37 31 34 41 0.64 
% Complex Reflections (>40%) 2 24 43 44 68 52 13 7 31 0.85 
Reflections/Questions ratio (>1.0) 0.36 0.71 2.33 0.52 0.78 1.45 0.76 0.40 0.94 0.58 
% MI Adherent (>90%) 87 90 100 81 52 95 49 85 81 0.46 

Number of pilot participants 9 11 14 10 12 12 11 18 97  
n recorded / n total conversations 18/47 

 
10/51 
 

1/65 
 

41/42 
 

3/53 
 

44/53 
 

2/44 
 

41/62 
 

  

Bold values represent scores are above ‘beginning proficiency’ according the MITI 3.1.1 . Numbered columns refer to individual coaches.  
* Considered high in MI competence; 
1 Inter rater reliability scores based on 20 out of the samples of Belgium, Ireland, Netherlands and UK (total of 5 coaches);  
2 Only one session was recorded on the behavioural counts 
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Table 5.6: Association for dose and fidelity with change in gestational weight from first to last measurement across the three lifestyle groups 
Process elements: dose, context 
and fidelity 

HE HE+PA PA 
Gestational 

weight gain (kg) 
Gestational 

weight gain (kg) 
Gestational 

weight gain (kg) 

 
Mean (SD) 

n 
Mean (SD) 

n 
Mean (SD) 

n 
β 

(95%CI) 
β 

(95%CI) 
β 

(95%CI) 
    HE HE+PA PA 

Dose:       
Total number of F2F 
conversations 

4.5 (1.0) 4.7 (0.6) 4.4 (1.2) 1.89 -0.89 -0.21 

 34 34 37 (-0.78;4.55) (-3.45;1.67) (-1.60;1.18) 
Total number of contacts  
(F2F + phone/email) 

7.5 (1.8) 7.1 (1.8) 6.6 (2.1) 0.08 -0.33 0.02 

 34 34 37 (-1.41; 1.57) (-1.23;0.57) (-0.75;0.78) 

Fidelity:       
Competence in MI  
(high vs. low) 1 

0.50 (0.51) 0.54 (0.51) 0.42 (0.50) 1.11 -0.26 -3.13 
26 24 26 (-4.27;6.49) (-5.23;4.71) (-7.03;0.77) 

DALI as intended  
According MI + 5 F2F  
(yes vs. no) 2 

0.42 (0.50) 0.50 (0.51) 0.42 (0.50) -0.32 -0.70 -3.13 

26 24 26 (-5.37;5.09) (-5.42;4.02) (-7.03;0.77) 

F2F: face-to-face; HE: healthy eating; PA: physical activity; HE+PA: healthy eating and physical activity; MI: motivational interviewing. Gestational weight gain was calculated 
by subtracting the baseline weight from the weight measured at the final measurement and is corrected for BMI at baseline and total weeks between baseline and third 
measurement. If significant associations (p<0.05) were found these were printed in bold. Significant negative beta’s regression coefficients represent a beneficial effect 
(decline in weight gain) and vice versa.  
1 ‘high’ corresponds with four or more out of seven MITI elements according ‘beginning proficiency’ on the MITI.  
2 ‘yes’ corresponds with a lifestyle coach who was more competent in MI and a participant who received five face-to-face sessions. 



Process evaluation 

89 

5 

DISCUSSION 

This process evaluation yields valuable information about the implementation process of the 
DALI lifestyle pilot study in overweight and obese pregnant women during the course of 
pregnancy. Delivering an intervention across different countries, with several different 
languages and various cultures is a real challenge. Evaluation is therefore important and could 
assist researchers and practitioners in planning future studies. This study reached a subset of 
the target population and eventually included 20% of the invited women. Overall, the 
intervention was delivered satisfactorily with 63% of the women receiving all intervention 
sessions. Furthermore, high variability between practitioners for MI competency resulted in an 
overall MI score not fulfilling expert opinion. Neither the implementation of MI (fidelity) nor 
the degree of participation in the intervention (dose delivered) was associated with the 
primary study outcome GWG. 

With regard to reach, one-third of the invited women were willing to participate in this study, 
which is similar to the response rate of this target population in other intervention studies 
[246,262]. The low response rate has implications for the generalizability of the results, as this 
sample was self-selective and research participants are mostly more motivated to change 
lifestyle behaviour in comparison to non-responders [175]. The requirement for women to 
attend three measurement sessions on top of the counselling sessions likely led to lower 
participation rates, as many women mentioned that the study demanded too much of their 
time. Additionally, ten women had a previous negative experience with the OGTT and would 
definitely not undergo this testing once more. On the other hand, the design of the study 
including individual F2F sessions with delivery at home (if preferred), might have resulted in a 
higher attractiveness and flexibility for women to participate than studies that require 
attending group sessions on fixed times and places. Furthermore, the incorporation of 
healthcare professionals (community) midwifes, obstetricians, general practitioners) during the 
recruitment phase definitely led to an extended noticeability. 

In comparison to previous studies the dose delivered of the F2F sessions is high, since for 
example in the UPBEAT pilot study only 6% attended the complete intervention (one F2F 
session followed by eight weekly group sessions) [262] and in the FitFor2 study only 16.3% 
attended half of the exercise sessions [246]. Similar attendance rates were found in the LIP 
study where 92% attended the four dietary counselling sessions and 56% attended half of the 
intended exercise sessions [335]. Only higher attendance rates were found in a study among 
Hispanic overweight women, in which 86% received all six prenatal lifestyle sessions [132].  

The fidelity of the intervention delivery did not achieve scores above the MITI summary 
thresholds, although high variance of MI competence was observed between the practitioners. 
It is very likely that earlier experiences, professional background, personality and culture led to 
more (or less) skill quality and use of MI principles and as a consequence to a difference in the 
deliverance of the intervention across sites. This study was not designed to employ already 
highly skilled coaches. It was designed as a pragmatic trial to relate closely to the situation in 
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actual clinical practice, whereby practitioners were trained in the beginning of this study under 
ideal training conditions, but needed to deliver their skills in the less predictable field setting. 
The delivery of this intervention was standardized (e.g. manuals for the coach, manuals for the 
participant, standardized training) to give practitioners some guidance, but obviously there is 
an inherent tension between a manualised intervention and the use of MI [186]. So far, the 
optimum amount of structure to offer practitioners is unclear when wanting them to integrate 
MI into practice. Certification of practitioners was based on attendance and completion of all 
requirements, not on quality in using MI skills. Future studies might reconsider this design and 
build audio recorded supervision into the training process, so coaches receive a mix of 
workshops and supervision (feedback) of actual practice over a longer time period, which 
would allow them to develop competence [191,219,221,292] [340]. A recent meta-analysis of 
training studies recommends 3-4 supervision sessions over a six-month period [292]. 
Supervisors should try to improve the quality of practitioners in evoking change talk 
(encouraging language about desire, ability, reason and need for behaviour change and 
commitment to it) and softening sustain talk (avoiding the focus on reasons against changing or 
maintaining the current situation) [230], since the expression of change talk is directly linked to 
the practitioners behaviour [115]. In addition, training practitioners in asking permission prior 
to giving advice is important in research studies were some form of knowledge transfer should 
harmonize with an MI approach.  

The participants were highly satisfied with the intervention and with their lifestyle coach, even 
though this study was not able to reach a sufficient proficiency level in MI. One of the 
components in the coach rating was the item ‘helped you rather than told you what to do’, 
which is one of the key goals of MI. All participants scored an eight or higher for this item, with 
the exception of two participants (score of seven and a score of a three) both for a coach 
considered less skilled in the use of MI. 

The secondary aim of this research paper was to investigate the association of dose and fidelity 
with change in GWG. In the previously published study of Simmons et al. (2015), it was shown 
that women gained 7.6, 8.5 and 9.6 kg respectively in the HE group, the HE+PA group and the 
PA group [300]. Purely hypothetical, the non-significant positive association found in the PA 
group for fidelity and GWG might suggest that the skilfulness of MI is essential when focusing 
on changing physical activity behaviours. This might suggest a need for training health 
professionals to a certain skill level of delivering behavioural change interventions, especially 
since gestational weight gain in the PA group was largest. However the sample size of the 
current study was probably the foremost reason no significant associations were found 
between dose, fidelity and GWG. Repeating this analysis in a larger study is needed to confirm 
the dose-response (more sessions better weight results) relation found in a non-pregnant 
population [42,53].  
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Strength and limitations: 
One has to balance in conducting a trial such as this between weighing up what is possible to 
achieve pragmatically and the potential loss of completeness in fidelity data. Not having double 
coding of the Spanish, Danish and Italian study session due to costs, the use of the Spanish 
MITI 3.0, and presenting only behavioural count data of #3 are limitations of this study, but the 
alternative was not to have this data, as was the case in previous MI studies among this target 
population [29,62]. We believe these data are of great value for the evaluation process. A 
lesson learned from the pilot study is that throughout the study the collection of audio 
recordings should be ensured [158]. In the current study we lacked data from four 
practitioners, and of the other practitioners not all sessions were audio recorded, which might 
have led to a biased sample. Another limitation of this study is the gathering of satisfaction 
data at the end of pregnancy, therefore the response applied only to those who completed the 
study.  

Notwithstanding the previous mentioned limitations, the findings of the present study are 
important. They provide insight in the ‘black box’ of the DALI pilot lifestyle intervention and 
allow for a more in-depth analysis of the outcomes. This study provides useful information 
across different countries, with its various health services, and is valuable for those planning to 
use MI in future intervention studies both in research and in practice. Moreover, it is one of the 
few studies that analysed fidelity of MI. Also, in contrast to other process evaluations, we 
investigated the association between separate process elements and the primary outcome 
measure of the study. 

 
Conclusion 
Overall, these findings suggest that the DALI intervention with five MI lifestyle sessions was 
well received across a range of European countries and may even be feasible to implement 
more widely across Europe. Even though the performance of most of the practitioners in this 
study left room for improvement, some practitioners did adequately apply certain principles. 
Key lessons learned from this pilot study include; 1) that more research is needed to 
investigate which programme adaptations are needed to attract the large group of non-
responders to participate in a lifestyle intervention during pregnancy; 2) ensuring audio 
recording of all lifestyle sessions throughout the study; and 3) providing individualized 
feedback to practitioners throughout the study to increase the chances of achieving MI 
proficiency. Furthermore, future studies are encouraged to evaluate and report fidelity of MI in 
their study as to facilitate comparison among trials. 
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Background: Evidence is needed for the relative effectiveness of different lifestyle intervention 
components during pregnancy in minimizing gestational weight gain (GWG) and improving 
antenatal glucose metabolism. The aim of this study was twofold: 1) to investigate the effect of 
the DALI lifestyle intervention on objectively measured physical activity and diet, and 2) to 
examine how these changes are related to GWG, fasting glucose and Homeostatic Model 
Assessment-Insulin Resistance (HOMA-IR). 

Methods: Women with a pre-pregnancy BMI≥29 kg/m², from eleven European sites and 
without baseline gestational diabetes mellitus, were randomised into a healthy eating (HE), 
physical activity (PA), combined (HE+PA) or usual care groups. Participants allocated to the 
intervention arms received five face-to-face and four optional telephone sessions by a lifestyle 
coach trained in motivational interviewing. At baseline (<20 weeks), mid- (24-28 weeks) and 
late- (35-37 weeks) pregnancy, physical activity was measured with accelerometers and diet 
was assessed with three-day dietary records. Statistical analyses included longitudinal linear 
multilevel regression and multiple mediation models. 

Results: A total of 436 women were included in the study, with 132 (30%) women providing 
valid physical activity data and 173 (40%) women providing dietary data at baseline and at 
either mid- or late-pregnancy. For physical activity, an effect on counts per min was found mid-
pregnancy (β=53.1, 95% CI=0.2;105.9) in the PA group. For diet, overall dietary scores were 
improved in the HE group (β=6.8, 95% CI=2.0; 11.6) and the HE+PA group (β=5.7, 95% 
CI=0.7;10.7). The intervention did not seem to have a mediating effect through physical activity 
and dietary changes on GWG and glucose metabolism. 

Conclusion: Irrespective of the use of stringent measurement methods, changes in physical 
activity and diet leading to a reduction in GWG might have been too subtle to detect in our 
study.   
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INTRODUCTION 

In 2014, the estimated European prevalence of obesity (BMI≥30) in adult women was 15% and 
reaching epidemic proportions [349]. Likewise, obesity prevalence in pregnancy is high, varying 
from 7 to 25% depending on the consulted study [81]. Maternal obesity puts women at risk for 
the development of many adverse health outcomes, including gestational diabetes mellitus 
(GDM), pregnancy-induced hypertension (PIH, including preeclampsia), depression and 
preterm delivery. It also impedes labour and delivery by an associated increased risk for 
induction, prolonged labour, combined spinal epidural, instrumental deliveries and caesarean 
sections and further affects the postpartum period by increased risks for haemorrhages, 
infections, weight retention and breast feeding problems. Offspring of obese mothers are more 
likely to experience post-delivery respiratory problems, be large-for-gestational-age, 
macrosomic or be at risk of obesity and the metabolic syndrome in later life [142]. To minimize 
the risk for these adverse health outcomes, the Institute of Medicine (IOM) recommends obese 
women to pursue a gestational weight gain (GWG) range of 5 to 9 kilograms [155], especially 
since excessive GWG together abnormal glucose tolerance aggravates the obesity-related 
health effects in pregnancy [81].  

Lifestyle modifications are the main option to avoid excessive GWG. Interventions can be 
based on behavioural change in diet and physical activity, targeted separately or in 
combination [1]. Currently, for obese pregnant women, no specific dietary recommendations 
are defined, other than the national dietary guidelines and the option of consulting a dietitian 
or other qualified person [155]. For physical activity, international guidelines recommend, 
irrespective of pre-pregnancy BMI, that sedentary women should build up their activity level to 
at least 30 minutes of at least moderate activity a day, while already active women should 
maintain or increase their activity level up to 30-60 minutes a day [15]. 

As a consequence of the lack of specific information and time to incorporate lifestyle advice in 
routine consultations with obstetricians and midwifes, many different lifestyle interventions 
with a wide variability in content and delivery methods have been offered to overweight and 
obese pregnant women in large multicentre randomised controlled trials. To illustrate, the 
LIMIT trial provided combined diet, physical activity and behavioural strategies in overweight 
and obese pregnant women. Dietary advice was based on a reduced intake of foods high in 
refined carbohydrates and saturated fats and an increased intake of fibres [87]. Women were 
encouraged to increase daily walking and incidental activities. In the UPBEAT study, obese 
pregnant women were offered a behavioural intervention with the aim to increase the 
consumption of foods with a lower glycaemic index and to improve physical activity levels by 
increasing daily life activities and step count [262]. Effects on diet and physical activity levels 
were promising in most studies, based on self-reported data, however desired GWG and 
improvement in glucose metabolism were not always obtained compared to women receiving 
standard antenatal care [84,99,261]. 
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Evidence relating to the effective intervention components for minimizing GWG and improving 
glucose metabolism remains inconsistent and contradictory. Several studies found that the 
combination of dietary and physical activity advice in a positive psychosocial climate gave the 
best results [16,249,255], while a meta-analysis by Thangaratinam et al. (2012) revealed that 
dietary interventions were more effective than exercise-based or combined interventions 
[319]. The identification of effective mediators on outcomes of interest can improve the 
development of future interventions, while on the other hand the identification of ineffective 
mediators can result in removal or necessary adaptations [124].  

The European vitamin D and Lifestyle Intervention (DALI) study was developed to investigate 
the effects of different lifestyle interventions in overweight and obese pregnant women on 
GWG and glucose metabolism with the ultimate goal of GDM prevention. DALI is a randomised 
controlled trial based on a behavioural lifestyle intervention addressing healthy eating and/or 
physical activity in overweight and obese pregnant women [160]. Results from the main study 
illustrate reduced GWG but unchanged fasting glucose levels in the combined healthy eating 
and physical activity intervention arm compared to usual care [299]. The aim of the current 
paper is to examine the effect of the lifestyle interventions in the DALI lifestyle trial on 
objectively measured levels of physical activity and diet and investigate how these changes 
were related to the primary outcomes: GWG, fasting glucose, and insulin sensitivity.  

 

METHODS 

Design 
The DALI study is a randomised controlled study with a 2x2x2 design. It consists of a vitamin D 
2x2 trial and a lifestyle 2x2 trial. The current study is situated within the lifestyle trial that was 
conducted between March 2013 and August 2014. All relevant ethical committees approved 
the study and all participants gave written informed consent.  

 

Participants and procedures 
A detailed description with a visual illustration of this study can be found elsewhere [160]. In 
short, participants were recruited before 20 weeks of gestation at eleven study sites across 
nine European countries: Vienna (Austria); Leuven (Belgium); Odense and Copenhagen 
(Denmark); Galway (Ireland); Padova and Pisa (Italy); Poznan (Poland); Barcelona (Spain); 
Cambridge (United Kingdom) and Amsterdam (The Netherlands). Women were eligible for 
participation if they were 18 years or older, had no pre-existing diabetes, were able to walk at 
least 100 meter safely, did not require a specific diet, had no chronic medical conditions or 
psychiatric disease and spoke the language of the lifestyle coach. All women received a 
baseline assessment (<20 weeks of gestation) for GDM with a two hour 75 gram oral glucose 
tolerance test (OGTT). Participants with a fasting glucose ≥ 5.1mmol, 1 hour glucose ≥ 10.0 
mmol or a 2 hour glucose ≥ 8.5 mmol were excluded [209].  
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Women without baseline GDM were allocated to one of the four intervention arms: Healthy 
eating (HE), physical activity (PA), combined (HE+PA) and a usual care arm offering local routine 
care. A computerised random number generator drew an allocation schedule pre-stratified for 
intervention site. Sealed opaque envelopes were prepared containing information on 
allocation. The lifestyle coaches were responsible for advising the participants of their 
allocated intervention. The involved research nurses, researchers and medical doctors were 
blinded to randomisation and participants were informed not to discuss their intervention with 
the DALI staff.  

 

Intervention 
The lifestyle intervention was offered between study entry and 35 weeks of gestation. It 
consisted of five face-to-face sessions (four prior to 24-28 weeks of OGTT) and four optional 
telephone counselling sessions with a personal lifestyle coach trained in motivational 
interviewing. The intervention goal was to improve diet and physical activity behaviours in 
order to limit GWG to the lower limit of 5 kilograms. All participants allocated to one of the 
three intervention groups received information about GDM, GDM risk factors and the targeted 
GWG. The HE intervention was based on seven key messages: 1) Replace sugary drinks; 2) Eat 
more non-starchy vegetables; 3) Increase fibre consumption; 4) Watch portion size; 5) Eat 
protein; 6) Reduce fat intake; 7) Eat less carbohydrates. General dietary information was 
provided with the DALI food triangle, a scheme of seasonal availability of fruits and vegetables 
and the interpretation of food labels. Participants in the HE intervention had the option to 
complete a dietary record and discuss this with her lifestyle coach. The PA intervention 
included five key messages: 1) Be active every day; 2) Sit less; 3) Be more active at weekends; 
4) Take more steps; 5) Build your strength. General information on physical activity was 
provided by the American College of Obstetricians and Gynecologists (ACOG) supporting 
exercise model including information about frequency, intensity, time and type of exercise 
advised in normal pregnancy. Intervention tools, such as a pedometer, elastic dynaband, CD-
ROM with suggested strength exercises and an exercise diary were offered only to women in 
the PA intervention. The women in the usual care arm did not receive any intervention other 
than the information on GDM, physical activity and diet provided in usual care (in the form of 
existing general leaflets).  

 

Outcome measures 
At baseline (between 12-20 weeks), in mid- (24-28 weeks) and in late- (35-37 weeks) pregnancy 
women underwent an OGTT whenever they had not been diagnosed of diabetes previously. At 
0, 60 and 120 minutes after glucose ingestion blood samples were collected. Blood samples 
were processed locally and stored at -20º or -80º until further analysis in the central trial 
laboratory in Graz, Austria, certified according ISO 9001 standards. Homeostatic Model 
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Assessment-Insulin Resistance (HOMA-IR) was calculated as [fasting glucose*fasting insulin] / 
22.5 [201]. 

Maternal body weight was measured by calibrated electronic scales (SECA 888; SECA 877) 
while participants wore only indoor clothes and no shoes. GWG was defined as the change in 
weight from baseline to late-pregnancy. 

 

Dietary measure 
Dietary assessment was undertaken by use of three-day dietary records at baseline, mid- and 
late-pregnancy. Information on food type and amount was collected through an open entry 
format, where each day was divided into breakfast, morning snack, lunch, afternoon snack, 
dinner and late-evening snack. All dietary records were translated into the English language by 
the research nurses and lifestyle coaches to facilitate analysis, except for the Dutch and 
Belgium dietary records. The consumed food and beverages were classified into 46 different 
food groups, based on the Flemish Food Based Dietary Guidelines [98] and DALI Food Triangle. 
Afterwards, these 46 food groups were combined into nine main food categories: 1) water and 
non-sugary drinks, 2) sugary drinks, 3) fruit, 4) vegetables, 5) carbohydrates (potatoes, rice, 
pasta, bread) 6) meat, meat products, poultry, fish, eggs and vegetarian products, 7) milk, milk 
products and cheese, 8) spreads and cooking fats and finally 9) the rest category. Portion size 
of the consumed foods and beverages were determined on the basis of “Measures & Weights” 
of the Belgian Superior Health Council [20]. A standard portion was considered in the case of 
missing detailed information on portion size. The average intake of the different food 
categories was calculated as the mean of the 3-day intake period. A DALI Diet Quality Index 
(DQI), based on the nine main food categories, was developed, using the same principles as 
previously developed DQIs [148,151,339]. The total DQI score is the main dietary outcome and 
is calculated as the mean of the quality, diversity and equilibrium sub-scores. The quality score 
informs whether a person generally consumed foods of the preference, mean or rest group. 
The diversity score informs about the degree of variation in food consumption and the 
equilibrium score considers the balance between minimum (~dietary adequacy) and maximum 
(~dietary moderation) recommended food intake (Jans et al. submitted).  

 

Physical activity measure 
Physical activity was measured by use of accelerometers (Actigraph: GT1M, GT3X+; Pensacola, 
Florida, USA) at the same time points participants completed the dietary records. They were 
instructed by the coach to wear the meters for three days on an elastic belt positioned over the 
right hip during waking hours, removing the device only for water-based activities (e.g. 
showering or swimming). Date, time and reason of removal were recorded in an activity diary, 
as well as the total time spent swimming. Raw data was recorded in 1-minute epochs and 
cleaned manually based on the activity diary. Periods of consecutive strings of zero-count 
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epochs lasting more than 90 minutes were considered as non-wear time [58,165]. The vertical-
axis was used for analysis [166]. A valid day was defined as at least 480 minutes of wear time 
[93] and only data from women with three valid days were considered in the analyses. Raw 
data was analysed in mean counts per minute (CPM), which were converted in minutes in 
sedentary, light, moderate and vigorous intensity using the Actilife software version 6.8.1 
based on the Freedson cut-off points [106]: sedentary <100 CPM; light between 100-1951 
CPM; moderate between 1952-5724 CPM; vigorous more than 5727 CPM. Swimming was 
added to the objective recording of physical activity as vigorous minutes and counts [91] 
(swimming is 7.0 metabolic equivalent of task (MET) [7] representing 6994 counts/min in an 
adult population according the formula METs value = 1.439008 + (0.000795 counts/min) [106]). 
Moderate and vigorous activity was summed and presented as moderate and vigorous physical 
activity (MVPA). Light activity and MVPA were combined to derive total physical activity. 
Sedentary, light and total physical activity were presented as percentage of total wear time. 
MVPA was shown as minutes per day. 

 

Covariates 
Demographics and other covariates were determined. At baseline, maternal age, parity, 
ethnicity (Caucasian versus non-Caucasian), educational level (lower/middle or higher), 
employment (yes/no) and marital status were assessed by questionnaire. At baseline, maternal 
body height was recorded on bare feet with a stadiometer (SECA 206, SECA, Birmingham, UK). 
The body mass index (BMI) was calculated by dividing the measured weight (in kg) by the 
square of height (m2).  

 

Statistics 
Socio-demographic characteristics of women providing HE or PA data at baseline and at either 
mid-pregnancy or late-pregnancy were compared to those not included in the study sample, 
using the Student t-test (normally distributed continues variables) or the Chi square test 
(categorical variables).  

Effect analyses 
Longitudinal linear multilevel regression analyses were used for the continuous outcome 
variables of the DALI-DQI and activity scores. Multilevel analyses were undertaken with a three 
level structure: time (mid-pregnancy (24-28 weeks), late-pregnancy (35-37weeks)), individual 
and site. This corrects for possible clustering effects as specific characteristics of a treatment 
centre could impact on the treatment. DQI and physical activity scores at mid- and late-
pregnancy were corrected for baseline values (crude model) and the following confounders 
(corrected model): age, education, employment status, parity, BMI at baseline visit, and 
ethnicity. Time was added as interaction term to the model to obtain the separated effect for 
mid-pregnancy and late-pregnancy. All analyses were performed with multilevel analysis for 
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Windows (MLwiN version 2.22; Centre for Multilevel Modelling, University of Bristol, Bristol, 
UK). A P-value ≤ 0.05 was considered significant. 

Mediation analyses 
To test for a mediating effect of mid-pregnancy diet and physical activity levels (DQI and total 
physical activity) on changes in the primary outcome measures at late-pregnancy (GWG, fasting 
glucose, HOMA-IR), multiple parallel mediation models as described by Hayes [133] were 
tested. Multiple mediation models are preferred above simple mediation models as most 
effects operate through multiple mechanisms at once. Furthermore, this allows the 
determinations of the strongest indirect effect [133]. The PROCESS macro (version 2.15) was 
run in SPSS version 22 (IBM Corp, Armonk, New York, USA) to compute the following steps 
simultaneously: (1) estimation of the intervention effects on the mediators by regressing the 
mid-pregnancy mediator score on the baseline mediator score, confounders and intervention 
dummies (α-coefficient); (2) estimation whether changes in the mediators predict changes in 
the outcome variables by regressing the outcome variables onto the baseline outcome 
variables, baseline mediators, mediators, confounders and intervention dummies (β-
coefficient); (3) estimation of the indirect effect (αβ-coefficient); (4) estimation of the direct 
effect when accounted for the indirect effect (τ’-path); (5) estimation of the total intervention 
effect (τ-path). The conceptual mediation model is illustrated in Figure 6.1.  

Bias-corrected bootstrapped 95% asymmetric confidence intervals (based on 1,000 bootstrap 
samples) were computed for the indirect effect [133]. The indirect effect is statistically 
different from zero if the confidence interval does not straddle zero. PROCESS is run for each 
primary outcome variable with the same value for the random number seed attributed to each 
run. This is done to obtain results as if all the paths were estimated in one model with multiple 
dependent variables [133]. The intervention condition is a multi-categorical independent 
variable and is therefore analysed with dummy coding [135]. The following factors were 
considered as confounders: age, education, employment, parity, BMI at baseline, and ethnicity. 
In addition for the primary outcome GWG the following two additional confounders were 
added: number of weeks between measurements and diagnoses of GDM (yes/no) according to 
local diagnostic criteria at 24-28 weeks’ gestation. In case of GDM diagnosis at mid-pregnancy, 
the values of fasting glucose and HOMA-IR measured at this moment were used as outcome 
measures. Log transformed data for HOMA-IR was used because of skewness.  
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Figure 6.1: Conceptual mediation model 

RESULTS 

Participants 
The flow diagram of the included participants for the dietary and exercise analyses is illustrated 
in Figure 6.2. The main reasons for exclusion to this study were the absence of baseline data 
(valid DQI and/or accelerometer), or baseline but no mid- or late pregnancy data availability. 
For the physical activity analyses, at 46%, 34% and 31% of randomised women (N=436) at 
baseline, mid-pregnancy and late-pregnancy provided valid accelerometer data. The main 
reasons for missing data were unavailability of accelerometers or non-attendance (38%); no 
data-recording as a result of non-wear, battery depletion or incorrect initialisation (10%); not 
enough valid weartime or days recorded (14%). For the dietary analyses, dietary records of 
40% of the women at baseline and 36% of the women at mid- and late-pregnancy were used. 
Missing dietary records were a result of not being completed or returned by the participants. 

Baseline characteristics of the women providing physical activity and dietary data are 
presented in Table 6.1. The mean BMI was  34.2 and 34.5 kg/m² for the participants included 
for the physical activity and dietary analyses, respectively. Participants were mostly Caucasian, 
employed and lived together with their partner. About half of the women had one or more 
children and had completed higher education. The women who provided either physical 
activity data or dietary data were not different from those who did not with respect to BMI, 
education, marital status and parity, although they were significantly older, more frequently 
employed and from non-Caucasian origin. Furthermore, women from the sites Austria, 
Denmark Copenhagen, The Netherlands and Spain were more represented in this subsample. 
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Table 6.1. Baseline characteristics 
    Dietary record Accelerometer 

  
Total 

population 
(N=436) 

  P no dietary 
record vs 
available 
dietary 
record 

  P no valid 
accelerometer 
data vs valid 

accelerometer 
data 

(N=173)  (N=132)  

Age (years): Mean (SD) 32 (5.3) 32.8 (5.1) <0.001 33.2 (5.3) <0.001 
BMI (kg/m2): Mean (SD) 34.5 (4.0) 34.5 (4.0) 0.81 34.2 (3.5) 0.32 
Gestational age at entry 
(weeks): Mean (SD) 

15.3 (2.3) 15.2 (2.5) 0.33 14.9 (2.3) 0.02 

Maternal ethnicity: n 
(%Caucasian) 

378 (86.7) 138 (79.8) <0.001 109 (82.6) 0.09 

Education: n (%Higher) 239 (54.8) 91 (52.6) 0.45 76 (57.6) 0.45 
Marital status: n 
(%With partner) 

410 (94.0) 164 (94.8) 0.59 123 (93.2) 0.62 

Parity: n (%Nulliparous) 215 (49.3) 85 (50.0) 0.95 68 (51.5) 0.54 
Employment: n 
(%Working) 

340 (78.0) 143 (82.7) 0.06 112 (84.8) 0.02 

Notes: Bold numbers represent a significant difference of p<0.05 between the group with and without valid data.  
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Outcome ACC Analysed T2 (n=28)  
Outcome ACC Analysed T3 (n=26) 
Outcome DQI Analysed T2 (n=48) 
Outcome DQI Analysed T3 (n=40) 

Lost to follow up (n=5) 

Dropout (n=27)  
- No time (n=9)  
- Withdrew consent (n=7)  
- Private, medical reason (n=5)  
- Spontaneous abortion (n=4)  
- Study requirements (n=1)  
- Moved (n=1) 

HE (n=113) 
 

Enrollment 

PA (n=110) 
 

Outcome ACC Analysed T2 (n=29)  
Outcome ACC Analysed T3 (n=24) 
Outcome DQI Analysed T2 (n=33) 
Outcome DQI Analysed T3 (n=31) 

Withdrew consent (n=7)  
 

Excluded (n=196) 
• GDM (n=169) 
• BMI <29 (n=8) 
• Gestation >20 weeks (n=8) 
• No baseline OGTT (n=5) 
• Other reason (n=6) 

Lost to follow up (n=14) 

Already delivered (n=11) 

Dropout (n=21)  
- No time (n=3)  
- Withdrew consent (n=3)  
- Moved (n=3)  
- Private, medical reason (n=1)  
- Spontaneous abortion (n=1)  
- Intervention requirements (n=1)  
- GDM at T2 (n=9) 
 

Valid ACC (n=42) 
- Non valid (n=16) 
- No data (n=10) 
- Not provided (n=38) 
Dietary record (n=48) 
- Missing (n=26) 
- Not analysed (n=32) 

Dropout/ LTFU (n=7) 
 

Valid ACC (n=35) 
- Non valid (n=14)  
- No data (n=16) 
- Not provided (n=36) 
Dietary record (n=33) 
- Missing (n=43) 
- Not analysed (n=25) 

Dropout/ LTFU (n=9) 
 

Valid ACC (n=36) 
- Non valid (n=13) 
- No data (n=6) 
- Not provided (n=36) 
Dietary record (n=40) 
- Missing (n=33) 
- Not analysed (n=18) 
 
Dropout/ LTFU (n=8) 
Delivered (n=7) 
 

Valid ACC (n=31) 
- Non valid (n=15) 
- No data (n=12) 
- Not provided (n=30) 
Dietary record (n=31) 
- Missing (n=35) 
- Not analysed (n=22) 

Dropout/ LTFU (n=11) 
Delivered (n=2) 
 

Figure 6.2: Consort diagram 

Notes: Baseline refers to 12-20 weeks of 
gestation; T2: refers to mid-pregnancy (24-28 
weeks of gestation); T3 refers to late-
pregnancy (35-37 weeks of gestation); 
Abbreviations: ACC: Accelerometer data; 
GDM: Gestational diabetes mellitus; HE: 
Healthy eating group; HE+PA: healthy eating 
and physical activity group; LTFU: Lost to 
follow up; OGTT: Oral glucose tolerance test; 
PA: Physical activity group 
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Valid baseline ACC (n=202) 
- Non valid (n= 69) 
- No data (n= 40) 
- Not provided (n= 125) 

Baseline dietary record (n=174) 
- Missing (n=130) 
- Not analysed (n=132) 
 
 

 

Valid ACC (n=39) 
- Non valid (n=13) 
- No data (n=8) 
- Not provided (n=31) 
Dietary record (n=33) 
- Missing (n=39) 
- Not analysed (n=19) 

Dropout/ LTFU (n=9) 
Delivered (n=1) 
 

  

 

HE+PA (n=108) 
 

Assessed for eligibility (n=2009)  

Allocation 

Randomised (n=436) 

Outcome ACC Analysed T2 (n=25)  
Outcome ACC Analysed T3 (n=24) 
Outcome DQI Analysed T2 (n=40) 
Outcome DQI Analysed T3 (n=28) 

 

Consented (n=639) 

Valid ACC (n=34) 
- Non valid (n=16) 
- No data (n=17) 
- Not provided (n=29) 
Dietary record (n=40) 
- Missing (n=23) 
- Not analysed (n=33) 

Dropout/ LTFU (n=12) 
 

  

 
Valid ACC (n=31) 
- Non valid (n=15) 
- No data (n=9) 
- Not provided (n=33) 
Dietary record (n=28) 
- Missing (n=37) 
- Not analysed (n=23) 

Dropout/ LTFU (n=7) 
Delivered (n=1) 
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Follow-Up T2 

Analysis 
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Effect of the DALI lifestyle interventions on maternal physical activity levels and diet 
The means and standard deviations of the different physical activity and healthy eating 
outcomes at baseline, mid- and late-pregnancy are shown for each intervention group in Table 
6.2. Furthermore, the crude and corrected effect outcomes of the different lifestyle 
interventions on activity and dietary levels are presented. Only the corrected effects will be 
discussed.  

For physical activity, significantly more CPM were found in the PA group compared to the usual 
care group (β=53.1, 95% CI=0.2;105.9) in mid-pregnancy. However, no differences in total 
activity, sedentary behaviour, light activity and MVPA after adjustment for baseline and for 
possible confounders were found in any of the intervention groups compared to the usual care 
group measured in mid- and late-pregnancy.  

