
VU Research Portal

Preconception dietary intake and physical activity

van Elten, T.M.

2019

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
van Elten, T. M. (2019). Preconception dietary intake and physical activity: The importance for future lifestyle
and health of two generations. [PhD-Thesis - Research and graduation internal, Vrije Universiteit Amsterdam].

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://research.vu.nl/en/publications/fd8c2550-75e6-45e7-987a-79203349b4a5




CHAPTER 1
General introduction



8

CHAPTER 1

DIETARY INTAKE AND PHYSICAL ACTIVITY
Lifestyle and health

Dietary intake and physical activity are ever-recurring daily lifestyle behaviours. Dietary 

intake refers to all foods and beverages a person consumes. Dietary intake can be 

assessed as the amount of energy consumed, also referred to as diet quantity, and as 

the accordance with dietary guidelines, i.e. diet quality.1 Physical activity can be defined 

as “any bodily movement produced by skeletal muscles that requires energy expenditure”.2 

This definition includes more than physical exercise alone. It also refers to physical 

activity at work or school, physical activity while commuting, physical activity during 

household chores, etc. Both lifestyle behaviours are important for a person’s health 

and specifically for a person’s body weight1,3: The amount of energy consumed and the 

amount of physical activity, together with the basal metabolic rate and the thermic 

effect of food4, contribute to the energy balance. There is a certain day to day variation 

in energy balance, but in general the body should be capable to keep an equilibrium 

between “energy in” and “energy out”.5 An imbalance between energy intake and energy 

expenditure causes either weight loss or weight gain. Weight gain over a longer period 

of time can lead to overweight or obesity. Obesity is defined as “abnormal or excessive fat 

accumulation that presents a risk to health”.6 This health risk includes the increased risk 

of noncommunicable diseases (NCDs)7, such as cardiovascular diseases (CVDs), certain 

types of cancer, respiratory diseases and type 2 diabetes.8,9

A healthy lifestyle is always important for a person’s health, but especially when a 

woman has the wish to conceive or is pregnant since a woman’s lifestyle before and 

during pregnancy not only affects her own health but that of her offspring too. Diet, body 

weight and physical activity are associated with fertility10–12, e.g. obesity is associated 

with anovulation, irregular menses and infertility.13 Furthermore, the risk of pregnancy 

complications seems to decrease when consuming a more healthy diet14 and by being 

more physically active during pregnancy through the prevention of excessive gestational 

weight gain.15 Moreover, maternal lifestyle behaviours and body weight are associated 

with the development and growth of the foetus and later life health of the offspring.16,17

Current lifestyle and body weight

The Dutch national food consumption survey showed that women of reproductive age 

consume on average 130 grams of vegetables per day18 and 95 grams of fruit per day 

(which equals 1 piece of fruit)19, while the Health Council of the Netherlands advises 

to eat at least 200 gram of vegetables per day and 2 pieces of fruit.1 Additionally, 
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they drink on average 336 grams of sugary drinks (more than 1.5 glasses per day), 

although the advice is not to consume sugary drinks.20 If we specifically look at women 

with an active wish to conceive, a Dutch study showed that around 70% of women 

planning a pregnancy exceeded the recommended daily allowance of energy intake and 

almost all women exceeded the recommended daily allowance of saturated fat intake. 

Additionally, fruit and vegetable intake as well as different micronutrient intakes (iron, 

selenium, copper) were below the recommended intake in more than half of the women. 

Furthermore, almost all women (96%) planning a pregnancy consumed alcohol and 20% 

of them smoked.21 Another Dutch study showed that around half of women with an 

active wish to conceive did not meet the recommended folate (50%), vitamin D (67%) and 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) recommendations (52%).22 

Also food consumption data of other developed countries, like the United Kingdom 

and Australia, show that women of reproductive age do not meet the nutritional 

recommendations.23,24

The Dutch physical activity guidelines are defined as being physically active at moderate 

to vigorous intensity for at least 150 minutes per week in combination with muscle and 

bone strengthening activities at least twice per week.25 In the Netherlands, only 44.3% 

of all women aged 18 years and older met the national physical activity guidelines in 

2017.26 On average between 55-67% of the Dutch women aged 18-50 years participates 

weekly in sports.27 Furthermore, over the last years, sedentary behaviour at work and 

at home is more prevalent and there is an increase in the use of physically inactive 

modes of transportation.28

The suboptimal dietary intake and decrease in physical activity contribute to the rising 

levels of obesity in general and also among women of reproductive age.29–32 In 2017, 

7.6% of Dutch women aged 20-30 years and 12.8% of Dutch women aged 30-40 years 

old were obese.33 It is expected that the prevalence of obesity among women in the 

Netherlands will rise up to 22% in 2040.34

CHANGING DIETARY INTAKE AND PHYSICAL ACTIVITY
The difficulty of changing lifestyle

