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Abstract

There is growing interest in the role of early experience in the aetiology of obesity. In particular, prenatal
life may be of importance as a ‘critical period’ when the risk of development and persistence of
overweight and obesity is increased. At present developmental influences on obesity in humans are poorly
understood, although there is increasing evidence of links between prenatal factors and adiposity in
childhood. These factors include maternal obesity, excessive weight gain in pregnancy, gestational
diabetes, and maternal smoking. A predisposition to gain excess weight in childhood may in part be the
consequence of influences acting during fetal life.
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There is growing interest in the role of experience in early life in the risk of becoming overweight or
obese. Attention has been focused on prenatal life as a ‘critical period” when the risk of development and
persistence of overweight and obesity is increased [1]. Although at present developmental influences on
obesity are poorly understood, there is increasing evidence that maternal factors that influence the
intrauterine environment are associated with offspring body composition. This paper examines some of
the epidemiological evidence that links prenatal experience to body composition in postnatal life.

Maternal obesity

Maternal obesity is a strong predictor of overweight and obesity in children [2, 3]. This was clearly
shown in a recent systematic review and meta-analysis that examined the association between pre-
pregnancy maternal obesity and child overweight and obesity; children of mothers who were obese prior
to pregnancy were three times more likely to be overweight or obese (OR 3.06; 95% CI 2.68-3.49;
p=0.001) when compared with children born to mothers who had a normal body mass index (BMI) [3].
The meta-analysis findings were consistent with the results from seven of the eight other studies included
in the systematic review but not pooled into the meta-analysis. For example in the National Longitudinal
Survey of Youth, children aged 6-7 years whose mothers were obese (BMI > 30kg/m?) prior to pregnancy
were almost three times more likely to be overweight (OR 2.89, 95% CI: 2.02, 4.15) [4]. In this study
the association between maternal and child obesity became more marked with increasing age of the
children. The authors suggest that the effect of maternal obesity on childhood overweight is the result of
an early persistent propensity to gain excess weight, that is perpetuated as the child ages [4].

A problem in the interpretation of mother-child correspondence in obesity is the potential effects of the
shared postnatal environment, and the impact of common patterns of diet and physical activity on risk of
gaining excess weight. An important consideration therefore in understanding direct effects of maternal
obesity on the offspring comes from the comparison with the effects of paternal obesity. Direct effects of
maternal obesity acting in intrauterine life should result in a relatively greater correspondence in BMI
between mother and child, when compared with that of father and child. However, a meta-analysis of
seven prospective cohort studies found that the association between offspring obesity and pre-pregnancy
adiposity of the mother and father is not consistent across studies [5]. There is some evidence of a
stronger maternal effect [6, 7], but few studies have made formal comparisons of the magnitude of
effects, and the evidence is not conclusive [8-10].

An important study that may provide insights into the direct effects of maternal obesity was published by
Kral and colleagues in 2006 [11]. In this study, the prevalence of obesity was compared in children aged 2
to 18 years who were conceived and born to 113 obese mothers before or after they had weight loss
surgery [11]. The prevalence of overweight and obesity among 45 children born before maternal surgery
was 60%, compared with a prevalence of 35% among 172 children who were born after surgery. These
data suggest that obesity surgery had prevented the transmission of obesity to the offspring, and provide
strong support for a direct influence of maternal obesity acting on the intrauterine environment, that has
long-term effects on the offspring and their regulation of body weight.
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Weight gain in pregnancy

The optimal pattern of weight gain in pregnancy is not known. There is considerable observational
evidence that links greater gestational weight gain to increased adiposity in the offspring [12-16]. For
example, among 1044 mother-child pairs studied in Project Viva, child overweight at the age of 3 years
was associated with greater gestational weight gain (OR 1.30, 95% CI: 1.04, 1.62 for each 5 kg weight
gained) [17].

Much of the evidence of a link between gestational weight gain and offspring adiposity has been found
when gestational weight gain is considered using the US Institute of Medicine categories of recommended
weight gain, which define appropriate weight gain according to maternal BMI. Compared with women
who gained adequate weight, the offspring of women who gain excess weight are at an increased risk of
obesity [12, 13]. In two meta-analyses, the odds of overweight in the offspring were 1.33 (95 % CI 1.18—
1.50) [16] and 1.38 (95% CI: 1.21-1.57) [14] for children born to mothers who had gained excess weight.
In another meta-analysis, the risk of overweight in the offspring was 1.4 times greater (95% CI: 1.23—
1.59) [13]; the relationships were similar when stratified by life stage, suggesting that excess gestational
weight gain influences offspring obesity over the short- and longer-term.