For the maternal diet, the overall DQI was higher at mid-pregnancy compared to baseline for 
the HE (β=6.8, 95% CI=2.0; 11.6) and the HE+PA (β=5.7, 95% CI=0.7;10.7) intervention groups. 
This is reflected by higher quality (β=18.0, 95% CI=8.4;27.5 and β=13.6, 95% CI=3.7;23.6), 
moderation (β=5.8, 95% CI=2.7;8.9 and β=5.4, 95% CI=2.2;8.7) and equilibrium (β=5.8, 95% 
CI=1.2;10.3 and β=5.3, 95% CI=0.6;10.0) scores respectively for the HE and HE+PA intervention 
groups at mid-pregnancy. Late-pregnancy effects were noticed for dietary adequacy and 
moderation. The adequacy score was lower (β=-6.7, 95% CI=-12.0;-1.5) and the increase in 
moderation score at mid-pregnancy continued to late-pregnancy (β=5.7, 95% CI=2.4;9.1) in the 
HE group compared to the usual care group. 

 

Effects of the DALI lifestyle intervention on GWG, fasting glucose and HOMA-IR 
Overall intervention effects on GWG, fasting glucose and HOMA-IR have been reported 
elsewhere [299] . In summary, In the HE+PA group, but not HE or PA alone, women achieved 
less GWG than usual care group at 35-37 weeks (β=2.02 kg, 95% CI= -3.58;-0.46)). There were 
no differences in fasting glucose or HOMA-IR between intervention groups. Similar results were 
obtained in the mediation models. The total effect (τ-path) for the HE+PA group was a 
reduction in GWG of -3.07 kg (95% CI= -6.07;-0.07). No significant effects for the HE or PA 
interventions alone on GWG were found, either for fasting glucose or HOMA-IR in any of the 
intervention groups. 

 

Mediation effects of total physical activity and DQI in mid-pregnancy on the primary 
outcomes GWG, HOMA-IR and fasting glucose in late-pregnancy  
From the multiple parallel mediation models (Table 6.3), it was clear that the three lifestyle 
interventions did not indirectly influence GWG, fasting glucose or HOMA-IR through their 
effect on total physical activity or DQI (α*β path). Participants allocated to the HE+PA 
intervention group were able to increase their DQI in mid-pregnancy compared to those in the 
usual care group (α=12.4, 95% CI=4.5;20.3); due to missing outcome data the α-path is slightly 
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different from the models of fasting glucose (α=11.9, 95% CI=3.9;19.9) and HOMA-IR (α=11.9, 
95% CI=4.0;19.9). A direct significant effect of the HE+PA intervention on GWG in late-
pregnancy was seen, independent of the effect of the proposed mediators (τ’-path, τ’=-3.5, 
95% CI=-6.8;-0.3). No effect of the mediators on GWG, fasting glucose and HOMA-IR were 
observed (β-path). 

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 6.2 (next pages): Notes: longitudinal linear multilevel analysis adjusted for time (mid- and 
late-pregnancy) and site, the usual care group was used as reference group; Bold numbers 
represent a significant effect of p<0.05. a crude model: adjusted for baseline value of the 
outcome; b corrected model: crude model adjusted for age, employment, education, parity, 
ethnicity, and body mass index at baseline; c Total physical activity is defined as all activities 
above 100 counts. Abbreviations: 95%CI: 95% confidence interval; DQI: Dietary Quality Index; 
HE: healthy eating; PA: physical activity; HE+PA: healthy eating and physical activity; MVPA: 
moderate and vigorous physical activity.  
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Table 6.2: The effectiveness of the three lifestyle interventions on physical activity and diet in mid- and late-pregnancy. 

Mean (SD) 
or n 

  Baseline 
(<20weeks) 

Mid-
pregnancy 
(24-28wks) 

Late-
pregnancy       
(35-37 wks) 

Mid-pregnancy Late-pregnancy 

  crude model a corrected model b crude model a corrected model b 
  ß 95% CI ß 95% CI ß 95% CI ß 95% CI 

Physical activity, n 132 109 100                 

Total 
physical 
activity  

(% 
weartime) 

HE 28.4 (8.4) 26.2 (7.6) 29.8 (7.6) 1.3 [-1.7; 4.4] 0.9 [-2.2; 4.0] 2.7 [-0.4; 5.8] 2.4 [-0.7; 5.6] 
HE+PA 27.8 (9.3) 25.8 (7.5) 25.9 (7.0) 1.1 [-2.0; 4.2] 1.1 [-2.0; 4.2] -2.0 [-5.2; 1.2] -2.0 [-5.1; 1.2] 

PA 31.2 (9.7) 28.6 (9.7) 25.5 (6.1) 1.9 [-1.2; 4.9] 1.7 [-1.3; 4.7] -1.9 [-5.1; 1.3] -1.7 [-4.9; 1.4] 

Usual care 
27.3 (9.3) 25.1 (7.2) 25.6 (8.2) 

                

MVPA  
(min/day) 

HE 47.6 (26.4) 41.1 (22.4) 37.7 (26.1) 5.8 [-5.2; 16.7] 6.4 [-4.6; 17.4] 0.5 [-10.7; 11.8] 1.0 [-10.4; 12.4] 
HE+PA 39.2 (21.3) 39.8 (25.7) 30.0 (18.9) 7.1 [-4.1; 18.4] 7.4 [-3.7; 18.5] -4.7 [-16.1; 6.7] -4.2 [-15.6; 7.2] 

PA 49.5 (25.8) 45.1 (31.5) 33.2 (23.2) 9.6 [-1.3; 20.6] 10.0 [-0.9; 20.9] -8.5 [-20.0; 3.0] -8.7 [-20.1; 2.7] 
Usual care 44.2 (32.6) 36.2 (17.7) 36.7 (24.1)                 

Light 
intensity (% 
weartime) 

HE 22.7 (7.4) 21.1 (6.5) 25.1 (7.5) 0.6 [-2.1; 3.4] 0.3 [-2.4; 3.0] 2.8 [-0.03; 5.6] 2.7 [-0.1; 5.5] 
HE+PA 22.9 (8.3) 20.8 (7.3) 22.1 (5.7) 0.2 [-2.6; 3.0] 0.2 [-2.5; 3.0] -1.4 [-4.3; 1.4] -1.3 [-4.1; 1.5] 

PA 25.3 (9.3) 23.0 (10.2) 21.2 (6.2) 0.6 [-2.1; 3.4] 0.6 [-2.1; 3.2] -1.0 [-3.9; 1.8] -0.7 [-3.5; 2.1] 
Usual care 22.1 (7.5) 20.7 (6.9) 21.1 (7.3)                 

Sedentary  
(% 

weartime) 

HE 71.6 (8.4) 73.8 (7.6) 70.2 (7.6) -1.3 [-4.4; 1.7] -0.9 [-3.9; 2.2] -2.7 [-5.8; 0.4] -2.4 [-5.6; 0.7] 
HE+PA 72.3 (9.2) 74.2 (7.5) 74.1 (7.0) -1.1 [-4.3; 2.0] -1.1 [-4.2; 1.9] 2.0 [-1.2; 5.1] 1.9 [-1.2; 5.0] 

PA 68.8 (9.7) 71.4 (9.7) 74.5 (6.1) -1.8 [-4.9; 1.2] -1.7 [-4.7; 1.3] 1.9 [-1.3; 5.1] 1.7 [-1.4; 4.9] 
Usual care 72.7 (9.3) 74.9 (7.2) 74.4 (8.2)                 

Counts/min  

HE 338.9 (148.7) 301.8 (119.1) 318.1 (129.3) 30.6 [-22.1; 83.4] 27.8 [-25.5; 81.2] 16.9 [-37.4; 71.2] 12.7 [-42.5; 67.9] 
HE+PA 307.0 (148.8) 284.6 (109.6) 257.0 (109.1) 24.5 [-29.5; 78.5] 24.4 [-29.3; 78.2] -39.9 [-94.9; 15.1] -41.9 [-97.0; 13.1] 

PA 358.7 (128.8) 330.9 (133.2) 265.7 (93.3) 55.9 [3.0; 108.8] 53.1 [0.2; 105.9] -50.6 [-106.0; 4.9] -55.4 [-111.1; 0.2] 
Usual care 307.3 (149.7) 273.8 (88.9) 288.1 (132.2)                 



 

 

107 

M
ediation effect of physical activity and healthy eating 

6 

Table 6.2: continued 

Mean (SD) 
or n 

  Baseline 
(<20weeks) 

Mid-
pregnancy 
(24-28wks) 

Late-
pregnancy         
(35-37 wks) 

Mid-pregnancy Late-pregnancy 
  crude model a corrected model b crude model a corrected model b 
  ß 95% CI ß 95% CI ß 95% CI ß 95% CI 

Diet, n   173 160 132                 

Diet Quality 
Index (%) 

HE 57.5 (12.3) 59.8 (12.9) 58.9 (10.2) 6.8 [1.9; 11.6] 6.8 [2.0; 11.6] 0.7 [-4.5; 5.9] 0.7 [-4.5; 5.9] 
HE+PA 53.0 (14.3) 56.2 (13.9) 50.8 (13.7) 5.4 [0.4; 10.5] 5.7 [0.7; 10.7] -5.5 [-11.1; 0.1] -5.2 [-10.8; 0.4] 

PA 55.0 (11.6) 56.6 (10.2) 55.2 (12.8) 4.4 [-0.8; 9.7] 4.4 [-0.9; 9.6] -2.5 [-8.0; 3.0] -2.6 [-8.1; 2.9] 
Usual care 53.0 (12.6) 50.4 (14.3) 56.5 (14.3)                 

Quality (%) 

HE 14.2 (27) 22.3 (25.4) 18.5 (22.6) 17.2 [7.5; 26.9] 18 [8.4; 27.5] 5.5 [-4.9; 15.9] 6.0 [-4.3; 16.3] 
HE+PA 7.3 (31.6) 14.1 (27.5) 1.8 (30.0) 12.9 [2.9; 23] 13.6 [3.7; 23.6] -8.5 [-19.7; 2.8] -7.8 [-18.9; 3.4] 

PA 7.4 (25.7) 11.6 (22.6) 9.4 (25.8) 9.2 [-1.3; 19.7] 9.9 [-0.5; 20.3] -2.4 [-13.5; 8.6] -2.4 [-13.3; 8.6] 
Usual care 5.2 (26.6) -1.1 (28.9) 10.7 (29.6)                 

Diversity (%) 

HE 92.7 (9.6) 90.2 (10.7) 91.8 (10.2) -2.3 [-6.2; 1.6] -2.6 [-6.4; 1.3] -3.7 [-8.0; 0.5] -4.0 [-8.2; 0.2] 
HE+PA 90.4 (9.9) 89.6 (10.2) 90.3 (9.6) -2 [-6.1; 2.1] -1.8 [-5.8; 2.2] -4.2 [-8.8; 0.5] -3.7 [-8.3; 0.8] 

PA 94.5 (7.8) 95.7 (6.7) 94.0 (10.9) 2.9 [-1.4; 7.2] 2.8 [-1.5; 7.0] -1.8 [-6.3; 2.7] -2.0 [-6.4; 2.5] 
Usual care 92.7 (9.5) 92.3 (10.3) 94.8 (8.6)                 

Adequacy 
(%) 

HE 75.0 (11.3) 72.5 (15.3) 72.1 (13.6) -0.7 [-5.6; 4.3] -0.8 [-5.6; 4.1] -6.7 [-12.1; -1.4] -6.7 [-12; -1.5] 
HE+PA 71.3 (14.3) 71.2 (13.7) 70.2 (13.0) -0.7 [-5.9; 4.5] -0.4 [-5.5; 4.7] -6.1 [-11.9; -0.3] -5.4 [-11.1; 0.3] 

PA 77.2 (12.9) 74.8 (12.6) 74.0 (12.6) 0.2 [-5.3; 5.6] 0.2 [-5.2; 5.5] -5.1 [-10.8; 0.6] -5.1 [-10.7; 0.6] 
Usual care 72.2 (14.5) 72.5 (11.1) 77.1 (11)                 

Moderation 
(%) 

HE 85.1 (8.4) 88.4 (7.7) 88.2 (8.2) 5.9 [2.7; 9.0] 5.8 [2.7; 8.9] 5.8 [2.4; 9.2] 5.7 [2.4; 9.1] 
HE+PA 83.6 (8.0) 87.3 (7.8) 83.5 (8.8) 5.3 [2.0; 8.6] 5.4 [2.2; 8.7] 1.1 [-2.6; 4.8] 0.9 [-2.8; 4.5] 

PA 80.8 (8.3) 82.1 (8.7) 82.4 (7.2) 1.3 [-2.1; 4.7] 1.5 [-1.9; 4.9] 1.3 [-2.3; 4.9] 1.3 [-2.3; 4.8] 
Usual care 82.7 (9.5) 81.3 (9.3) 81.8 (8.1)                 

Equilibrium 
(%) 

HE 65.7 (10.2) 67.0 (12.5) 66.5 (10.7) 5.9 [1.2; 10.5] 5.8 [1.2; 10.3] 1.0 [-3.9; 6.0] 1.0 [-3.9; 5.9] 
HE+PA 61.3 (10.5) 64.9 (11.6) 60.3 (13.1) 5.0 [0.2; 9.8] 5.3 [0.6; 10.0] -3.6 [-9.0; 1.8] -3.2 [-8.5; 2.1] 

PA 63.1 (10.7) 62.5 (10.0) 62.2 (10.1) 2.0 [-3.0; 7.0] 2.1 [-2.8; 7.0] -2.3 [-7.6; 2.9] -2.4 [-7.5; 2.8] 
Usual care 61.1 (11.0) 59.9 (12.2) 64.0 (11.9)                 
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Table 6.3: Multiple mediation analysis 

Mediator 
variable 

Intervention effect on mediator  
(α-path) 

Effect of the 
mediator on 
the outcome 
(β-path) 

Indirect effect  
(path α*β) 

Direct intervention effect on the 
outcome (τ’-path) 

  Estimate  
(95% CI) 

Estimate  
(95% CI) 

Estimate  
(95% CI) 

Estimate  
(95% CI) 

  HE HE+PA PA  HE HE+PA PA HE HE+PA PA 

Multiple mediation model with GWG as outcome (n=81) 
Total 
physical 
activity 

2.2 
(-1.9;6.3) 

2.5 
(-1.6;6.7) 

1.7 
(-2.4;5.7) 

0.02 
(-0.2;0.2) 

0.04 
(-0.4;0.8) 

0.04 
(-0.5;0.9) 

0.03 
(-0.3;0.8) -1.3  

(-4.4;1.7) 
-3.5  

(-6.8;-0.3) 
0.2  

(-2.8;3.2) 
DQI 5.5 

(-2.3;13.4) 
12.4 

(4.5;20.3) 
4.6 

(-3.1;12.3) 
0.03 

(-0.1;0.1) 
0.2 

(-0.3;1.9) 
0.4 

(-0.8;2.1) 
0.2 

(-0.2;1.4) 

Multiple mediation model with fasting glucose as outcome (n=79) 
Total 
physical 
activity 

2.5 
(-1.5;6.5) 

1.7 
(-2.3;5.7) 

0.6 
(-3.5;4.7) 

0.01 
(-0.01;0.02) 

0.02 
(-0.01;0.1) 

0.01 
(-0.01;0.1) 

0.004 
(-0.02;0.1) 0.2  

(-0.1;0.4) 
-0.1 

(-0.4;0.2) 
-0.2  

(-0.5;0.1) 
DQI 6.9 

(-1.1;14.9) 
11.9 

(3.9;19.9) 
4.4 

(-3.8;12.5) 
0.001 

(-0.01;0.01) 
0.01 

(-0.05;0.01) 
0.01  

(-0.1;0.1) 
0.01 

(-0.03;0.07) 

Multiple mediation model with HOMA-IR as outcome (n=78) 
Total 
physical 
activity 

1.9 
(-2.2;6.0) 

2.0 
(-1.9;6.0) 

1.2 
(-2.8;5.3) 

0.003 
(-0.01;0.02) 

0.01 
(-0.02;0.11) 

0.01 
(-0.02;0.09) 

0.01 
(-0.02;0.10) 0.2  

(-0.1;0.4) 
-0.1  

(-0.4;0.2) 
-0.01  

(-0.3;0.3) 
DQI 7.4 

(-0.7;15.5) 
11.9 

(4.0;19.9) 
4.2 

(-4.0;12.3) 
0.004 

(-0.004;0.013) 
0.03 

(-0.03;0.22) 
0.05 

(-0.05;0.25) 
0.02 

(-0.02;0.18) 
Notes: Multiple mediation analysis with 1000 bootstrapping confidence intervals. Bold numbers represent a significant effect of p<0.05. Abbreviations: DQI: Dietary Quality 
Index; GWG: gestational weight gain; HE: healthy eating; HE+PA: healthy eating and physical activity; HOMA-IR: Homeostatic model assessment- insulin resistance; PA: 
physical activity. 
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DISCUSSION 

The present study found that the lifestyle intervention offered within DALI was effective in 
increasing counts per minute and improving dietary scores (expressed in DQI and component 
scores) at mid-pregnancy. However, these lifestyle modifications did not mediate any effect of 
the intervention on GWG and glucose metabolism in late-pregnancy. 

The effects of the present intervention on maternal physical activity and diet approximate 
those of most other counselling intervention trials targeting the same population. No 
substantial changes in objectively measured physical activity were established in the UPBEAT 
study [136]. In the LIMIT study, on the other hand, an antenatal lifestyle intervention was 
effective in increasing total physical activity measured by questionnaire in the second and third 
trimester of pregnancy [84], Hawkins et al. (2014) showed that their exercise intervention in 
the BABY study had a smaller decline in total physical activity mid-pregnancy compared to a 
health and wellness intervention [131], and in the Finnish RADIEL study self-reported leisure 
time physical activity improved by 15 minutes compared to the control group [171]. However, 
self-reported questionnaires are biased, representing the individual’s perception of her 
activity, and therefore frequently over-estimate physical activity levels [270]. Furthermore, it is 
possible that women in the intervention group are more likely to report changes, because of 
having received the intervention message, but without a true change in behaviour. Therefore, 
objective measures are preferred such as the accelerometer data used in the present [21]. 
Clinically important is that the DALI intervention countered the expected reduction in physical 
activity in a progressing pregnancy as women were still able to be active according the ACOG 
guidelines of 30 minutes of MVPA a day in late-pregnancy. Therefore, it could be expected that 
women remained fitter with less pregnancy-related physical complaints (e.g. low back pain) as 
a result of the intervention [263]. The literature is more straightforward when it comes to 
dietary effects. Overall, lifestyle interventions carried out during pregnancy result in substantial 
improvements in different aspects of the maternal diet, including nutrients, food groups, 
measures of diet quality and eating habits [84,121,132,171,248,253,262,267]. The DALI 
intervention effects on the DQI and component scores particularly apply from baseline to mid-
pregnancy, but not to late-pregnancy. A possible explanation could be related to a reduction in 
individual counselling intensity, as only one face-to-face contact (around 30 weeks of 
pregnancy) and one optional telephone session (around 34 weeks of pregnancy) were offered 
after the mid-pregnancy measurement. Also symptoms arising from the expanding uterus 
could impact dietary habits, such as heartburn which affects up to 80% of the women in their 
third trimester. Such symptoms often lead to a restriction in food intake, mostly of high-fat 
foods but also of fruits, vegetables and milk products [74]. 

We performed mediation analyses to examine the effect of the DALI lifestyle intervention on 
the primary outcomes of GWG, fasting glucose concentrations and HOMA-IR. The concept of 
mediation analysis is to understand causal mechanisms by establishing why and how an 
independent variable (lifestyle intervention) influences a dependent variable (e.g. GWG) 
through one or multiple mediating factors (changes in physical activity and DQI) [133]. We 
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showed that the lifestyle interventions offered did not seem to indirectly influence GWG or 
glucose metabolism in overweight and obese pregnant women through modifications in 
maternal total physical activity and dietary quality scores. However, it is worth mentioning that 
even though multiple mediation models provide the most precise results [133], the total 
sample size for these three models was relatively small (n=81, 79 and 78), resulting in limited 
statistical power, and a higher risk of not finding a mediation effect that is actually present 
(type 2 error). Not finding evidence for mediation effects does not mean they are not present. 
For example, it is possible that ‘small changes’ in physical activity (e.g. 10% increase in step 
counts per week) and diet (e.g. reduction of 100 kcal a day by replacing sugary drinks for non-
sugary drinks) are too small to be detected, but do result in (gestational) weight changes in the 
long-term [146]. However, based on our results, alternatives need to be considered. It might be 
that other (latent) biopsychosocial (e.g. genetics, social economic factors [248], the timing of 
weight gain [248]) or environmental factors (e.g. social support) may play a more prominent 
role in total GWG and changes in glucose metabolism during pregnancy, which requires further 
research.  

The HE and HE+PA interventions within DALI were found to produce effects on diet within the 
longitudinal linear multivariate and the mediation models, with a slight preponderance of the 
HE arm. Interventions predominantly based on dietary modifications are globally accepted as 
the more effective intervention for overweight and obese women due to various reasons that 
may also apply for the DALI trial [319]: 1) the net benefit from interventions is probably linked 
to how the lifestyle advice is delivered. Correctly applying counselling skills (e.g. motivational 
interviewing) might especially be important in delivering physical activity advice which requires 
more skilled practitioners (chapter 5). Furthermore, in combined interventions, the dietary 
advice might not be delivered to the same standards compared to studies offering dietary 
advice alone, as the lifestyle coach has to shift between two distinct behaviours; 2) compliance 
to HE interventions might be easier to incorporate into one’s life because of its relative 
simplicity and perceived safety in contrast to physical activity in pregnancy. Especially in late-
pregnancy, more pregnancy-related barriers (e.g. back pain) might make compliance to 
physical activity advice more difficult; and 3) benefits of specific components of the diet are 
generally more known and accepted than the benefits of physical activity during the course of 
pregnancy [319]. This being said, it needs to be emphasized that this is not an advocacy for a 
dietary alone intervention, especially we showed that the HE+PA intervention in DALI was most 
effective in changing GWG. However, an opportunity remains to increase the physical activity 
part in lifestyle interventions. 

This study has some strengths and limitations. The dietary quality and level of physical activity 
were measured at three different time points with highly valid measurement instruments 
within a European randomised controlled trial conducted in overweight and obese pregnant 
women. The use of dietary records is accepted as a valid method for measuring actual dietary 
intake in a setting with cultural and country-specific differences in foods and diets. Despite this, 
both the completion of dietary records by participants and the analysis of the records by 
researchers is very time-consuming and is therefore often seen as an important reason for not 
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using dietary records in large research settings [344]. The dietary outcome refers to the level of 
foods and beverages. A more detailed level of macro- and micronutrients analysis was 
considered but was found less appropriate in light of the delivered dietary health messages 
and the lack of specific detail of the obtained dietary data. Accelerometers, used for measuring 
physical activity levels objectively, are a valid measurement tool outside pregnancy [259]. 
Although a limitation in the use of accelerometers can be found in the inadequate and 
incorrect measurement of stationary exercise, upper body movements and water-based 
activities [93]. Therefore, if women incorporate strength training exercises during pregnancy 
(e.g. at home with the dynaband) this is not reflected in total physical activity. Furthermore, 
swimming is an easy to perform exercise for pregnant women as the water partly supports the 
body (in this study 10% of the women swam or started to swim during pregnancy). The use of 
waterproof wearable monitors may provide a solution for this limitation [177], instead of the 
subjective addition of self-reported swimming activity. Obtaining objective longitudinal dietary 
and physical activity data is impeded as participants’ compliance generally decreases over time 
[136,281]. A low compliance over time not only diminishes the sample size and statistical 
power for dietary and physical activity research, but also involves a certain degree of selection 
bias. Participants being more compliant to the study measurements are in general more 
motivated and more likely to benefit from the study intervention than the less compliant 
participants [225].  

The present study shows that in the DALI lifestyle study dietary counselling is an effective 
component for dietary modifications in obese pregnant women. However, in an attempt to 
explain the working mechanisms of excessive GWG prevention and improved glucose 
metabolism, no mediating factors were found. Physical activity and dietary improvements 
associated with a reduction in GWG might have been too small to detect. Furthermore, other 
biopsychosocial and environmental factors should be explored.  
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Many randomised controlled trials in which motivational interviewing (MI) is a key intervention 
make no provision for the assessment of treatment fidelity. This methodological shortcoming 
makes it impossible to distinguish between high- and low-quality MI interventions, and, 
consequently, to know whether MI provision has contributed to any intervention effects. This 
article makes some practical recommendations for the collection, selection, coding and 
reporting of MI fidelity data, as measured using the Motivational Interviewing Treatment 
Integrity code. We hope that researchers will consider these recommendations and include MI 
fidelity measures in future studies.   
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INTRODUCTION 

“Motivational interviewing (MI) is a collaborative, goal-oriented style of communication with 
particular attention to the language of change. It is designed to strengthen personal motivation 
for and commitment to a specific goal by eliciting and exploring the person’s own reasons for 
change within an atmosphere of acceptance and compassion”[215]. MI has been shown to be 
superior to no intervention and as efficacious as other evidence-based interventions in 
systematic reviews and meta-analyses across a variety of different problem behaviours and 
health care settings [41,143,187,188,282].  

A randomised controlled trial (RCT) tests whether an intervention is efficacious in an ideal 
situation by maximizing internal validity through controlling all variables except the 
intervention to be tested. A controlled clinical trial tests instead whether an intervention is 
effective in a real life setting, maximizing the external validity to ensure generalizability [117]. 
In order for the move from an efficacy trial to an effectiveness trial to be successful, it is 
important to have identified the active mechanism of the intervention tested in the efficacy 
study [324]. In respect of behaviour change intervention research, the reporting of treatment 
fidelity is likely to improve the credibility of evidence that results from a trial [23]. Treatment 
fidelity refers to the “methodological strategies used to monitor and enhance the reliability 
and validity of behavioural interventions” (p.443) [23].  

Treatment fidelity in MI has predictive validity in respect of patient behaviour following the 
intervention [14,183,231]. However, many research trials conducted have failed to assess 
treatment fidelity of the intervention that is being delivered. This makes it impossible to 
ascertain whether the result can accurately be attributed to the MI intervention, that is, 
whether we can in fact be sure that MI is the actual working mechanism that is “doing the job” 
[219]. Miller and Rollnick (2014) suggest that treatment fidelity should be assessed throughout 
a study, through a reliable assessment procedure (‘coding’), and be reported in a manner that 
allows for comparison across trials [219]. 

The aim of this paper is to provide guidance to researchers in respect of assessing and 
reporting MI treatment fidelity. The practical recommendations offered are important to 
consider in designing, developing and conducting research, including in grant applications.  

 

The Motivational Interviewing Treatment Integrity (MITI) code  
The Motivational Interviewing Treatment Integrity (MITI) code is the most frequently used 
[219] instrument for assessing MI fidelity in RCTs [101,228,233]. The MITI has been derived 
from the Motivational Interviewing Skill Code (MISC) [214], and while reducing the MISC’s 
complexity and length [190], the MITI focuses exclusively on the verbal behaviour of the 
practitioner, and does not take client responses into account [233]. The MITI is continuously 
revised and improved. Almost ten years ago, MITI version 2.0 was being used, and at present, 
the MITI 4.1 has just been published. Definitions of variables that measure important aspects 
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of MI practice are improved in each new version, with the aim to carefully follow and progress 
developments in MI research. Every previous version of the MITI instrument [228] has been 
shown to be reliable [101,103,233,256] and valid [101,228]. The recently published MITI 4.1 
has been shown to have face validity, but the collection of data regarding its validity and 
reliability is still underway.  

In the recent MITI 4.1, substantial changes have been made in comparison to MITI 3.1.1. The 
authors claim that the two versions are not comparable, and advise researchers to use the MITI 
4.1 from now on. However, before MITI 4.1 may be used more widely, the instrument has to 
show predictive validity at least in respect of some problem behaviours and in some languages, 
and coders using the new instrument need to be able to achieve an adequate inter-rater 
reliability. In order to assist researchers both in conducting treatment fidelity assessment in 
future research, and in interpreting research conducted so far, both versions of the MITI are 
briefly discussed in this paper.  

The MITI comprises two separate components: global variables and behaviour counts. In both 
versions of the MITI, a 20-minute segment is used both for the behaviour counts and for rating 
the global variables. The global ratings reflect the coder’s overall impression of how well or 
poorly a practitioner performed in a certain aspect of MI practice, rated on a five point Likert 
scale. In MITI 3.1.1, the global scales are Empathy, Evocation, Collaboration, 
Autonomy/Support, and Direction. In both MITI 3.1.1 and MITI 4.1, the Empathy rating 
captures how well the practitioner understands the client’s perspective, experiences, and 
feelings. In MITI 3.1.1, the global variable MI Spirit combines the ratings of Evocation, 
Collaboration and Autonomy/Support (by taking an average of the ratings of all three 
variables). In MITI 4.1, the MI Spirit variable is replaced by the variables Cultivating Change 
Talk, Softening Sustain Talk, and Partnership. This modification emphasizes the importance of 
the practitioner adapting her behaviour in response to client utterances. A further change in 
respect of the global variables in MITI 4.1 is that the Direction variable has been removed.  

The behaviour counts are intended to capture specific practitioner verbal behaviours that are 
relevant to good practice of MI. The MITI 4.1 retains the behaviour count categories Giving 
Information, Simple Reflections, and Complex Reflections. However, some other behaviour 
count categories have been changed in the MITI 4.1. First, the two categories Open and Closed 
Questions have been combined into one single Questions category. Second, the category for 
MI Adherent practitioner behaviour has been divided into several categories for subtypes of 
such behaviour, each of which is given a separate code: Seeking Collaboration, Emphasizing 
Autonomy, and Affirm. Third, the category for MI Non-Adherent practitioner behaviour in MITI 
3.1.1 has been split up into Confront and Persuade (with and without permission) in MITI 4.1. 
For a more detailed discussion of the different variables in the two different versions of the 
MITI we refer to the MITI 3.1.1 manual [228] and the MITI 4.1 manual [230]. 
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ASSESSING TREATMENT FIDELITY IN MI SESSIONS 

Prior to the start of an RCT where MI is one of the interventions being tested, it is important to 
consider the following three things: 1) which samples of MI practice (sessions) will be collected 
and selected for fidelity assessment; 2) who will do the assessment (coding) of these sessions; 
and 3) how will the results be reported. These three essential questions will be discussed in 
detail below. 

 

Collection of audio-recorded sessions 
Since audio-recorded sessions are used to assess treatment fidelity – that is, what really 
happened in the interaction between practitioner and client – it is important to audio record 
all, or as much as possible, of the conducted conversations. Recording all sessions allows the 
researcher to minimize selection bias, which is easily introduced if practitioners are permitted 
to select the sessions submitted for treatment integrity assessment themselves [180]. Approval 
by the relevant ethics review board, and the consent of clients and practitioners, have to be 
obtained prior to the audio recording. Informing clients and practitioners that the data will be 
anonymized might make them less reluctant to consent. In addition, providing practitioners 
with digital audio recording devices (and checking compliance throughout the study) could 
assist in obtaining the full spectrum of conversations.  

 

Selection of samples for assessment 
A random representative sample of the collected audio-recorded sessions should be selected. 
It will often not be possible to assess the treatment fidelity of all sessions, but coding multiple 
work samples from each practitioner provides a more accurate assessment of his or her 
proficiency [153]. So the question is, how large should this representative sample be, keeping 
in mind that studies have different design in respect of the number of participating 
practitioners, the number of sessions per client, and so forth. 

In previously conducted RCTs where attempts have been made to assess treatment fidelity, 
between 11-32% of the total number of sessions were assessed (e.g. [12] (25%); [72] (16%); 
[33](11%); [329] (28%); [90] (25%); [236] (23%); [274] (32%)). However, the study of Smith et 
al. (2012) is an exception to this since 100% of recorded sessions were assessed, although the 
total number of sessions in this study only comprised 38 [305]. In studies where the 
intervention was delivered by more than one practitioner, 10-17 sessions per practitioner were 
selected for assessment ([294], (n=17); [33] (n=10)) to represent a reliable overview of the 
quality of the individual practitioner throughout the study period. El-Mallakh et al. (2012) 
assessed 18 sessions (25% of total sessions) [90], and McCarthy et al. (2014) assessed 4 
sessions (20% of total sessions) [203] throughout the study period (both with only one 
practitioner delivering the intervention), providing an indication of the MI skill fluctuation in 
the practitioner delivering the intervention over time. 
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Some studies require a comparison of overall group results (average of multiple practitioners), 
for example, when usual care conditions containing an attention control intervention without 
an MI component and an MI intervention condition are compared (e.g. [305]), or when 
practitioners with different backgrounds/experience are compared (e.g. [236] (n=19)). In the 
study of Smith et al. (2012), one practitioner delivered both the intervention and the control 
arm of the study [305]. Here, it was examined if MI was more pronounced in the intervention 
group than in the control group by assessing 20 intervention sessions and 18 control sessions. 

Audio-recorded session may vary in length between 10 minutes and over an hour. The MITI is 
used to assess a 20-minute segment of each session. It may be the case that sessions shorter in 
length than 20 minutes could not be reliably coded using the MITI [256]. For longer sessions, it 
may be hard to decide how to choose the segment submitted for assessment, in particular 
since the quality of a practitioner’s MI practice might fluctuate throughout a session. This was, 
for example, found in the psycholinguistic study of Amrhein et al. (2003), in which there was an 
explicit requirement for practitioners to agree a change plan with the client at the end of a 
face-to-face-session. In cases where the client was not yet ready to agree to a change plan, this 
led practitioners to adopt a directive (rather than a collaborative) approach with the client 
towards the end of their sessions, when the change plan had to be discussed. This resulted in 
low MI fidelity, despite the beginning of the sessions being at an adequate level of MI fidelity 
[10].  

Different approaches may be adopted to decide which segment of a session should be coded. 
These range from decisions being made based on the content of sessions, where the coding of 
segments that are off-topic or which do not focus on the target behaviour is avoided, to the 
selection at random of segments to be coded. To improve generalizability, the random sample 
should comprise some segments from the beginning of sessions, some from the middle, and 
some from the end of sessions, so that the whole spectrum of sessions’ content is captured. 
However, it may be advisable to avoid coding the very beginning and the very end of audio-
recordings, since these will often contain off topic material and talk not related to the targeted 
behaviour change (e.g. information about the trial or scheduling of new appointments), and 
might therefore introduce bias. 

Most RCTs run over a year or more, due to the recruitment phase and subsequent follow-up. 
Considering that practitioners will experience changes during this time, and that their level of 
MI skill may fluctuate [102], it is important to select sessions from different points in time 
throughout the entire intervention period, to get a complete and representative picture of 
practitioners’ MI skill. In particular, if practitioners receive ongoing supervision or additional 
training, improvements in MI proficiency could be expected [72,194]. Moreover, the client also 
influences the session; therefore it is desirable to include sessions with different clients, who 
are at different stages of change, in the sample. For example, Noordman et al. (2013) found 
that nurses applied more MI skills when their patients were in the so-called preparation phase 
of behaviour change [242]. 
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In most research trials more than one intervention session is delivered to participants. To get 
an accurate picture of the quality of the delivered MI across the whole intervention period, not 
only the first session with a participant should be selected, but subsequent ones as well.  