The percentage of women not meeting the dietary and physical activity guidelines, 

combined with the rising obesity among women of reproductive age underline the 

need for intervening to improve lifestyle before the start of pregnancy. However, 

changing lifestyle and maintaining a healthy lifestyle in the long term are notoriously 

1
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difficult.35 Lifestyle interventions often result in modest short term lifestyle change36–38, 

and maintenance of a healthy diet and regular physical activity in the years following 

lifestyle intervention is hard.39,40 For example, a systematic review, including eight 

randomised controlled trials, showed that people can make healthy dietary changes in 

the 6-12 months after the start of an intervention. Nevertheless, the intake of fat, fruit, 

vegetables and fibre returned to baseline levels after 12 months of follow-up.40

Life changing events

Although changing lifestyle is difficult, it seems that a person is more susceptible for 

lifestyle change during specific moments in life, which are associated with increased 

perceptions of personal risk, increased emotions and redefining of social roles and self-

concepts.41 These particular moments are also called “triggering events”38 or “teachable 

moments”.41 The period around pregnancy can be seen as such a moment: Besides their 

own health, future mothers feel responsible for the health of their expected child.41 A 

clear example is the number of women who quit smoking when wishing to conceive or 

during pregnancy.42–44 The willingness of women to improve lifestyle before conception 

was also illustrated in a recently published study, showing that 65% of eligible women 

were willing to postpone removal of their contraceptive implant or uterine device for 6 

months to improve their preconception health.45

Intervening during the preconception period

Interventions using pregnancy as the triggering event to change lifestyle are 

mainly focussed on the pregnancy period itself.46 Only few studies focussed on the 

preconception period and report changes in dietary intake and physical activity as an 

outcome.47–50 A Dutch study examined the effects of a tailored preconception counselling 

session in subfertile couples (N=110). They showed that women increased their fruit and 

fish intake, decreased their alcohol intake and were more physically active 3 months 

after the tailored counselling session.47

Another study examined the effectiveness of a preconception intervention among fertile 

women, compared to women who did not receive any intervention (N=692). Although 

dietary intake itself was not measured, women allocated to the intervention group were 

more likely to report higher self-efficacy for eating a healthy diet, had a greater intention 

to eat healthier diets and were more likely to meet the recommended levels of physical 

activity compared to the control group.48 The 12-month follow-up of this study showed 

that non-pregnant women allocated to the intervention group had a lower weight and 
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BMI compared to non-pregnant women in the control group (N total=362; follow-up 

rate=52.3%).49

Changes in lifestyle and women’s health

Not only is the period around pregnancy a window of opportunity to change lifestyle, 

pregnancy can also be considered an important stress test for women’s cardiovascular 

health.51 Women who start their pregnancy with an unfavourable lifestyle and being 

overweight or obese have a higher risk of developing pregnancy complications52, 

which are associated with a an increased cardiovascular risk later in life. For example, 

women who had preeclampsia during pregnancy have a 4-fold increased risk of future 

heart failure and a 2-fold increased risk of future stroke, coronary heart disease and 

cardiovascular death.53 It is therefore of great importance to stimulate a healthy lifestyle 

before pregnancy, aiming to begin pregnancy with a healthy body weight.

Lifestyle intervention programs among women of reproductive age indeed showed 

positive effects on cardiovascular risk factors such as body weight, markers of vascular 

inflammation, insulin resistance, blood pressure and lipid profile.49,54–56 Results of 

lifestyle interventions on cardiometabolic health are often studied as a randomised 

comparison between groups. However, the response to lifestyle interventions varies 

among individuals and this variation could affect cardiometabolic health. By studying 

associations of lifestyle and body weight changes with later life cardiometabolic health, 

more knowledge can be gathered about dose-response relationships between lifestyle 

and later health. This information will help to formulate lifestyle recommendations in 

primary prevention of obesity and cardiometabolic disease.

MATERNAL LIFESTYLE AND OFFSPRING’S HEALTH
The Developmental Origins of Health and Disease (DOHaD) hypothesis

There is a large body of evidence to suggest that chronic degenerative diseases originate 

in early life.57–59 In utero, the developing foetus adapts to its environment, which is also 

called developmental programming. These adaptations to the environment have lasting 

consequences for the structure and function of the organs and tissues developing at 

that time.57–60 This means that maternal dietary intake and physical activity around 

the period of pregnancy do not only influence women’s health, but affect offspring’s 

health too. Additionally, multiple observational studies showed that maternal obesity 

before and during pregnancy is associated with offspring overweight/obesity and more 