Although there are difficulties in the interpretation of BMI in childhood [18], two recent UK studies that
used direct measures of body composition assessed by dual-energy X-ray absorptiometry have shown
consistent associations. Greater adiposity was found in children aged 9 years in the ALSPAC cohort [19]
and children aged 6 years in the Southampton Women’s Survey [20], who were born to mothers who had
gained excessive weight in pregnancy.

The association between inadequate gestational weight gain and risk of obesity is less clear. While there
is some evidence that a U-shaped association exists, such that inadequate gestational weight gain may
also be associated with increased risk of later obesity [20, 21], other evidence has shown a reduced risk
[13, 14], in that the offspring of women who gained inadequate gestational weight were at a decreased
risk of obesity (relative risk [RR]: 0.86; 95% confidence interval [CI]: 0.78-0.94) [13]. Less is known
about the timing of GWG, although current evidence points to high rates of gestational weight gain during
early- and mid-pregnancy as being important for later risk of child overweight and obesity [12].

Excessive gestational weight gain is common [20], and even in the US where the IOM guidelines are
promoted [17]. There is also some evidence that the prevalence is increasing [22]. However, much of the
evidence that links gestational weight gain to offspring adiposity and overweight is observational; follow-
up of intervention trials will be needed to determine the impact of interventions to prevent excess weight
gain in pregnancy on these outcomes [23].

Maternal glycemia and gestational diabetes

A proposed mechanism to explain the link between maternal obesity and excess weight gain is that the
fetus is overnourished (the ‘fetal overnutrition’ hypothesis), due to exposure to high maternal plasma
concentrations of glucose, free fatty acids and amino acids [1, 9]. In postnatal life, there may be
permanent consequences of prenatal overnutrition, that include effects on appetite control,
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neuroendocrine function and energy metabolism — with lifelong consequences for the offspring’s ability
to regulate energy balance and body weight [9].

Consistent with this possibility, fasting glucose concentration among diabetic women has been shown to
be a strong predictor of fat mass in the offspring [24]. Gestational diabetes is associated with greater
adiposity in the offspring at birth [25] and in childhood [26, 27]. Evidence of the effects of diabetes on
the intrauterine environment has come from a study of Pima Indian mothers and children. Among
children who were born to women who developed diabetes, BMI was greater in those who were born after
the diagnosis, when compared with their siblings who were born before [28]. Notably, there were no
associations with a diagnosis of paternal diabetes, which highlights the importance of the effects of the
intrauterine environment, rather than genetic effects, on the development of postnatal body composition.

Part of the association between gestational diabetes and childhood obesity may be explained by maternal
obesity [29-31]. In a recent systematic review, crude odds ratios for the relationship between gestational
diabetes mellitus and childhood overweight or obesity ranged from 0.7 to 6.3 [29]. However, when pre-
pregnancy obesity has been adjusted for, the association between gestational diabetes mellitus and
childhood overweight and obesity was either no longer present [29, 31] or with reduced odds ratios
ranging from 1.6 to 2.3 [30].

Importantly, an effect of maternal glycemia on offspring body composition may not be restricted to
women who have gestational diabetes. For example, Hillier and colleagues [32] showed in a follow-up
study of 9,439 women with normal glucose tolerance at initial screening, that increasing maternal
glycemia was associated with a greater risk of obesity in the children, even amongst children of normal
birthweight. Furthermore, in children born to women who fulfilled the criteria for gestational diabetes,
the relationship between maternal glycemia and offspring obesity was lost if the mother received
treatment.

Maternal smoking

Observational studies show a consistent link between maternal smoking in pregnancy and an increased
risk of offspring overweight and obesity. Two recent meta-analyses have shown that the risk of
overweight and/or obesity among children born to mothers who smoked in pregnancy was 1.50 (95% CI
1.36, 1.65) [33] and 1.52 (95% CI 1.36, 1.70) [34]. Although smoking is associated with a range of
sociodemographic and lifestyle factors, such that smokers tend to have less healthy diets and lifestyles,
the risk estimate was little changed by adjustment for the effects of confounding influences [33].
Maternal smoking during pregnancy has also been found to have a higher risk on child overweight and
obesity in comparison to paternal smoking, highlighting the importance of the prenatal exposure. The
offspring of mothers who smoked in pregnancy had an increased risk of overweight (1.33; 95% CI 1.23,
1.44) and obesity (1.60, 95% CI 1.37, 1.88) in comparison to paternal smoking (overweight 1.07, 95% CI
1.00, 1.16 and obesity 1.23, 95% CI 1.10, 1.38) [35].