 

CODING 

Coders 
Several questions will need to be considered before it is possible to assess MI fidelity. The first 
question is: Who will code the sessions? To the best of our knowledge, there are only a few 
permanent coding labs consisting of a group of coders and with established procedures for 
maintaining inter-rater reliability. These have been founded for the purposes of assessing 
treatment fidelity in research, for carrying out quality assurance of routine clinical practice, and 
for providing feedback to participants as part of MI trainings. These coding labs are MIC Lab 
(Karolinska Institutet, Stockholm, Sweden, director: Lars Forsberg), KoRus (Bergen, Norway, 
directors: Nina-Elin Andresen and Solveig Storbakken), and the research group that developed 
the MITI and MISC instruments, based at CASAA, University of New Mexico (Albuquerque, 
United States, leader: Terri Moyers). To involve one of these in one’s research project may be 
the best option, since these coding labs strive to maintain a gold standard for inter-rater 
reliability.  

However, there may be several reasons (including language related ones) that it may not 
always be feasible to involve an established coding lab in one’s research projects. As an 
alternative in cases where this may not be possible, individuals associated with the MI Network 
of Trainers (the MINT network) in many countries code sessions as part of their MI trainings, 
and who might more easily be able to learn to code reliably. There are also at any given time 
likely to exist several non-permanent coding labs, established for the purposes of assessing 
treatment fidelity in particular on-going research projects, but which tend to be dissolved once 
these projects come to an end.  

Earlier research has shown that training inexperienced individuals (e.g. students) to use the 
MITI is possible [72,144,236,305,329]. However, training people to use the MITI is time 
consuming (more than 40 hours). It is necessary to create an environment where (prospective) 
coders can discuss questions and uncertainties and reach a consensus when faced with 
difficulties during the coding process. To minimize the risk of drift among coders and to 
promote adherence to the MITI manual, it is advised to assess coders’ competence and 
calculate their inter-rater reliability prior to permitting coding of the study sample to begin, 
and to only allow coders to begin to code the study material once they have reached an 
adequate inter-reliability (see below for recommendations regarding what an adequate inter-
rater reliability is). 
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Inter-rater reliability 
Assessing and reporting coders’ inter-rater reliability is absolutely crucial, but something that 
has often been neglected in MI research [219]. In order for reported results to be reliable, it is 
advised to have (at least) one second coder. At present, there are no official recommendations 
regarding the proportion of sessions that should be coded by two coders (double-coded) for 
the purposes of assessing inter-rater reliability. Most previously conducted RCTs report that 
4%-32% of sessions were double-coded (e.g. [144] (32%; n=11); [294] (4%; n=6); [202] (20%; 
n=19); [329] (8%; n=115); [72] (30%; n=54); [44] (10%; n unknown); [180] (25%; n unknown); 
[194] (27%: n=15)). However, in some studies, all sessions were coded by at least two of the 
coders [30,82,90,305]. Having a large proportion, or indeed all sessions, double-coded will of 
course increase the validity of the results, but will not always be feasible were the total 
number of audio-recorded sessions is large. 

It is important that coders rate the exact same segment of each of the recorded sessions when 
inter-rater reliability is tested. This requires that the exact start and end time of each segment, 
along with the first and the last sentence of the segment, is noted and made available to 
coders prior to their coding. It is also helpful to make a note of utterances that could be 
interpreted differently (e.g. the subtypes of MI Adherent, the subtypes of MI Non-Adherent, 
and Complex Reflections), along with the time at which they occurred, since this will facilitate 
subsequent discussion among coders. It is also helpful for coders to make a note of 
observations that are relevant to the global ratings, such as things that affected their rating of 
a particular global variable either positively or negatively. This makes it easier for coders to 
provide concrete examples to justify their rating. 

The MITI 4.1 manual [230] (as previous iterations of the MITI) advises that only audio-
recordings are to be used for the purposes of the coding process. It is fine to use transcripts of 
sessions for the purposes of training coders (and indeed, it is probably necessary to do so at 
least in the beginning of coder training, since coders need to be able to discuss in detail 
nuances in each utterance in order to develop an understanding of how the variables are 
distinguished, etc.), but the use of (only) transcripts for the purposes of assessing treatment 
fidelity in sessions is clearly against the recommendations. Using audio-recordings only, rather 
than transcripts, saves much time (no time needed for transcription). More importantly, 
however, audio-recordings allow for vital aspects such as voice intonation, which are lost when 
sessions are transcribed, to be taken into account. This is crucial in respect of, for example, 
discriminating between a Reflection and a Question, or when deciding whether an utterance 
should receive a Persuade or Confront (MITI 4.1) or an MI Non-Adherent (MITI 3.1.1.) code. A 
quiet environment without distraction is all that is needed for the coding of audio-recorded 
sessions. The only disadvantage of audio-recordings could be the unblinding of the coder to the 
identities of the practitioner or the client, if these are persons familiar to the coder.  
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Study specific situations 
In research trials, the MI intervention is sometimes accompanied by other study specific 
requirements (e.g. if weight is a study outcome, measuring weight progression at each session 
might be required), or study specific manuals that need to be followed or used in the 
interaction. Although such requirements are intended to assist in promoting behaviour change, 
they might impact on the quality of practitioners’ MI practice [143]. If certain study-specific 
situations are not covered by the existing MITI manual, coders should determine how to code 
these deviations prior to beginning to code the study material [228]. There may also be other 
aspects that might not be covered by the MITI. For example, client encounters that serve as 
attention-control interventions may be difficult to rate in respect of the Direction and 
Evocation variables (in MITI 3.1.1), if they are non-directive and/or do not relate to a specified 
target behaviour (both these variables require a target behaviour [228]). For such encounters, 
it may be preferable to omit them. In MITI 4.1, this problem may arise in respect of the 
variables Cultivating Change Talk and Softening Sustain Talk, which both require that the coder 
is aware of the designated target behaviour in the interaction.  

 

REPORTING 

Reporting MITI results 
MITI results are reported in a variety of ways in the literature. Some studies report results in 
respect of all MITI variables, while others present results according to the standard way of 
reporting MITI results, by providing outcomes for the global variables and the behaviour count 
summary scores. For materials coded using MITI 3.1.1, the standard approach would report the 
ratio of Complex Reflections to Simple and Complex Reflections, the ratio of Open Questions to 
Open and Closed Questions, the ratio of MI Adherent to MI Adherent and MI Non-Adherent 
utterances, and the ratio of Reflections to Questions, along with the scores for the global 
variables Empathy, MI Spirit and Direction. In respect of these behaviour count summary 
scores and global variables, there are recommended thresholds for Beginning Proficiency and 
Competency, which are based on expert opinion and in need of validation [228]. In the MITI 4.1 
this approach would report the global components Technical Global (Cultivating Change Talk 
and Softening Sustain Talk), Relational Global (Partnership and Empathy), and the summary 
scores percentage of Complex Reflections (of all Reflections), the ratio of Reflections to 
Questions, Total MI adherent (Seeking Collaboration, Affirm, and Emphasizing Autonomy) and 
Total MI Non-Adherent (Confront and Persuade) [230]. In MITI 4.1, the recommended 
thresholds are for Fair and Good MI practice.  

Some studies report the average MITI results for different interventions [72,194,236,305], 
others for different (groups of) practitioners [202,328], and some for individual practitioners 
over time [90,328]. In one study, the MITI results of two practitioners were weighed based on 
the number of participants each practitioner had counselled to obtain an overall MI fidelity for 
the study intervention [33]. In the study of Ang et al. (2013), the results for individual MITI 
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variables were not reported, but the proportion of audio-recorded sessions that reached the 
recommended threshold for Beginning Proficiency (in all MITI variables) was reported for both 
the MI and the control condition [12]. These differences in the reporting MITI results depend in 
part on the research question asked in various studies (whether the researchers are interested 
in improvements in MI skill over time, or in the respective efficacy or effectiveness of different 
interventions, or in differences in MI skill across practitioners, etc.).  

In MITI 4.1, the authors encourage the full reporting of all MITI scores in clinical trials where 
MITI is used to assess treatment fidelity, since this data, when related to clinical outcomes, 
could provide empirical support needed to confidently establish recommended thresholds for 
Fair and Good MI practice, in particular with regard to the MI Adherent and MI Non-Adherent 
variables, where data is currently lacking and in respect of which no thresholds have been 
recommended [230].  

 

Reporting inter-rater reliability 
A wish for the future is that inter-rater reliability scores are presented in all scientific articles. It 
is striking and puzzling that this is not done routinely at the moment. Reaching a sufficient 
degree of inter-rater reliability is difficult and requires intensive training, collaboration and 
ongoing discussion, which might be a reason that these scores are not reported frequently. In 
the literature to date, the inter-rater reliability reported for different MITI variables has varied 
tremendously, ranging from ‘poor’ to ‘excellent’ (see below for thresholds) (e.g. [72,194]). 

It is important to report the inter-rater reliability in each of the variables [125]. So for example, 
both the inter-rater reliability of the Complex Reflections behaviour count and the Simple 
Reflections behaviour count should be reported, and rather than just the inter-rater reliability 
of the coding of the behaviour count summary score for the ratio of Complex Reflection to 
Simple and Complex Reflections. This is because measurement errors could be overestimated 
in the summary scores. In MITI 3.1.1, this was a problem, in particular in respect of some 
variables that did not occur frequently, most notably the MI Adherent and MI Non-Adherent 
variables. For example, when the summary score for the ratio of MI Adherent to MI Adherent 
and MI Non-Adherent behaviour is calculated (dividing the total of MI Adherent utterances by 
the total of MI Adherent and MI Non-Adherent utterances), it could be the case that one coder 
did not detect any MI Adherent utterances, and therefore has summary score of 0%, while 
another coder who has detected at least one MI Adherent utterances might get a score of 
100%. In this case, the inter-rater reliability score would be low for the summary score, even 
though it would have been acceptable for the raw variables. In MITI 4.1, this problem may have 
been evaded in respect of these variables, since the MI Adherent and MI Non-Adherent scores 
are a summation instead of a percentage.  

Judging from the existing literature, it may be easier to obtain sufficient inter-rater-reliability in 
respect of some MITI variables than others. For example, it seems that coders more easily code 
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the global Direction variable and behaviour counts Giving Information and Reflections (e.g. 
[194] [329]) reliably. The global variable Autonomy/Support and the MI Adherent and MI Non-
Adherent behaviour counts seem considerably more difficult for coders to reach agreement on. 
In respect of these, along with the Reflections to Questions ratio, the reported inter-rater 
reliability has ranged ‘poor’ to ‘fair’ in several studies (e.g. [329] [194]).  

It is important to note that some MITI variables may be more important with regard to 
predicting outcome, and therefore also more important to be able to code reliably. For 
example, high Empathy scores and low levels of MI Non-Adherent behaviour may be predictive 
of successful client outcome [14,234]. Reporting the inter-rater reliability for those variables is 
therefore vital.  

If the inter-rater reliability between coders is high, it is fine to report the results of the first 
coder only. If the inter-rater reliability is medium or low, one might consider using a more 
pragmatic approach, such as presenting the results of each coder separately, or presenting an 
aggregated score of both coders’ ratings. Coders could decide to discuss their respective 
ratings and reach consensus in respect of the global scores for each of the variables, and to use 
arithmetic averaging for the behaviour counts. This method offers a pragmatic and practical 
solution based upon two coders that provides an indication of the level of MI fidelity.  

 

Calculation of Inter-rater reliability 
The most common way to calculate inter-rater reliability scores for the MITI global variables 
and behaviour counts is by intra-class correlation coefficients (ICC), using a two-way mixed 
model with absolute agreement [295]. ICC scores are generally compared against the following 
benchmark values [61]: 0.40 = poor; 0.40-0.59 = fair; 0.60-0.74 = good, and 0.75-1.00 = 
excellent.  

Hayes and Krippendorff (2007) argue that the calculation of inter-rater reliability scores for 
ordinal variables (the global MITI variables) should not be done using Cronbach’s alpha or 
percent agreement [134]. Cronbach’s alpha is a statistic for interval-level data, which is not 
sensitive to the level of agreement in judgment, but only acts as quantification method of 
judgment [134]. Percent agreement is limited to nominal or categorical levels, can only be 
calculated for two coders, and there is no correction for the minimal chance of agreement of 
scoring the same variable [174]. Furthermore, it is proposed that Krippendorff’s alpha (KALPHA) 
[174] is used instead of ICCs for calculating the (ordinal) global MITI variables. This is more 
suitable where data might be missing [125]. Additionally, a restricted range, which the global 
MITI variables have, reduces the utility of the ICC for assessing inter-rater reliability [294]. At 
the moment, KALPHA is frequently used in content analysis, although not in the context of 
treatment fidelity assessment. The KALPHA can be used regardless of the number of coders and 
levels of measurement, and can deal with missing scores [134]. KALPHA takes into account the 
prevalence of answer categories (and not the amount of existing categories), meaning that the 
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rarity of categories will impact KALPHA. As norm for good reliability testing a KALPHA of 0.80 
has been suggested [78].  

It is worth noting that variables that are generally scored across a smaller range of the intended 
scale (e.g. the Direction global scale in the MITI 3.1.1), on which practitioners tend to score in 
the high end of the scale, and for which a score in the lower end is rare, will end up with a 
lower KALPHA when a rare event is not detected (or rated in the same way) by all coders, even 
if the general agreement between coders is otherwise high [78]. One of the reasons that 
KALPHA has thus far not been widely used is that it does not form part of standard software 
packages, such as SPSS. For this reason, a specific KALPHA macro for SPSS [134], which can be 
downloaded here: http://www.afhayes.com/spss-sas-and-mplus-macros-and-code.html, and a 
guideline written by De Swert [78] have been made available to assist researchers in its use. 

 

DISCUSSION 

The assessment of treatment fidelity is a prerequisite for being able to distinguish between 
behaviour change interventions where the delivered intervention was proficient ‘state of the 
art’ MI, and those where the delivered intervention was not competent MI. This is necessary in 
order to be able to know what conclusions may be drawn from the results of research trials. 
The present overview of practical recommendations on different aspects of treatment fidelity 
assessment in RCTs – collecting, selecting, coding, and reporting of MI fidelity – will assist 
researchers in assessing treatment fidelity in future studies.  

However, determining whether an intervention is “MI” might not be as straightforward as it 
may sound. There are several reasons for this. First, the recommended thresholds for 
Beginning Proficiency and Competency (in MITI 3.1.1; in MITI 4.1, these are referred to as Fair 
and Good MI practice) are based on expert opinion, and in need of further research to 
establish their empirical support [228]. So far, they serve as guidance only. Second, it is 
frequently the case that some of these thresholds are reached, while others are not. Since 
certain aspects of MI practice (such as a high Empathy rating, and a low degree of MI Non-
Adherent utterances, a high degree of client change talk, and a low degree of client sustain talk 
[219]) are perhaps more important than others, we may perhaps be justified in attaching 
greater weight to whether practitioners reach the recommended thresholds in respect of the 
MITI variables related to these aspect.  

We may also have to think about how we should deal with situations in which some 
practitioners reach the recommended thresholds while others do not (even though all 
practitioners received the same amount of training). It is known that MI skill can vary 
substantially across practitioners (e.g. [102]). Such inter-practitioner variation in MI fidelity 
may also hamper discrimination between the MI-based intervention and the control condition 
in research trials. In the studies conducted so far, effects have been analysed according to the 
randomised groups independent of individual practitioners’ level of treatment fidelity. 

http://www.afhayes.com/spss-sas-and-mplus-macros-and-code.html
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However, perhaps an adjustment for ‘low fidelity practitioners’ in the analysis is needed, 
followed by a sensitivity analysis with exclusion of low fidelity practitioners.  

Treatment fidelity assessment can be used to monitor the fidelity within clinical trials, but also 
to evaluate and supervise skill development in clinical practice at the same time. Using the MITI 
for supervision purposes during an RCT will help to improve practitioners’ MI skill, but this may 
also influence the level of overall fidelity. This is something to take into consideration while 
evaluating an RCT. Furthermore, it may be the case that one or more practitioners fail to reach 
an acceptable level of MI skill while the trial is ongoing. Should such practitioners be prevented 
from counselling participants and receive additional training until they reach a sufficient level 
of MI skill? This would of course be inconsistent with a research aim what was to deliver the 
intervention in a manner that as closely as possible resembled actual clinical practice, and 
would perhaps not even be possible in implementation studies.  

If future (process evaluation) studies consider measuring the fidelity of MI sessions, this could 
elucidate the actual fidelity level needed for MI to work and its specific effect on the outcome 
variable. Mediation analyses could indirectly assess the effect of MI on some outcome variable 
through a proposed mediator, thereby helping to entangle the working mechanisms of MI. As a 
result, implementation studies using MI in specific settings and contexts could benefit 
optimally from the findings of RCTs by implementing and focusing only on the ‘essential 
components’.  

In this manuscript, we advocate the use of the MITI instrument to assess treatment fidelity in 
order to achieve uniform reporting across RCTs, which would facilitate comparison across 
studies. However, several other instruments have been developed for the purposes of 
measuring MI treatment fidelity [190]. If researchers are, for example, more interested in 
identifying the active mechanisms in MI, they might consider selecting (a combination of) the 
following measurement tools [83]: Global Rating of MI Therapist (GROMIT) [229], the 
Sequential Code for Observing Process Exchanges (SCOPE) instrument [198] or the MI Skill 
Code (MISC) [116,214,235]. Even if researchers choose to use an instrument other than the 
MITI for assessing treatment fidelity, many of the aforementioned recommendations will still 
apply. 

 
Conclusion and recommendations 
We have aimed to provide an overview of practical recommendations, available best practices, 
and pragmatic solutions to common problems that researchers might come across in the 
collection, selection, coding, and reporting of MI fidelity data. We recommend certain practices 
in order to facilitate comparisons across studies where MI is used. For a comprehensive 
overview of our recommendations and considerations see Table 7.1. 
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Table 7.1: Recommendations and considerations for assessing and reporting MI fidelity  

Aspect Recommendation Potential considerations 
Collecting 

and 
selecting 

Collection Audio record all sessions (anonymous) Is permission of both the client and practitioner requested?  
Selection Select a random representative sample 

throughout the whole study period. Preferably 
20% of the study sample, at least 4 conversations 
for each practitioner involved or 20 
conversations per intervention group when only 
overall results will be reported 

Which MI fidelity instrument will be used to assess the quality of 
MI? 
Will the coding take place during or at the end of the RCT? 
Will the practitioner receive feedback on his/her performance? 
Will sufficient MI-fidelity be an entry requirement for the 
practitioner? 

Coding 

Coders Arrange trained coders beforehand or facilitate 
training for (inexperienced) coders and weekly 
meetings and assess reliability prior to coding the 
study sample 

Is there enough budget for employing (trained) coders? 
Is there enough time for inexperienced coders to acquire 
competency?  
Are there resources available for the training of inexperienced 
coders? 
Is comparison with a gold standard from an experienced coding 
lab considered?  

Inter-rater 
reliability 

Double-code 20% of the sessions by a second 
coder 

Is there enough budget for employing a second coder? 

Study specific 
situations 

Report how specific trial aspects were dealt with Does the intervention comprise specific requirements that might 
influence MI quality or are part of the trial’s fidelity? 

Reporting 

Reporting 
MITI results 
 

Report raw and summary MITI results  Does the research question focus on fidelity of (1) (intervention) 
group results, (2) all practitioners separately, or (3) (a) 
practitioner(s) over time? 
What level of MI is believed competent? 

Reporting 
inter-rater 
reliability 

Report for the raw and summary variables inter-
rater reliability scores 

How will the results be handled of both coders in case of a low 
reliability score? 

Calculation 
inter-rater 
reliability 

Calculate KALPHA for ordinal scores and ICC for 
behavioural counts 

 



 

 



 

 

CHAPTER 8: 
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This thesis described the vitamin D and Lifestyle Study (DALI): a large European randomised 
(controlled) trial carried out with pregnant overweight and obese women. Several aspects of 
the study, with the main focus to improve lifestyle related behaviour and to prevent the 
development of gestational diabetes mellitus (GDM) were reported. In this final chapter the 
main findings of this thesis are reformulated and put in broader perspective, followed by an 
elaboration on methodological considerations and a reflection of the findings. In the end, 
potential implications for clinical practice and further research are provided.  

 

MAIN FINDINGS 

The main objective of this thesis was to develop and evaluate a lifestyle intervention to prevent 
the development of GDM in overweight and obese pregnant women across Europe. The 
research described in this thesis is part of a large European collaboration with 13 partners. This 
thesis described only a small part of all data collected and focused foremost on the data 
collected in the lifestyle pilot. 

To explore beliefs, barriers and preferences among our target population, in chapter 2 [159] 
qualitative interviews and questionnaire data from nine European countries were gathered. 
We found that overweight and obese pregnant women valued information on their additional 
personal risk caused by their obesity. We also found that an individually tailored counselling 
intervention was appreciated by these women and that it was especially important to consider 
the different barriers experienced by first-time and multipara mothers. Based on chapter 2 
[159] a lifestyle intervention was developed as described in chapter 3 [160]. A randomised 
controlled trial (RCT) targeting pregnant women with a body mass index (BMI) of 29 or higher 
in Austria, Belgium, Denmark, Ireland, Italy, the Netherlands, Poland, Spain and the UK. The 
RCT consisted of a lifestyle and a vitamin D 2x2 factorial design. In the lifestyle 2x2 design was 
usual care (control) compared to physical activity (PA) or healthy eating (HE) or healthy eating 
and physical activity (HE+PA) lifestyle intervention. The intervention programme consisted of 
five individual face-to-face sessions and four optional telephone session delivered by a lifestyle 
coach trained in the principles of motivational interviewing (MI). The face-to-face sessions 
included a discussion about the risks of GDM, a weight gain target of less than 5 kg and either 
seven healthy eating ‘messages’ and/or five physical activity ‘messages’ depending on 
randomisation. In the vitamin D 2x2 design women were randomised to either a vitamin D 
group, which received daily 1600 IU vitamin D supplementation, a placebo group or a vitamin D 
with additional counselling on HE+PA, or a placebo with additional counselling on HE+PA. The 
HE+PA intervention was identical to the intervention delivered in the lifestyle 2x2. 

First a pilot study was conducted. As described in chapter 4 [300], the HE intervention showed 
positive effects on gestational weight gain (GWG) and fasting glucose compared to the women 
in the PA group. These results found in the pilot DALI lifestyle study needed to be replicated in 
a larger trial for confirmation in which a control group is added. In chapter 5 the process 
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evaluation of the pilot DALI lifestyle study was reported. It became clear that the intervention 
was well delivered and received by the study population. Even though, this was a pragmatic 
trial and the performance of most of the practitioners in this study left room for improvement, 
some practitioners did obtain certain principles of MI. An indication existed that the more 
skilled MI practitioners were better able to minimize GWG in the PA group compared to the 
lesser skilled MI practitioners.  

The results of the pilot lifestyle study (chapter 4 [300] and 5) informed a larger lifestyle trial 
study in 436 women. No major changes were made to the protocol, besides given more 
prominence to a clearer target of a maximum GWG of 5 kilo and more emphasis on the ‘reduce 
carbohydrates’ message. Furthermore, the final face-to-face session was scheduled closer to 
the measurement at 35 weeks of gestation. The lifestyle trial had a RCT design, including three 
lifestyle interventions (similar to the pilot lifestyle study) and a control arm (usual care). The 
primary effects (not part of this thesis) of the DALI lifestyle trial showed an reduction of 2 kilo 
GWG of the HE+PA group compared to the control condition, although no effect was found on 
metabolic parameters or in the prevention of GDM [299]. In chapter 6 it was shown that the 
dietary quality index (DQI) was improved in mid-pregnancy for the women in the HE and 
HE+PA groups and that the women in the PA group improved their counts per minute (raw 
accelerometer output) in mid-pregnancy. However, the DQI and total physical activity did not 
indirectly have a mediation effect on GWG, fasting glucose or insulin sensitivity in any of the 
intervention groups.  

In the evaluation of RCT’s it is valuable to distinguish between high and low quality studies. 
However, in RCTs conducted so far with MI as intervention method a correct assessment of 
treatment fidelity is mostly lacking. Therefore, in chapter 7 [158], we stress the importance of 
measuring MI fidelity in RCTs and provide researchers with practical recommendations for the 
collection, selection, coding and reporting of MI fidelity data.  

 

COMPARISON TO OTHER STUDIES 

Prevention of gestational diabetes mellitus 
In the same time period as the DALI intervention other intervention studies were conducted 
among overweight and obese pregnant women, since high methodological sound studies in 
this study population were needed to advise policy makers on the best approach in order to 
prevent the development of GDM [247,319]. Two major studies, LIMIT and UPBEAT (UK 
Pregnancies Better Eating and Activity Trial), used a combined healthy eating and physical 
activity intervention. The UPBEAT study randomised about 1500 obese pregnant women into 
an intervention that consisted of one face-to-face session with a health trainer followed by 
eight consecutive weekly group sessions with advice regarding diet and physical activity [262]. 
In the LIMIT study participants received lifestyle advice during two face-to-face sessions with a 
dietician and four sessions with a research assistant [87]. Both studies were ineffective in the 
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prevention of GDM [86,261]. On the contrary, in the smaller RADIEL study conducted in Finland 
(n=269 women), in which women attended a group session with a dietician in the beginning of 
pregnancy followed by three individual counselling sessions on diet, physical activity and 
weight control, a reduction of GDM risk by 39% was found in obese women or in women with a 
history of GDM [171].  

 

Changes in gestational weight gain 
Excessive GWG is thought to be a precursor of GDM as higher GWG lead to greater maternal 
body fat and subsequently insulin resistance [137]. In the UPBEAT trial the women in de 
intervention group gained 0.5 kilo less weight compared to the control condition, although 
both groups gained within the limits of recommended GWG [261]. Both the RADIEL and the 
LIMIT study did not find a significant difference in GWG in third trimester between the 
intervention and control group [86,171].  

 

Ongoing studies 
Some studies are still ongoing in Europe to test lifestyle interventions among overweight and 
obese pregnant women. In the UK the HELP (Healthy Eating and Lifestyle in Pregnancy) trial 
cluster randomises 20 maternity units, in which a total of 570 obese pregnant women will 
either receive a 1.5 hour weekly weight management group intervention until 6 weeks 
postpartum in order to reduce BMI at 12 months postpartum or usual care [162]. In the south-
east of Germany the GeliS trial (acronym for “Gesund leben in der Schwangerschaft”) 
randomises 2500 pregnant women with a BMI between 18.5 and 40 into a lifestyle 
intervention programme with three face-to-face sessions during pregnancy and one session 
post-partum emphasizing diet, physical activity and weight management or to a control group 
receiving usual care. The primary goal of this intervention is to decrease the proportion of 
women with excessive GWG [268]. 

In other parts of the world research among this target group is also ongoing. In Australia 370 
overweight and obese women receive a weekly intervention of 5 minute phone calls based on 
MI and email/text contacts from first trimester until birth, with the intention to reduce the 
incidence of GDM, as well as secondary outcomes such as reduce GWG, reduce incidence of 
large for gestational age, improve OGTT results and improve self-efficacy/psychological well-
being [237]. In the United States a consortium between seven clinical centres called Lifestyle 
Interventions for expecting Moms (LIFE-Moms) is ongoing, with the main aim to identify 
effective lifestyle interventions that are able to improve GWG, glycaemic control and 
pregnancy related outcomes among overweight and obese pregnant women. Each clinical 
centre conducts its own trial, but all behavioural and lifestyle interventions collect core 
measures consistently [3].  
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Currently, an international world-wide collaboration (International Weight Management in 
Pregnancy: i-WIP) is pooling data from previously conducted RCTs and is looking into the effect 
on GWG and composite adverse maternal and fetal outcomes [284]. Pooling data increases the 
numbers involved and would generate stronger conclusions. This is also warranted for studies 
preventing GDM, but limited by the different cut points and testing methods used among 
several studies. 

 

METHODOLOGICAL CONSIDERATIONS AND REFLECTIONS  

RCTs are considered highest in the hierarchy of research designs for evaluating the 
effectiveness of interventions [67]. As the reporting of RCTs was not always optimal the 
CONSORT group (Consolidated Standards of Reporting Trials) developed a statement to 
improve the quality of reporting of RCTs [290]. In the next section the methodological 
considerations in light of the CONSORT statement are described and reflections on the DALI 
research are given.  

 

Recruitment 
The DALI study was initially designed to follow a 2x2x2 randomised design, in which 
recruitment for the vitamin D trial and the lifestyle trial occurred simultaneously. However, due 
to a delay in medical ethical approval for the vitamin D trial in certain countries it was decided 
to split both trials and first continue with the recruitment for the lifestyle trial. In certain 
countries, especially with a more profound obesity epidemic (e.g. UK) recruitment was fairly 
easy compared to other countries with a lower rate of obesity (e.g. the Netherlands) [351]. 
Furthermore, in some countries an unexpected high exclusion rate due to impaired glucose 
intolerance at baseline measurement made it a challenge to include enough women into the 
study (e.g. Denmark). In the end, the decision (to start with recruitment for the lifestyle trial) 
led to an appropriate power for the lifestyle trial, but for an underpowered vitamin D trial. 
Consequently, not all countries were equally represented in the vitamin D trial.  

The involvement of nine European countries, with its different health systems and different 
cultures, made this study a challenge. The main difference in maternal health care organisation 
between the Netherlands (the country in which we were responsible for recruitment) and the 
other countries is that in the other countries women directly attend a hospital for her 
maternity care. Primary care in the Netherlands involves midwives and GP’s (the latter in only 
0.5% of all births), and only for secondary care or tertiary care women attend (academic) 
hospitals to see an obstetrician or specialized ‘clinical’ midwife [172]. Recruitment procedures 
in the Netherlands involved 13 midwife practices in Amsterdam and surrounding areas and 
four (academic) hospitals. Irrespective of all efforts recruitment was low. Therefore, future 
studies might consider to recruit midwife practices and hospitals in other parts of the 
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Netherlands with higher obesity rates, such as the ‘eastern’ and ‘southern’ part of the 
Netherlands [338]. 

As previously discussed in chapter 5, one-third of the invited European women was willing to 
participate in the study. It is known that it are mostly the more motivated people who are 
willing to participate in a research project [175], but that it frequently are the persons who 
decline participation that might benefit the most from a lifestyle intervention [112]. The 
intervention method (motivational interviewing) is considered an effective strategy to use in 
health behaviour interventions for those unmotivated to change [128]. Therefore, more effort 
should be exerted to refer unmotivated women.  

 

Generalizability 
Externally validity is important to assess generalizability of findings [280]. The DALI study was 
conducted across nine European countries and included a varied population of pregnant 
women with a BMI ≥ 29. In addition to the heterogeneity, the programme was carried out 
under ‘real life’ conditions, therefore the results would seem transferable to other settings 
outside the research environment. However, the population in both the pilot (chapter 4 [300]) 
and trial lifestyle DALI study (chapter 6) consisted mainly of higher educated (pilot 53%; trial 
55%) women. Therefore, the results may not be directly generalizable to women with a lower 
educational level. Although, the developed intervention materials and the individual 
counselling approach were believed to be suitable and understandable for women with varied 
educational backgrounds. 

 

Inclusion-exclusion criteria 
Gestational diabetes mellitus according WHO and IADPSG criteria at baseline 
Women with impaired glucose intolerance (IGT) at baseline assessment have not been 
excluded in previous studies. In DALI the women with early diagnosis of IGT comprised a high 
proportion of the consented women (22%). Exclusion of these women made DALI a true 
prevention trial, in which only women at risk of GDM but not diagnosed with GDM entered the 
study. The DALI study could investigate the actual incidence of GDM across Europe.  

Diagnosis of IGT in early pregnancy and consequently treatment by health care providers was 
dependent on national guidelines, therefore it occurred that women were diagnosed for IGT 
within the DALI study but were not treated for IGT. It remains to be questioned if diagnosis of 
IGT according to the WHO and IADPSG is appropriate in early pregnancy [348], since the cut off 
points are based on research in mid-pregnancy [69]. Women were diagnosed with GDM at 24-
28 weeks of gestation (usual care testing) and were treated from that time onwards. It could 
have been beneficial if treatment had started earlier. Therefore, more research on the group 
with IGT early in pregnancy is needed to appropriately advise usual practice.  
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Body mass index below 29 
In DALI a BMI ≥29 kg/m2, calculated with pre-pregnancy weight and measured height, was used 
as inclusion criteria, except when women clearly did not know their pre-pregnancy weight. In 
that case weight at first maternal care visit was used. If this was not available either the weight 
at the DALI baseline assessment would be used. Pre-pregnancy weight is based on self-
reported weight, which is often an under-reporting of actual body weight [37]. Unfortunately, 
eight women with a BMI < 29 kg/m2 based on self-reported pre-pregnancy weight should have 
been excluded. Six out of these eight women had a BMI above 29 kg/m2 at the first DALI visit 
and were considered included into the pilot study. Additionally, in the vitamin D and lifestyle 
trial study this comprised six out of ten women. The decision to include everybody with a BMI 
above 29 kg/m2 at baseline assessment irrespective of a lower pre-pregnancy BMI was based 
on the previous rules regarding unawareness of pre-pregnancy weight. 

Focusing on women with a BMI of 29 kg/m2 or above led to a population at higher risk for 
negative pregnancy outcomes [66,291], but reduced the amount of eligible women for the 
study. All overweight women (additional inclusion of women with BMI 25 to 28 kg/m2) might 
potentially benefit from the delivered intervention. Especially, since information on GWG 
recommendations and risks due to their weight were not always provided to overweight 
women (chapter 2 [159]), overweight women might gain more weight during pregnancy and 
retain more weight in the postpartum period. Only 11% of overweight and obese women are 
able to return to their pre-pregnancy weight within five years postpartum [76]. As the 
postpartum period is the pre-conceptional period of a subsequent pregnancy these might be 
entered with an increased bodyweight and BMI [76].  

 

Intervention design 
The provision of face-to-face lifestyle counselling fulfilled the need of a flexible approach 
compared to group sessions on fixed times and places. An individual approach gave the 
practitioner the opportunity to tailor all health information (within the defined group) exactly 
as needed by the participant, taking into account personal barriers, parity and culture. This 
design is definitely suitable for this population (chapter 5).  

The DALI study design offered us an unique opportunity to investigate the separate and 
combined effect of physical activity and healthy eating in pregnancy, although without 
considering the preference of the participants. This means that, e.g. a woman was randomised 
to the HE group, while she preferred assistance with being more physically active throughout 
her pregnancy (or the other way around). Assigning the intervention by randomisation is 
basically in conflict with the primary value ‘free choice’ of MI as women in the HE group and PA 
group were constricted in their topics. It would be worthwhile to do a preference based study 
and compare outcomes.  
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Intervention uptake 
The results within the DALI study, in favour of an HE intervention in the pilot study (chapter 4 
[300]) and in favour of a HE+PA intervention in the RCT [299], showed that the inclusion of a HE 
component is essential to maintain GWG. As is shown in chapter 6 improvements in diet 
quality were obtained, although for physical activity this was less evident.  

Considered from a physiological level, weight is a balance between energy intake and energy 
expenditure. The general advice for women is to consume 2000 kcal/day to maintain this 
balance. It takes an imbalance of 7000 kcal to lose one kilogram. Being physically active for 30 
minutes equals about 350 kcal and 350 kcal equals about two glasses of sugary drinks.  