1
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adipose tissue61–63, unfavourable metabolic health64, higher blood pressure65, and higher 

cardiometabolic risk.62

A large body of evidence supports the hypothesis that maternal dietary intake plays 

an important role in programming offspring health16: Animal studies showed that 

manipulation of maternal dietary intake before or during pregnancy affects offspring 

health.66 Furthermore, natural experiments like famine studies showed that maternal 

undernutrition during gestation is associated with later life risk factors for cardiovascular 

diseases, like impaired glucose tolerance, hypercholesterolaemia, high blood pressure 

and obesity.67,68 Additionally, multiple human studies showed associations between 

maternal dietary intake in pregnancy and offspring health, for example the positive 

association between maternal carbohydrate during pregnancy and offspring blood 

pressure.69–73

Increasing maternal physical activity during pregnancy might be an early intervention to 

improve cardiovascular health of the offspring, as it is associated with reduced offspring 

heart rate, increased heart rate variability and altered vascular function. Additionally, 

physical activity in obese pregnant women improved offspring glucose homeostasis 

and metabolism.17 Moreover, animal research showed that increased maternal physical 

activity abolishes the harmful effects of in utero exposure to a high fat or protein 

restricted diet, suggesting a positive effect of restoring the energy balance by increasing 

physical activity to compensate for increased energy intake.74

From pregnancy to the preconception period

Human research in the DOHaD field has focussed mainly on the effects of dietary 

intake and physical activity during pregnancy. The attention currently shifts to the 

preconception period23,75,76, since there is increasing evidence that the early embryo is 

highly sensitive to its environment and most organs develop in very early pregnancy. 

Hence programming may occur from the earliest stages after conception.77,78 Indeed, 

several lifestyle trials that intervened in pregnancy, by aiming at avoiding excessive 

gestational weight gain, did not show the desired improvements in foetal and offspring 

health outcomes. This suggests that these lifestyle interventions were initiated after 

the early and most critical period of foetal development.79 To date, few preconception 

interventions followed women and their offspring over time to study the programming 

effects of maternal preconception lifestyle on offspring later life health.76
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AIM AND OUTLINE OF THIS THESIS
Research questions

Many women of reproductive age do not meet the recommended dietary intake and 

physical activity guidelines. Improvements in their lifestyle might have beneficial effects 

for their own health and the health of their offspring. It is difficult to change lifestyle, 

but teachable moments such as the period around pregnancy can be used as a trigger 

to change dietary intake and physical activity. Therefore, we aim to answer the following 

research questions:

1. Does a preconception lifestyle intervention change women’s dietary intake and 

physical activity?

2. Are the lifestyle changes after following a preconception lifestyle intervention 

sustainable over a longer period of time?

3. Is preconception dietary intake and physical activity associated with cardiometabolic 

health of women in the long term?

4. Is preconception dietary intake and physical activity associated with cardiovascular 

health of the offspring?

5. Based on the currently published evidence: Is there an association between dietary 

intake and physical activity of women before and during pregnancy with the blood 

pressure and vascular health of their offspring?

Hypothesis: a preconception lifestyle intervention improves lifestyle and cardiomet-

abolic health of two generations

We hypothesised that the wish to conceive serves as a trigger to change preconception 

lifestyle, which favourably affects women’s lifestyle and cardiometabolic health 

in the long term. Moreover, a more healthy preconception lifestyle results in a 

healthier lifestyle and body weight at the start of pregnancy, which favourably affects 

cardiovascular health of the offspring. Therefore, we hypothesise that a preconception 

lifestyle intervention has the ability to improve health and lifestyle of two generations: 

women and their children.

LIFEstyle study and WOMB project

To answer our research questions, we used data of the LIFEstyle study. The LIFEstyle 

study was conducted between 2009 and 2014 and was the first large randomised 

controlled trial (RCT) studying the effects of a preconception lifestyle intervention 

in a large group of obese, infertile women on reproductive, gestational and delivery 

1
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outcomes.80,81 During the LIFEstyle study, women were four times asked to fill out a 

Food Frequency Questionnaire (FFQ)82 and the Short QUestionnaire to ASsess Health-

enhancing physical activity (SQUASH).83 These questionnaires provided information 

about preconception dietary intake and physical activity of all women over a one year 

period (Figure 1.1). Around 3-8 years after randomisation into the LIFEstyle study, we 

contacted all women and their children, conceived within 24 months after randomisation, 

for follow-up on their lifestyle and cardiometabolic health. This follow-up study was 

called WOMB project, which is an acronym for Women, their Offspring and iMproving 

lifestyle for a Better cardiovascular health of both.84 The WOMB project consisted of 

two stages, during which we collected detailed information about current lifestyle and 

cardiometabolic health of both women and children.

Figure 1.1 Flow-chart of the LIFEstyle study and WOMB project. X=data collection point used 
in this thesis.