The mechanisms to explain the effect of smoking on risk of overweight in the offspring are not
understood, but may result from fetal exposure to nicotine which has long-term effects on the control of
food consumption and other appetitive behaviours [36]. It does not appear to be mediated by differences
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in the pattern of growth of children exposed to maternal smoking in pregnancy [36]. A number of lines of
evidence suggest that smoking may be causally linked to overweight in children, most notably the
evidence of a dose-response effect that has been demonstrated in some studies [26]. However studies of
the effects of smoking cessation in pregnancy have not shown consistent effects on overweight in the
offspring [36]. Future studies are needed to elucidate the role of confounding factors in this association
[33].

Summary

The prevalence of obesity in childhood is increasing, and is recognised as a major health problem. This
has led to widespread research efforts to understand the factors involved in its aetiology, including the
role of the ‘obesogenic’ environment, and the importance of unhealthy dietary behaviours and patterns of
physical activity [37]. However, despite the undoubted importance of these factors in contributing to
gains in adiposity, it is important to recognise that not all children within a population become
overweight. Understanding variations between individuals in the way that they interact with their
environment, and the extent to which these interactions predispose some children to gain excess weight
from early life, will be key to developing future strategies to prevent obesity. In children, prenatal life
may be a critical period when the long-term regulation of energy balance is permanently ‘programmed’
[7]. Importantly, increases in the risk of overweight and obesity in childhood that have been linked to
differences in prenatal experience are large [38]. Although the mechanisms that link prenatal experience
to development of obesity are not fully understood, there are implications of the existing findings that
could be disseminated, as it is already evident that obesity in today’s mothers is linked to obesity in their
children. Maternal obesity is a modifiable risk factor, and policies and interventions are needed that
support young women and encourage them to have a healthy body weight before pregnancy - both for
their own health as well as that of their children.

European Childhood Obesity Group 6
ebook.ecog-obesity.eu



References

10.

11.
12.

13.
14.
15.

16.

17.

18.

S

Whitaker, R.C. and W.H. Dietz, Role of the prenatal environment in the development of obesity.
The Journal of pediatrics, 1998. 132(5): p. 768-776.

Oken, E., Maternal and child obesity: the causal link. Obstetrics and gynecology clinics of North
America, 2009. 36(2): p. 361-377.

Yu, Z., et al., Pre-pregnancy body mass index in relation to infant birth weight and offspring
overweight/obesity: a systematic review and meta-analysis. PloS one, 2013. 8(4): p. €61627.
Salsberry, P.J. and P.B. Reagan, Dynamics of early childhood overweight. Pediatrics, 2005.
116(6): p. 1329-1338.

Patro, B., et al., Maternal and paternal body mass index and offspring obesity: a systematic
review. Annals of Nutrition and Metabolism, 2013. 63(1-2): p. 32-41.

Danielzik, S., et al., Impact of parental BMI on the manifestation of overweight 5—7 year old
children. European journal of nutrition, 2002. 41(3): p. 132-138.

Reilly, J.J., et al., Early life risk factors for obesity in childhood: cohort study. Bmj, 2005.
Kivimiki, M., et al., Substantial intergenerational increases in body mass index are not explained
by the fetal overnutrition hypothesis: the Cardiovascular Risk in Young Finns Study. The
American journal of clinical nutrition, 2007. 86(5): p. 1509-1514.

Lawlor, D.A., et al., Epidemiologic evidence for the fetal overnutrition hypothesis: findings from
the mater-university study of pregnancy and its outcomes. American journal of epidemiology,
2007. 165(4): p. 418-424.

Smith, G.D., et al., Is there an intrauterine influence on obesity? Evidence from parent—child
associations in the Avon Longitudinal Study of Parents and Children (ALSPAC). Archives of
disease in childhood, 2007. 92(10): p. 876-880.

Kral, J.G., et al., Large maternal weight loss from obesity surgery prevents transmission of
obesity to children who were followed for 2 to 18 years. Pediatrics, 2006. 118(6): p. e1644-e1649.
Lau, E.Y., et al., Maternal weight gain in pregnancy and risk of obesity among offspring: a
systematic review. Journal of obesity, 2014. 2014.