This example illustrates that a huge time investment is required to lose 7000 kcal through 
physical activity alone (e.g. ten additional hours). Given that physical activity levels drop 
throughout pregnancy (chapter 6) rather than increase, it would at first glance seem almost 
impossible to limit GWG solely by physical activity. Furthermore, irrespective of pregnancy, a 
compensatory increase in energy intake as a result of more physical activity occurs frequently, 
since the body signals the brain to replace the burned calories [320]. 

Motivational mechanisms might also influence the association between physical activity and 
eating behaviour, as was shown in a study among non-pregnant overweight and obese women, 
in which a more intrinsically and autonomously motivation to exercise contributed also to 
improved eating behaviour [200]. Furthermore, a review among non-pregnant overweight and 
obese persons showed that a HE+PA compared to a PA intervention alone was more effective 
in the short (3 to 6 months) and long term (12 months) for weight loss [163]. However, the 
HE+PA intervention compared to a HE intervention alone was equally effective in the short 
term, but on the long term the HE+PA resulted in a greater weight loss [163].  

An opportunity remains to optimize the physical activity part in lifestyle interventions. The 
skilfulness of the practitioner could play an important role (chapter 5), whereby correctly 
applying the principles of motivational interviewing is important (e.g. expressing empathy 
regarding barriers, develop discrepancy by evocating the personal benefits of physical activity, 
and supporting the autonomous decision making of the participant). Furthermore, as being 
more active in the beginning of pregnancy is associated with higher physical activity levels in 
late pregnancy [136], physical activity intervention programmes should start as early as 
possible. Other predictors of higher physical activity levels comprise those higher educated 
[104,109], with higher income, nulliparous and from Caucasian origin [109]. This stresses the 
importance to develop interventions especially for women with lower social economic status, 
from non-Caucasian origin and those already having one or more children.  
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Intervention delivery of motivational interviewing 
In DALI, the level of MI proficiency was on average not according MI experts (chapter 5). 
However, low to medium levels of proficiency in MI from practitioners might still result in an 
(intervention) effect, although it is unclear if this is caused by a ‘minimal’ MI intervention or by 
other factors. Motivation to make behavioural changes is important [80]. It is possible that 
participants were highly motivated and considering change. As a consequence, they only 
needed minimal support. Participation in a research project (which explains sometimes a 
minimal effect of the control condition) or attention from a lifestyle coach might already be 
enough to implement the considered changes. Furthermore, participation in a research project 
is for some participants a reason to make the required changes, because otherwise their 
participation had been useless (external regulation). Thirdly, the willingness to live healthy for 
their unborn child, could have resulted in more motivation to implement changes compared to 
the general non-pregnant population (introjected regulation). Finally, perhaps small effects of 
MI were already displayed, but if MI was applied according expert opinion these effects would 
have been more robust [332] and sustainable across lifespan [129]. To obtain better MI levels 
of proficiency it is worthwhile for practitioners to pay more attention on the emersion of 
change talk of the participant (e.g. asking questions that elicit change talk and reflecting 
change talk when it occurs) and to emphasize the client’s choice [14,232]. Contrary, certain MI-
inconsistent behaviours such as confronting, advising without permission, raising concerns, or 
telling what to do (direct), could negatively impact and ruin the relationship with the 
participant [14,110,193]. Most of the research on working mechanisms of MI is conducted in 
studies targeting alcohol probation [278], this needs to be confirmed in other health promotion 
behaviours.  

 

Outcome measures 
A combination of measurement tools were used to evaluate characteristics and study 
outcomes, including anthropometrics, behavioural, biomedical (blood samples), process 
measures and questionnaires (Chapter 3). However, some considerations and limitations of the 
conducted measurements need to be discussed to interpret the results correctly:  

Gestational weight gain 
The approach to measure GWG differs across studies, some studies use pre-pregnancy weight 
while other studies use measured weight in early pregnancy [309]. In DALI the primary 
outcome GWG was based on the difference between measured weight at baseline visit (before 
20 weeks) and the measured weight at the final visit (35-37 weeks), to prevent the influence of 
incorrect self-reported weight. However, the IOM guidelines for GWG refer to gestational 
weight gain defined as pre-pregnancy weight till weight at birth. The results regarding GWG 
need to be interpreted with some caution when comparing these to the IOM guidelines. On 
average across the whole DALI sample, the difference between self-reported weight and 
baseline weight comprised about two kilo.  
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Metabolic outcomes 
The collected blood samples were both analysed in a local lab in each country (to check for 
inclusion/exclusion regarding GDM and to obtain results for usual care testing of GDM in mid-
pregnancy) and in a central lab in Austria. The central blood results were used for analysis, to 
minimize differences caused by analysing technics and equipment in the different countries. 
However, the central values showed (minor) differences with the local values. These (minor) 
differences were for some participants in conflict with the inclusion-exclusion criteria. The 
inclusion/exclusion of participants regarding GDM needed to be based on local values due to 
the time delay of shipping the samples to Austria. In the pilot study 9% (13 out of 150) and in 
the trial study 14% (60 out of 435) should have been excluded for GDM at baseline based on 
the central lab results. On the other hand, 10% (5 out of 50) in the pilot and 32% (57 out of 
176) in the trial study were wrongfully excluded based on the central lab results. This fact 
needs to be considered when interpreting the results of this study. 

Physical activity  
In DALI, physical activity is assessed both with an in pregnancy validated questionnaire and 
with accelerometers. The use of a combination of validated questionnaires and objective 
measures (e.g. accelerometer) make it possible to interpret the results with more certainty 
[252]. Especially, considering the limitations both tools have.  

Self-reported questionnaires are biased, representing the individual’s perception of her 
activity, and therefore frequently over-estimate physical activity levels [270]. Furthermore, 
women in the intervention group could report changes, because of having received the 
intervention message, but without a true change in behaviour. Another limitation relates to 
the calculation of intensities, which are based on metabolic equivalent of task (MET) values 
determined in a non-pregnant population, these MET values might be different as pregnancy 
progresses. Additionally, comparability among lifestyle intervention studies measuring physical 
activity with self-reported questionnaires is hindered by the usage of different instruments 
[330]. Evenson et al. (2011) provides an overview of all available self-reported instruments to 
measure physical activity in pregnancy and a list of considerations prior to selection, although 
no conclusive choice of the most suitable instrument was presented [95]. On the other hand an 
advantage of questionnaire data, which cannot be obtained by accelerometers, is the provision 
of more detailed data regarding the type of activity [64] (e.g. household activity, 
transportation, sports/exercise).  

A limitation of accelerometers is the incorrect measurement of stationary exercise, upper-body 
movements and water-based activities [93]. Another limitation relates to the compliance over 
time [136,281], especially in late-pregnancy it becomes less comfortable to wear an 
accelerometer at waist placement. Additionally, body changes in midsection due to a 
progressing pregnancy could affect monitor placement and monitor tilt. Furthermore, walking 
velocity is slower in third trimester due the fact that altered body anthropometry gait patterns 
show a shorter step length and increased duration of the stance phase to improve gait stability 
[27]. And the resting metabolic rate, and thus total energy expenditure, increases as pregnancy 
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progresses [205]. All these factors should be considered when interpreting ‘objective’ data 
from accelerometers, especially in late-pregnancy.  

There is now an innovative accelerometer available, the activPAL (PAL Technologies, Ltd, 
Glasgow, Scotland), which is designed to measure postural allocation [88]. This accelerometer 
can differentiate between lying/sitting versus standing or walking. The activPAL is worn over 
the quadriceps muscle with an adhesive plaster, and removal while sleeping is not necessary. 
The activPAL seems to offer a solution to deal with the issues of compliance and placement.  

Process measure: fidelity 
The DALI study distinguished itself by measuring the fidelity of the intervention through 
assessing all practitioners and intervention components, which frequently is lacking or 
conducted with non-validated instruments [219], as is discussed in chapter 7 [158]. 
Explanations for the lack of MI fidelity are caused by 1) unawareness on how to conduct MI 
fidelity and consequently a lack of resources (e.g. lack of recorded sessions or money to invest 
in coding); 2) the use of non-validated or suitable coding instruments. The use of different 
quality assessments further hinders the comparability of studies; 3) the difficulty to acquire MI 
fidelity scores which are sufficient according expert opinion. Publication of a manuscript is 
more difficult with an intervention not showing a representative amount of MI and therefore 
authors might decide to only present the variables which are considered sufficient or not to 
present any of the variables at all (publication bias). It is important MI fidelity is presented in 
RCTs to distinguish among the quality of the conducted studies in future meta-analyses and 
reviews.  

 

FUTURE DIRECTIONS 

The worldwide high prevalence of overweight and obesity among reproductive women and 
consequently the high risk of developing GDM and diabetes type 2 stresses the need for 
prevention programmes that are feasible and attractive for individuals at risk. The next 
paragraphs discuss how future research could further assist in developing prevention 
programmes and how the clinical practice could implement the findings of our study. 

 

IMPLICATIONS FOR FUTURE RESEARCH 

The DALI study was a behaviour change prevention programme that intervened only during 
pregnancy. Even though pregnancy is an ideal time for interference as women are highly 
motivated by the health of their baby (chapter 2 [159]), interference starting between 12-20 
weeks gestation might be too late to change the already developed intra-uterine environment 
[45]. Additionally, based on research mostly conducted in rodent models it is known that 
paternal obesity affects the health of the offspring as well [204]. Therefore, lifestyle 
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interventions for couples prior to conception that continue in pregnancy (at least for the 
woman) could potentially have more effect than interventions during pregnancy alone. An easy 
to reach group for interventions prior to pregnancy might be couples that have trouble 
conceiving and are overweight or obese.  

Furthermore, changing behaviour and maintaining the behaviour change throughout 
pregnancy is not always easy. Pregnancy specific barriers frequently experienced in the final 
trimester of pregnancy could result in a relapse. Therefore, future studies could consider to 
extent the intervention period beyond pregnancy and assist women in getting back to their 
pre-pregnancy weight and maintain their so learned new lifestyle long-term. Intervening in the 
post-partum period is especially valuable for women who are planning a subsequent 
pregnancy. They could reduce their increased risk for negative outcomes in this subsequent 
pregnancy if they manage to obtain a lower BMI.  

The postpartum period is also an opportunity for women who were diagnosed with GDM, 
especially since testing for GDM occurs late in pregnancy (mostly as late as 28 weeks of 
gestation) and not much time is left in pregnancy to change lifestyle behaviours. A recent 
review showed that lifestyle interventions in the postpartum period can be effective in 
reducing type 2 diabetes and insulin resistance, and decrease bodyweight [122].  

In attracting women to participate in lifestyle interventions it is important that the gap 
between research and practice is bridged. Obstetricians and midwifes need an active 
involvement in projects as a constant reminder of possible opportunities for their patients. 
Perhaps the intervention even needs to be embedded in the local practice facilities / hospitals. 
In the postpartum period infant welfare centres, involved in regular appointments for the new 
born baby, could fulfil this position. 

MI is proven as a useful method for facilitating lifestyle behavioural change. However, it is 
important that practitioners delivering the intervention (irrespective if this done prior to 
conception, during pregnancy or in the postpartum period) are trained to the appropriate MI 
standards. As is shown in chapter 5 quality varies among practitioners, even though they 
received the same training. Therefore more research on personal characteristics or specific 
qualities that lead to better uptake of MI could inform application processes. Future studies 
could consider hiring specialists in MI or consider providing the appropriate amount of training 
to lay personal involving individual feedback throughout the study period.  

This study did not provide information on the long-term, for example a) if women were able to 
maintain their changes, returned to their pre-pregnancy weight or lost more weight 
postpartum; b) what the health effects were for children born to mothers with lower GWG; 
and further on c) if women provided a healthy environment for their children and set a 
standard for ways to live healthy in order to break the 'obesogenic cycle'. Moreover, it is 
interesting to learn how many women eventually developed type 2 diabetes mellitus and most 
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importantly in how many cases the development of this disease was prevented within the next 
10 years.  

 

RECOMMENDATIONS FOR PRACTICE  

Implementation of a lifestyle intervention: 
The DALI interventions did not lower the risk for GDM, although the HE intervention (chapter 4 
[300]) and the HE+PA intervention [299] assisted women to prevent excessive GWG. Since 
gaining weight in adherence to the IOM guidelines leads to a lower risk of developing obesity 
after pregnancy [105] and since excessive GWG is an individual risk factor for negative 
outcomes during pregnancy [296], it is advised that counselling about appropriate GWG and 
how to obtain this needs to become part of the routine care of patients or discussed in 
additional sessions with a health care professional. However, before delivering the intervention 
practitioners need to be trained to a sufficient level of MI.  

It is advised to follow at least a local 3-day MI training by a certified MI trainer and receive 
regular, but at least on four occasions [292], feedback on a real-life conversation with a 
patient. On the MI website (www.motivationalinterviewing.org) more information on training 
courses and MI trainers is available. William R. Miller and Stephen Rollnick have written 
already their third book about MI, with lots of practical examples and explanations [217] and in 
the appendix of this thesis the DALI study materials are made accessible. Furthermore, 
although only in the Dutch language, information on obesity, pregnancy and MI is recently 
published in a manual for the healthcare practitioner [331].  

The effectiveness of MI increases with increasing skill level [332]. Therefore screening and 
selection on certain qualities during the application process of practitioners could be helpful, 
for example checks on empathy as this is an important predictor for MI skilfulness [220]. 
Furthermore, if within the same organisation more than one person is trained in MI this would 
allow for intervision meetings, in which discussion of difficulties with implementation of MI in 
practice could facilitate peer learning experience.  

At an organizational level the decision to adopt MI interventions involves some complexity 
[345]. The willingness of a hospital to implement MI in usual care depends largely on the costs 
and the compensation from insurance companies. However, MI counselling on lifestyle and 
obesity related topics is not necessary linked to midwifery or obstetric departments alone. It is 
applied in primary care [226] and other hospital departments as well to improve either physical 
activity or healthy eating, such as in rheumatology [111], cardiology [178] or pulmonology [52]. 
Therefore to cover the additional treatment of these patients in a so called ‘lifestyle-clinic’ 
might give patients specialised lifestyle care by sufficiently trained practitioners and would give 
their usual health care provider the opportunity to focus solely on the provision of usual care 
treatment.  

http://www.motivationalinterviewing.org/
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Resources for implementation of lifestyle interventions during pregnancy are readily 
translatable from the DALI intervention (see appendix). Nowadays internet has become an 
important source for information, e.g. regular newsletters or apps with growth status updates. 
However, the current online information frequently applies to women with a normal BMI. 
Obese and overweight women erroneously believe they are gaining weight in the healthy and 
safe range. This stresses the importance of correct GWG counselling by health professionals 
and the opportunity for the development of accurate online information for overweight and 
obese women. Furthermore, information technology may play a key role in developing a tool 
which is easy to consult by the women for specific information and to use for monitoring 
purposes.  

 

Implementation of diagnostic criteria in the Netherlands 
The WHO [11] has recently adopted the IADPSG criteria [10] for GDM. However, screening 
methods, diagnostic criteria and treatment is highly inconsistent across Europe [25]. Even 
within countries different approaches are used by midwife practices and hospitals. Consensus 
on screening for GDM is important to get timely diagnosis and appropriate treatment, and 
does not lead to unnecessary confusion and concerns with patients. To stress its importance 
once more, within DALI about 33% of the Dutch women were diagnosed (according the WHO 
and IADPSG guidelines) with GDM / impaired glucose intolerance before 20 weeks gestation. 
Currently evidence is lacking if early detection of GDM is as ‘bad’ for the mother and the child 
compared to detection of GDM in mid-pregnancy. This requires further research.  

 

Conclusion: 
The results of the DALI study indicated that a moderately intense physical activity and healthy 
eating lifestyle intervention could impact on GWG of overweight or obese women. This did not 
result in a lower incidence for GDM compared to a control condition, but might proof 
beneficial for returning to pre-pregnancy weight postpartum. Health care professionals 
interested to implement the DALI intervention into clinical practice should consider training 
their personnel to a sufficient motivational interviewing proficiency before counselling 
participants.   



General discussion 

141 

8 

DALI 2.0 – implementation of the DALI intervention 
 
Prevention of gestational diabetes mellitus and diabetes type 2  
 
Facts: 

- Overweight and obese women are at increased risk to develop gestational diabetes 
mellitus 

- Several adverse outcomes for both mother and child have been associated with 
gestational diabetes mellitus 

- A history of gestational diabetes mellitus is an additional risk in a subsequent 
pregnancy for developing gestational diabetes mellitus 

- Gestational diabetes mellitus results in increased risk to develop type 2 diabetes for 
both mother and child 

 
What does this thesis add: 

- Women appreciated guidance on lifestyle behaviour throughout pregnancy  
- The healthy eating intervention showed positive effects on gestational weight gain 

and fasting glucose compared to a physical activity intervention among 150 women 
across Europe 

- The developed DALI intervention was well received by its target population 
- Skilfulness in motivational interviewing of practitioners is important especially for 

delivering the physical activity intervention  
- The interventions in DALI were able to improve dietary scores (in the HE and HE+PA 

group) and physical activity (in the PA group) during pregnancy.  
  
What does DALI further add: 

- In the combined (targeting both healthy eating and physical activity) a reduction of 2 
kilo in gestational weight gain is found compared to a control group among 436 
women across Europe 

- No effect was found in any of the intervention groups compared to a control group on 
the metabolic parameters insulin and glucose or in the prevention of gestational 
diabetes mellitus among 436 women across Europe 

 
How to move forward? 

- Implementation of the DALI lifestyle intervention in usual practice by specifically 
trained lifestyle coaches 

- Arrangement of regular supervision and intervision of the lifestyle coaches to 
maintain motivational interviewing skill at an appropriate level 

- Continue the lifestyle counselling sessions in the postpartum period to prevent an 
increase of weight in between pregnancies and to enter a subsequent pregnancy with 
a lower body mass index 

- Involvement of the partner if he is overweight or obese to aim for a family approach 
and facilitate a healthy environment for the children to grow up in 

- Early detection and management of gestational diabetes mellitus 
 

It is important that we aim to disrupt the mother-offspring vicious ‘obesogenic’ cycle 
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SUMMARY 
 

Prevention programmes targeting the worldwide public health problem of obesity are needed. 
Especially in pregnancy, because maternal obesity puts women at risk for the development of 
several complications or adverse health outcomes, including gestational diabetes mellitus 
(GDM). GDM is defined as a carbohydrate intolerance resulting in hyperglycaemia of variable 
severity with onset or first recognition during pregnancy. Several adverse health outcomes for 
both mother and child are associated with GDM, such as a higher birthweight and increased 
risk for caesarean section. Additionally, women with a history of GDM have an even larger risk 
of developing GDM in a subsequent pregnancy. On the long term, GDM is a precursor for the 
development of type 2 diabetes mellitus for both mother and child. Therefore, specific GDM 
prevention programmes for overweight and obese women are important. Prevention 
programmes based on theoretical frameworks and aiming for a prevention of excessive 
gestational weight gain (GWG), by targeting physical activity and diet behaviours in pregnancy 
have the potential to reduce the development of GDM (Chapter 1).  

This thesis describes the development and evaluation of the DALI lifestyle intervention 
programme for GDM prevention among overweight and obese pregnant women across nine 
European countries. DALI is an acronym for vitamin D And Lifestyle Intervention for GDM 
prevention. 

 

Exploration of beliefs, barriers and preferences to adopt a healthy lifestyle  
In the first section of this thesis, the target population is consulted to understand the beliefs, 
barriers and preferences of overweight and obese pregnant women regarding lifestyle changes 
and lifestyle programmes that could assist in making these changes. The involvement of the 
target population is key for developing effective lifestyle intervention programmes. Up until 
now research among European overweight and obese women was scarce. Chapter 2 described 
the study in which we gathered information from overweight and obese pregnant women 
across nine European countries. Our findings indicated that pregnancy is a key time for lifestyle 
interventions. The health of their unborn child is an important motivating factor to live 
healthily. Furthermore, women appear highly receptive to health information and advice, 
especially about their increased personal risk caused by their weight. Barriers regarding 
physical activity and diet experienced by overweight first-time mothers and multipara women 
appear to be different, which is a factor that should be considered during counselling. For 
women to consider attending a lifestyle programme flexibility in attendance time and place is 
thought to be important. In designing lifestyle intervention programmes, the previous points 
should be considered. Furthermore, health care professionals should use the opportunity of 
pregnancy to provide information on risks, lifestyle modification and weight management.   
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Design of the DALI study 
The DALI study, a multicentre randomised controlled trial (RCT), was designed to collate 
evidence about the epidemiology of GDM in Europe, to promote pan-European standards and 
measures for GDM and to identify suitable preventive measures against GDM. The background 
and methods of the DALI study are presented in chapter 3. The developed DALI intervention 
was based on the needs and preferences gathered of the target population described in 
chapter 2. The DALI intervention consisted of a 2x2 vitamin D arm and a 2x2 lifestyle arm. In 
the 2x2 vitamin D arm women received supplementation of either 1600IU/day vitamin D or 
placebo with or without a lifestyle intervention targeting physical activity and healthy eating. In 
the 2x2 lifestyle arm women were randomised into a lifestyle intervention targeting physical 
activity (PA), healthy eating (HE), a combination of healthy eating and physical activity (HE+PA) 
or into the control group (UC: usual care). The lifestyle intervention consisted of five face-to-
face sessions of approximately 30-45 minutes with a lifestyle coach trained in motivational 
interviewing (MI). Participant had the option of four additional telephone calls in between 
sessions. The sessions employed information on GDM, weight management, seven healthy 
eating messages and five physical activity messages aimed to improve lifestyle behaviour. Tools 
to assist in making lifestyle changes, such as a pedometer, dynaband or dietary record, were 
provided. Data was collected on both the mother and her child before 20 weeks of gestation, 
at 24-28 weeks of gestation, at 35-37 weeks of gestation and after delivery. The primary 
outcomes were maternal GWG, fasting glucose and insulin sensitivity.  

 

Effect evaluation of DALI lifestyle pilot 
In the second section of this thesis, after the development of the intervention, a pilot study 
was performed. As described in chapter 4 [300], the main aim of the pilot study was to test the 
procedures, methodology and lifestyle interventions for the forthcoming full RCT. This pilot 
lifestyle intervention compared the impact of three lifestyle interventions (HE; PA; HE+PA) on 
GDM risk. Our primary outcomes were GWG, fasting glucose and insulin sensitivity. A large 
proportion of the women (22%) had GDM in the beginning of pregnancy and was not included. 
Among the total of 150 participants 32% developed GDM by 35-37 weeks and 20% of the 
women achieved a GWG below 5 kg. Only the HE intervention was associated with 1.6 kg less 
GWG and 0.3 mmol/L lower fasting glucose compared to the PA intervention at the end of 
pregnancy. No significant differences were observed between the HE+PA and the other two 
groups. The results of this pilot intervention are in favour of a HE intervention in overweight 
and obese women, although a larger trial reproducing these results is clearly needed. 

 

Process evaluation DALI lifestyle pilot 
It is important to evaluate process variables to indicate how a planned intervention was 
conducted and to provide insight into why an intervention has shown positive or negative 
results. Therefore, in chapter 5 we aimed to assess reach, dose delivered, fidelity and 
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satisfaction and investigated whether these process elements could explain differential effects 
of the intervention on changes in the primary outcome GWG. The results indicated that one-
third of the invited women were willing to participate, which was a similar response rate in 
comparison to other intervention studies. The intervention was delivered satisfactorily (8.6 on 
a 10 point scale) with 63% of the women receiving all intervention session. The overall fidelity 
scores of the intervention delivery did not achieve expert MI standards, although high variance 
of MI competence was observed between practitioners. Furthermore, no association with 
GWG was found for implementation of MI by the lifestyle coaches or the degree of 
participation of the participants. It was concluded that the DALI intervention was well received 
across a range of European countries and may even be feasible to implement more widely 
across Europe. 

 

Effect evaluation of physical activity and diet in the DALI lifestyle trial 
In chapter 6 the effectiveness of the DALI lifestyle intervention on objectively measured 
physical activity and diet is presented and subsequently it is examined how these changes were 
related to the primary outcomes GWG, fasting glucose and insulin sensitivity. For physical 
activity an effect on counts per minutes was found in the PA group mid-pregnancy and for diet 
an effect on overall dietary scores in the HE+PA and HE group mid-pregnancy. The intervention 
did not seem to have a mediating effect through physical activity and dietary changes on GWG 
and glucose metabolism. However, the small sample size could have led to not finding a 
mediation effect that is actually present (type 2 error). Furthermore, it is possible that ‘small 
changes’ in physical activity and diet are too small to be detected but do result in long-term 
changes on (gestational) weight gain. Further research needs to investigate other possible 
biopsychological or environmental factors that could play a more prominent role in total GWG 
and glucose metabolism during pregnancy. 

 

Fidelity 
Treatment fidelity refers to the methodological strategies used to monitor and enhance the 
reliability and validity of behavioural interventions. It is known that treatment fidelity in MI has 
predictive validity of the effect of the intervention. However, as many research trials fail to 
assess treatment fidelity it is impossible to distinguish between high- and low-quality MI 
interventions. Chapter 7 [158] discusses the collecting, selecting, coding and reporting of MI 
treatment fidelity in RCTs. Practical recommendations regarding the preferred MI fidelity 
instrument, the amount of coded audio samples, the training of coders and the reporting of 
the results are provided. To facilitate high quality of future studies and comparison among 
trials it is important that researchers would take notion of the provided recommendations. 
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General discussion 
In the final chapter (chapter 8) the main findings of this thesis are put in broader perspective, 
methodologic considerations are discussed and a reflection on chapter 2 to 7 is provided. 
Additionally, implications and recommendations for clinical practice and further research are 
given. Overall, the moderately intense physical activity and healthy eating lifestyle intervention 
could impact on GWG of overweight and obese pregnant women. However, a lower incidence 
for GDM was not found. These results are in line with other recently conducted research 
projects. If the DALI intervention is implemented in usual practice it is important to provide 
sufficient training and supervision of the lifestyle coaches to maintain the level of MI 
counselling. Furthermore, it might be considered in future research to extend the lifestyle 
counselling session to the postpartum period and to include all overweight women (BMI ≥25). 
It is important that we aim to disrupt in as many ways as possible the mother-offspring vicious 
‘obesogenic’ cycle. 
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SAMENVATTING 
 

Obesitas is een groeiend wereldwijd probleem. Om die reden is preventie onderzoek erg 
belangrijk. In de zwangerschap is dit zelfs nog belangrijker. Vrouwen met overgewicht of 
obesitas die zwanger raken hebben namelijk een verhoogd risico op het ontwikkelen van 
bepaalde aandoeningen. Een voorbeeld van zo’n aandoening is zwangerschapsdiabetes. Men 
spreekt van zwangerschapsdiabetes als tijdens de zwangerschap voor het eerst geconstateerd 
wordt dat het lichaam de bloedglucose uit de bloedbaan niet goed kan opnemen. Als gevolg 
hiervan blijft er een te hoge concentratie glucose in de bloedbaan achter. Het kindje krijgt 
hierdoor te veel glucose aangeboden via het bloed en ontwikkelt een hoger geboortegewicht. 
Een consequentie van de toename van het gewicht van het kindje kan zijn dat de geboorte niet 
meer natuurlijk kan plaats vinden, maar moet gebeuren door middel van een keizersnede. 
Bovendien bestaat er een toegenomen risico op het nogmaals ontwikkelen van 
zwangerschapsdiabetes in een volgende zwangerschap. Zwangerschapsdiabetes verdwijnt vlak 
na de zwangerschap, maar zowel moeder als kind hebben een hoger risico op het ontwikkelen 
van diabetes type 2 op latere leeftijd. Preventie van zwangerschapsdiabetes is om die reden 
belangrijk vooral bij zwangere vrouwen met overgewicht of obesitas. Goed onderbouwde 
preventie programma’s die vrouwen stimuleren om voldoende te bewegen en gezond te eten 
kunnen er mogelijk voor zorgen dat vrouwen een juiste gewichtstoename tijdens de 
zwangerschap hebben. Een gezond gewicht speelt mogelijk een rol bij het voorkomen van 
zwangerschapsdiabetes (hoofdstuk 1). 

Dit proefschrift beschrijft de ontwikkeling en evaluatie van de DALI leefstijlinterventie ter 
preventie van zwangerschapsdiabetes onder Europese vrouwen met overgewicht of obesitas. 
DALI is een acroniem voor vitamime D en (And) Leefstijl Interventie in het voorkomen van 
zwangerschapsdiabetes. 

 

Meningen, belemmeringen en voorkeuren ten aanzien van een gezonde leefstijl 
In het eerste gedeelte van dit proefschrift is de doelpopulatie ondervraagd. Op deze manier is 
meer inzicht verkregen in de meningen, belemmeringen en voorkeuren van zwangere vrouwen 
ten aanzien van leefstijlveranderingen en leefstijlprogramma’s om leefstijlveranderingen te 
bewerkstelligen. Het betrekken van de doelpopulatie bij de ontwikkeling van interventies is 
belangrijk. Tot nu toe was er nog weinig bekend over de meningen van Europese zwangere 
vrouwen met overgewicht of obesitas. In hoofdstuk 2 is de studie beschreven waarin we 
informatie van zwangere vrouwen met overgewicht en obesitas uit negen verschillende 
Europese landen verzameld hebben. De zwangerschap blijkt een goede gelegenheid om 
leefstijlinterventies aan te bieden. De motivatie om een gezonde leefstijl na te streven is 
verhoogd, want ze willen alles doen voor de gezondheid van hun ongeboren kindje. Vrouwen 
staan open voor informatie en tips over hun gezondheid, voornamelijk gerelateerd aan het 
verhoogde risico ten gevolge van hun overgewicht. Het blijkt belangrijk om informatie op maat 
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aan te bieden. Ook is het belangrijk dat zorgprofessionals beseffen dat vrouwen met kinderen 
andere belemmeringen ervaren dan vrouwen die voor het eerst moeder worden. Voorgaande 
punten zouden bij de ontwikkeling van leefstijlprogramma’s meegenomen moeten worden. 
Net zoals dat het voor iedereen mogelijk moet kunnen zijn om hier aan deel te nemen. 
Gezondheidsprofessionals kunnen de zwangerschap als mogelijkheid aangrijpen om informatie 
over gezondheidsrisico’s, leefstijlaanpassingen en gewichtstoename te verstrekken. 

 

De opzet van de DALI studie 
De DALI studie is een gerandomiseerd onderzoek met een controle groep (een groep die het 
interventie programma niet volgt), uitgevoerd in negen verschillende Europese landen. Deze 
studie is ontwikkeld om de epidemiologie van zwangerschapsdiabetes in Europa in kaart te 
brengen, om standaarden en meetmethodes die gelden in heel Europa te promoten en om 
bruikbare interventies te ontwikkelen ter preventie van zwangerschapsdiabetes. De 
achtergrond en methoden van de DALI studie zijn beschreven in hoofdstuk 3. De DALI 
interventie is gebaseerd op de ervaring en voorkeur van de doelgroep, zoals beschreven in 
hoofdstuk 2. De DALI interventie bestaat uit een vitamine D studie en een leefstijlstudie. In de 
vitamine D studie ontvingen vrouwen of 1600 IU/dag vitamine D supplement of een placebo 
pil, al dan niet in combinatie met een leefstijlinterventie gericht op het veranderen van 
voeding- en bewegingsgewoonten. In de leefstijlstudie waren vrouwen ingedeeld in een 
leefstijlinterventie gericht op het veranderen van bewegen (PA), voeding (HE), zowel voeding 
als beweging (HE+PA), of ze kwamen in een controle groep en ontvingen alleen de standaard 
zorg (UC). De leefstijlinterventie bestond uit vijf face-to-face gesprekken van gemiddeld 30-45 
minuten met een leefstijlcoach die opgeleid was volgens de principes van motiverende 
gespreksvoering. De deelnemer had de mogelijkheid om vier extra telefoongesprekken met de 
leefstijlcoach in te plannen tussen de face-to-face gesprekken in. Tijdens de bijeenkomsten 
werden de onderwerpen zwangerschapsdiabetes, gewichtscontrole, zeven voedingsadviezen 
en vijf beweegadviezen besproken met het doel om de leefstijl te verbeteren. De deelnemers 
ontvingen materialen om hen te ondersteunen bij het maken van leefstijlveranderingen, zoals 
een stappenteller, een elastische band en een voedingsdagboek. Bij de start van het onderzoek 
(voor 20 weken zwangerschap), halverwege de zwangerschap (24-28 weken), aan het einde 
van de zwangerschap (35-37 weken) en bij de bevalling zijn er metingen verricht bij zowel de 
moeder als het kind. De belangrijkste uitkomstmaten van het DALI onderzoek waren: de 
gewichtstoename van de moeder aan het einde van de zwangerschap, glucose en 
insulinegevoeligheid. Glucose en insulinegevoeligheid werden bepaald, nadat deelnemers 
minimaal 8 uur niets gegeten of gedronken hadden. 

 

Effectiviteit van de DALI leefstijl pilot  
In het tweede deel van dit proefschrift, na de ontwikkeling van de DALI studie, is een pilot 
studie uitgevoerd om de interventie te testen. In hoofdstuk 4 staan de resultaten van deze 
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pilot beschreven. Het doel van de pilot was om de procedures, de methode en de 
leefstijlinterventies te testen voorafgaand aan een uitgebreidere gerandomiseerde studie met 
een controle groep. De pilot leefstijlinterventie studie vergleek het effect van drie 
leefstijlinterventie groepen (voeding, beweging en een combinatie van voeding en beweging) 
op het risico om zwangerschapsdiabetes te ontwikkelen. De belangrijkste uitkomstmaten 
waren gewichtstoename van de moeder, glucose en insulinegevoeligheid. Een groot deel van 
de vrouwen (22%) werd in het begin van de zwangerschap uitgesloten van deelname aangezien 
op dat moment al zwangerschapsdiabetes bij hen geconstateerd werd. In totaal zijn er 150 
vrouwen die deelgenomen hebben aan de pilot leefstijlinterventie, hiervan ontwikkelden 32% 
zwangerschapsdiabetes aan het einde van de zwangerschap en 20% van de deelnemende 
vrouwen lukte het om minder dan 5 kilo in de zwangerschap aan te komen. De 
voedingsinterventie was aan het einde van de zwangerschap geassocieerd met minder 
gewichtstoename (1.6 kg minder) en een lagere glucose waarde (0.3 mmol/L) in vergelijking 
met de beweeginterventie. Er waren geen significante verschillen tussen de groep waar zowel 
voedings- als bewegingsinterventie gegeven was en de overige twee groepen. De resultaten 
van deze pilot leefstijlinterventie wijzen op een positiever resultaat van de voedingsinterventie 
bij vrouwen met overgewicht en obesitas, maar een uitgebreidere studie is noodzakelijk om 
deze resultaten te herhalen. 