Contents of this thesis

This thesis is divided into two parts: Chapters 2-4 describe the effects of a preconception 

lifestyle intervention on women’s lifestyle and cardiometabolic health, and chapters 

5 and 6 describe the effects of maternal lifestyle around the period of pregnancy on 

offspring’s cardiovascular health. Chapter 2 describes the effects of a preconception 

lifestyle intervention on dietary intake and physical activity during and six months 

after the intervention period (research question 1). In chapter 3, the long term effects 

of this same preconception intervention on dietary intake and physical activity are 

described (research question 2). If changes in dietary intake, physical activity and body 

weight during the first six months of the LIFEstyle study led to a better cardiometabolic 

health of women 3-8 years after randomisation is described in chapter 4 (research 

question 3). Cardiometabolic health outcomes were defined as BMI, blood pressure, 

body composition, pulse wave velocity, glycaemic parameters and lipid profile.
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Chapter 5 describes if preconception dietary intake and physical activity is associated 

with offspring’s cardiovascular health (BMI, waist:height ratio, blood pressure, body 

composition and pulse wave velocity) at age 3-6 years old. Chapter 6 presents a 

systematic literature review summarizing evidence that examines the association 

between maternal dietary intake and physical activity before and during pregnancy 

with offspring’s cardiovascular health.

An overview of the main findings accompanied by a critical discussion on methodology 

and results is reported in chapter 7. This chapter also provides recommendations for 

future research and public health.
1



16

CHAPTER 1

REFERENCES

1. Gezondheidsraad. Richtlijnen Goede Voeding 2015. https://www.gezondheidsraad.nl/
documenten/adviezen/2015/11/04/richtlijnen-goede-voeding-Published 2015. Accessed 
June 15, 2018.

2. World Health Organization. Physical Activity. WHO. ht tp://www.who.int /
dietphysicalactivity/pa/en/. Published 2017. Accessed June 15, 2018.

3. Gezondheidsraad. Beweegrichtlijnen 2017. https://www.gezondheidsraad.nl/sites/default/
files/grpublication/beweegrichtlijnen2017_201708_0.pdf. Published 2017. Accessed July 
30, 2018.

4. National Institutes of Health. NIH Curriculum Supplement Series; Information about 
Energy Balance; 2007.

5. Hill JO. Understanding and Addressing the Epidemic of Obesity: An Energy Balance 
Perspective. Endocr Rev. 2006;27(7):750-761. doi:10.1210/er.2006-0032.

6. World Health Organisation. Obesity. http://www.who.int/topics/obesity/en/. Published 
2014. Accessed May 30, 2018.

7. Ezzati M, Riboli E. Behavioral and Dietary Risk Factors for Noncommunicable Diseases. 
N Engl J Med. 2013;369(10):954-964. doi:10.1056/NEJMra1203528.

8. Hunter DJ, Reddy KS. Noncommunicable Diseases. N Engl J Med. 2013;369(14):1336-1343. 
doi:10.1056/NEJMra1109345.

9. World Health Organisation. Noncommunicable diseases. http://www.who.int/news-room/
fact-sheets/detail/noncommunicable-diseases. Published 2018. Accessed June 15, 2018.

10. Ramlau-Hansen CH, Thulstrup AM, Nohr EA, Bonde JP, Sørensen TIA, Olsen J. Subfecundity 
in overweight and obese couples. Hum Reprod. 2007;22(6):1634-1637. doi:10.1093/
humrep/dem035.

11. Moos M-K, Dunlop AL, Jack BW, et al. Healthier women, healthier reproductive outcomes: 
recommendations for the routine care of all women of reproductive age. Am J Obstet 
Gynecol. 2008;199(6):S280-S289. doi:10.1016/J.AJOG.2008.08.060.

12. Gardiner PM, Nelson L, Shellhaas CS, et al. The clinical content of preconception care: 
nutrition and dietary supplements. Am J Obstet Gynecol. 2008;199(6):S345-S356. 
doi:10.1016/J.AJOG.2008.10.049.

13. Jungheim ES, Travieso JL, Hopeman MM. Weighing the impact of obesity on female 
reproductive function and fertility. Nutr Rev. 2013;71 Suppl 1(0 1):S3-8. doi:10.1111/
nure.12056.

14. Meltzer HM, Brantsæter AL, Nilsen RM, Magnus P, Alexander J, Haugen M. Effect of dietary 
factors in pregnancy on risk of pregnancy complications: results from the Norwegian 
Mother and Child Cohort Study. Am J Clin Nutr. 2011;94(6 Suppl):1970S-1974S. doi:10.3945/
ajcn.110.001248.

15. Samura T, Steer J, Michelis LD, Carroll L, Holland E, Perkins R. Factors Associated With 
Excessive Gestational Weight Gain: Review of Current Literature. Glob Adv Heal Med. 
2016;5(1):87-93. doi:10.7453/gahmj.2015.094.