Mamun, A. and M. Mannan, Gestational weight gain in relation to offspring obesity over the life

course: a systematic review and bias -adjusted meta -analysis. Obesity Reviews, 2014. 15(4): p.
338-347.
Nehring, 1., S. Lehmann, and R. Kries, Gestational weight gain in accordance to the IOM/NRC

criteria and the risk for childhood overweight: a meta-analysis. Pediatric obesity, 2013. 8(3): p.
218-224.

Siega-Riz, A.M., et al., 4 systematic review of outcomes of maternal weight gain according to the
Institute of Medicine recommendations: birthweight, fetal growth, and postpartum weight
retention. American journal of obstetrics and gynecology, 2009. 201(4): p. 339. e1-339. el4.

Tie, H.-T., et al., Risk of childhood overweight or obesity associated with excessive weight gain
during pregnancy: a meta-analysis. Archives of gynecology and obstetrics, 2014. 289(2): p. 247-
257.

Oken, E., et al., Gestational weight gain and child adiposity at age 3 years. American journal of
obstetrics and gynecology, 2007. 196(4): p. 322. e1-322. e8.

Wells, J.C., S. Chomtho, and M.S. Fewtrell, Programming of body composition by early growth
and nutrition. Proceedings of the Nutrition Society, 2007. 66(03): p. 423-434.

European Childhood Obesity Group 7
ebook.ecog-obesity.eu



19.

20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

33.
34.

35.

36.
37.

38.

S

Fraser, A., et al., Association of maternal weight gain in pregnancy with offspring obesity and
metabolic and vascular traits in childhood. Circulation, 2010. 121(23): p. 2557-2564.

Crozier, S.R., et al., Weight gain in pregnancy and childhood body composition: findings from the
Southampton Women's Survey. The American journal of clinical nutrition, 2010. 91(6): p. 1745-
1751.

Oken, E., et al., Maternal gestational weight gain and offspring weight in adolescence. Obstetrics
and gynecology, 2008. 112(5): p. 999.

Muktabhant, B., et al., Interventions for preventing excessive weight gain during pregnancy.
Cochrane Database of Systematic Reviews, 2008(2).

Muktabhant, B., et al., Diet or exercise, or both, for preventing excessive weight gain in
pregnancy. status and date: Edited (no change to conclusions), published in, 2015(6).

Catalano, P.M., et al., Increased fetal adiposity: a very sensitive marker of abnormal in utero
development. American journal of obstetrics and gynecology, 2003. 189(6): p. 1698-1704.
Catalano, P.M., et al., Phenotype of infants of mothers with gestational diabetes. Diabetes care,
2007. 30(Supplement 2): p. S156-S160.

Huang, J.S., T.A. Lee, and M.C. Lu, Prenatal programming of childhood overweight and obesity.
Maternal and child health journal, 2007. 11(5): p. 461-473.

Wright, C.S., et al., Intrauterine exposure to gestational diabetes, child adiposity, and blood
pressure. American journal of hypertension, 2009. 22(2): p. 215-220.

Dabelea, D., et al., Intrauterine exposure to diabetes conveys risks for type 2 diabetes and
obesity: a study of discordant sibships. Diabetes, 2000. 49(12): p. 2208-2211.

Kim, S.Y., et al., Gestational diabetes mellitus and risk of childhood overweight and obesity in
offspring: a systematic review. Experimental diabetes research, 2011. 2011.

Kim, S.Y., A.J. Sharma, and W.M. Callaghan, Gestational diabetes and childhood obesity: what
is the link? Current opinion in obstetrics & gynecology, 2012. 24(6): p. 376.

Philipps, L., et al., The diabetic pregnancy and offspring BMI in childhood: a systematic review
and meta-analysis. Diabetologia, 2011. 54(8): p. 1957-1966.

Hillier, T.A., et al., Childhood obesity and metabolic imprinting the ongoing effects of maternal
hyperglycemia. Diabetes care, 2007. 30(9): p. 2287-2292.

Oken, E., E. Levitan, and M. Gillman, Maternal smoking during pregnancy and child overweight:
systematic review and meta-analysis. International journal of obesity, 2008. 32(2): p. 201-210.

Ino, T., Maternal smoking during pregnancy and offspring obesity: Meta-analysis. Pediatrics
International, 2010. 52(1): p. 94-99.