 

Procesevaluatie van de DALI leefstijl pilot 
Bij de uitvoering van een interventie zijn er verschillende factoren die de resultaten positief, 
maar ook negatief kunnen beïnvloeden. In hoofdstuk 5 hebben we systematisch gekeken naar 
hoe de DALI pilot leefstijlinterventie was uitgevoerd. We onderzochten het bereik van de 
studie (reach), het aantal geleverde componenten van de studie (dose delivered), de 
bekwaamheid van de leefstijlcoaches in motiverende gespreksvoering (fidelity) en de 
tevredenheid van de deelnemers (satisfaction). Daarnaast hebben we ook gekeken of deze 
procesmaten een verklaring konden geven voor verschillen in gewichtstoename tijdens de 
zwangerschap. De resultaten laten zien dat een op de drie vrouwen bereid is deel te nemen 
aan de DALI interventie. Dit blijkt vergelijkbaar met andere interventie studies bij deze 
doelpopulatie. De deelnemers waren heel erg tevreden over de interventie (8.6 op een 10-
puntsschaal) en 63% van de deelnemers heeft ook daadwerkelijk alle interventie 
bijeenkomsten gekregen. De bekwaamheid van de leefstijlcoaches in motiverende 
gespreksvoering kan nog verbeterd worden en was gemiddeld niet volgens de motiverende 
gespreksvoering standaarden zoals die door experts bepaald zijn. We vonden grote verschillen 
in de bekwaamheid in motiverende gespreksvoering tussen de leefstijlcoaches. Er is geen 
verband gevonden tussen de procesmaten (fidelity en dose delivered) en toename in gewicht 
in de zwangerschap. Op basis van de proces valuatie kan geconcludeerd worden dat de DALI 
interventie als een goede interventie ervaren werd door de deelnemers en dat het mogelijk 
haalbaar is om deze interventie ook in andere Europese landen te implementeren. 
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Effectiviteit van de DALI leefstijlstudie op beweging en voeding gerelateerde uitkomsten 
In hoofdstuk 6 is bekeken wat de effectiviteit van de drie DALI leefstijlinterventies ten opzichte 
van de standaard zorg is die zwangere vrouwen krijgen tijdens hun zwangerschap. Daarnaast is 
ook bekeken hoe deze veranderingen gerelateerd zijn aan de belangrijkste uitkomstmaten 
gewichtstoename in de zwangerschap, nuchtere glucose en insulinegevoeligheid. In de 
beweeginterventie halverwege de zwangerschap was er een effect op het aantal ‘counts per 
minuut’, wat een ruwe maat is van de versnellingsmeter die de beweging registreert. In de 
gecombineerde interventiegroep en in de voedinginterventiegroep werden er halverwege de 
zwangerschap effecten gevonden op de voedingsscores gemeten met een voedingsdagboek. 
Ondanks deze gevonden effecten hadden de interventies geen indirecte invloed via de 
voedings- en bewegingsveranderingen op gewichtstoename in de zwangerschap en het 
glucosemetabolisme. Het is mogelijk dat de kleinere groep waarvan beweeg- en 
voedingsgegevens beschikbaar waren een oorzaak is voor het niet vinden van een indirect 
effect, terwijl deze wel bestaat (type 2 fout). Ook is het mogelijk dat ‘kleine veranderingen’ in 
beweeg- en voedingsgedrag te klein waren om aan te tonen, maar dat deze kleine 
veranderingen op de lange termijn zeker een effect kunnen hebben op de gewichtstoename. 
Toekomstig onderzoek moet uitwijzen of andere biologische, psychologische en 
omgevingsfactoren mogelijk een belangrijkere rol spelen in de totale gewichtstoename en de 
glucosehuishouding in de zwangerschap. 

 

Fidelity 
De fidelity van een behandeling is een kwaliteitsmaat welke gebruikt wordt om de 
betrouwbaarheid en validiteit van gedragsinterventies in kaart te brengen en te verbeteren. De 
fidelity van een behandeling in motiverende gespreksvoering heeft een voorspellende waarde 
voor het effect dat een interventie zal hebben. Tot op heden wordt fidelity niet correct 
gemeten in onderzoek studies, waardoor het onmogelijk is om de verschillende onderzoeken 
op kwaliteit van motiverende gespreksvoering in te delen. Hoofdstuk 7 bespreekt het 
verzamelen, selecteren, coderen en rapporteren van de fidelity van motiverende 
gespreksvoering tijdens een behandeling zoals dat gebeurt binnen gerandomiseerd onderzoek. 
Er worden praktische aanbevelingen gegeven, onder andere welk instrument gebruikt moet 
worden om motiverend gespreksvoering te coderen, het aantal te coderen audio-opnames, 
hoe de training van codeerders te organiseren en hoe de resultaten te rapporteren. Om inzicht 
in de kwaliteit van toekomstige studies en onderlinge vergelijkbaarheid van studies mogelijk te 
maken is het belangrijk dat onderzoekers de gegeven aanbevelingen overnemen. 
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Algemene discussie 
In het afsluitende hoofdstuk (hoofdstuk 8) worden de belangrijkste bevindingen van dit 
proefschrift besproken, worden methodologische aandachtspunten bediscussieerd en wordt 
gereflecteerd op de hoofdstukken 2 tot en met 7. Vervolgens worden implicaties en 
aanbevelingen voor de klinische praktijk en toekomstig onderzoek gegeven. Op basis van dit 
proefschrift kan geconcludeerd worden dat een middelmatig intensieve leefstijlinterventie 
gericht op beweging en voeding invloed kan hebben op de totale gewichtstoename bij 
zwangere vrouwen met overgewicht of obesitas. Desondanks bleken de leefstijlinterventies 
niet te resulteren in een lager risico op zwangerschapsdiabetes. De gevonden resultaten zijn in 
overeenstemming met andere recent uitgevoerde onderzoeksprojecten. Als men de DALI 
interventie zou willen implementeren in de standaard zorg dan is het aan te bevelen om 
voldoende training en begeleiding te bieden aan de leefstijlcoaches, zodat de kwaliteit van 
motiverende gespreksvoering van voldoende niveau blijft. Daarnaast kan overwogen worden 
om in toekomstig onderzoek de interventie door te laten lopen in de periode na de 
zwangerschap en om deze interventie aan te bieden aan alle vrouwen met overgewicht (BMI ≥ 
25). Het is belangrijk dat de moeder-kind vicieuze ‘obesitas’ cirkel op zoveel mogelijk manieren 
doorbroken wordt. 

  



 

 



 

 

APPENDIX I:  

DALI programme materials: Participant manual (in Dutch) 

 

 

 

 

 

 

 

     

 

 

 

 

 

 

Participants who were randomised in one of the intervention groups received guidance from a 
lifestyle coach. The intervention involved five face to face sessions with a lifestyle coach who 
discussed their lifestyle behaviours and health. This participant manual was used as a guide 
and reference, in which information, tips, advice and tools were provided regarding physical 
activity, healthy eating, gestational weight management and gestational diabetes mellitus. This 
manual is available in the following languages: English, Danish, Dutch, German, Italian, 
Spanish/Catalan and Polish. This manual was developed within the DALI consortium. The 
manuals may be used for educational and research purposes only, provided proper credits are 
given to the DALI consortium. Use of any of the DALI programme materials is strictly forbidden 
for commercial use without permission of the DALI consortium.   
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ZWANGERSCHAPSDIABETES 

Bron: american diabetes association 
  

De placenta zorgt ervoor dat de baby 
voldoende voedsel en water krijgt. 
 

De placenta produceert hormonen voor 
de baby. Sommige van deze hormonen 
maken het voor insuline moeilijk om 
hun werk te doen: het op peil houden 
van de bloedsuiker spiegel. 
 

Insuline (groene pijlen) opent de cellen 
zodat bloedsuiker (glucose: gele 
bolletjes) naar binnen kan. 
 

Tijdens de zwangerschap moet het 
lichaam van de moeder 3x meer 
insuline aanmaken dan normaal. 
 

Zwangerschapsdiabetes ontstaat 
wanneer het orgaan dat insuline 
produceert, de alvleesklier, niet 
voldoende insuline kan produceren 
tijdens de zwangerschap. 
 

Zonder voldoende insuline kan 
bloedsuiker het bloed niet verlaten 
en omgezet worden naar energie. Dit 
zorgt ervoor dat het bloedsuikerpeil 
stijgt. 
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ZWANGERSCHAPSDIABETES 

Het aantal vrouwen in Europa met zwangerschapsdiabetes verschilt behoorlijk per land. In 
sommige landen is dit 1 op de 5 vrouwen. Zwangerschapsdiabetes is een tijdelijke vorm van 
diabetes, welke zich meestal pas na de 24e week ontwikkeld. Hormonen die door de placenta 
afgegeven worden om de baby te helpen ontwikkelen, hinderen ook de actie van de insuline 
van de moeder. Dit leidt tot insulineresistentie (weerstand tegen de werking van insuline). 
Insuline is het hormoon dat nodig is om glucose (suiker) vanuit de bloedbaan de cellen in te 
krijgen, waar het omgezet kan worden naar energie. Tijdens de zwangerschap heeft de moeder 
2-3 keer zoveel insuline nodig om deze resistentie te overkomen. Wanneer de moeder niet 
voldoende insuline kan aanmaken (bijvoorbeeld doordat de moeder genetisch minder insuline 
kan aanmaken en/of door overgewicht) dan zal het bloedglucose gehalte toenemen.  
 
Bloedglucose passeert de placenta (van moeder naar baby), wat betekent dat tijdens 
zwangerschapsdiabetes de baby meer energie krijgt dan het daadwerkelijk nodig heeft. Dit kan 
leiden tot een hoog geboortegewicht, wat de bevalling kan bemoeilijken. Een bevalling met 
keizersnede is een manier om ervoor te zorgen dat de baby geen schade oploopt (zoals 
bijvoorbeeld een schouderblessure) wanneer hij of zij te fors gegroeid is. Een betere manier is 
natuurlijk om ervoor te zorgen dat de baby in de eerste plaats niet te groot wordt. Een gezonde 
voeding en voldoende beweging dragen hieraan bij. 
 
Zwangerschapsdiabetes verdwijnt na de bevalling, alhoewel het vaak weer terug komt tijdens 
een nieuwe zwangerschap. Vrouwen die zwangerschapsdiabetes gehad hebben, hebben 50% 
meer kans op het ontwikkelen van diabetes type 2 binnen 5 tot 10 jaar. Dit geldt ook voor de 
baby, die ook een verhoogd risico heeft op het ontwikkelen van overgewicht en diabetes type 2 
op latere leeftijd.  
 
FACTOREN DIE HET RISICO OP HET ONTWIKKELEN VAN ZWANGERSCHAPSDIABETES VERHOGEN 
Risicofactor Definitie Hoe te veranderen? 
Slechte voeding Energierijk, hoge hoeveelheid 

koolhydraten, weinig vezels  
Goede voedingskeuzes 
maken 

Onvoldoende beweging Niet voldoende lopen en 
bewegen  

Fysieke activiteiten 
vermeerderen 

 
Gewicht 

Overgewicht (BMI>25) Gezonde voeding 
Voldoende beweging 
Gewichtsverlies 

Obees (BMI>30) 
Extreme obees (BMI>35) 
 

Leeftijd Leeftijd > 35 jaar Onveranderbaar 
Eerdere (zwangerschaps) 
diabetes 

(Zwangerschaps)diabetes in het 
verleden 

Onveranderbaar – de reden 
is beïnvloedbaar   

Familie geschiedenis 
(eerste graads) diabetes  

Eerste graad = moeder, vader, 
zus, broer 

Onveranderbaar 

Polycysteus-
ovariumsyndroom (PCOS) 

Associatie met 
insulineresistentie 

Onveranderbaar, maar 
invloed kan beperkt worden 

Ethnische achtergrond  Surinaamse, Turkse en 
Marokkaanse afkomst  

Onveranderbaar 
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LET OP UW GEWICHT 

 
WAAROM? 
Een goed gewicht met de juiste gewichtstoename 
gedurende de zwangerschap zorgt voor minder last van 
zwangerschapskwaaltjes en vergroot de kans op een 
natuurlijke bevalling. Bovendien is het na de bevalling 
gemakkelijker om de aangekomen kilo’s weer kwijt te 
raken.  
 
FEITEN: 
De toename van het gewicht tijdens de zwangerschap is normaal. Vrouwen die obees zijn of 
overgewicht hebben (voorafgaand aan de zwangerschap) wordt geadviseerd om minder 
gewicht aan te komen dan andere vrouwen. Hoeveel gewicht iemand tijdens de zwangerschap 
aan mag komen is afhankelijk van de Body Mass Index (BMI= gewicht / lengte2) voorafgaand 
aan de zwangerschap. 
 

BMI > 29 = Het is aanbevolen om in DALI maximaal 5 kg aan te komen. 
 
HOE? 
 
• De grafiek op de volgende pagina geeft de aanbevolen maximale gewichtstoename weer 

tijdens de zwangerschap. Dit kan u inzicht geven in uw gewichtstoename 

• Het is niet goed om te focussen op afvallen tijdens de zwangerschap, zowel u als uw baby 
hebben de juiste voedingsstoffen nodig om gezond te blijven 

• Het is goed om regelmatig (elke week) uw gewicht te meten en te noteren. Het beste is 
om dit te doen op dezelfde tijd van de dag, bijvoorbeeld direct na het opstaan. Dit helpt 
om uw gewicht binnen de aanbevolen richtlijnen te houden 

• Als blijkt dat u tijdens de zwangerschap gewicht verliest, maar daarnaast wel gezond aan 
het eten bent dan hoeft u zich geen zorgen te maken 
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Aanbevolen maximale gewichtstoename tijdens de 
zwangerschap
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GEZONDE VOEDING 

 
WAAROM? 
Een optimale groei en ontwikkeling van uw baby is afhankelijk van wat de moeder eet en 
drinkt. Gezonde voeding zal de gezondheidstoestand verbeteren en zorgen voor een “goede” 
zwangerschap.    

FEITEN: 
In de voedingspiramide (op de volgende pagina) worden de belangrijkste voedingsmiddelen 
weergegeven, voornamelijk tijdens de zwangerschap. De verschillende categorieën bestaan uit: 
water, groente, eiwitten, fruit, koolhydraten, vetten en een restgroep. De voedingsmiddelen 
laag in de voedingspiramide zijn het belangrijkste om te nemen en daar moet veel van gegeten 
worden, dit in tegenstelling tot de voedingsmiddelen in de top van de piramide. Het is 
belangrijk om gevarieerd te eten, aangezien elk product een andere samenstelling van 
voedingsstoffen heeft. 

HOE? 
Het lezen van een voedingsetiket dat aangeeft wat het 
voedingsmiddel allemaal bevat, is een optie. Dit etiket is te 
vinden, op de achterzijde, zijkant of onderkant van het product. 
De informatie daarop zegt wat over de hoeveelheid energie, 
eiwit, koolhydraten en vet dat het product bevat. Hier staat ook 
informatie over suiker, verzadigdheid, vezels, zout, vitaminen en 
mineralen. Uw coach kan in meer detail een voedingsetiket met u 
bespreken. Zie ook bijlage ‘hoe lees ik een voedingsetiket?’. 

Producten met het hiernaast afgebeelde logo bevatten minder 
zout, suiker en verzadigde vetten, en soms ook meer vezel. 
Dankzij het logo ziet u in één oogopslag of u een gezonde keuze 
maakt binnen een voedingscategorie. Een groen logo staat op de 

betere keuze uit de basisvoedingsmiddelen met veel nuttige voedingsstoffen (zoals brood, 
melk en groenten en fruit), een blauw logo op voedingsmiddelen die niet tot de basisvoeding 
behoren (zoals soepen, sauzen en snacks). Hierdoor wordt het makkelijker om producten te 
kiezen die passen binnen een gezonder voedingspatroon. 

Voor de smartphone bestaan er veel nuttige apps om voeding bij te houden en inzicht te 
krijgen in de hoeveelheid calorieën. Bijvoorbeeld ‘mijn eetmeter’ van het voedingscentrum. Er 
zijn ook boeken die deze informatie bevatten. 

Een voedingsdagboek kan helpen! 
Om inzicht te krijgen in uw voedingspatroon zou het goed zijn om een voedingsdagboek bij te 
houden. Het geeft u (en uw coach) een goed beeld van uw voedingspatroon. Immers alles wat u 
eet, wordt ook gegeten door uw kindje. In de bijlage staat een voorbeeld van een 
voedingsdagboek. Het is het beste om op 3 verschillende dagen uw voeding bij te houden, zowel 
op een doordeweekse dag als op een weekend dag.  
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VOEDINGSPIRAMIDE 
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VERVANG GESUIKERDE DRANKEN 

    MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 
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VERVANG GESUIKERDE DRANKEN 

 
WAAROM? 
Water is nodig voor de aanvoer van voedingstoffen, afvoer van gif- 
en afvalstoffen, vertering en de circulatie. Water regelt bovendien 
de lichaamstemperatuur en voorkomt uitdroging. Het is daarom 
belangrijk om voldoende vocht binnen te krijgen. Gesuikerde 
dranken bevatten veel calorieën (in tegenstelling tot water) en 
zullen de totale energie opname verhogen. 

FEITEN: 
Het is aanbevolen om 2 tot 2.5 liter vocht van niet gesuikerde dranken per dag te nemen, dit 
komt neer op zo’n 8 tot 10 glazen gedurende de zwangerschap. Extra water is nodig voor de 
ontwikkeling van de baby en het vruchtwater. Er is meer water nodig bij zout of zoet eten, bij 
sporten en bij warm weer.  

Het is aanbevolen om gesuikerde dranken te vervangen voor water of ongesuikerde dranken! 
1 glas coca cola    = 5 theelepels suiker 
1 glas appelsap    = 5 theelepels suiker 
1 glas sinaasappelsap  = 4 theelepels suiker  
1 kop thee met 1 theelepel suiker = 4.5 gram suiker 
1 glas coca cola light   = 0 gram suiker 
1 glas water    = 0 gram suiker 

 
HOE? 

 
• Om ochtendmisselijkheid en verstopping tegen te gaan helpt het soms om ‘s 

ochtends na het opstaan een glas water te drinken 
• Alcohol en gesuikerde dranken kunnen het beste vervangen worden door water 

o Ook vruchtensappen bevatten veel suiker, evenveel als bijvoorbeeld een 
glas coca cola!  

• “Light” drank is beter dan gesuikerde drank (met een maximum van 1-2 glazen per 
dag), deze dranken bevatten wel vaak zoetstoffen.  

• Het is beter om geen suiker aan uw kopje thee of koffie toe te voegen. Als alternatief 
zou u zoetjes kunnen gebruiken, aangezien dat minder calorieën bevat dan suiker. 
Het is veilig om zoetjes te nemen in kleine hoeveelheden. 

• Een flesje water mee nemen (vooral bij warm weer) voorkomt dat u uitgedroogd 
raakt 

• Water is smaakloos, om de inname te bevorderen kan bijvoorbeeld een limoen of 
citroen toegevoegd worden 

• Een glas water bij elke maaltijd is beter dan frisdrank 
• Bestel een glas water of een fles water bij uw maaltijd in het restaurant in plaats van 

frisdrank 
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LET OP UW PORTIEGROOTTE 

    MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 
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A 

LET OP UW PORTIEGROOTTE 

 
WAAROM? 
Het is een verkeerde gedachte dat nu u zwanger bent u voor twee 
moet eten. U moet wel 2 keer zo gezond eten. Immers de 
belangrijkste bron van voedingstoffen voor uw baby bent u zelf! 

FEITEN: 
Het is aanbevolen om een gezond eetpatroon te handhaven en niet 
meer te gaan eten dan u deed voordat u zwanger werd. Het is wel belangrijk om gezonder te 
eten dan voorheen. Voedingsetiketten kunnen u helpen bij het maken van de juiste keuze van 
producten met de minste energie. In het algemeen wordt geadviseerd om een regelmatig 
eetpatroon te hanteren door 3 hoofdmaaltijden te nemen met 3 kleine tussendoortjes.  

Om de juiste portiegrootte van bepaalde producten te nemen kan het volgende hulpmiddel 
gebruikt worden. Splits uw bord in 4 even grootte gedeeltes: ½ van uw bord is voor groente en 
salade, ¼ voor eiwitrijke producten: zoals kip, mager vlees en vis, ¼ is voor koolhydraten: 
aardappelen, volkoren pasta en bruine rijst. 

HOE? 
• Drink voor de maaltijd een glas water, hierdoor is de maag eerder verzadigd 
• Sla geen maaltijden over – vooral het ontbijt niet. Het ontbijt zorgt ervoor dat het 

lichaam energie heeft om de dag te beginnen en voorkomt een honger gevoel 
• Beleg een dubbele boterham met 1 plakje (probeer vet broodbeleg te vermijden) 
• Bij problemen (misselijkheid of maagoprispingen) kunt u de maaltijden over de dag 

verspreiden. In plaats van 3 grote maaltijden, nu 6 kleine maaltijden nemen. 
• Kleinere borden zorgen er voor dat er minder opgeschept wordt 
• Eet met een kleiner bestek, hierdoor kunt u minder grote happen nemen 
• Eet u snel? Dan kunt u uw bestek neer leggen en weer oppakken zodra uw mond leeg 

is. Het duurt 20min voordat uw hersenen signaleren dat uw maag vol is  
• De pannen in de keuken laten staan (en dus in de keuken al op scheppen), voorkomt 

gaan snoepen uit de pan. Nu is de hoeveelheid eten van te voren al bepaald 
• Probeer niet voor een tweede keer op te scheppen 
• Aan tafel eten, in plaats van voor de televisie of computer, zorgt voor een groter 

bewust zijn van het eten en resulteert eerder in een verzadigd gevoel 
• Goed kauwen en proeven van het eten, zorgt ook voor een groter bewust zijn 
• Geniet soms van een toetje, maar probeer toetjes te vermijden om gewichtstoename 

te voorkomen. Als u in een restaurant graag een dessert wilt nemen kunt u deze 
delen met uw partner, een hapje van uw partner vragen of een kindertoetje bestellen 

• Verdeel overgebleven eten in eenpersoons porties voordat u het invriest. Verhit deze 
porties goed voordat u het eet, zodat u de kans op besmetting verkleind. 

• Bij speciale gelegenheden, waar u het moeilijk vindt om wat lekkers te weigeren, zou 
u de rest van de dag hiervoor kunnen compenseren 

• Probeer om laat op de avond niets meer te eten 
• Bedenk van te voren wat u op een dag gaat eten. Een plan voorkomt te veel eten. 
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EET MEER GROENTE 

    MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 
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A 

EET MEER GROENTE 

EAT MORE NON STARCHY VEG 
WAAROM? 
De vitaminen en mineralen uit groente zorgen voor het proces van 
opbouw en herstel van uw lichaam en dat van uw baby. Bovendien 
verlagen ze het risico op (chronische) ziekten. Ze bevatten weinig 
calorieën en veel vezels welke verstopping voorkomen.  

FEITEN: 
Eet 4 of meer opscheplepels groente per dag! Het is belangrijk om veel verschillende soorten 
gedurende de week te eten, elke soort bevat andere vitaminen en mineralen. Het is belangrijk 
om groente goed te wassen alvorens het te eten, insecten, bacteriën en chemicaliën worden 
hierdoor verwijderd. Aardappelen worden in sommige landen ook als groente beschouwd. Het 
is beter om hier niet te veel van te eten aangezien aardappelen veel koolhydraten bevatten, dit 
kan invloed hebben op de bloedglucose spiegel. 

HOE? 
• Groente kan gebruikt worden als broodbeleg of in combinatie met broodbeleg 

(komkommer, tomaat, radijs, waterkers, sla)  
• Zorg dat u altijd voldoende groente in huis heeft, zodat u het gemakkelijk tussendoor 

kunt nemen. Groente als tussendoortje is beter dan een koekje of stuk chocolade  
o Groente-tussendoortjes: Komkommer, cherrytomaatjes, radijs, wortel, 

bleekselderij 
• Gekookte groente en sla kan bij de warme maaltijd gecombineerd worden 

o Een salade als voorgerecht, of bijgerecht bij de warme maaltijd 
o Aan kant en klare sauzen kunt u gemakkelijk extra groente toevoegen 
o Uit gekookte groente zijn de voedingsstoffen gemakkelijker op te nemen 

dan uit rauwe groente, maar tijdens het kookproces gaan er ook 
voedingsstoffen verloren 

• U kunt gemakkelijk een lekkere soep maken van groente (pompoen, tomaten, 
courgette, broccoli, wortelen) 

• Het gebruiken van een nieuw soort groente, of een nieuw recept, voorkomt verveling 
door steeds dezelfde groente te eten 

• Voorgesneden groente en diepvriesgroente verkorten de voorbereidingstijd, dit is 
vooral handig als u haast heeft en het is beter dan helemaal geen groente 

• Fruit en groente kunnen het beste gegeten worden in het seizoen. U bent dan minder 
geld kwijt en het smaakt vaak ook veel lekkerder. In de bijlage is een groente kalender 
toegevoegd. 
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VERHOOG DE VEZELINNAME 

    MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 
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A 

VERHOOG DE VEZELINNAME 

 
WAAROM? 
Vezels worden teruggevonden in de celwanden van planten, dus 
voeding zoals groente, fruit en graan zijn dus zeer vezelrijk. Vezels 
zijn eetlustremmers, helpen bij het verlagen van de kans op 
darmproblemen en stabiliseren het bloedglucose peil.  

FEITEN: 
Het is aanbevolen dat u tenminste 30 gram vezels eet per dag. Daarbij is het belangrijk dat als u 
meer vezels gaat consumeren dat u voldoende drinkt om de vezels de darm te helpen 
passeren. Zorg ervoor dat u tenminste 2-2.5 liter water drinkt per dag. Verder is het aan te 
raden om de hoeveelheid vezels geleidelijk uit te breiden, dit om klachten zoals winderigheid 
te voorkomen. U kunt op de zijkant van de verpakking lezen hoeveel vezels een 
voedingsproduct bevat, hieronder worden een aantal voorbeelden gegeven:  

1 snee witbrood   = 0.5 gram vezels  1 appel  = 3 gram vezels 
1 snee bruin/volkorenbrood = 2 gram vezels  150g broccoli = 4.5 gram vezels  
1 snee roggebrood  = 3 gram vezels  1 lepel bruine bonen = 7 gram vezels 
5 lepels ontbijtgranen  = 3 gram vezels  150g wortelen = 4 gram vezels 
5 lepels muesli   = 3 gram vezels  ½ kopje zemelen  = 9 gram vezels 
 
HOE? 

• Eet onbewerkte groente en groente met een korte bereidingstijd, zoals rauwkost, 
gestoomde groente of roerbak groente (in olijfolie) 

• Eet fruit, met zoveel mogelijk de schil er nog om heen (zoals appels en peren) 
o Bij voorkeur hele vruchten in plaats van sap. De schil bevat vezels en die blijven 

in de pers achter. In de vruchtensappen uit pak wordt vaak extra suiker 
toegevoegd. Spoel fruit af voor het te eten! 

o Eet 1 portie fruit tegelijkertijd, en niet meer dan 2-3 stuks per dag! 
• Aardappelen met schil bevatten meer vezels, maar beperk de inname hiervan 

aangezien aardappelen ook veel koolhydraten bevatten  
• Peulvruchten zijn heel gezond en bevatten veel vezels 

o Bruine of witte bonen, erwten, linzen, kapucijners 
• Het is het beste om de volkoren variant te nemen 

o Volkoren brood in plaats van wit brood 
o Volkoren pasta in plaats van witte pasta  
o Bruine/zilvervliesrijst in plaats van witte rijst 

• Noten, gedroogde vruchten, pitten, zaden zijn erg vezelrijk, een prima tussendoortje  
o Neem kleine porties, ze bevatten veel vet (noten) en suiker (gedroogd fruit)  

• Ontbijtkoek is een vezelrijk tussendoortje  
• U kunt geleidelijk wennen aan vezelrijke producten door deze te mixen, combineren 

of camoufleren door andere producten. Bijv. kook witte en volkoren rijst tezamen. 
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VERMINDER DE VET INNAME 

MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 
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A 

VERMINDER DE VETINNAME 

 
WAAROM? 
Een bepaalde hoeveelheid vet is nodig als bouwstof voor cellen en 
hormonen en is essentieel voor de ontwikkeling van de hersenen en 
het centrale zenuwstelsel. Het lichaam heeft vet nodig voor de 
opname van vetoplosbare vitamines (A, D, E en K). Vet bevat echter 
veel calorieën en zorgt voor gewichtstoename. Vet blijft lang in de 
maag en kan een gevoel van brandend maagzuur veroorzaken. 

FEITEN: 
Het is aanbevolen om de hoeveelheid transvet en verzadigd vet te verminderen, deze zijn 
slecht voor het lichaam. Op de voedingsetiketten staat hoeveel vet een product bevat: 

• Trans vet: bewerkt voedsel, koeken, gebak, snacks, croissant, fastfood  
• Verzadigd vet: volle melk (producten), vet vlees, worst, boter en kaas  

Verzadigd vet en transvet kan vervangen worden door onverzadigd vet en mager vlees : 
• Onverzadigd vet: Vette vis, noten, avocado, olijfolie, lijnzaadolie, dieetmargarine  
• Mager vlees: kip, gevogelte, lamsvlees, kalfsvlees  

Eet 2 keer per week vis, waarvan 1 keer vette vis, dit is een bron van essentiële vetzuren  
• Vette vis = zalm, makreel, haring, paling, sardines  
• Rauw gerookte zalm en haring kan besmet zijn met de Listeria bacterie. Door 

verhitting worden deze bacteriën gedood, dus dan is het weer veilig om te eten.  
• Roofvissen (zwaardvis en (verse) tonijn) kunnen verontreinigd zijn met zware metalen 

(onder andere kwik). Pas op met de hoeveelheid die u hiervan eet.  
Een groot deel van het vet dat men eet komt door de bereidingswijze (bijv. frituren).  

HOE? 
• Boodschappen kunt u het beste met een volle maag en met een boodschappenlijstje 

doen. Hiermee voorkomt u (ongezonde) impulsieve aankopen.  
• Lees het productetiket om te zien hoeveel en wat voor vet een bepaald product bevat  
• Snijd de vette rand van vleesproducten af 
• Maak bij de bereiding gebruik van weinig vet door te koken met een stoompan, de 

magnetron, de grill of de oven. Vermijd frituren. 
o Gebruik olie of vloeibare boter (1 eetlepel per persoon) ipv boter  
o Om aanbakken te voorkomen kan ook water of bouillon toegevoegd worden 

• Zorg altijd dat u een gezonde snack voor handen hebt, voor als u honger krijgt 
o Een stuk fruit, gedroogde abrikozen, noten of een suikervrij yoghurtdrankje 

• Heeft u trek in iets? Dan kunt u iets gezonds nemen. Stop met eten bij een vol gevoel. 
Als u toch iets ongezonds neemt, geniet ervan door bewust en langzaam te eten.  

• Toegeven aan zwangerschaps (vr)eetbuien mag best, maar doe dit niet vaker dan één 
keer per week en probeer de hoeveelheid beperkt te houden.  

• Eet rauwe en gekookte groente zonder gebruik te maken van vette saus of dressing 
• Eet de magere variant, bijvoorbeeld magere kaas (20+) in plaats van volvette kaas 
• Mijd het gebruik van jus, of leng dit in ieder geval aan met veel water 
• Vermijd fastfood of afhaalmaaltijden 
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EET EIWITRIJKE PRODUCTEN 

MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 
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A 

EET EIWITRIJKE PRODUCTEN 

 
WAAROM? 
Eiwitten zijn onmisbaar voor een optimale ontwikkeling en groei 
van uw baby en voor de groei van de placenta. Eiwitten vormen de 
bouwstenen van het lichaam.  Melk producten bevatten eiwitten, 
maar ook calcium en vitamine D. Zwangere vrouwen hebben een 
grotere behoefte aan calcium en vitamine D in de zwangerschap! 
Voeding waar veel eiwit in zit, zorgt voor een vol gevoel. 

FEITEN: 
Het is aanbevolen om 1,1 gram eiwit per kilogram lichaamsgewicht te nemen voor zwangere 
vrouwen. Dit is afhankelijk van uw ideaal gewicht voor uw lengte volgens de body mass index!  

• Dierlijke eiwitbronnen: vlees, vis, gevogelte, kip, melkproducten en eieren  
• Plantaardige eiwitbronnen: graanproducten, paddenstoelen, peulvruchten, tofu, 

bonen, sojaproducten, noten, zaden 
Op iedere verpakking moet de hoeveelheid eiwit dat het product bevat vermeld worden. Hier 
onder worden een aantal voorbeelden gegeven van  de hoeveelheid eiwit in bepaalde 
producten:  

1 glas halfvolle melk = 7 gram eiwit  100g tofu = 19 gram eiwit 
1 plak magere kaas (20+)= 10 gram eiwit 1 gekookt ei = 8 gram eiwit 
150 g halfvolle kwark = 20 gram eiwit 100 g bonen = 8 gram eiwit 
100 g zalm = 20 gram eiwit   100g paddenstoelen = 4 gram eiwit 
100 g kip = 30 gram eiwit   50g walnoten= 7 gram eiwit 

- Wees voorzichtig met rauw of halfdoorbakken vlees (bijvoorbeeld barbecue, rosbief, (steak) 
tartaar, geroosterd/gemarineerd/gerookt vlees). Dit kan besmet zijn met bacteriën. 
- Wees voorzichtig met rauwe eieren (bijvoorbeeld bavarois), rauw of koud gerookte vis en 
schaaldieren (bijvoorbeeld sushi).  
- Wees voorzichtig met (producten gemaakt van) rauwe melk (bijvoorbeeld: brie, camembert, 
Roquefort). 
- Lever bevat veel vitamine A en een te hoge inname is onveilig. Het is aanbevolen om niet 
meer dan 1 snede brood per dag te beleggen met leverproducten (leverworst, pastei, paté) 

HOE? 
• Probeer bij elke maaltijd een eiwitrijk product te nemen  

o ‘s ochtends bijv.: een glas melk, melk+ havermout, yoghurt + muesli 
o ’s middags bijv.: 1 plak magere (20+/30+) kaas op brood of hüttenkäse 
o ’s avonds bijv.: vlees, vis, vegetarische vervanging of peulvruchten 

• Eiwitrijke snacks zorgen voor een stabiele bloedsuiker en een verzadigd gevoel 
o yoghurt als tussendoortje 
o Noten: eet deze ongeroosterd en zonder zout in kleine hoeveelheden 

• Dierlijke eiwitbronnen bevatten alle essentiële soorten eiwit (aminozuren). Als u 
alleen plantaardige eiwitbronnen eet combineer dan meerdere bronnen met elkaar. 

o Bonen met maïs, rijst met linzen, erwtensoep met roggebrood 
o Granen met noten of zaden: brood met zonnebloempitten, mueslibrood 
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EET MINDER KOOLHYDRATEN 

MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
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Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
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Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 
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A 

EET MINDER KOOLHYDRATEN 

 
WAAROM? 
Koolhydraten worden in de maag omgezet tot glucose (suiker), zodat het 
lichaam het als energiebron kan gebruiken. Als er meer energie gegeten 
wordt dan het lichaam nodig heeft dan wordt dit opgeslagen. Sommige 

koolhydraten zorgen ervoor dat het bloedglucose gehalte snel stijgt 
(zoals in snoep, frisdrank en zetmeel producten met weinig vezels: wit 
brood,-rijst en -pasta). Koolhydraten die ook vezels of andere 
voedingstoffen bevatten bemoeilijken de opname van glucose, 
waardoor ze een langer verzadigd gevoel geven.  

FEITEN: 
Het wordt aangeraden om koolhydraten te eten in een vorm die ook vitaminen, mineralen 
en/of vezels bevat: zoals fruit (een stuk per keer), groente, melk of volkoren producten. Snoep 
en frisdrank bevatten veel koolhydraten maar geen vitaminen, mineralen of vezels.  
De voorkeur gaat uit naar koolhydraten welke langzamer door het lichaam opgenomen 
worden. Witte rijst, wit brood, cornflakes, aardappelen bevatten koolhydraten die snel door 
het lichaam opgenomen worden. Deze zouden met mate gegeten moeten worden. 
 