16. Harding JE. The nutritional basis of the fetal origins of adult disease. Int J Epidemiol. 
2001;30(1):15-23.

17. Blaize AN, Pearson KJ, Newcomer SC. Impact of Maternal Exercise during Pregnancy 
on Offspring Chronic Disease Susceptibility. Exerc Sport Sci Rev. 2015;43(4):198-203. 
doi:10.1249/JES.0000000000000058.



17

GENERAL INTRODUCTION

18. De Staat van Volksgezondheid en Zorg. Voeding: groenteconsumptie. https://www.
staatvenz.nl/kerncijfers/groenteconsumptie. Published 2016. Accessed July 30, 2018.

19. De Staat van Volksgezondheid en Zorg. Voeding: fruitconsumptie. https://www.staatvenz.
nl/kerncijfers/fruitconsumptie. Published 2016. Accessed July 30, 2018.

20. van Rossum CTM, Buurma EJM, Vennemann FBC, Beukers MH, Drijvers JJMM, Ocké MC. 
Voedselconsumptie in 2012-2014 Vergeleken Met de Richtlijnen Goede Voeding 2015; 2017. 
doi:10.21945/RIVM-2017-0095.

21. de Weerd S, Steegers EA., Heinen MM, van den Eertwegh S, Vehof RME., Steegers-
Theunissen RP. Preconception nutritional intake and lifestyle factors: first results of an 
explorative study. Eur J Obstet Gynecol Reprod Biol. 2003;111(2):167-172. doi:10.1016/
S0301-2115(03)00290-2.

22. Looman M, van den Berg C, Geelen A, et al. Supplement Use and Dietary Sources of 
Folate, Vitamin D, and n-3 Fatty Acids during Preconception: The GLIMP2 Study. Nutrients. 
2018;10(8). doi:10.3390/nu10080962.

23. Stephenson J, Heslehurst N, Hall J, et al. Before the beginning: nutrition and lifestyle in the 
preconception period and its importance for future health. Lancet. 2018;391(10132):1830-
1841. doi:10.1016/S0140-6736(18)30311-8.

24. Hure A, Young A, Smith R, Collins C. Diet and pregnancy status in Australian women. Public 
Health Nutr. 2009;12(06):853. doi:10.1017/S1368980008003212.

25. Rijksinstituut voor Volksgezondheid en Milieu. Sport | Sport Kernindicatoren | Beweeg- en 
zitgedrag | Definities. https://www.volksgezondheidenzorg.info/sport/kernindicatoren/
beweeg-en-zitgedrag#definitie--node-normen-en-adviezen-voor-sport-en-bewegen. 
Published 2018. Accessed June 25, 2018.

26. Rijksinstituut voor Volksgezondheid en Milieu. Beweegrichtlijnen uitgesplits naar 
achtergrondkenmerken. ht tps://www.volksgezondheidenzorg.info/bestanden/
documenten/beweegrichtlijnenuitgesplitstnaarachtergrondkenmerkxlsx. Published 2018. 
Accessed June 25, 2018.

27. Volksgezondheidenzorg.info. Sportdeelname wekelijks naar leeftijd en geslacht. https://
www.volksgezondheidenzorg.info/onderwerp/sport-en-bewegen/cijfers-context/huidige-
situatie#node-sportdeelname-wekelijks-naar-leeftijd-en-geslacht. Published 2018. 
Accessed October 8, 2018.

28. World Health Organization. Physical Inactivity: A Global Public Health Problem. WHO. 
http://www.who.int/dietphysicalactivity/factsheet_inactivity/en/. Published 2014. 
Accessed October 8, 2018.

29. Poston L, Caleyachetty R, Cnattingius S, et al. Preconceptional and maternal obesity: 
epidemiology and health consequences. Lancet Diabetes Endocrinol. 2016;4(12):1025-
1036. doi:10.1016/S2213-8587(16)30217-0.

30. Flegal KM, Kruszon-Moran D, Carroll MD, Fryar CD, Ogden CL. Trends in Obesity Among 
Adults in the United States, 2005 to 2014. JAMA. 2016;315(21):2284. doi:10.1001/
jama.2016.6458.

31. Heslehurst N, Ells L, Simpson H, Batterham A, Wilkinson J, Summerbell C. Trends in 
maternal obesity incidence rates, demographic predictors, and health inequalities in 36 
821 women over a 15-year period. BJOG An Int J Obstet Gynaecol. 2007;114(2):187-194. 
doi:10.1111/j.1471-0528.2006.01180.x.

32. Devlieger R, Benhalima K, Damm P, et al. Maternal obesity in Europe: where do we 
stand and how to move forward? Eur J Obstet Gynecol Reprod Biol. 2016;201:203-208. 
doi:10.1016/j.ejogrb.2016.04.005.