Riedel, C., et al., Parental smoking and childhood obesity: higher effect estimates for maternal
smoking in pregnancy compared with paternal smoking—a meta-analysis. International journal of
epidemiology, 2014. 43(5): p. 1593-1606.

Riickinger, S., et al., Growth in utero and body mass index at age Syears in children of smoking
and non-smoking mothers. Early human development, 2010. 86(12): p. 773-777.

Lobstein, T., L. Baur, and R. Uauy, Obesity in children and young people: a crisis in public
health. Obesity reviews, 2004. 5(s1): p. 4-85.

Robinson, S.M., et al., Modifiable early-life risk factors for childhood adiposity and overweight:
an analysis of their combined impact and potential for prevention. The American Journal of
Clinical Nutrition, 2015.

European Childhood Obesity Group 8
ebook.ecog-obesity.eu



~ About the Authors ~

Jenna Hollis

Dr Jenna Hollis is a postdoctoral researcher at the Rowett Institute of
Nutrition and Health and University of Aberdeen in Scotland. Jenna has
worked in research for 7 years and is passionate about obesity
prevention, public health nutrition, and women’s and children’s health.
She graduated from the University of Newcastle (Australia) with a
Bachelor of Nutrition and Dietetics (Honours 1) in 2009, and a PhD in
Nutrition and Dietetics in July 2014. Her PhD examined the
effectiveness of a 12-month health professional-led intervention on
dietary and physical activity behaviour change to prevent weight gain in
mid-age Australian women.

Prior to relocating to the United Kingdom, Jenna carried out research at the University of Newcastle,
University of Canberra and Hunter New England Local Health District Population Health Unit (Australia)
across numerous nutrition and physical activity studies including the 40-Something Study, Physical
Activity for Everyone (PA4E1) RCT, SHED-IT, and the Healthy Habits RCT. She has undertaken
additional training in biostatistics and epidemiology. Jenna has presented her research at both
international and national conferences, and has 6 peer reviewed papers and a further 2 under-review.

After completing her PhD, Jenna moved to Scotland in October 2014 to join the Rowett Institute of
Nutrition and Health as a Research Fellow with the Public Health Nutrition Research Group. Her position
is funded by the Rural and Environment Science and Analytical Services Division (RESAS) programme of
the Scottish Government. Her research focuses on 1) evaluating simplified methods of monitoring the
progress of the diet of the population towards healthy eating targets such as the Eatwell Plate, and ii)
assesses the relationships between diet, food availability and affordability using the Kantar Worldpanel
Survey of household food purchases across Scotland.

Jenna recently obtained an Endeavour Research Fellowship, funded by the Australian Government, to
investigate the dietary and lifestyle predictors of maternal and child health and the developmental origins
of health and disease in cohorts of women and children from the United Kingdom and Australia. She will
commence the fellowship in November 2015 at the MRC Lifecourse Epidemiology Unit at the University
of Southampton.

European Childhood Obesity Group 9
ebook.ecog-obesity.eu



Sian Robinson

Sian Robinson is Professor of Nutritional Epidemiology at the MRC Lifecourse
Epidemiology Unit at the University of Southampton, UK. Her research
addresses the contribution of nutrition across the lifecourse to inequalities in
adult health, with a particular focus on early life influences on growth,
development and later function, and effects on sarcopenia and ageing. Her main
interests are in body composition in childhood and in older adults, in
understanding how normal variations in dietary behaviour impact on these
outcomes, and the extent to which nutrition in early life conditions adult
responsiveness to diet and lifestyle. She is responsible for the nutritional
components of the large UK cohorts run by the MRC Lifecourse Epidemiology

Unit and is a Research Area Lead for the NIHR Southampton Biomedical Research Centre.

European Childhood Obesity Group 10

ebook.ecog-obesity.eu



~ How To Use This article ~

You are free to use, share and copy this content by quoting this article as follow:

Hollis J, Robinson S (2015). Prenatal Experience And Childhood Obesity. In M.L. Frelut (Ed.), The
ECOG’s eBook on Child and Adolescent Obesity. Retrieved from ebook.ecog-obesity.eu

Also make sure togive appropriate credit when using this content. Please visit ebook.ecog-
obesity.eu/terms-use/summary/ for more information.

~ Final Word ~

Thank you for reading this article.

If you have found this article valuable, please share it with someone that will be interested in.

Also make sure to visit ebook.ecog-obesity.eu to read and download more childhood obesity-related
articles.
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