Het is aanbevolen om 150 gram koolhydraten per dag te nemen met een maximum van 60-80 
gram per maaltijd. Op de productverpakking wordt vermeld hoeveel koolhydraten een product 
bevat. Hieronder staat een voorbeeld wat u op een dag kunt eten: 

• 4-5 sneden brood, bij voorkeur volkoren brood 
o Roggebrood, beschuit, crackers, knäckebröd zijn goed voor de variatie   
o Melk met havermout of yoghurt met muesli ter afwisseling  

• Bij de hoofdmaaltijd: 3-5 lepels peulvruchten, volkoren pasta, bruine rijst of 
aardappelen  

 
Vrouwen met zwangerschapsdiabetes zijn ‘s ochtends veel minder gevoelig voor insuline, 
waardoor de bloedglucose stijgt, deze hoge bloedglucose komt ook bij hun kindje terecht. Als 
vrouwen een hogere risico hebben op zwangerschapsdiabetes dan kan dit ook ontstaan, 
vandaar dat vrouwen in DALI met een hoger risico op zwangerschapsdiabetes geadviseerd 
wordt om bij het ontbijt maximaal 30gram koolhydraten te nemen (bijvoorbeeld 2 
boterhammen of havermout). Een klein tussendoortje, zoals een stuk fruit, kan in de loop van 
de ochtend ervoor zorgen dat u niet te veel honger krijgt.  
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HOE? 
• Kies producten met koolhydraten die langzaam opgenomen worden 

o Volkoren varianten bevatten vaak veel vezels  
• Kook pasta niet te lang (idem voor rijst). Hoe zachter de pasta hoe gemakkelijker deze 

wordt afgebroken tot glucose. Als de pasta minder gaar is dan wordt er geleidelijker 
glucose in het bloed afgegeven. Het beste is om de pasta na het koken even af te 
spoelen  

• Eet koolhydraten afkomstig uit snoep, gebak, koek en frisdrank met mate (of 
helemaal niet). Deze producten bevatten geen vitaminen of andere voedingsstoffen. 
Het bloed glucose gehalte stijgt en daalt snel hierdoor wat leidt tot nog meer honger. 

• Chocolade bevat niet alleen koolhydraten maar ook vet 
• Eet zo min mogelijk industrieel bewerkte producten. Hier is vaak suiker aan 

toegevoegd. Volkorenbrood en een sinaasappel zijn beter dan cornflakes en 
sinaasappelsap uit pak 

• Kant en klaar maaltijden bevatten vaak veel suiker, vet en zout 
• Op momenten dat u wat wilt snoepen, kunt u het beste eerst een glas water nemen. 
• Als u trek heeft in wat lekkers, stel het dan een half uur uit voordat u het neemt 

o De kans is dat u het vergeet 
o Als u het niet vergeten bent, dan verdient u het aangezien het gelukt is om 

het een half uur uit te stellen. Belangrijk is dat u dan nog steeds niet te veel 
neemt! 

• Sla het brood en tortilla chips voorafgaand aan de hoofdmaaltijd in een restaurant 
over  

• Wat is de reden dat u eet: Is het omdat u honger heeft? of is er een andere reden? 
o Als u honger heeft is het dan niet beter om een gezond alternatief te eten? 
o Als u depressief, emotioneel of gestrest bent kan er een andere manier zijn 

omdat gevoel op te lossen. U kunt erover praten, een stuk gaan wandelen of 
ontspannen 
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A 

VOLDOENDE BEWEGING 

 
WAAROM? 
De zwangerschap vormt een enorme fysieke belasting voor het lichaam van een jonge gezonde 
vrouw. Het ondergaat veranderingen in het hart- en vatenstelsel, stofwisseling, 
hormoonhuishouding, ademhaling en het spier- skeletstelsel. Deze aanpassingen hebben tot 
doel het ongeboren kind te voeden, te beschermen en de bevalling voor te bereiden.  
 
Voor iedereen geldt dat voldoende beweging de kans op het ontwikkelen van hart- en 
vaatziekten en diabetes op de langere termijn verlaagt en dat het de gezondheid verbetert. 
Tijdens de zwangerschap is het ook belangrijk om in beweging te blijven, aangezien dit zowel 
voordelen heeft voor uw eigen gezondheid als voor de gezondheid van uw baby. Voordelen 
voor u als moeder zijn een verbeterde fysieke fitheid, een energieker gevoel en minder last van 
typische zwangerschapskwalen zoals overgeven, misselijkheid, obstipatie, vermoeidheid en 
rugklachten.  

FEITEN: 
Lichamelijke activiteit kan verdeeld worden in lichte activiteit en middelmatige activiteit. 
Middelmatige activiteit bevordert de gezondheid meer dan beweging welke als licht actief 
beschouwd wordt. Je voelt je hierdoor fitter, je verbrand meer energie en je insuline in je 
lichaam kan beter zijn werk doen, namelijk bloedglucose opnemen. Hoe meer je beweegt (dus 
ook licht actieve beweging) hoe beter dit voor de gezondheid is, voornamelijk in vergelijking 
met helemaal geen beweging. In het DALI onderzoek adviseren we om te proberen de 
beweging te verhogen naar 60 minuten per dag, dit mogen periodes zijn van 10 minuten aan 
een gesloten. 
 
Lichte lichamelijke activiteit daar valt onder korte afstanden wandelen (naar de bus, naar het 
kopieerapparaat, thuis). Het is belangrijk om zoveel mogelijk van deze activiteiten in de 
dagelijkse routine in te bouwen. 
 
Middelmatige lichamelijke activiteit daar verstaan we onder snel(ler) wandelen, zwemmen, 
fietsen en andere activiteiten. De aanbeveling is om dit voor minimaal 5 dagen per week (bij 
voorkeur 7 dagen), ten minste 30 minuten te doen (als het mogelijk is: opbouwend naar 
60minuten). De 30 minuten activiteit hoeft niet aaneensluitend te zijn, maar kunnen opgedeeld 
worden in sessies van drie keer 10 minuten of twee keer 15 minuten.  
 
 
  



 

196 

Een stappenteller kan helpen! 

U heeft een stappenteller ontvangen, die de stappen die u zet gedurende de dag nauwkeurig 
registreert. Dit kan u en uw coach een goed beeld geven van de hoeveelheid beweging die u 
krijgt.  

 ‘s ochtends bevestigt u de stappenteller aan uw kleren ter hoogte van uw heup links of 
rechts en aan het einde van de dag kunt u de hoeveelheid stappen aflezen. Het aantal 
stappen kunt u noteren in uw activiteitendagboek. Als het niet mogelijk is om uw 
stappenteller aan uw kleren te bevestigen ter hoogte van uw heupen, dan kunt u deze ook 
aan uw ondergoed vast maken of een speciale riem dragen.  

Lichaamsbeweging zoals zwemmen en fietsen, waarbij geen stappen gemaakt worden, 
kunnen gemeten worden door gebruik te maken van de 10 minuten regel. 

10 minuten regel: 

Elke 10 minuten van fysieke beweging zonder stappen telt als 1500 stappen!  

 

           

            
         
           

 

Het F.I.T.T. model (op de volgende pagina) kan een hulpmiddel zijn bij het behalen en 
behouden van deze aanbeveling. 
 
Het F.I.T.T. model bestaat uit:  
Frequentie: Hoe vaak moet ik bewegen?  
Intensiteit: Hoe zwaar moet ik mijn lichaam belasten?  
Tijd :  Hoelang moet ik lichamelijk actief zijn? 
Type :  Wat voor oefeningen mag ik doen gedurende de zwangerschap?  
 
Uithoudings- en krachttraining zijn verschillende soorten trainingen voor het lichaam. Het 
uithoudingsvermogen heeft een invloed op hoe lang achter elkaar iemand kan bewegen, door 
dit te trainen is het mogelijk langer door te gaan. Het trainen van de lichaamskracht is vooral 
belangrijk tijdens de zwangerschap, zodat de spieren sterk genoeg zijn om de zwangerschap te 
dragen. Het is bewezen dat beide soorten trainingen belangrijk zijn om u gezond te houden.  
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A 

F.I.T.T  zwangere 
vrouwen 

Uithoudingsvermogen Krachttraining 

F 
requentie 

Hoe 
vaak? 

3-4 x per week  

maximaal 2 dagen rust tussen een 
trainingssessie 

2-3x per week 

Minimaal 1 dag tussen de trainingen 

I 
ntensiteit 

Hoe 
zwaar? 

U kunt zichzelf een cijfer geven van 0 
(niet zwaar) tot 10 (heel erg zwaar). 
Het is aanbevolen om tussen een 5 
en een 6 te scoren. 

U kunt blijven praten tijdens de 
uitvoering, maar het is onmogelijk 
om te zingen. De ademhaling is iets 
sneller dan normaal. 

Als u gewend bent om te sporten 
voordat u zwanger werd, dan mag u 
tussen een 7 en 8 scoren. Het is dan 
niet mogelijk om te praten 
gedurende de tijd dat u beweegt!  

De oefening mag ook afwisselen in 
intensiteit . Sommige stukken zijn 
zwaarder dan andere.  

Kunnen blijven praten tijdens de 
uitvoering. De ademhaling is iets sneller 
dan normaal. 

U kunt er voor kiezen om meer 
herhalingen te doen met minder 
gewicht. U kunt uw lichaamsgewicht of 
de dynaband hiervoor gebruiken (plaats 
uw handen verder uit elkaar) 

• 25-40 herhalingen 
• 8-10 oefeningen 

Een andere vorm van krachttraining is 
minder herhalingen met een zwaarder 
gewicht. U kunt gewichten gebruiken of 
de dynaband. (plaats uw handen dichter 
bij elkaar) 

• 12-15 herhalingen 
• 8-10 oefeningen 

T ijd Hoe 
lang? 

30-60 minuten 

- afhankelijk of voor de 
zwangerschap gesport werd. Zo niet, 
dan rustig opbouwen met pauzes. 

- dit kan wisselen gedurende de 
zwangerschap per dag  

 

Pauze: 

U kunt een circuit training doen (een 
oefening voor het bovenlichaam 
afgewisseld door een voor het 
onderlichaam). U hoeft hierbij geen 
pauze te houden.  

Als u dezelfde spiergroepen achter 
elkaar traint is het belangrijk om 3 
minuten pauze te houden tussendoor. 

T ype Wat 
voor? 

- Activiteiten waarbij het lichaam 
gedragen wordt: zwemmen, fietsen 

- wandelen, zwangerschapsyoga, 
aquarobics, gymnastiek, dansen 

Vermijden: 
- sporten met kans op vallen of 
botsen: 

vechtsporten, skiën, balsporten 

- schokkende bewegingen en 
herhaalde sprongen: 

paard rijden 

- slecht geventileerde ruimtes en 
extreme temperaturen 

- diepzeeduiken, bergsporten, 
parachutespringen 

Verschillende oefeningen voor het 
bovenlichaam. Eventueel met weerstand 
door zwaartekracht, elastiek, 
krachttoestel of dumbel. 

Vermijden: 

Na het 1e trimester dienen oefeningen 
niet meer liggend op de rug beoefend te 
worden.  

Langdurig steunen op de handen, 
alternatief is steunen op de onderarmen. 

Doe geen oefeningen voor de rechte 
buikspieren. Vanaf het 3e trimester 
worden die te veel uitgerekt en verliezen 
hun functie.  
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ZIT MINDER 

MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 
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A 

ZIT MINDER 

 
WAAROM? 
Tegenwoordig leiden veel mensen een zittend leven: ze bewegen minder 
en zitten meer. Velen van ons hebben zittend werk en wanneer we thuis 
komen gaan we weer zitten om te werken achter de computer of 
televisie te kijken. Te veel zitten is een onafhankelijke risicofactor voor 
gezondheidsproblemen. Bewust worden van de zitmomenten is de eerste 
stap om actiever te worden. Kleine veranderingen kunnen een groot 
verschil maken, als het over actief worden gaat!  

FEITEN: 
Het is aanbevolen dat u per dag niet langer dan 2 uur voor de computer zit of televisie kijkt. Als 
u dan toch zit, probeer die momenten dan zo actief mogelijk te maken. Heeft u een zittend 
beroep, probeer dan om actieve pauzes te houden. Hierdoor beperkt u de zittijd zo veel 
mogelijk. 

HOE? 
Thuis: 

• In plaats van zittend te telefoneren kunt u door de kamer gaan lopen  
• Combineer de televisiekijkmomenten met het uitvoeren van actieve bezigheden  

o Krachtoefeningen voor uw bovenlichaam (voorbeelden zie de bijlage) 
o De was opvouwen of strijken 

• Ipv uw afstandsbediening te gebruiken kunt u op staan om de tvzender te wijzigen  
• Tijdens TV reclame, kunt op staan en door het huis lopen 
• Spelen met uw kinderen 
• Een fitnessbal in plaats van een stoel terwijl u televisie aan het kijken bent of achter 

de computer zit zorgt ervoor dat u actiever uw spieren aanspant 
o Op deze fitnessbal kunnen ook bepaalde oefeningen uitgevoerd worden 

Onderweg: 
• Laat de auto staan voor een korte rit en pak de fiets of ga lopend 
• Parkeer de auto verder weg wanneer u bijvoorbeeld boodschappen gaat doen 

Op het werk: 
• In plaats van bellen/e-mailen kunt u naar het bureau van uw collega toe lopen  
• U zou wat vaker thee of koffie kunnen halen voor uw collega’s 
• Kopieer/ print op een machine die verder weg staat, zodat u een stukje moet lopen 
• Organiseer eens een staande vergadering met een kleine groep 

o Deze duren vaak korter en iedereen is alerter door een actievere houding 
• In plaats van te gaan zitten tijdens pauzes, kunt u een wandeling gaan maken 

o Stel een wekker in zodat u elke 30 minuten een korte pauze moet houden. U 
kunt dan wat rek- en strekoefeningen doen of een korte wandeling maken  

o Plaats bepaalde zaken verder weg op uw bureau (perforator, nietmachine), 
hierdoor moet u eerst opstaan om deze te pakken 
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IEDERE DAG ACTIEF ZIJN 

MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 

 
 
 
 
 
 
 
 



 

201 

A 

IEDERE DAG ACTIEF ZIJN 

 
WAAROM? 
In het dagelijks leven zijn er wellicht mogelijkheden om meer te 
gaan bewegen. Voor de een betekent dit gaan sporten, voor de 
ander meer gaan wandelen. Sporten en wandelen verlagen de 
kans op overgewicht op de lange termijn. Om te kunnen sporten 
zult u rekening moeten houden met kinderopvang en uw werk, 
maar als u echt iedere dag actief wil zijn dan is er vast een mogelijkheid om dat te regelen.  

FEITEN: 
Aanbevolen is om elke dag minimaal 30min lichaamsbeweging toe te voegen aan uw dagelijkse 
activiteiten. Hoe meer hoe beter, zolang het veilig is en u zich niet bezeert!  Zie het FITT model.  

• Voorkom uitdroging en een snelle stijging van uw lichaamstemperatuur door:  
o Hevig zweten te vermijden door luchtige kleren en goed schoeisel te dragen. Een 

voordeel van meerdere lagen kleding is dat u een laag uit kunt trekken.  
o Voldoende water te drinken 
o Te bewegen op een lichte tot matige intensiteit 

• Houd rekening met de volgende zaken: 
o Stop zodra u zich niet lekker  voelt of pijn heeft  
o Luister goed naar uw lichaam. Pijn is niet goed, maar spierpijn is normaal. 
o Sta langzaam op, om duizeligheid te voorkomen  

• Sport en voeding: 
o Aanbevolen is om licht voor het sporten te eten en een eiwitproduct na afloop 
o Gaat u gedurende langere tijd sporten, neem dan een snack of drankje mee 

HOE? 
Lichte activiteiten: 

• Doe zoveel mogelijk lopend of per fiets voor korte afstanden 
o Naar uw werk, voor boodschappen, om kinderen te halen, op bezoek gaan  

• Als het onvermijdelijk is om de auto of het openbaar vervoer te gebruiken dan zou u 
ook een halte eerder uit kunnen stappen of uw auto wat verder weg kunnen parkeren 

• Dweilen, schrobben, ramen wassen en tuinieren zijn net zo inspannend als wandelen 
• Voor of na het eten wandelen stimuleert de spijsvertering 
• Op uw werk kunt u de trap nemen in plaats van de lift (tenminste voor een paar 

verdiepingen). U hoeft zich niet te haasten, neem de tijd hiervoor 
Middelmatige activiteiten: 

• Er zijn verschillende activiteiten speciaal voor zwangere vrouwen 
o Zoals zwangerschapsgym, -yoga, -zwemmen. 
o Sporten met andere zwangere vrouwen levert leuke contacten op 

• Zwangerschapssteunbanden voor uw buik, verdelen het gewicht beter 
• Sportlessen in het water (Zwemmen, Aqua-jogging, Aqua-aerobics) is een goede en 

comfortabele manier om te bewegen, het water ondersteund uw lichaam 
• Met een vriendin, partner of buurvrouw af spreken is leuk, en zo stimuleert u elkaar 
• Videospelletjes, zoals de Wii sport, kunnen gebruikt worden als actieve ontspanning 
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ZET MEER STAPPEN 

MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 
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A 

ZET MEER STAPPEN 

 
WAAROM? 
Elke stap die u zet is er een meer die bijdraagt aan uw conditie. De 
stappenteller die u gedurende een week gedragen heeft, geeft een 
indicatie van het aantal stappen dat u zet gedurende de dag.  

FEITEN: 
Het is aanbevolen om per dag 10.000 stappen te zetten. Dit is een gemiddelde, de ene dag kan 
dit 6.000 stappen zijn terwijl het de andere 14.000 stappen is. Probeer om elke week 10% meer 
stappen te zetten, totdat u de aanbevolen 10.000 stappen per dag heeft behaald.  
 
Activiteiten, zoals fietsen, zwemmen, gymnastiek, zijn moeilijk voor een stappenteller om te 
registreren. Voor deze activiteiten geldt dat u elke 10 minuten 1500 stappen mag rekenen. 
 
Wandelen gedurende langere periodes (tenminste 10 minuten aan een gesloten) op een 
gemiddeld tempo wordt gezien als een gezondheidsbevorderende activiteit. Op een schaal van 
0-10 zou u zichzelf tenminste een 6 moeten geven, het is nog steeds mogelijk om te praten, 
maar niet meer om te zingen terwijl u wandelt. 
 
HOE? 

• Op het werk zou u tussen de middag een lunchwandeling kunnen maken met 
collega’s 

o Door een groep te vormen kunt u elkaar stimuleren om te blijven gaan 
• De spijsvertering wordt bevorderd door voorafgaand of na het (avond)eten een 

rondje te gaan lopen. 
• Huisdieren (honden) zorgen ervoor dat u elke dag een wandeling moet maken 
• Wandelen met een vriendin of uw partner, is gezellig en jullie zullen elkaar stimuleren 

om het vol te blijven houden  
• Als uitje (in het weekend) zou u eens een wandeling langs het strand of door de 

bossen kunnen maken 
• Als fietsen lastig wordt met op- en afstappen in verband met de omvang van uw buik 

kunt u ook wandelen, dat is beter dan de auto te nemen. 
• Neem de trap in plaats van de lift, in ieder geval voor een paar verdiepingen 
• Loop niet naar het dichtstbijzijnde toilet of kopieermachine maar ga naar één die 

verder weg is van uw werkplek 
• Bij het doen van boodschappen kunt u uw auto op een centrale plek parkeren en naar 

de verschillende winkels toe lopen 
• Als u uw kinderen naar sportactiviteiten brengt, kunt u een rondje om het veld 

wandelen en kijken hoe zij het doen in plaats van terug te rijden 
 
 

U kunt uw stappen bijhouden en een doel stellen samen met uw coach. Zodra u dit doel 
behaald heeft, dan kunt u uzelf belonen!  
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ACTIEVER ZIJN IN HET WEEKEND 

MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 
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A 

ACTIEVER ZIJN IN HET WEEKEND 

 
WAAROM? 
Het weekend is een mooie gelegenheid om wat te ondernemen met 
uw gezin of alleen en te genieten van bijvoorbeeld de natuur. Veel 
mensen nemen de tijd hier niet voor, terwijl dit een goed moment is 
om extra tijd te besteden aan bijvoorbeeld wandelen of iets anders!  

 

FEITEN: 
Tijdens het weekend eten mensen vaak meer dan gedurende de 
week. Het is aanbevolen om de gezonde voeding ook in het weekend te blijven volgen en actief 
te zijn. Hierdoor zullen de extra calorieën die u eet toch gebruikt worden als energie doordat u 
meer beweegt.  

HOE? 
 

• Wellicht zijn er plaatselijk festiviteiten of speciale uitjes in uw omgeving gepland waar 
u naar toe zou kunnen gaan 

• Bezoek natuurparken en geniet van wandelroutes 
• In de verschillende seizoenen zijn er andere dingen in de natuur te zien 
• Fotografie als een hobby kan er voor zorgen dat u eerder erop uit gaat met uw 

camera. U zult gedurende een aantal kilometers moeten wandelen om de perfecte 
foto te krijgen. 

• Bezoek een (plaatselijk) museum of kunstgalerie met uw familie of vrienden, u zult 
meer calorieën verbranden met het wandelen door de tentoonstelling dan dat u zou 
hebben gedaan als u televisie had gekeken 

• Ga iets actiefs doen met uw familie of vrienden: 
o Een paar uur naar een bowlingcentrum zorgt er voor dat uw arm- en 

beenspieren getraind worden 
o Zwemmen in een zwembad is een actief en ontspannend uitje 

• Op dagen dat het wat harder waait kunt u naar een open weiland gaan en gaan 
vliegeren (met bijvoorbeeld uw kinderen). U zult verbaasd zijn hoe ver u aan het eind 
van de dag gelopen heeft. Bovendien traint u uw arm- en rugspieren. 

• In de tuin werken, door te maaien, schoffelen en spitten zal ervoor zorgen dat u veel 
calorieën verbrand. Bovendien geeft dit een voldaan gevoel achteraf! 

• Fysieke beweging na de maaltijd zorgt er voor dat u minder honger krijgt dan dat u 
fysiek actief bent en nog niet gegeten heeft 
 

 
S 
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TRAIN UW LICHAAMSKRACHT 

MOTIVATIE 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

BELANGRIJKHEID 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal niet                     Heel erg veel 
 

VERTROUWEN 
0 1 2 3 4 5 6 7 8 9 10 
Helemaal geen                     Heel erg veel  
 

NADELEN om te veranderen VOORDELEN om te veranderen 
 
 

HUIDIGE GEDRAG 
Wat zijn voordelen van uw huidige gedrag Wat zijn nadelen van uw huidige gedrag 

 
 
 
 
 
 
 

 

AANBEVOLEN GEDRAG 
Wat zijn nadelen als u uw gedrag verandert Wat zijn voordelen als u uw gedrag verandert 

 
 
 
 
 
 
 
 
 

 

  
AANTEKENINGEN 
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A 

TRAIN UW LICHAAMSKRACHT 

 
WAAROM? 
Het trainen van lichaamsspieren zorgt voor een verbeterde 
algemene lichaamskracht en heeft een effect op de manier 
waarop insuline in uw lichaam werkt. Bekken en lage 
rugklachten zullen verminderen en u zult meer kracht 
hebben om uw zwangerschap te dragen. Bovendien heeft u 
hier na de bevalling veel profijt als u uw baby veel moet tillen 
en dragen. Aan het einde van de zwangerschap wordt het 
zwaarder om langdurig uw uithoudingsvermogen te trainen, dit is dan een goede manier om 
toch fit te blijven, aangezien veel zittend beoefend kunnen worden.  

FEITEN: 
Het is aanbevolen om uw boven- en onderlichaam twee tot drie keer per week te trainen. 
Hierbij is het belangrijk goed op lichaamsignalen te letten. Het is goed om nog eens naar het 
FITT model aan het begin van dit hoofdstuk te kijken, hier staat aangegeven op welke 
intensiteit en hoelang u deze oefeningen uit zou moeten voeren. Oefeningen die veilig te doen 
zijn in de zwangerschap worden in de bijlage weer gegeven. Deze oefeningen worden ook 
uitgelegd op de DVD, waar ook een 8minuten work-out op staat. 

Voordat u begint met de oefeningen is het goed om een korte warming-up te doen voor uw 
spieren.  U zou een aantal maal heen en weer kunnen lopen door de kamer. Aan het einde van 
de work-out is het goed om dit weer te doen (cooling-down). 

HOE? 
• Zodra u uw spieren aanspant moet u het volgende doen:  

o Uitademen 
o Uw buik intrekken en bekkenbodem spieren aanspannen, alsof u nodig moet 

plassen 
• Voer de oefeningen dynamisch (een beweging maken terwijl u kracht levert) uit in 

plaats van statisch (in dezelfde positie blijven terwijl u kracht levert) 
• In de bijlage worden voorbeelden gegeven van aanbevolen oefeningen  

o Deze oefeningen kunnen zowel staand als zitten uitgevoerd worden 
• U kunt de oefeningen uitvoeren terwijl u bijv. uw favoriete programma kijkt of kookt  
• Deze krachttraining kan thuis gedaan worden maar ook in een sportschool  
• U heeft niets anders nodig dan uw eigen lichaamsgewicht. Sommige oefeningen 

kunnen dus ook uitgevoerd worden als u niet thuis bent, maar staat te wachten op 
bijvoorbeeld de bus of in de rij staat bij de supermarkt 

• Door een vast moment op de dag in te lassen dat u deze oefeningen doet, zult u het 
ook niet vergeten 

o Bijvoorbeeld direct na het opstaan of vlak voor het slapen gaan 
• U kunt eventueel uw rug ondersteunen met een rol, in de zittende positie  
• Om de oefeningen zwaarder te maken kunt u gebruik maken van een elastieken 

weerstandsband (dynaband) of door halters / dumbels te gebruiken! 
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KRACHTOEFENINGEN VOOR ZWANGERE VROUWEN 

Hieronder worden een aantal voorbeelden gegeven van krachtoefeningen die thuis uitgevoerd 
kunnen worden, terwijl u televisie aan het kijken bent of een avondmaaltijd bereidt. Maar ook 
voor onderweg, terwijl u aan het wachten bent op de bus of in de rij staat bij de supermarkt. 
De foto’s geven een voorbeeld hoe de oefening uitgevoerd dient te worden. Als u net begint is 
het belangrijk dat u gewoon de beweging maakt, wanneer dit gemakkelijk gaat kunt u het voor 
u zelf zwaarder maken door een van onderstaande zaken te doen:  

- Gebruik twee armen tegelijkertijd 
- Voer de oefening langzamer uit 
- Houdt u arm/been gedurende een paar seconde in de eindpositie  
- Gebruik een gewicht (zoals een fles water, halters of dumbels)  
- Maak gebruik van meer weerstand door een dynaband te gebruiken  

 
U kunt een circuit training hiervan maken. Dit doet u door eerst een oefening voor het 
bovenlichaam te doen, gevolgd door een oefening voor het onderlichaam. Op deze manier 
hoeft u geen extra rust te houden tussen de oefeningen. Het is aanbevolen om eerst een 
oefening van de grote spiergroepen (oefening 1,2,7 of 8) te doen, aangezien dit de 
belangrijkste spiergroepen van het lichaam zijn. 
  
Bovenlichaam: 

1. Muur duwen (effect: borstspieren en armspieren) 
Plaats uw handen op schouderbreedte van elkaar tegen de muur, 
de vingers van uw handen wijzen naar elkaar. Doe een stap naar 
achteren, u handen raken de muur nog steeds. 
Adem in, terwijl u uw lichaam naar de muur toe laat zakken, door 
uw elleboog te buigen. Adem uit, terwijl u uw lichaam van de muur 
weg drukt, door uw elleboog te strekken. 
Variatie:  

• U kunt de afstand van uw handen (dichterbij elkaar of 
verder van elkaar) veranderen  

• U kunt de vingers van uw handen naar boven laten wijzen 
• U kunt op uw knieën leunen (maak gebruik van een 

kussentje), als u bang bent om te vallen.  
 

 

 

 

2. Roeien (effect: rugspieren) 
Op de grond zittend, met uw benen gestrekt voor u. Rechte rug en 
eventueel een kussen onder uw knieën.  
Adem in terwijl u naar voren buigt richting uw tenen (zover als kan 
met uw buik). Adem uit terwijl u uw armen naar achter trekt, 
richting uw middel en langs uw lichaam tot dat u voelt dat uw 
schouderbladen naar elkaar toe komen. 
Variatie:  

• U kunt meer weerstand  creëren  met de dynaband  
• U kunt deze oefening ook zittend uitvoeren  
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3. Frontaal heffen (effect: borstspieren en schouderspieren) 
 
Rechtop zittend op een stoel, met gebogen knieën en voeten op de 
vloer, armen zijn naast uw lichaam. Adem uit terwijl u uw armen 
omhoog beweegt tot horizontaal. Adem in terwijl u uw armen 
weer terug brengt in de uitgangspositie. 
Variatie: 

• Staand uitvoeren in plaats van zittend 
• Creëer weerstand met de dynaband 

 

 
 

4. Schouder duw (effect: schouderspieren) 
 
Rechtop zittend op een stoel, met gebogen knieën en voeten op de 
vloer, armen hangen langs het lichaam 
Adem uit terwijl u uw armen langs u lichaam omhoog beweegt 
(alsof u juicht). Adem in terwijl u uw armen weer laat zakken naar 
uw uitgangspositie 
Variatie: 

• Kan zowel zittend als staand uitgevoerd worden 
• Creëer weerstand met de dynaband 
 
 

 

 

 

 

 

 

 

 

5. Zijwaarts heffen (effect: rugspieren en schouderspieren) 
 

Rechtop zittend op een stoel, met gebogen knieën en voeten op de 
vloer, armen hangen langs het lichaam. Adem uit terwijl u uw 
armen zijwaarts omhoog beweegt. Adem in, terwijl u uw armen 
weer laat zakken naar de uitgangspositie 
Variatie: 

• De oefening kunt zowel zittend als staand uitvoeren 
Creëer weerstand met de dynaband 
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Onderlichaam 

 
 

 
 

6. Zijwaarts buigen (effect: buikspieren en rugspieren) 
 

Rechtopzittend op een stoel, met gebogen knieën en voeten op de 
vloer, armen hangen langs het lichaam 
Adem in, terwijl u (afwisselend) uw rechter of linker arm zijwaarts 
laat zakken, richting de grond. Adem uit, terwijl u weer omhoog 
komt in de uitgangspositie 
Variatie: 

• Oefening kan zowel staand als zittend uitgevoerd worden 
• Creëer weerstand met de dynaband 

 
 

 

 
 

 

8. Been naar achter strekken (effect: bilspieren, hamstring) 
 

Rechtopstaand, waarbij u steunt op een tafel of op het aanrecht, 
voeten staan op heupbreedte.  
Adem uit, terwijl u uw gestrekte been naar achteren omhoog 
beweegt 
Adem in, terwijl u uw been laat zakken naar de uitgangspositie 
Variatie: 

• Creëer weerstand met de dynaband 
 

 

   

 

 

 

 

 

 

 

7. Knie buiging (effect: bilspieren, bovenbeenspieren, hamstring, 
rugspieren en buikspieren) 

 
Rechtopstaand, terwijl u een tafel of het aanrecht vasthoudt, 
voeten staan naar buiten gericht en iets wijder dan heupbreedte.  
Adem in, terwijl u door uw knieën zakt, tot zover u kunt  
Adem uit, terwijl u weer terug komt in de uitgangspositie 
Opmerking: let er bij deze oefening op dat u uw rug niet kromt! 
Span hiervoor uw buik- en rugspieren aan en zorg ervoor dat uw 
gewicht boven uw hiel zit (knieën mogen niet voorbij uw tenen 
uitkomen). Naar het plafond kijken zorgt er ook voor dat uw rug 
niet kromt. 
Variatie: 

• Een krat of een doos optillen van middelmatig gewicht 
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9. Zijwaarts been heffen (effect: bilspieren) 
 

Rechtopstaand, waarbij u steunt op een tafel of op het aanrecht, 
voeten staan op heupbreedte. Adem uit, terwijl u uw been 
zijwaarts omhoog beweegt. Adem in, terwijl u uw been laat zakken 
naar de uitgangspositie. 
Variatie: 

• Deze oefening kan zowel staand als liggend op uw zij en 
steunend op uw onderarm uitgevoerd worden 

• Creëer weerstand met de dynaband 
 
 

 
 

 

10. Kuiten (effect: kuitspieren) 
 

Rechtopstaand, waarbij u steunt op een tafel of op het aanrecht, 
voeten staan op heupbreedte. 
Adem uit, terwijl u op uw tenen gaat staan. 
Adem in, terwijl u weer terug komt in de uitgangspositie. 
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VOEDINGSDAGBOEK 

 
HOE? 

Gebruik een formulier per dag om alles op te 
schrijven wat u gegeten en gedronken heeft. Een 
volledig ingevuld voedingsdagboek, met uitleg, 
kunt u hieronder zien. 
 
Eetmoment en tijd: 
Geef de tijd aan waarop u wat gegeten of 
gedronken heeft. 
 
Hoeveelheid 
Hier kunt u de hoeveelheid aangeven van het 
voedingsproduct dat u gegeten heeft. Meet of 
schat elk voedingsproduct: gebruik hierbij:  

- De grootte / afmeting: (bijv. 2" x 1" 
x 1") 

- De inhoud (bijv. 1/2 kopje),  
- Het gewicht (bijv. 200 gram),  
- Het aantal (bijv, 12)  

 
Wat heeft  u gegeten en/of gedronken 
Wees zo specifiek mogelijk, zie hier rechts.  

- Naam van het voedingsproduct 
- bereidingswijze (gefrituurd, 

gebakken, bbq, geroosterd, 
magnetron, gekookt)  

 

Basis richtlijnen: 
Schrijf het direct op na het eten:  Op het einde 
van de dag bent u het vaak vergeten.  
Schrijf alles op: Neem het voedingsdagboek met 
u mee. Noteer ook die extraatjes (koekje bij de 
koffie etc.) op uw werk. Deze “extraatjes” zijn 
het gemakkelijkst om te vergeten, maar kunnen 
wel van invloed zijn op uw gezondheid. 
Wees zo precies mogelijk: Boter op brood? 
Suiker in uw thee? Kaas over uw pasta?  
Wees eerlijk: Niemand zal u beoordelen om wat 
u eet. Het is voor uw eigen gezondheid om het 
zo nauwkeurig mogelijk te noteren. Probeer niet 
als een gezondere eter over te komen.   

Brood soort 
- Wit, bruin, volkoren 
- Gewicht van 1 snee 
- Aantal sneetjes 

Boter op brood?  
- Merk / soort boter (margarine 

/ halvarine / roomboter)  
- Dik of dun besmeerd? 