1



18

CHAPTER 1

33. Centraal Bureau voor de Statistiek. StatLine - Lengte en gewicht van personen, 
ondergewicht en overgewicht; vanaf 1981. https://opendata.cbs.nl/statline/#/CBS/nl/
dataset/81565NED/table?ts=1527692276932. Published 2018. Accessed May 30, 2018.

34. Rijksinstituut voor Volksgezondheid en Milieu. Leefstijl | Volksgezondheid Toekomst 
Verkenning. https://www.vtv2018.nl/leefstijl. Published 2018. Accessed June 15, 2018.

35. Middleton KR, Anton SD, Perri MG. Long-Term Adherence to Health Behavior Change. Am 
J Lifestyle Med. 2013;7(6):395-404. doi:10.1177/1559827613488867.

36. Rössner S, Hammarstrand M, Hemmingsson E, Neovius M, Johansson K. Long-term weight 
loss and weight-loss maintenance strategies. Obes Rev. 2008;9(6):624-630. doi:10.1111/
j.1467-789X.2008.00516.x.

37. van Sluijs EM., van Poppel MN., van Mechelen W. Stage-based lifestyle interventions in 
primary care. Am J Prev Med. 2004;26(4):330-343. doi:10.1016/j.amepre.2003.12.010.

38. Wing RR, Phelan S. Long-term weight loss maintenance. Am J Clin Nutr. 2005;82(1):222S-
225S. doi:10.1093/ajcn/82.1.222S.

39. Speck BJ, Harrell JS. Maintaining regular physical activity in women: evidence to date. J 
Cardiovasc Nurs. 18(4):282-91; quiz 292-3.

40. Chapman K. Can people make healthy changes to their diet and maintain them in 
the long term? A review of the evidence. Appetite. 2010;54(3):433-441. doi:10.1016/J.
APPET.2010.01.017.

41. Phelan S. Pregnancy: a “teachable moment” for weight control and obesity prevention. 
Am J Obstet Gynecol. 2010;202(2):135.e1-135.e8. doi:10.1016/j.ajog.2009.06.008.

42. Altfeld S, Handler A, Burton D, Berman L. Wantedness of pregnancy and prenatal health 
behaviors. Women Health. 1997;26(4):29-43.

43. Hotham E, Ali R, White J, Robinson J. Pregnancy-related changes in tobacco, alcohol and 
cannabis use reported by antenatal patients at two public hospitals in South Australia. Aust 
New Zeal J Obstet Gynaecol. 2008;48(3):248-254. doi:10.1111/j.1479-828X.2008.00827.x.

44. McBride CM, Emmons KM, Lipkus IM. Understanding the potential of teachable moments: 
the case of smoking cessation. Health Educ Res. 2003;18(2):156-170.

45. Brackenridge L, Finer N, Batterham RL, et al. Pre-pregnancy weight loss in women 
with obesity requesting removal of their intra-uterine contraceptive device in order to 
conceive: a pilot study of full meal replacement. Clin Obes. 2018;8(4):244-249. doi:10.1111/
cob.12252.

46. Hanson M, Barker M, Dodd JM, et al. Interventions to prevent maternal obesity before 
conception, during pregnancy, and post partum. Lancet Diabetes Endocrinol. 2017;5(1):65-
76. doi:10.1016/S2213-8587(16)30108-5.

47. Hammiche F, Laven JSE, van Mil N, et al. Tailored preconceptional dietary and lifestyle 
counselling in a tertiary outpatient clinic in the Netherlands. Hum Reprod. 2011;26(9):2432-
2441. doi:10.1093/humrep/der225.

48. Hillemeier MM, Downs DS, Feinberg ME, et al. Improving women’s preconceptional health: 
findings from a randomized trial of the Strong Healthy Women intervention in the Central 
Pennsylvania women’s health study. Womens Health Issues. 2008;18(6 Suppl):S87-96. 
doi:10.1016/j.whi.2008.07.008.

49. Weisman CS, Hillemeier MM, Downs DS, et al. Improving women’s preconceptional health: 
long-term effects of the Strong Healthy Women behavior change intervention in the 
central Pennsylvania Women’s Health Study. Womens Health Issues. 2011;21(4):265-271. 
doi:10.1016/j.whi.2011.03.007.

50. Valkama AJ, Meinilä J, Koivusalo S, et al. The effect of pre-pregnancy lifestyle counselling 
on food intakes and association between food intakes and gestational diabetes in high-
risk women: results from a randomised controlled trial. J Hum Nutr Diet. 2018;31(3):301-
305. doi:10.1111/jhn.12547.



19

GENERAL INTRODUCTION

51. Rich-Edwards JW, Fraser A, Lawlor DA, Catov JM. Pregnancy Characteristics and Women’s 
Future Cardiovascular Health: An Underused Opportunity to Improve Women’s Health? 
Epidemiol Rev. 2014;36(1):57-70. doi:10.1093/epirev/mxt006.

52. Baeten JM, Bukusi EA, Lambe M. Pregnancy complications and outcomes among 
overweight and obese nulliparous women. Am J Public Health. 2001;91(3):436-440.

53. Wu P, Haththotuwa R, Kwok CS, et al. Preeclampsia and Future Cardiovascular Health: A 
systematic review and Meta-Analysis. Circ Cardiovasc Qual Outcomes. 2017;10(2):e003497. 
doi:10.1161/CIRCOUTCOMES.116.003497.

54. Esposito K, Pontillo A, Di Palo C, et al. Effect of Weight Loss and Lifestyle Changes on 
Vascular Inflammatory Markers in Obese Women. JAMA. 2003;289(14):1799. doi:10.1001/
jama.289.14.1799.

55. Robbins CL, Dietz PM, Bombard J, Tregear M, Schmidt SM, Tregear SJ. Lifestyle interventions 
for hypertension and dyslipidemia among women of reproductive age. Prev Chronic Dis. 
2011;8(6):A123.

56. Barfield WD, Warner L. Preventing chronic disease in women of reproductive age: 
opportunities for health promotion and preventive services. Prev Chronic Dis. 2012;9:E34.

57. Barker DJP. The origins of the developmental origins theory. J Intern Med. 2007;261(5):412-
417. doi:10.1111/j.1365-2796.2007.01809.x.

58. Wadhwa P, Buss C, Entringer S, Swanson J. Developmental Origins of Health and Disease: 
Brief History of the Approach and Current Focus on Epigenetic Mechanisms. Semin Reprod 
Med. 2009;27(05):358-368. doi:10.1055/s-0029-1237424.

59. Bateson P, Barker D, Clutton-Brock T, et al. Developmental plasticity and human health. 
Nature. 2004;430(6998):419-421. doi:10.1038/nature02725.

60. Gluckman PD, Hanson MA. Living with the Past: Evolution, Development, and Patterns of 
Disease. Science (80- ). 2004;305(5691):1733-1736. doi:10.1126/science.1095292.

61. Yu Z, Han S, Zhu J, Sun X, Ji C, Guo X. Pre-Pregnancy Body Mass Index in Relation to Infant 
Birth Weight and Offspring Overweight/Obesity: A Systematic Review and Meta-Analysis. 
Baradaran HR, ed. PLoS One. 2013;8(4):e61627. doi:10.1371/journal.pone.0061627.

62. Perng W, Gillman MW, Mantzoros CS, Oken E. A prospective study of maternal 
prenatal weight and offspring cardiometabolic health in midchildhood. Ann Epidemiol. 
2014;24(11):793-800.e1. doi:10.1016/j.annepidem.2014.08.002.

63. Kaar JL, Crume T, Brinton JT, Bischoff KJ, McDuffie R, Dabelea D. Maternal Obesity, 
Gestational Weight Gain, and Offspring Adiposity: The Exploring Perinatal Outcomes 
among Children Study. J Pediatr. 2014;165(3):509-515. doi:10.1016/j.jpeds.2014.05.050.

64. Oostvogels AJJM, Stronks K, Roseboom TJ, van der Post JAM, van Eijsden M, Vrijkotte 
TGM. Maternal Prepregnancy BMI, Offspring’s Early Postnatal Growth, and Metabolic 
Profile at Age 5–6 Years: the ABCD Study. J Clin Endocrinol Metab. 2014;99(10):3845-3854. 
doi:10.1210/jc.2014-1561.

65. Gademan MGJ, van Eijsden M, Roseboom TJ, van der Post JAM, Stronks K, Vrijkotte TGM. 
Maternal Prepregnancy Body Mass Index and Their Children’s Blood Pressure and 
Resting Cardiac Autonomic Balance at Age 5 to 6 Years. Hypertension. 2013;62(3):641-
647. doi:10.1161/HYPERTENSIONAHA.113.01511.

66. Chavatte-Palmer P, Tarrade A, Rousseau-Ralliard D. Diet before and during Pregnancy 
and Offspring Health: The Importance of Animal Models and What Can Be Learned from 
Them. Int J Environ Res Public Health. 2016;13(6):586. doi:10.3390/ijerph13060586.

67. Roseboom TJ, van der Meulen JHP, Ravelli ACJ, Osmond C, Barker DJP, Bleker OP. Effects 
of prenatal exposure to the Dutch famine on adult disease in later life: an overview. Mol 
Cell Endocrinol. 2001;185(1-2):93-98. doi:10.1016/S0303-7207(01)00721-3.