Broodbeleg 
- Merk/ soort,  bijv. kaas / ham  
- Gemiddelde gewicht (weeg 1 

stuk met een 
keukenweegschaal)  

- Enkel of dubbelzijdig belegd 
- Mager of normaal 

Drank 
- Merk / soort 
- Light of normaal 
- In het geval van koffie of thee:  

* met of zonder melk (halfvolle 
/ mager of volle melk) 

               *met of zonder suiker 
- hoeveelheid 

Bakproducten 
- Dagelijks gebruik of niet 
- Merk/soort (bijv. Olie, boter, 

margarine)  
- Hoeveelheid 

Saus 
- Koud/warm 
- Zelf gemaakt / kant en klaar 
- Mager of normaal 
- Hoeveelheid olie / saus 

Vlees of vis 
- Merk / soort 
- Schat de hoeveelheid 

(klein/groot) of weeg het  
Toetje / tussendoortje 

- Soort tussendoortje 
(merknaam) 

- Hoeveelheid 
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Voorbeeld:  

Dag en datum  Maandag 28 augustus 2011 
Opmerkingen Vandaag was een normale dag. Ben gaan wandelen voor een half uur. 

Voel me goed. Ik ben tevreden over mijn voeding van vandaag.  
Eetmoment + tijd Hoeveelheid Wat heeft u gegeten/gedronken  
Voorafgaand aan het 
ontbijt 
Tijd: 7:45 

1 glas water 
 
 

Tijdens het ontbijt 
Tijd: 8:00 

2 sneedjes (35g) 
1 snee dun 
1 snee dik 
1 glas(250ml) 
1 stuk 

Volkoren brood 
Boter (Becel light) 
Jam (light) 
Melk (magere) 
kiwi 

Tussendoor 
 ’s morgens 
Tijd: 10:00 

1 kop 
1 theelepel 
4 

koffie 
suiker 
chocolade koekjes 

Lunch: 
Tijd: 12:30 

4 sneedjes 
½ stuk 
¼ stuk 
20 gram 
1 stuk 
1 snee dun 
2 snee dik 
1 kop 

Bruin brood 
Tomaat 
Komkommer 
Sla 
Ham 
Jam 
Boter (Becel light) 
Thee 

Tussendoor 
 ’s middags 
Tijd: 15:00 
Tijd: 16:30 

1 stuk 
1 kop 
 
1 stuk 

Chocolade reep (mars) 
Thee (groene thee) 
 
appel 

Avondmaaltijd 
Tijd: 18:00 

75 gram (rauw) 
3 (middelgroot) 
½ stuk 
50gram 
50gram 
50gram 
 
1 stuk 

Klein, gegrilde, biefstuk 
Aardappel, gebakken (olijfolie)  
Ui, gebakken in olijfolie 
Wortelen, gekookt 
Bloemkool, gekookt 
broccoli, gekookt 
saus: kruiden, peper, zout  
Roomijs  

In de loop van de 
avond:Tijd: 20.30 

1 kop 
6 

Thee (zwarte thee) 
Koekje (volkoren) 
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VOEDINGSDAGBOEK 

 
Dag/Datum:  
Opmerkingen  

 
 

Eetmoment 
Eettijd 
 

Hoeveelheid Wat heeft u gegeten en/of gedronken 

Voorafgaand 
aan het 
ontbijt 
Tijd: 

  
 
 
 

Tijdens het 
ontbijt 
Tijd: 

  
 
 
 
 

Tussendoor 
 ’s morgens 
Tijd: 

  
 
 
 
 

Lunch: 
Tijd: 

  
 
 
 
 

Tussendoor 
 ’s middags 
Tijd: 

  
 
 
 
 

Avondmaaltijd 
Tijd: 

  
 
 
 
 
 
 

In de loop van 
de avond 
Tijd: 
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SEIZOENSGROENTE 
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HOE LEES IK EEN VOEDINGSETIKET? 

Door op het voedingsetiket van een product te kijken, weet u 
weet wat gezond voor u is. Dit komt u op een etiket tegen:  
 
Ingrediënten lijst: 

• De volgorde van de lijst van ingrediënten is aflopend, de 
eerst genoemde ingrediënten komen het meest voor. 

• Sommige ingrediënten worden met verschillende 
namen aangeduid. Bijv. andere namen voor suiker zijn glucose, sucrose, sacharose, 
rietsuiker, dextrose, fructose of honing. Voor de totale hoeveelheid suiker moeten 
alle soorten opgeteld worden.  
 

Gemiddelde voedingswaarde: 
De (gemiddelde) voedingswaarde geeft weer hoeveel energie 
het product bevat en wat het gehalte van bepaalde 
voedingsstoffen is. Naast de standaardweergave per 100g of 
per 100ml wordt vaak ook een waarde per portie gegeven.  
 
Energie: 
Dit wordt vermeldt in KJ (kilojoules) of in kcals (kilocalories). 1 
kilocalorie is gelijk aan 4.2 kilojoule. Dagelijks hebben vrouwen 
ongeveer 2000 kcal nodig.  

Eiwit: 
Eiwitten worden vaak gespecificeerd in grammen, dit is een voedingstof welke belangrijk is om 
te eten in de zwangerschap. Het is aanbevolen om 1.1 gram per kilogram lichaamsgewicht aan 
eiwitten te eten (uitgerekend voor een ideaal gewicht volgens de BMI) 

Koolhydraten: 
Er bestaan suikers en meervoudige koolhydraten. De suikers worden op etiketten meestal 
verder gespecificeerd. Hoe meer suiker een product bevat hoe sneller het door het lichaam 
opgenomen wordt en er een piek in het bloedglucose gehalte ontstaat. 

Vet: 
De tabel laat de totale hoeveelheid vet zien, maar het wordt ook gespecificeerd in verzadigd en 
enkelvoudig – en meervoudig onverzadigd vet. De hoeveelheid verzadigd vet moet het liefst 
minder dan 1/3 van het totale vet zijn. 

Voedingsvezel: 
Aanbevolen is om tenminste 30gram vezel per dag te nemen. 

Natrium: 
Hier is te vinden hoeveel zout een bepaald product bevat. Probeer maximaal 6gram zout per 
dag in te nemen (2.4g sodium).  
 
Aanbevolen Dagelijkse Hoeveelheid (ADH) 
Dit is een percentage van het totaal aantal calorieën dat een volwassen zou moeten eten. Het 
is een norm waar u niet boven uit moet komen. Het is zeker geen minimum dagelijkse inname! 
De weergave is vaak per portie in plaats van per 100g / 100ml. 
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BEWEEGDAGBOEK 

Een beweegdagboek kan helpen te noteren wat u aan beweging heeft gedaan. Aanbevolen is 
om te proberen uw lichamelijke activiteit stap voor stap te vermeerderen. In het beweeg- 
dagboek kunt u verschillende velden gebruiken om hier inzicht in te krijgen. Bovendien geeft 
dit inzicht in uw verbetering. De velden komen overeen met de eerder genoemde berichten. 
 
Hoeveel stappen heeft u gezet? 
Hier kunt u het aantal stappen noteren welke weergegeven worden op de stappenteller.  
 
Andere activiteiten (zwemmen en/of fietsen) 
De stappenteller noteert fietsen niet nauwkeurig genoeg, bovendien moet u de stappenteller 
afdoen als u het water in gaat, aangezien deze niet waterbestendig is. Voor beide activiteiten 
kan de 10 minuten regel gehanteerd worden. Elke 10 minuten dat u zwemt of fietst mag u 
vermenigvuldigen met 1500 stappen. Deze stappen kunnen opgeteld worden bij de stappen 
die de stappenteller weer gaf.  
 
Zit tijd: Hoeveel uur heeft u vandaag gezeten? 
Om inzicht te krijgen in het aantal uren dat u gedurende een dag zit, kunt u hier uw totale zit 
tijd invullen. Tel alle zituren dat u tijdens uw werk zit (bijv., achter uw computer of bureau), alle 
zituren die u thuis zit (bijv., voor de televisie of achter de laptop) en alle uren die u zit terwijl u 
reist (bijv., met de auto of het openbaar vervoer). 
 
Intensiteit van beweging: Hoe vermoeiend / intensief was deze beweging (0 – 10)? 
U kunt uw zelf een cijfer geven van 0 tot 10 op de intensiteit schaal. U geeft aan hoe zwaar u 
de oefening vond. Als u voor de zwangerschap veel gesport heeft dan is het advies om tussen 
een 7-8 te scoren, als u net begonnen bent met sporten probeer dan tussen een 5-6 te scoren.  
 
Intensiteit schaal 0-10 
10 Heel erg vermoeiend 
9   
8 Ik kon niet meer praten 
7   
6 Ik kon nog wel praten, maar niet meer zingen 
5   
4   
3   
2   
1   
0 Helemaal niet vermoeidend 
 
Gemiddelde: 
U kunt alle getallen van elke kolom bij elkaar optellen (en delen door het aantal dagen). Dit is 
het gemiddelde van hoe actief u de afgelopen week bent geweest. Het kan zijn dat u nog niet 
voldoet aan de aanbevelingen, wees niet teleur gesteld. Als u de week erna uw beweging al 
iets kan vermeerderen dan is dat alweer een hele goede stap in de juiste richting!!  
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BEWEEGDAGBOEK 

Dag en 
datum van 
de week 
 

Hoeveel 
stappen heeft 
u gezet 
vandaag? 

Andere 
activiteiten  
elke 10 min. x 
1500 stappen 

Totaal 
aantal 
stappen 

Hoeveel uur 
heeft u 
vandaag 
gezeten? 

Hoe vermoeiend 
/ intensief was 
deze beweging 
(0 – 10)? 

1      

2      

3      

4      

5      

6      

7      

Gemiddelde 
van de 
week 

     

1      

2      

3      

4      

5      

6      

7      

Gemiddelde 
van de 
week 

     

1      

2      

3      

4      

5      

6      

7      

Gemiddelde 
van de 
week  
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BEWEEGDAGBOEK 

Dag en 
datum van 
de week 
 

Hoeveel 
stappen heeft 
u gezet 
vandaag? 

Andere 
activiteiten  
elke 10 min. x 
1500 stappen 

Totaal 
aantal 
stappen 

Hoeveel uur 
heeft u 
vandaag 
gezeten? 

Hoe vermoeiend 
/ intensief was 
deze beweging 
(0 – 10)? 

1      

2      

3      

4      

5      

6      

7      

Gemiddelde 
van de 
week 

     

1      

2      

3      

4      

5      

6      

7      

Gemiddelde 
van de 
week 

     

1      

2      

3      

4      

5      

6      

7      

Gemiddelde 
van de 
week  

 
 
 

    



 

 



 

 

APPENDIX II: 

DALI programme materials: Coach manual (in English) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lifestyle coaches underwent a three day motivational interviewing training that was blended 
with the DALI intervention messages. The coach manual could be used as reference and guide 
for the different five face to face sessions with the participants. The manual provides 
information on key elements of motivational interviewing, the structure of a conversation and 
background information on gestational diabetes mellitus, physical activity, healthy eating and 
gestational weight gain. This coach manual was developed within the DALI consortium and is 
available in English only. This manual may be used for educational and research purposes only, 
provided proper credits are given to the DALI consortium. Use of any of the DALI programme 
materials is strictly forbidden for commercial use without permission of the DALI consortium. 
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FLOW coach conversation - Introduction 

 Below an example of a coach conversation is given. These bold points should all be discussed 
in your conversation with the participant. However the italic text is an example: 
 
a: Audiotape: 
Before you start: Ask 
permission to audio 
tape the conversations 

“ We would like to audio tape all conversations, to analyse the 
quality of my coaching skills compared with my colleagues 
afterwards. The recording will not be used for any other purposes. 
However I need your permission to record our talk. Do you agree with 
the recording?” 

Acquaintance  
b: Study purpose: 
Explain what the study 
is all about and were 
we hope to get to: 

The overall aim of the DALI study is to identify the best available 
measures to prevent GDM in an ongoing pregnancy. GDM is a risk of 
developing type 2 diabetes later in life, both for mother and child. 
The DALI study will be conducted in 9 other European countries.  As 
has been explained in the information letter. In this study we are very 
interested to learn which type of support works best for which 
women, so we very much appreciate your feedback.  

c: Study contact time: 
Give practical 
information about 
contact moments 
(face to face and 
telephone) 

This flowchart shows the amount of contacts we will have during 
your pregnancy until delivery. This conversation takes place between 
10-16th week of your pregnancy and the last one-to-one contact will 
be around week 30. The total amount of contacts consists of 5 one-
to-one contacts and 4 telephone follow-ups. At the end you will be 
asked to fill out an evaluation questionnaires about this trial. 

d: Study motives: 
Find out what motives 
the participant had for 
joining the DALI study: 
 
[ reflect (depended of 
answer)] Thanks, that 
is very clear – (refrain) 

“ What were reasons for you to join the DALI study? And what are 
your expectations of the DALI study? “ 
 
For example: “ Research can not be done without participants, so we 
are very glad you are here”.  
For example: “ Good to hear you want to talk about your lifestyle in 
relation to your pregnancy, which is exactly what we want to 
encourage and help you with these months”.   

e: Agenda setting: 
Prioritize important 
topics for the 
participant by using: 
Agenda setting 
 

“ As you know, the purpose of this programme is to discuss different 
topics related to the prevention of gestational diabetes: risk 
communication, weight management, nutrition and physical activity. 
However you may have other issues that you would like to talk 
about. What are your main concerns right now? ” 
“Time is limited, and we do not need to talk about all topics  today. 
Which topic interests you most?. What would you like to talk about 
today? “ 
“OK, so we talk about … and if we have time left, we can address ….. 
Otherwise we can continue to discuss these topic in our next 
meeting” 

 
To promote client autonomy participants are asked to select the health behaviour they are 
most interested in discussing as a way to prioritize the agenda. Other target behaviours can be 
introduced only after the clients priority behaviour has been explored. 
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FLOW coach conversation –Risk communication 

Information: Questions: 
 

1. KNOWLEDGE: 
Ask about the knowledge the 
participant has about GDM 
 
 

“ What do you already know about GDM? What have you 
already heard over GDM?” 
“ What do you think are consequences for you and for your 
child, when GDM occurs?” 
“What do you think are risks of developing GDM?” 
 
It is important to ask first what the women have already 
heard about GDM, they probably know more than you 
think! If their knowledge is not sufficient you can explain 
GDM in more detail to them.  
 
 

Asking permission to tell more 
about this subject. 
 

“ Is het OK if I give you more information about GDM and the 
risks of developing GDM? “ 
 

[if you have permission]  
What is GDM exactly:  
 

In the manual an explaining figure about the development 
of GDM is provided, this might be useful in explaining GDM 
 

[if you have permission] 
What are consequences for 
mother and child, when GDM 
is identified: 
 

 

[if you have permission]   
Inform about the different 
risks for developing GDM: 
 

Use the risk communication figure in the participant 
Manual 
1: indicate the difference between changeable and 
unchangeable factors 
2: Inquire what participant thinks/feels of this information 
about GDM and risk of developing GDM 
 
What do you now think about GDM, after having heard all 
this? “Worried?” Do you find it motivating?”  
 

Tailor risk factors to personal 
situation and inform about 
possible action 
 

This can serve as an introduction to weight management, 
nutrition changes and improvement of physical activity.  
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FLOW coach conversation –Risk communication 

Background information 
 
Gestational Diabetes Mellitus (GDM): 
GDM refers to a specific type of diabetes that develops during pregnancy. In most cases, after 
pregnancy the diabetes is gone but a woman may develop type 2 diabetes at a later stage in 
life. GDM in fact means elevated blood glucose during pregnancy. During pregnancy certain 
hormones produced by the placenta make your insulin less effective at transporting glucose, 
the body’s fuel, out of your bloodstream into your cells. This increases the amount of 
circulating glucose, making it available to your baby for growth and development. Most of the 
women are able to produce 3 times more insulin during pregnancy, which keeps the blood 
sugar levels in the healthy range. However for some this extra insulin is not enough to keep 
their blood sugar level normal and around the 20th to 24th week of pregnancy they end up with 
high blood sugar or gestational diabetes. 
 
Consequences: Emphasize that there are consequences not only for her but also for her child. 
These can be lifelong consequences. So it is important to start now!  
Baby: 
- higher risk of birth defects, compared to women without GDM, and even intra-uterine death 
- macrosomia (larger than normal baby),  
- shoulder dystocia (explain: dislocation of your baby’s shoulder),  
- birth trauma  
- Later in life risk for obesity and type 2 diabetes. 
Mother: 
- caesarean delivery,  
- pregnancy induced hypertension  
- pre-eclampsia.   
- increased risk for developing type 2 diabetes within 5-10 years 
 
Risks: 
Changeable (here you can do something about!!)  
* poor nutrition 
* insufficient physical activity 
* pre-pregnancy BMI (overweight (2.1 chance), obese (3.6chance ), or severely obese 
(8.6chance)) 
Unchangeable (here you cannot do anything about (inherent), however if you have one of 
these risks, best to do something about the things you actually can change!!) 
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FLOW coach conversation – Weight management 

Permission: 
Inquire/explore if participant 
wants to talk about weight 
and weight gain during 
pregnancy 
 

As displayed in the aforementioned figure, pre-pregnancy 
overweight is a risk of developing GDM. However I can 
understand that before your pregnancy, management of your 
weight might have been difficult and frustrating. And that 
this might be a topic you don’t like to talk about. However I 
want to point out to you that there have been investigations 
about pregnancy and weight gain during pregnancy. If you 
can limit the weight gain, it will be easier for you to return to 
your pre-pregnancy weight after delivery. And this will add to 
your health and lower the risk of developing diabetes.  
 
Would you be interested to receive more information about 
weight gain during pregnancy? If not that is OK of course. 
 

- No [….] 
 

 Ok. It is totally up to you. If you change your mind, 
let me know! In this manual there is information given about 
the recommended weight gain during pregnancy, this might 
help you. If you do want to know more about weight 
management, then we can talk about it in the future   
 

- Yes I would like to hear 
more about it. 
 

 Ok. Do you have specific questions? If not, let me 
show you this… 

• chart: recommended weight gain (manual 
participant) 

This can be used to set weight goals for the women 
 

 

Background information: 
Obese women are struggling with their (over) weight for years. Over eating can be caused by: 
emotional eating problems, low self-image, strong cravings for sugar. Discussing weight issues 
can be confronting on the other hand these women know it is for their own sake and of their 
babies.  
 
Most women already know how to eat healthy, however they could use some individual tips or 
social pressures and support to stay motivated. 
 
Weight chart: 
The weight chart can be a recommended guideline for these women. They should remain in 
the green area. That means they should not gain more than 5 kilo’s. Mostly a rapid increase in 
weight is shown in week 24-28. It is not worrying if the women lose weight, this might be 
desirable. However they should not stop eating or start dieting. In the beginning they can lose 
weight due to nausea and vomiting, while in the end they should lose weight because of a 
better and healthier eating pattern or more physical activity.  
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FLOW coach conversation – HEALTHY EATING 

Introduction During your pregnancy nutrition is important, for you to prevent 
development of GDM, but also for your unborn child. Everything 
you eat and drink is also eaten and drunk by your child.  
 

Food pyramid 
Discuss the food pyramid 
(ask permission!) 

This is a food pyramid, which shows all the essential components 
of food you should eat during a day. Would you like me to tell 
you more about this food pyramid? (ask permission)  
  

• figure: food pyramid (manual) 
 

Food diary 
Explain the food diary 
(Ask permission!) 
 
Example food diary 
template in the manual + 
bring a few extra printed 
copy’s with you 

I want to ask you to fill in a food diary this week. This will help 
you and me, to get more insight in the food you take during the 
day. Is that OK? (ask permission) 
 
At the back of the handbook an example of a food diary is given. 
It would be best to be as specific as possible about the products 
you are taking, be honest and write everything down you eat 
during the day. You do not have to look a better healthier eater. 
Best is to keep the food diary close by during the day, so that you 
can write down what you ate soon after a meal or snack, so you 
don’t have to remember. We can review your food diary next 
week.  
 

Topics 
Discuss one of the topics 
(ask which topic is the 
most important - genda 
setting) 
 
Use action cards to show 
topics 

Furthermore, we have selected different topics about nutrition 
(as are displayed on these action cards), which all are relevant in 
the prevention of GDM. Today I would like to discuss one topic 
with you and specify this to your current lifestyle. The other 
topics will be addressed in the next sessions.  
Which topic interest you the most? 
Tell me about that? What made you select that specific topic? 
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FLOW coach conversation – HEALTHY EATING 

Background information: 
The most important thing for pregnant women is that their child gets enough nutrients and 
that they do not eat the products, which are not allowed to eat.  
 
Food pyramid: 
The food pyramid in the manual displays the most important nutrients (in sequence of most 
important at bottom to less important at the top: water, vegetables, protein, fruit, 
carbohydrates, fat, rest (saturated fat / sugary drinks / sweets). The foods low in the pyramid 
should be eaten more / more often. 
* protein is more important (during pregnancy) – because this reduces the cravings!! 
* fruit is higher in the pyramid, because it contains a lot natural sugars, so these should be 
eaten sparingly!!  
 
Food diary: 
Participants are requested to write down everything they eat and drink. This is a good method 
to create some awareness of their eating habits and a check for the coach on the actual 
products she is taking. In addition it can be used to understand barriers of the women. 
 
 

Frequently mentioned barriers healthy eating: 

 Being to busy (forgetting to eat) 
 Moments while on the way and hungry 
 Feasts and temptations 
 Habits (addictions) 
 In the afternoon after work and being hungry (craving for sugar) 
 Home alone, no social control 
 

Barriers especially during pregnancy: 

 Being tired as a consequence of the pregnancy, this makes it harder to resist  
 Environment expects you to eat more 
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FLOW coach conversation – PHYSICAL ACTIVITY 

  
Introduction Well, we have spoken about your nutrition. However your physical 

activity determines the amount of food you should take during the 
day, it is like a balance. The remainder time I would like to spend on 
discussing physical activity is that ok?  

Knowledge 
 

What do you think is appropriate for pregnant women to do for 
physical activity?  

Current situation How physically active are you right now?  
Ask permission to 
advice 

Would you like me to tell you more about what is recommended? 

[with permission] 
Provide 

Also during your pregnancy it is important to stay active, not to 
improve your condition but to maintain it, especially during late 
pregnancy. This has advantages for your own health as for the 
health of your child. Benefits of physical activity are that you will 
have more energy, will complain less of tiredness and pregnancy 
ailments.  

* figure FITT-model 
pregnancy women 
(participant manual) 
 

The figure might assist in quantifying appropriate amounts of 
physical activity. As you can see, the figure is divided into 8 parts 
according to the FITT principle. FITT stands for Frequency (the times 
you should be physically active), Intensity (how hard it must be)), 
time (how long you should continue practicing) and type (the kind 
of sports you should or shouldn’t be practicing). And there is a 
difference between endurance training and resistance training.  

Readiness Are you interested in improving your physical activity? 
Pedometer Well to measure your activity I will give you this pedometer. This 

device counts the steps you take during the day, the only thing you 
have to do is wear it on your belt or trouser pocket and press start 
in the morning. At the end of the day the pedometer displays an 
amount of steps, which you can record at the end of the handbook. 
Next week we can talk about how you have done.  
Do you want to try the pedometer right now?  
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FLOW coach conversation – PHYSICAL ACTIVITY 

Background information 
Some women might indicate that they are active enough by running after their children and 
taking care of them. However for some women this will be their first pregnancy and they have 
no idea what they are allowed to do. Both can profit from discussing their physical activity and 
organise it in their daily routine. It is frequently mentioned that sporting together with other 
persons is a facilitator in becoming more physically active.  
 
F.I.T.T. model 
This model may serve as an overview about what is allowed and needed to do during 
pregnancy. This might help those women who are uncertain about which sports and intensities 
are allowed during pregnancy.  
 
Pedometer: 
The participant receives a pedometer, which counts walking steps. In the manual a record is 
shown, where they can write the amount of steps they took during the day. They can add 1500 
steps for every 10 minutes of non-walking exercise (cycling, swimming etcetera). As well as for 
the participant as for you this is a good indication of activity someone has during the week.  
Recommended is to take 10.000 steps (averaged) on a day. If they do not made this then it is 
advised to set goals of 10% increase for the next week. The pedometer can be used as a 
motivator and direct feedback for increasing physical activity.  
 
The Dynaband / Theraband: 
This tool can be used by the women to create resistance with the resistance training exercises. 
Examples of exercises are given at the end of the participants manual, as well as online video 
material. Placing the hands closer to each other on the dynaband creates more resistance, 
which will lead to a more severe exercise.  
 
 

Frequently mentioned barriers physical activity: 

 Being tired 
 Insufficient time 
 No childcare (if they already have children) 
 Bad weather conditions 
 No nearby facilities to engage in more physical activity 
 

Barriers especially during pregnancy: 

 Physical problems (pain pelvis, hard or large belly, morning sickness) 
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FLOW coach conversation – HEALTHY EATING / PHYSICAL ACTIVITY- topic 

ASK-PROVIDE-ASK FORMULE 
 

Knowledge and 
feelings about topic 

Reading this message what do you think of this message?  
What do you think is an acceptable amount of sugary drinks you may 
drink during the day?  
 

Current situation Do you think you should change anything in your current situation? 
How many sugary drinks are you taking during the day or during the 
week? Are you aware of the importance of drinking less sugary drinks 
as a means to decrease weight gain?  
 

IF: low on knowledge 
 
-ask permission 

* Ask permission to discuss current situation - recommendations 
The reason this topic is added is because water is a good alternative 
for sugary drinks. It would be best to replace sugary drinks by water. 
Do you want to know more about what is an appropriate amount for 
you to take during your pregnancy? 
 

-provide Provide information (with permission) 
 
- Ask what she 
thought of the given 
information 

Hearing this, what do you think of it when you’re looking at your 
current way of living? 
Do you want to discuss the amount of water and sugary drinks you 
are taking and how it is possible to improve?  
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FLOW coach conversation – HEALTHY EATING / PHYSICAL ACTIVITY- topic 

MOTIVATION, CONFIDENCE, IMPORTANCE 0-10 SCALE 
 

Motivation, Confidence, 
Importance  
 
When you get the 
impression someone is 
not ready to change or 
does not have the 
confidence or does not 
see the importance you 
can use scale 1-10: 
 
Use the manual sheet to 
indicate the number!  

 
0 --- 1--- 2 --- 3--- 4--- 5--- 6 --- 7 --- 8--- 9--- 10 

 
* Motivation to change: (willing) 
“ If on a scale of 0 to 10, 0 is not at all motivated to change your 
behaviour and 10 is 100% motivated, what number would you give 
yourself at the moment?” 
 
* Confidence in ability to change: (able) 
“ if you were to decide to change your behaviour, how confident 
are you that you would succeed? If on a scale of 0 to 10, 0 means 
that you are not at all confident and 10 means that you are 100% 
confident you could change behaviour, what number would you 
give yourself now? 
 
* Importance of changing behaviour 
“How important is change of your behaviour for you? If on a scale 
of 0 to 10, 0 means not at all important and 10 means very 
important, what number would you give yourself? 

Understand 
readiness/motivation to 
change, confidence 
about change and 
importance of change!  
And elicit change talk! 
 
IF motivation is low 
(lower than 7) deal with 
motivation first! 

 
Why did you choose this number and not 1(or 2)? [note: this elects 
change talk] 
 
What would you need to get from this number to a higher number? 
[note: this elects change talk] 
 
Be careful NOT to ask “what makes you choose this number 
rather than a higher number[9or10]?”. This question will 
encourage the client to give you reasons why they don’t want to 
change! Then they are less likely to make positive changes!! 

 
 Use reflections + summaries 
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FLOW coach conversation – HEALTHY EATING / PHYSICAL ACTIVITY- topic 

DECISIONAL BALANCE 
 

Increase Motivation: 
 
Mostly useful when 
someone is low on 
motivation scale 
(lower than 7): 
 
Reasons for (not) 
changing her 
behaviour. 
 
Use the Decisional 
Balance in the 
manual! 

Reasons for not changing my 
behaviour 

Reasons for changing my 
behaviour 

 
CURRENT BEHAVIOR 

What are the advantages of 
things staying just the way they 

are now?  

What are disadvantages of 
things staying just the way they 

are now? 
 
* what do you like about the 
current situation 
* listen, reflect, ask to tell me 
more 
 

 
* what do you dislike about the 
current situation 
* listen, reflect, elaborate, get 
the full picture 
 

PREFERRED BEHAVIOR 
What are the disadvantages of 

changing? 
What are the advantages of 

changing? 
 
* what do you dislike about 
changing? 
* listen, reflect, ask to tell me 
more 

 
* what would be positive things 
if you change your behaviour 
* listen, reflect, elaborate, get 
the full picture 

 
The decisional balance involves a structured conversation that allows 
clients to explore the advantages and disadvantages of their conflict. 
You don’t have to fill in all of the boxes, do what feels comfortable 
with each client! Don’t focus to long on reasons for not changing their 
behaviour (= status quo / will not lead to changing! = left side). 
However on the other hand taking time to reward change talk from 
the client is important! (reasons for changing! = right side) 
 

Summarise both 
sides 
 
Double-sided 
reflection 
After summarise, let 
someone (self) choose 
what to do 

Begin with why they don’t want to change (left columns) and end 
with why they do want to change (right columns). [double-sided 
reflection] This helps direct the session toward motivating change!  
 
where does that leave you now?  
 

Affirm the client for 
having the discussion, 
express appreciation,  
confidence, and 
support 

I think you are right about that! 
That sounds as a very good idea! 
I think that could work! 
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FLOW coach conversation – HEALTHY EATING / PHYSICAL ACTIVITY- topic 

INCREASE MOTIVATION AND IMPORTANCE 
 

IF: low motivation or 
low importance  
 
Use Ask-Provide-Ask 
formule  
 
 

Ask permission to give non-judgemental information about personal 
risk 
Would it help you to hear information (look at information) about 
the risks involved in drinking too many sugary drinks in your decision 
for changing this behaviour? 
I would like to share some information about that would that be 
alright? 
 
Provide the information in a neutral and non judgmental manner 
Ask what she thought of the information you have provided 
Well, what do you make of this?  
Is your opinion changed about the importance? 
Any thoughts about that? 
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FLOW coach conversation – HEALTHY EATING / PHYSICAL ACTIVITY- topic 

INCREASE SELF-CONFIDENCE 
 

1: Offer social-support  
 

“ How can I or someone close to you (example: your partner) help 
you to go from [chosen number] to a [higher number]?” 
 

2: Brainstorm for 
solution: 
 
Do not immediately 
offer a single simple 
solution 
 

Select problem area or obstacles  
What would be a situation in which you find it very hard to drink 
water instead of sugary drinks? (or what would prevent you to drink 
more water instead of sugary drinks?) 
Is this the only obstacle you have or are there more? 
What do you think might get in the way? 
What makes it hard for you to continue these changes? 
 

Encourage letting 
participant say what 
could work  

How do you think you can overcome these obstacles?  

I: past successes, 
experiences, 
achievements 

What would be an example of something you have done in the past 
that worked well for you? What helped you to successfully make that 
change? How do you think you might be able to apply those skills in 
this situation? 
 

II: experiences of 
others 

Do you know other persons, who have the same problem? How did 
they overcame this problem? 
 

III: Hypothetical, wild 
speculation, looking 
forward 

- Anything is possible, an ideal world, how would your world look 
like? How would you look like? What do you need to move a little bit 
in that direction? 
- Imagine you could look in the future how would you want your life 
to be? 
- in a (week, month, year) where would you like to be? What do you 
think it would take to get you there? What will you need to be able to 
do this? 
 

IV: Explore extremes What is the worst that could happen? If there is anything, what is it 
that you are afraid of? What in the best case would happen? 
 

IV: Supplement (with 
permission) with your 
ideas 
 

Would you be interested in hearing about things that have worked 
for others in a similar situation? (ask permission). What do you think 
about those? What fits for you? 
[don’t offer one single solution – create a choice] 
 

3. Let patient choose 
the best option 

What do think might work for your situation? 
So what do you think you will do? 
You will be best judge of what works for you. Which one suits you 
best? 
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FLOW coach conversation – HEALTHY EATING / PHYSICAL ACTIVITY- topic 

GOAL SETTING 
Not Ready: 
a. If participant is still 
not ready to change 

Well that is ok, it is your decision to change something. If you change 
your opinion we can always talk about it in the future … shall we 
leave the door open on this one? 

Already healthy 
b. If participant is 
doing rather good and 
does not want to 
make an action plan 

OK! – doing it rather good already. 
Well that’s excellent, keep up the good work! In the handbook are 
written a few advise if you feel like changing your (topic) one day you 
might profit from them.   
 

Ready 
c. If participant is 
ready to change 
 
ACT 
SMART 

ACT: 
Activation: What are you ready or willing to do? What could you do? 
What are your options? 
Commitment: What do you intend to do? What is your vision? How 
would you like things to turn out? 
Taking steps: What have you already done? How might you do it? 
When will you start? 
        What if: what if it did not turn out the way you wanted? What 
will be your back-up plan. 
 
SMART (specific / measurable / action-orientated / realistic / time 
limited) 
1. develop a simple, specific plan for starting to change (what?) 
2. decide when, where and how the intention (goal) is to be 
implemented 
3. identify actions that can be taken soon (48-72 hours) 
4. follow-up to see if plan implemented 
 

Record on action-card 
 

Other people found it helpful to record there action plan on a piece of 
paper, which they brought home and past on the refrigerator or 
anywhere else, so they were reminded on their action plan. Do you 
think this might be helpful for you too 

Summarize the plan *** 
Commitment to the 
plan 

Is this what you want to do? 
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FLOW coach conversation – END 

 
END  
Summary 
 

What we have talked about today is ….  
We have made a plan of what you are aiming to do between now 
and our next meeting in a week.  
Next week we will also analyse the food you reported in your food 
diary and the amount of steps you took during this week. 
 

Questions? Do you have any questions? 
New appointment: 
 

I would like to make a new appointment with you for next week, 
what is a good time and date for you?   
Or confirm date that has already been set earlier 
 

Closure Hopefully we have come up with a good plan. Thank you for coming. 
I look forward to see you next week.  
I hope you find that our talk of today was useful. 
I hope this conversation met your expectations?  
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FLOW coach conversation – 2 

Introduction:  
Ask permission to audio 
tape the conversations  
 

“ Before we start, I have to ask for your permission to audio tape our 
conversation again. Is it ok for you that I start my recorder or do you 
have objections? “  
 

Practical information 
about conversation 
today 
 

Last week we had our first conversation. For today I scheduled also 
45minutes. Is that ok for you or do you have another appointment or 
are you in a hurry today?  
 

Summary of 
conversation 1 
 
Agenda setting 

Last week we have spoken about a lot of things. [“…”]  
 
We agreed that you would keep track of your nutrition in a food 
diary and wear a pedometer during the day. You also made an 
action plan for [ reduce sugary drinks (?) and would measure your 
weight (gain) in the morning (?)]. Well for today I would like to 
discuss these things and plans with you, and start with a few new 
topics. Well, with which one would you like to begin, (discuss food 
diary, discuss pedometer, discuss action plan (reduce sugary drinks), 
discuss weight gain) ? 
 

1; Action plan:  
Inform if succeeded 

How did it go with your action plan? 
 

Not good: 
 

Of course a week is a really short period to change things. What do 
you think were reasons why you could not drink less sugary drinks?  
What can you do differently so the chance you will succeed 
increases? 
“…..” 
 

Good: 
 

Wow that is very good, a week is a really short period to change 
things but you managed to do it so quickly.  
How do you feel now you are drinking less sugary drinks?  
What did your recent successful attempt differ from previous 
efforts? 
 