1



20

CHAPTER 1

68. Huang C, Li Z, Wang M, Martorell R. Early Life Exposure to the 1959-1961 Chinese Famine 
Has Long-Term Health Consequences. J Nutr. 2010;140(10):1874-1878. doi:10.3945/
jn.110.121293.

69. Aaltonen J, Ojala T, Laitinen K, Piirainen TJ, Poussa TA, Isolauri E. Evidence of Infant 
Blood Pressure Programming by Maternal Nutrition during Pregnancy: A Prospective 
Randomized Controlled Intervention Study. J Pediatr. 2008;152(1):79-84.e2. doi:10.1016/j.
jpeds.2007.05.048.

70. Normia J, Laitinen K, Isolauri E, Poussa T, Jaakkola J, Ojala T. Impact of intrauterine and 
post-natal nutritional determinants on blood pressure at 4 years of age. J Hum Nutr Diet. 
2013;26(6):544-552. doi:10.1111/jhn.12115.

71. Leary SD, Ness AR, Emmett PM, Davey Smith G, Headley JE, ALSPAC Study Team. Maternal 
diet in pregnancy and offspring blood pressure. Arch Dis Child. 2005;90(5):492-493. 
doi:10.1136/adc.2004.070698.

72. Shiell AW, Campbell-Brown M, Haselden S, Robinson S, Godfrey KM, Barker DJ. High-meat, 
low-carbohydrate diet in pregnancy: relation to adult blood pressure in the offspring. 
Hypertens (Dallas, Tex 1979). 2001;38(6):1282-1288.

73. Campbell DM, Hall MH, Barker DJ, Cross J, Shiell AW, Godfrey KM. Diet in pregnancy and 
the offspring’s blood pressure 40 years later. Br J Obstet Gynaecol. 1996;103(3):273-280.

74. Rosenfeld CS. Homage to the “H” in developmental origins of health and disease. J Dev 
Orig Health Dis. 2017;8(01):8-29. doi:10.1017/S2040174416000465.

75. Fleming TP, Watkins AJ, Velazquez MA, et al. Origins of lifetime health around the time of 
conception: causes and consequences. Lancet. 2018;391(10132):1842-1852. doi:10.1016/
S0140-6736(18)30312-X.

76. Barker M, Dombrowski SU, Colbourn T, et al. Intervention strategies to improve nutrition 
and health behaviours before conception. Lancet. 2018;391(10132):1853-1864. doi:10.1016/
S0140-6736(18)30313-1.

77. Williamson CS. Nutrition in pregnancy. Nutr Bull. 2006;31(1):28-59. doi:10.1111/j.1467-
3010.2006.00541.x.

78. Wu G, Bazer FW, Cudd TA, Meininger CJ, Spencer TE. Maternal Nutrition and Fetal 
Development. J Nutr. 2004;134(9):2169-2172. doi:10.1093/jn/134.9.2169.

79. Catalano P, deMouzon SH. Maternal obesity and metabolic risk to the offspring: 
why lifestyle interventions may have not achieved the desired outcomes. Int J Obes. 
2015;39(4):642-649. doi:10.1038/ijo.2015.15.

80. Mutsaerts MA, Groen H, ter Bogt NC, et al. The LIFESTYLE study: costs and effects of a 
structured lifestyle program in overweight and obese subfertile women to reduce the 
need for fertility treatment and improve reproductive outcome. A randomised controlled 
trial. BMC Womens Health. 2010;10(1):22. doi:10.1186/1472-6874-10-22.

81. Mutsaerts MAQ, van Oers AM, Groen H, et al. Randomized Trial of a Lifestyle Program 
in Obese Infertile Women. N Engl J Med. 2016;374(20):1942-1953. doi:10.1056/
NEJMoa1505297.

82. van den Brink CL, Ocke MC, Houben AW, van Nierop P, Droomers M. Validering van 
Standaardvraagstelling Voeding Voor Lokale En Nationale Monitor Volksgezondheid - RIVM; 
https://www.rivm.nl/Documenten_en_publicaties/Wetenschappelijk/Rapporten/2005/
augustus/Validering_van_standaardvraagstelling_voeding_voor_Lokale_en_Nationale_
Monitor_Volksgezondheid. Published 2005. Accessed March 15, 2018.

83. Wendel-Vos G. Reproducibility and relative validity of the short questionnaire to assess 
health-enhancing physical activity. J Clin Epidemiol. 2003;56(12):1163-1169. doi:10.1016/
S0895-4356(03)00220-8.



21

GENERAL INTRODUCTION

84. van de Beek C, Hoek A, Painter RC, et al. Women, their Offspring and iMproving lifestyle 
for Better cardiovascular health of both (WOMB project): a protocol of the follow-up of 
a multicentre randomised controlled trial. BMJ Open. 2018;8(1):e016579. doi:10.1136/
bmjopen-2017-016579.

1