Continue or new plan 
same topic? 
 

How are you thinking about continuing this plan, or do you need to 
make some changes/additions? 
 

2: Weight management 
 

Did your weight change during this week,; how does it compare to 
the recommended weight gain displayed in the chart?  
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FLOW coach conversation – 2 

3: Food diary  
Healthy eating 
inform and discuss 
food diary 
 

So you kept track of the nutrition you eat last week 
 
What things did surprise you?  
What did you think at the end of the day when you saw what you 
had eaten?  
Where do you think lies the problem?  
What things have you done that made you feel proud of that you 
managed last week, and had trouble with before? 
Did you eat when you were not that hungry, for example because 
your mood was low? How often did that happen? 
What are things you would like to improve/change? 
 

4: Topics healthy eating 
Let participant choose 
one topic out of 6 
possible topics (using 
action cards) 
 

In order to ensure we do not speak in an aimless or confused way, 
with which new nutrition topic out of these 6 possible topics I told 
you about last week (portion size, fibre content, protein, 
carbohydrate, fat, vegetables) would you like to talk about today? 

***** (see conversation 1) 
 

4a: Discuss topic HA 
(knowledge) 

use Motivation, confidence, importance (as in conversation 1:) 
low on motivation: Decisional Balance 
Low on motivation and importance:  Ask-provide-ask 
Low on confidence: Social support / Brainstorm for solution 

5: Physical activity 
Knowledge + current 
situation (discuss 
pedometer) 
 

Last week we have spoken about your physical activity [summarise].  
Last week you have worn a pedometer to count your steps, well I’m 
curious what did you think of the device?  
Where you surprised by the amount of steps you took during the 
day?  
Do you think you moved as much as is recommended? 
 

Low on knowledge: 
- Ask permission to 
discuss current situation 
taking into account the 
recommendations 
(FITT-model) 
- Ask what she thought 
of the given information 

Would you like to hear more about the recommendation physical 
activity ?  
 
Hearing this, what do you think of it when you’re looking at your 
current way of living?  
 
Do you want to change and improve your physical activity? 
 

If no: 
[reflect – sort out 
where the problem lies 
why not?] 

I do understand you think it is hard to change your physical activity 
because you are tired all the time. Do you want to leave this topic 
out of the coaching sessions? You are always the one who will 
decide if you make any changes, so it is also possible to just talk 
about physical activity. Maybe we come up with some ideas which 
can work, maybe not. What do you want to do? 
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FLOW coach conversation – 2 

if yes: let participant 
choose out of 5 topics 
 
use action cards 

To increase physical activity, we have made 5 topics, which we can 
discuss and might assist. Each time I see you I would like to discuss 
one of these topics with you and specify this to your current lifestyle. 
However you might have thought about improving your physical 
activity yourself and want to suggest an additional topic, is that the 
case?  
 
Which topic would you like to focus on today?   

-  
5a: Discuss topic PA 
(knowledge) 

use Motivation, confidence, importance (as in conversation 1:) 
low on motivation: Decisional Balance 
Low on motivation and importance:  Ask-provide-ask 
Low on confidence: Social support / Brainstorm for solution 

Goalsetting (as in conversation 1) 
End: 
summary conversation 
 

We have made a further step in analysing your eating and moving 
behaviour. You have made a few more plans to work next weeks. “ 
…”. 
 

short evaluation 
 

Well we have so far had 2 conversations about your lifestyle, what 
do you think of this way to talk about changes? Is it helpful for you? 
Do you have specific suggestions or requests that could help me  
support you?   
 

New appointment 
(phone + F2F nr.3 ) 

-  

 
I would like to make a new appointment with you for over a month. I 
will come here at your place again. And I would like to make an 
appointment for a phone call in between for over 2 weeks. What 
would be a good date and time to call you? And what would be a 
good day and time to visit you?  
I have to point out to you that the phone calls also will be recorded, 
is that ok? 
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FLOW coach conversation – 3-5 and telephone 1-4 

Telephone conversation 1-4  
Introduction 
 

Hi good evening/day/ morning, you are speaking with …. Of the Dali 
study. Two weeks ago we made an appointment for today, is it 
convenient to talk at the moment? 
 

Permission to 
audiotape (if not 
requested in 
conversation 2) 
 

I have pointed out to you we record all conversations, that includes 
phone calls. Is did still ok by you?  
 

Practical information 
 

This phone call is meant as an additional moment to discuss your 
action plans made 2 weeks ago. 
 

Summary of 
conversation 2 
 

Two weeks ago we talked about “…..” . You had made a few action 
plans. “ …”  
 

Action plans: 
 

Well I am wondering how did it go?  
 

End: Summary 
 

“ …. “ 
Do you have other questions regarding the DALI study? 

End: reminder on next 
date 

Well we see each other in 2 weeks on ”….” . Good luck with your 
plans. Have a nice day.  
 

 
Coach conversation 3-5 
Introduction: 
 

 

Ask permission to audio 
tape the conversations  
 

“ Last conversations you approved that I record the conversation, 
have you changed your mind or can I again start the recorder “  
 

Practical information 
about conversation today 

 

Well this is the third conversation. For today I scheduled 
30minutes, somewhat shorter than last times. Is that ok for you?  
 

Summary of conversation 
2 and telephone call 1 

-  

A month ago we talked about. “…” . On the phone we “…” 
 

Action plan(s) 
 

 

Nutrition topic (2) 
 

 

Physical activity topic (1) 
 

 

Summary conversation  
End 
 

 



 

 

APPENDIX III: 

DALI programme materials: A “perfect” example (in English) 

 

Stefanie Steinbach and Judith Jelsma 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In motivational interviewing coaches aim to evocate a change in behaviour. They do so by 
collaborating with the women, while stressing the woman’s autonomy and supporting her 
decisions, empathising with her fears and struggles, but directing her slowly towards 
commitment to change. To get to that point, it is important to lead a well-structured 
conversation, reserving the expert role for the women. This is easier said than done. 
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The following text aims to provide support in conducting motivational interviewing adherent 
conversations by giving examples of a “perfect” example.  
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Motivational Interviewing 
A “Perfect” Example 

 
Agenda Setting 
The beginning of each conversation should include the setting the agenda. This is useful for the 
women as it gives them an idea of where the conversation is heading. Furthermore it is useful 
for yourself as it helps you keep track of where in the conversation you are, and also helps you 
with time management. 
 
After greeting the woman, it is a very natural progression to ask her how she has been doing 
with her goals. However, this is also a great point to set the agenda. A way to integrate both at 
this point, without damaging the natural flow from “hello” to “how have you been doing” 
could be as followed: 
 
Example 1. 
Coach It is nice to see you again. I am very curious to hear how you have been 

doing with your goals this past week. But before we get to that I would just 
like to go over the agenda with you and see whether you agree with that, is 
that alright? 

Participant Sure, no problem. 
Coach Well, first I would like to set the agenda, so that we both know and agree 

on what we want this appointment to be about. After that, well, as I said I 
am quite curious to find out how everything went this past week, so maybe 
we can talk about what went great, what went maybe not so great. Would 
that be ok?  

Participant Yes. 
Coach Great. What do you think about trying to figure out how we can deal with 

the problems you have had? If you had any! 
*Note* With this question you will have asked an open question, as well as asked 

for permission. Also, she is likely to already give you some information 
about how she had been doing; you can later use this information in a 
simple or complex reflection when coming back to this topic. 

Participant Well, it’s just that life got in the way, you know? I just got so busy… with 
the kids and all… 

Coach Maybe we can try to see where exactly things became difficult for you. That 
way maybe we can tailor a solution specifically for you? 

Participant Oh yes, yes… 
Coach After that, … Well I have written down here that the other topic you were 

interested in was trying to get more active in the weekends. So, if that is 
something you are still interested in we can talk about that then, or maybe 
you would rather choose another topic. 

Participant Maybe we can go over the topics again? 
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Coach Sure, no problem! Is it ok if we do that when we get to that, or would you 
rather we do that now? Or- Is, do you want me to explain the intervention, 
or 

*Note* Even though you want to stick to your agenda as much as possible, 
obviously the woman’s autonomy and understanding of the intervention 
are key elements of MI. Which is why, especially if you feel that she might 
have forgotten or not understood the intervention, it is ok to ask her how 
much she would like you to explain again. After that you can always make 
your way back to agenda setting. 

Participant No the intervention I unders- It, I just forgot the other goals, so- But we can 
do that than. 

Coach Ok sure! 
I was thinking that we could go over your new goal the same way we did 
with this one. And we can also include everything that we will discuss in a 
minute about what went good, what was difficult… That way we can try to 
make it easier for you to achieve your new goal. Is that something you 
agree with? 

Participant Yes, that’s ok. 
Coach Alright. Good. So at the end of the conversation we will make your goals 

something you can work with, and also set up a new appointment. Is that 
ok?  

Participant Yes, yes. 
*Note* You might notice the participant seeing agenda setting just as a formality. 

But it is a helpful formality, so try and include it in your conversation! 
Coach Ok. But you can always change your mind. That is absolutely fine, just let 

me know. 
*Note* Setting the agenda is great, but it serves mainly a guideline. This means 

that neither you nor the participant are absolutely bound to it. You can 
stress this point to emphasize her autonomy, and also to show her that she 
too has an influence on the flow of the conversation. 

Participant Ok. No, this is fine. 
Coach Now, what do you think about trying to snack last this past week? That was 

your goal right?  
*Note* In stacked questions, the open question takes precedence in coding. Thus 

the above utterance would be coded as an open question! 
 
As you have probably noticed; in this example the coach is clearly the one doing the talking. 
This is not a problem when setting the agenda, and also at the end of the conversation when 
making a new appointment, as well as when explaining the intervention. These parts of the 
conversation could be seen as formalities. During the “actual conversation” you want the 
woman to do most of the talking. 
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Tip: Should you at any point find yourself diverting from your agenda, the simplest way to get 
back on schedule is to simply refer back to the agenda. (“As we said, after discussing… we were 
planning to talk about… Do you agree that it is a good idea to move on to that, or do you feel 
that there is still something you want to discuss about this topic?”).  
Another way to get back on schedule is by using a complex reflection, combining previous “on-
agenda-statements” with her latest statement. 
 
Simple versus Complex reflections 
Simple reflections are a great way to keep the conversation going, but they are not very likely 
to get you any more in depth information about the specific topic. Rather, it is likely to help her 
transition into the next thought. A complex reflection (but also an open question) will help her 
think about her statement more deeply. 
The simplest way to describe a simple reflection is paraphrasing. 
A simple reflection is a means to show that you are listening, and actually trying to understand 
what the participant is telling you. It has a more facilitative character than a complex 
reflection. 
 
The simplest way to describe a complex reflection is to summarize, add meaning to and show 
understanding of what has been said. 
A complex reflection is a way to evocate more information about a topic. It shows that not only 
do you understand what the woman has been telling you, but that you are also interested in 
thinking with her about the topic. It has a more summarizing and understanding character than 
a simple reflection. 
 
Example 2. 
Coach What are the moments that you find yourself snacking?  
Participant Mostly in the evening, when the day is done. 
Coach After dinner… 
*Note* This is a simple reflection. The coach has not added anything to the 

conversation. 
Participant Especially when my husband is still at work, and the kids have gone to sleep 

already. 
Coach When there is no-one around and you’re done with everything, you find 

yourself snacking more… 
*Note* Try to avoid phrasings like “So when there is no-one around?” It is meant as 

a complex reflection, but it is actually a closed question, and unfortunately 
it is also coded as such. 
 
What makes above statement a complex reflection is that it identifies being 
alone as a factor in her snacking, and also takes from her statement that 
the day is done that there is no more for her to do. Apparently it is not so 
much the time of day that facilitates her snacking… 
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Participant Well… Yes… I guess then I just don’t have to do anything, I don’t have to 
look after anybody. 

Coach You can just relax. 
*Note* Another complex reflection. This one goes to show that complex reflections 

do not have to be as complex as their name implies.  
The complexity of a complex reflection refers to the meaning of the 
utterance, not to the structure! 

 
As you have just seen, a complex reflection can be rather simple. Still, there are a few different 
kinds of complex reflections. You might find that one type of complex reflection works better 
for you than the other, but try to experiment a little with all of them, since they each have 
different effects. 
 
Summary Reflection: In this kind of complex reflection is best used before switching to another 
topic. In this reflection all the previously discussed main points and conclusions should be 
included. This will help both the coach and the participant remember everything you discussed 
about that point. Also, while summarizing you might notice that there is something you have 
not discussed fully or at all; so summarizing can also help you keep an overview of what you 
have already done, and what still needs to be done. 
Summary reflections can be used each time you are done with one topic, and are about to 
switch to the next (from “how did it go last week” to “so this week you said you wanted to talk 
about getting more active”), but also at the end of the complete conversation. Your summary 
at the end of the conversation is quite a bit larger than the summaries at the end of a topic. 
This summary should include a short summary of all the topics and what you have discussed 
about them, as well as a general summary. Whereas the topic summaries are mostly about 
what has literally been said, a general summary should also include why she wants to change, 
what her biggest barriers are, what solutions have you come up with in case “life gets in the 
way,” but also her feelings, and if you can, also some encouragement or an affirmation. 
 
Example 3. 
Coach … and we also talked about you trying to snack less, and that life just gets in 

the way, and then it becomes difficult for you to make the right choices. So 
we came up with the idea that from now on you try to prepare your snacks 
the night before, so that even if the mornings get to hectic, and you don’t 
have time to go all the way to the supermarket in your lunch break, you’ll 
still have healthy snacks. I know that you are still a little worried about that, 
since it is the end of the day, and of course – after working and looking after 
the kids all day – your tiered, but I think you can do it! It might take you a 
few days to get used to it, but than… I’m sure you can do it! 
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Two-sided Reflection: When you are using a two-sided reflection you highlight both the positive 
and the negative. 
 
Example 4. 
Participant [laughs] Well I just love good food, especially if it is easy and quick to 

prepare. [laughs] 
Coach Those foods are indeed quick, easy, and tasty, (positive) but they are often 

not the healthiest (negative).   
 
Discrepancy Reflection: A discrepancy reflection is similar to a two-sided reflection in that it too 
gives two sides. Discrepancy means that there is a conflict between to facts, needs, or opinions 
on wanting to change within one person. In a discrepancy reflection you thus highlight both 
sides.  
 
Example 5.  
Participant I do want to eat healthier… You know, for the baby and all, but… 
Coach You want to eat healthier, since you know that that is also beneficial for the 

baby, but on the other hand eating healthier is also something that is 
difficult for you since you are very busy, and the most convenient choices 
usually aren’t the healthiest ones. 

 
Added meaning Reflection: As the name says, in this type of reflection you add meaning to 
what the participant has said. 
In the following example, the participant has previously mentioned that she tends to snack 
whenever there is nothing to distract her, which is usually in the evening. After talking for a 
while, the coach and participant are now discussing her eating habits at work. 
 
Example 6. 
Participant But you know I try to eat healthy at work too, but there it is just so much 

more convenient to just run across the street and get something. 
Unfortunately those things are not always healthy. Most often they’re not. 

Coach So when you’re at work – that is actually an other moment when you turn 
to unhealthy snacks. 

*Note* The coach has added the meaning of “second problem moment” in addition 
to her problem moment in the evening when there is nothing to distract 
her.  

 
Core Reflection: Often when a participant has given a lengthy answer, a core reflection can help 
boil it all down to a simpler answer. You could of course also give a summary reflection, but a 
core reflection will show the participant that you have been listening closely and truly 
understand what she was trying to explain. 
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Example 7.  
Participant You know mornings just aren’t good for me. I have to get the kids ready, 

and my husband doesn’t really help. And they have to shower and get 
dressed, and I do too of course. And breakfast, and I have to pack their 
lunches, and get everyone to the right place, and on time too [laughs]. And 
you know their day-care and school are not too close together, but at least 
it’s in the same side of town. My job is at the other side of town, so that’s 
always fun, with all the traffic and all. And my husband is a little forgetful, 
so often I also have to bring him something which he managed to forget at 
home. So – you know. Mornings… I just. I don’t think mornings are really a 
time of day that I want to also have to think about whether or not 
something is healthy… 

Coach Mornings are already a race against the clock (this is already enough, but 
you can combine it with a summary reflection by adding:), with no one 
there to help you, and adding something to that is just too much. 

 
Exaggeration Reflection: Women might try to downplay their actions or behaviour by making it 
sound less gravid. You can help them nuance this by showing them the complete opposite.  
 
Example 8.  
Participant I just don’t like physical activity. 
Coach You simply don’t enjoy any of it. From walking to the supermarket around 

the corner to dancing or swimming – that’s just all not for you. You prefer 
things like reading a book or watching a movie. 

Participant Well, I do walk to the supermarket. I mean it’s right around the corner. So 
when it’s just a few little things I don’t mind walking… 

Coach But that is already physical activity! So you are already doing more than 
you think. Maybe we can try to come up with ways to increase your time 
spend walking places instead of taking the car. Is that something you would 
be interested in? 

*Note* Don’t forget to keep asking permission, or keep your ears open for implied 
permissions! 

 
Tip: Try to practice using reflections by using them in your daily conversations. The more you 
use them, the easier it will get. Taking less time trying to construct reflections will giving you 
more time to focus on what the participant is saying, and thus more time to figure out how to 
best lead each specific participant towards change talk, and in the end change behaviour. 
 
Closed versus Open questions 
As with complex reflections, open questions lead to more in depth answers, whereas closed 
questions often fail to provide any additional information than that which was asked. 
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At times closed questions cannot be avoided, for example when asking how much weight a 
participant has gained so far. Whenever you are trying to dig deeper into a certain topic 
however, try to use open questions as these have a more inviting character and often lead to a 
more elaborate answer than a simple yes or no.  
Doing this on the spot can be quite a challenge. Mainly because usually there are quite some 
closed questions which our partner in the conversation by convention sees as open questions. 
In MI however, if it is a closed question, it is a closed question.  
 
Tip: A way to train yourself to use open questions over closed ones, is by making a list of 
questions you often ask during your appointments with the women, and then try to rephrase 
those into open questions. Before your next appointment, go over your list of open questions 
once more. 
 
Tip: Try not to answer your own questions. Often when coaches get unsure about whether or 
not they have phrased their question in a way that the participant can actually understand 
what the coach meant, coaches begin to elaborate their questions by giving examples of 
possible answers. Just remember that the participants need time to think too! Silence on her 
part does not necessarily mean that she has not understood the question. If she did not 
understand the question, she is most likely to ask. However if you have given her some time, 
and there is still no answer, you can just ask her whether she understood the question or not. 
What happens when you provide examples of answers is that you stop her thinking process, or 
already direct her in a certain direction. This is exactly what you do not want to happen. You 
want her own honest answers, so that her motivation to change has come forth out of her 
experiences, not experiences you thought of for her. However, when you notice that a woman 
is really struggling with the question, or cannot come up with any answers, an example actually 
might be in place. But again, try not to give her to many examples and still let her come up with 
some of her own. One way to distance that example from her, so that she does not 
automatically adopt it as her own, is to phrase it in a way that it “belongs to someone else.”  
 
Example 9. 
Coach One thing I have heard from another client – just to give you an example – 

was that for her, stress was also an influence on her eating behaviour… 
*Note* In this utterance the coach even stresses twice that this utterance is not 

meant to be the coaches answer for her. It is another client’s issue. And it is 
meant as an example. Should that still yield nothing, coaches can relate it 
back to the woman using either an open or a closed question. Wherein open 
questions should always be preferred. 

Coach Is this something that 
you can relate to? 
(Closed question) 

Stress often has effects on peoples eating 
behaviour. What kind of effects have you noticed 
that stress has on your eating behaviour? (Open 
Question) 
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MI adherent versus MI non-adherent 
In the beginning of this text, evocation, collaboration, autonomy and support, empathy, and 
direction were listed as core elements in Motivational Interviewing. Simply put, a conversation 
is MI adherent as long as the coach pays attention to, or even stresses these elements, but 
never violates them. 
 
MI non-adherent on the other hand is when coaches violate any of these elements. Omitting 
them will not make a conversation MI non-adherent, but neither will it score you points to 
make it a good MI conversation. 
 
Evocation: Evocation is violated once coaches push women towards change behaviour. As a 
coach, you do not want to push women towards change behaviour, you want to lead them 
there. 
 
Example 10. 
Participant I just I don’t want to gain any more than 90 kilo’s. 
Coach So this is a motivation for 

you to snack less and 
exercise more. (She never 
said that, she never said 
anything related to 
change, the coach just 
assumed that she is willing 
to change based, and has 
now pushed her in that 
direction.) 

Do you already have something in mind of 
how you are going to keep yourself from 
passing that number? (Closed Question) 
 
Or: 
Is that something you would be willing to 
make some changes – would you make some 
changes to keep from gaining past 90 kilo’s? 
*Note* This utterance is not only a closed 
question, but also falls under the global score 
of autonomy. 
 
Or: 
What are your plans, if you have any, to keep 
this from happening? 

 
Collaboration: The element of collaboration is violated once coaches take the expert role, and 
refuses to work with the participant. As a coach your job is to help her explore her problem 
behaviour, her reasons to change, and her barriers to do so. Try to leave the talking to the 
participant. 
 
Autonomy and Support: These two relate to the participants’ freedom to choose the course of 
action, the way you support her in this, and the way you stress that everything is based on her 
decisions and her ability to change. 
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Empathy: This element of MI is reflected in how well coaches succeed in understanding their 
participants’ point of view. To score high on empathy, try to not just understand the words the 
women say, but also try to understand which emotions certain topics evoke in them. Does 
being overweight make her sad, does it frustrate her? Is she anxious about having a baby, or is 
she excited? Often times you will find that women are experiencing quite an array of emotions 
at the same time. If you can to some extend understand the nuances in this, and actually relate 
this back to the woman, you can rest assured that your empathy scores will be on the high 
side. 

Support: Another confusing one. There is support, and there is autonomy/support. The support 
in autonomy/support relates to coaches supporting women in making their own choices. 
Support is related to empathy.  

Example 11. 
Participant It is just so difficult with all that I have to do, so it’s just hard to really 

remember all these things too. 
Coach It’s just very stressful for you right now, with the kids and your job, and the 

dogs, and now also this project… (Complex reflection) And please correct 
me if I’m wrong, but it seems to me as though it also makes you a little sad, 
that you don’t really seem get to do anything properly lately, just ‘cause 
you are so busy doing so many things… 

*Note* This was an example of Empathy. 
Or: 
Coach I know you have a lot on your plate right now and that this project means 

that there is even more (Support). But I think it’s great that you are doing 
this, and that you want to do this for the baby! (Affirming the client) 

Affirming the client: This was already shown in the previous example. By affirming the client, 
for instance telling her that you think it is great that she decided to still have you over that day, 
even though she is not feeling to great, you gain MI adherent points. 

Direction: Direction might be one of the most confusing elements of MI. On the one hand, as 
the lifestyle-coach you are supposed to be directing, on the other hand, being directive is MI 
non-adherent. So where is the difference? 
The difference is that coaches are expected to be directive in that they give structure the 
conversation. However in doing this, they should still respect the woman’s autonomy, as seen 
in example 1.   
Coaches are not meant to tell the women what to do. Utterances such as “We should now talk 
about…” or “Well you have to decide…” are MI non-adherent, and should thus be avoided. 
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Example 12. (Exert of Example 1) 
Coach After that, … Well I have written down here that the other topic you were 

interested in was trying to get more active in the weekends. So, if that is 
something you are still interested in we can talk about that then, or maybe 
you would rather choose an other topic. 

Participant Maybe we can go over the topics again? 
Coach Sure, no problem! Is it ok if we do that when we get to that, or would you 

rather we do that now? Or- Is, do you want me to explain the intervention, 
or 

 
Asking permission: Asking permission is often understood as literally asking for permission: “Is 
it ok if,” “would you like me to.” During a conversation this at some point may seem to become 
redundant. However, not asking for permission before giving advice or information makes the 
conversation MI non-adherent.  
But asking permission does not have to be a constant literal asking of permission. One way to 
avoid this is to find out what participants already know, and then tailoring your advice or 
information to that.  
 
Example 13. 
Participant Could you maybe explain once more how Diabetes Mellitus works? 
*Note* This is already a permission; called “implied permission.” 
Coach Of course. Maybe you could tell me what you still remember about 

Diabetes Mellitus, so that I know which bits and pieces you are missing? 
Participant All of it. [laughs] 
Coach All of it. [laughs] (simple reflection!) Well I will just start at the beginning 

then, but if you already know something, or if it is coming back to you 
[laughs] you can just interrupt me… 

… … 
Participant Oh yes, I already know this part! So when there is too much sugar in my 

blood, than the baby tends to grow bigger than we would like it to. 
Coach Exactly! And do you also know why we want to keep that from happening? 
*Note* This is a closed question with which the coach determines how much the 

participant knows about the risks of having a big baby. Based on her 
answer the coach can tailor the rest of the information specifically to this 
participant; not giving her information that she already knows, and not 
leaving out things by assuming she would know. 
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Emphasizing choice: An important element of MI is that the clients’ choices and decisions are 
central to the progression of the conversation. Emphasizing this is coded as MI-adherent. 
 
Example 14. 
Participant I don’t really see myself enjoy jogging or something like that, or a 

swimming… so… 
Coach It can be anything you like. The choice is completely up to you. These 

pictures are just examples, so if you would like to do something else that is 
absolutely not a problem.  

Or:  
Coach Which of these topics would you like to talk about today? 
Participant Oh I don’t know. What do people usually start with? What do you 

recommend? 
Coach Well we can start with any of these topics; there is no better or worse point 

to begin with. Most women choose the topic they are most interested in, 
or which they think will be easiest for them, but you can choose whichever 
you like, that is completely up to you! 

 
Confronting: Confronting utterances are MI non-adherent. It is a coach’s task to explore a 
woman’s problem behaviour and her barriers, not to confront her with them.  
 
Example 15. 
Participant Last week did not go too well. I had a few more snacks than I was supposed 

to. 
Coach So you snacked even though you were supposed to watch your weight? 
*Note* This is confronting, and thus MI non-adherent. 
Coach A few more snacks than you were supposed to? 
*Note* This is would be coded as a closed question. But instead of confronting her, 

which is likely to lead to excuses, - depending on your intonation – this is 
likely to make her explain what she means by a few, and why she did snack. 

 
Tip: Something to keep in mind when thinking about direction is that although in spoken 
language it is very much sensitive to interpretation; intonation can imply that an utterance is 
not meant as being directive, but merely the coaches’ way of speaking. However, MI is scored 
on the basis of the written conversation. Regardless of whether an utterance was meant to be 
directive or not, intonation cannot be taken into account. 
 
Tip: A coaches choice of words can make the difference between a facilitative statement or an 
MI non-adherent utterance. Try to avoid using words that seem to eliminate the element of 
choice. Use words such as “could” instead of “have to.”  
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Obviously this tip is very language specific. Try to identify words and phrases in your language 
that are of a more forceful or committing nature, and after doing so, try to find words to 
convey the same message, but without being directive. 
 
Tip: Pay attention to clues of implied permission. Also always try to find out what the 
participant already knows, instead of asking permission. That way you can give her information 
tailored to her specific needs, as well as avoid having to repeatedly ask “if that is alright with 
her.” 
 
Tips 
 
Here are some additional tips that could help you, but which did not necessarily belong to one 
of the previous sections. 
 
Three quick tips 
Let her do the talking - As mentioned before, as a coach you don’t have to do much of the 
talking. So remember to leave that to the participant. 
Summarize - Summarizing, again, helps you both to keep an overview, so this is a helpful tool! 
Get it in writing – Let her write down some of the main points and everything she finds 
interesting. But most importantly: encourage her to write down her action plan! On the 
backside of the action cards you will find four questions, which will help her keep in mind what 
she committed to, and how she wants to accomplish this. The “what – when – how – what if” 
questions give her a small overview of what she set out to do, without having to do lengthy 
reading. Let her write it down in her own words as much as possible, but point out that she 
should phrase it in a way that even a month from now, she will still know what it means! Some 
women might not want to write it down. That is absolutely fine, that is her choice! Tell her that 
it has been proven to be beneficial, and it could also be a great tool for her, but if she does not 
want to, that that too is no problem, and that she – should she change her mind – can always 
still do that later. 
 
Reminders 
Change does not always come easy, especially not when you are trying to change a habit. 
Often, you simply forget… Encourage your participants to remind themselves. For instance, you 
can encourage them to keep the action cards somewhere where they will often see them, such 
as their wallet or on the fridge. Or to set reminders in their phones that will remind them of 
snacking less around snack time, or to walk to the supermarket around the time they usually 
take the car to get the groceries. 
 
When life gets in the way 
Often women will fall back into their usual behaviour and eating patterns. Even though they 
tried working with their action plans, when times get stressful, falling back into old habits is an 
easy solution to ease the stress, if even a little, and time to think how to incorporate their 
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action plan if things go not as planned, is often scarce. A way to prevent this is to already think 
of these situations when creating the action plan. This way you already minimize the room for 
excuses, and also give her a solution for when such problems arise. 
  
Scary risks? 
Pregnancy itself also comes with its own risks, and often participants have already heard the 
risks before. Explaining the risks for someone as precious as an unborn child always has a 
certain scare-factor to it. But you are also explaining what the women can do to minimize 
those risks. Do emphasize that the intervention itself does not increase any risks, nor is it a risk 
in itself. 
If you are worried about striking the correct balance between warning and scaring the women, 
than try to focus less on the warning and more on the changeability of some risk factors and on 
the women’s ability to do so. 
 
Some people don’t talk much 
Some people do, and some people don’t. In an intervention where the participants have to do 
most of the talking, this can create difficulties for the coaches.  
Use mostly open questions, a lot of facilitating statements, and complex reflections (two-sided 
and added meaning reflections could be very helpful), to try and keep her talking, but also keep 
in mind that silences do not necessarily mean that it is not going well. 
 
Silence 
Silence allows both the coach and the participant to think. It gives you time to phrase, or 
decide which direction to go, and it gives her time to come up with answers. If you are 
uncomfortable, or feel like you are taking a lot of time thinking, just tell her so. Saying “I’m 
thinking how to phrase this best” gives you time. And when she cannot come up with an 
answer immediately saying “take your time” gives her time to search for her actual reasons for 
change and barriers. 
Again, try not to answer your own questions. When it is silent, even just for a few seconds, it 
becomes tempting to answer your own question in order to help her find answers. For reasons 
explained before: try to avoid this. When you do feel the need to say something, just 
encourage her to take her time, or ask her what she is struggling with in trying to find an 
answer. That way you can fill the silence, and maybe even help her find answers, without filling 
in the answers for her. 
 
Chapters 
If you have trouble structuring your conversations, be it while setting the agenda, or during the 
actual conversation, the chapter-system might help you. 
Start by writing down what you want to do, and check them of as you progress through the 
conversation. 
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Example 16. 
□ Set agenda 
  □ how did it go 
  □ problems 
  □ topic two 
  □ closing 
□ what were the problems 
□ how did she solve them 
□ what could she do next time 
□ summary 
□ action card 
□ topic two 
  □ reasons for change 
  □ barriers 
□ summary 
□ action card 
□ grand summary 
□ next appointment 
 
This is odd 
Whenever you are using a conversational technique, speaking suddenly becomes odd or 
mechanic. Suddenly you have to adhere to rules, and consciously use open questions and 
reflections. The easiest way to get more comfortable with this is by practising. Make lists of 
open questions and reflections, and more importantly, try to use open questions and complex 
reflections in conversations with family and friends as well.  
 
Listen and improve 
Try to find the time to listen to your conversations (another important reason to tape them). 
Stop the tape each time the participant has spoken and give yourself time to think of the 
perfect response. You could also listen to what you did say, and think about what was good 
about that, and what you could have done better. 
 
Feedback 
Feedback is an important tool in Motivational Interviewing. Keep in mind that there are 
professional coaches who can score your conversation for you! Getting feedback on your 
conversations will help you identify your strong points, as well as the areas you still need to 
work on. 
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bbq’s, etentjes te hebben, maar ook af en toe de babyfoon langs te brengen / op te passen op 
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ik me niet kunnen wensen! Ik pluk nog elke dag de vruchten van de lessen die jij mij geleerd 
hebt.  

En dan natuurlijk mijn familie. Oma Jansen (95), u heeft een gezin van acht kinderen op de 
wereld gezet en opgevoed, waarvoor ik ontzettend veel respect heb. Inmiddels is de 
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familiestamboom met alle (achter)kleinkinderen behoorlijk gegroeid. Dank, Hans, Marouschka, 
John, Margitta, Julian, Anthony, Maret, Lex, Eltje, Joke, Dick, Eveline, Theo, Cecile, Muriël, 
Henk Jan, Tom, Max, Lisa, Vanessa, Marcel, Floor, Jasmijn, John, Colvin, Hubert, Saskia, 
Josefien, Marius, Lisa, Vincent, Mirelva, Rosa, Alexander, Maria, Sofia, Renée, Karel, Olivier, 
Charel. Eerste kerstdag is altijd dolle pret! Oma Jelsma (90), u bruist nog van de energie en 
geniet van het leven. Dank voor alle levensverhalen! Martin, Sijanda, Linde, Paul, (+kleine 
spruit), Florin, Frank, Julius, Saskia, dank voor alle familieuitjes in januari en spontane 
samenkomsten! En wat mag ik in mijn handen wrijven met zo’n lieve schoonfamilie, Martha, 
Ron, Truus, Louis, Erwin, Karolina, Marcel, Saskia, Sjors, Vera, Carla, Ruben.  

Mama, je hebt bij mij de basis gelegd voor mijn ‘empathie’ vaardigheden. Elke dag zat je klaar 
met een kopje thee om naar mijn verhalen te luisteren. Je hebt menig probleem weten op te 
lossen door alleen maar te luisteren en de juiste vragen te stellen. Papa, je hebt er voor 
gezorgd dat het mij aan niets hoefde te ontbreken, geld mocht geen reden zijn om iets niet te 
doen. Nil volentibus arduum (‘niets is onmogelijk voor hen die willen’). Je bent voor mij een 
voorbeeld van hard werken en creatief oplossing bedenken voor problemen. Lieve pap en 
mam, dank voor jullie liefde, steun en vertrouwen, ik kan me geen betere ouders wensen! 
Niels en Adriaan, lieve broers, dank voor jullie interesse en actief meedenken met mijn 
onderzoek. De toegestuurde informatie was vaak relevant! Het feit dat ik niet door jullie 
ingehaald wilde worden is mijn hele leven een goede motivatie geweest om door te blijven 
gaan.  

Mark, dank je wel voor al je steun, geduld, luisterend oor, (ongevraagd) advies en nog zo 
ontzettend veel meer. Jij bent verreweg diegene die het meest  te verduren heeft gehad tijdens 
mijn promotietraject. De tijd die straks overblijft zal vast snel weer vol gepland worden, maar ik 
beloof je dat ik ‘quality time’ overhoud voor ons!  

Lotte en Abel, aan de ene kant maakte jullie komst het moeilijker om dit proefschrift af te 
schrijven aan de andere kant ‘kocht’ ik zo extra tijd. Ik geniet elke dag van de groei die jullie 
doormaken. Wat gaat dat snel. Jullie hebben mij veel geleerd over zelf zwanger zijn, waardoor 
ik mijn DALI deelnemers beter kon begrijpen en de resultaten van mijn onderzoek veel beter 
kan interpreteren.  
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