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                              Introduction

Obesity is a global epidemic; its prevalence is increasing1 and it is developing earlier in childhood.2 It is therefore crucial to identify causal factors underlying early weight gain. Recent changes to the environment – such as increased opportunity to eat high calorie food and decreased opportunity to be physically active – have undoubtedly played a role. Nonetheless, not everyone is overweight. Body weight has a strong genetic basis,3,4 leading to the hypothesis that genes may influence how vulnerable an individual is to gaining weight in the modern environment.5 Genetically-determined susceptibility to the environment would help to explain how obesity can be both genetic and environmental.

Subject

Eating behaviour, or appetite, has been proposed as one mechanism through which genes influence obesity susceptibility.5,6 In particular, individuals who inherit a more avid appetite – high responsiveness to external food cues and low sensitivity to internal satiety (fullness) processes – may be more likely to take advantage of the multiple eating opportunities presented by the modern environment, and consequently gain more weight. That is, genes may influence how big or small an individual’s appetite is, and ultimately these genes therefore impact on their weight, so-called “inherited behavioural susceptibility to obesity.”

Problems and Research Context 

Eating behaviours of interest are those with evidence for a causal role in early life weight gain.7-11 Broadly these can be thought of as “food approach” behaviours which indicate a bigger appetite and a greater interest in food (e.g., enjoyment of food11 and responsiveness to external food cues8,11) and predispose to weight gain, and ‘food avoidance’ behaviours which suggest better appetite regulation and a lower interest in food (e.g., sensitivity to satiety9,11 and slower eating speed7,10,11) and protect against weight gain. Observational measurement of eating behaviour provides detailed information, but is time-consuming and expensive so the number of observations is limited, which is problematic for genetic research which requires large samples (see below). It is also possible that participants alter their eating behaviour in response to being observed, especially self-conscious overweight adults. Using children instead of adults helps get around this issue, and the development of a parent-report measure of child eating behaviour (the Child Eating Behavior Questionnaire [CEBQ]12,13 or the Baby Eating Behavior Questionnaire [BEBQ]14) has enabled information to be collected reliably on very large samples, for a range of eating behaviours.

Two different approaches allow researchers to explore genetic influences on eating behaviour. So-called “quantitative genetic” studies estimate broadly the extent to which behaviour is influenced by genes or environment.15 Studies compare family members who differ in their genetic relatedness – if relatives who are more genetically similar are also more similar for eating behaviour, genetic influence is inferred. Twins are commonly used because identical twins (monozygotic pairs, MZs) are 100% genetically identical, while non-identical or “fraternal” twins (dizygotic pairs, DZs) share on average only about 50% of their genes, like regular siblings. At the same time, MZs and DZs can be assumed to share environmental factors to a very similar extent (e.g., they are born at the same time into the same family), so they can be compared. Greater similarity between MZs compared to DZs suggests that genes influence eating behaviour.15 Heritability is  the statistic that is derived from twin studies, and it indicates the extent to which individual differences in the sample are explained by genetic variation. The statistic ranges from 0% (genetic variation does not contribute to individual differences) to 100% (individual differences can be explained entirely by genetic variation).[1] Twin studies are limited in that they cannot tell us anything about the actual genes involved, they simply indicate the relative importance of genes versus environment.

Molecular genetic studies try to identify the specific genes. Early research studied individuals and families with extreme manifestations of the trait – e.g., severe early onset obesity – to find genes.16 These studies identified genes responsible for rare and serious genetic disorders, but not common genes influencing variation across the general population (e.g., body weight). Recent technological advances combined with the completion of the Human Genome Project in 2000 have made it possible to explore the impact of millions of genetic variants on traits across the wider population, using a method called genome-wide association (GWAS).17 Large samples are needed for quantitative genetic studies and even larger samples for molecular genetic studies.15

Key Research Questions

	Is eating behaviour heritable?
	Which genes influence eating behaviour?
	Do weight-related genes influence weight via eating behaviour?

Recent Research Results

The high heritability of body weight in children and adults (~70%) is a long-standing finding established from a wealth of twin and family studies.3,4 Similar heritability estimates have been found for infant and child eating behaviour. The CEBQ was used in 5,435 pairs of 10 year old British twins to demonstrate that the majority of individual differences in responsiveness to food cues and satiety responsiveness are determined by genes (75% and 63% respectively).5 A similar estimate was obtained for an observational measure of eating speed (63%) in a subsample of 254 of these twins at age 11.18  An infant-version of the CEBQ (the BEBQ19) showed comparably high heritability estimates for enjoyment of food (53%), food responsiveness (59%), satiety responsiveness (72%) and slowness in eating (84%), in 2,402 infant twin pairs.20 The same sample of infant twins was also used to show that about a third of the genes that influence eating behaviours influence weight as well, supporting the idea that genes influence weight via their effects on eating behaviour.21

Early studies of obese individuals and families identified major mutations in one of a few genes resulting in severe early-onset obesity, as well as extreme appetite voraciousness and no apparent satiety.22 These genes are fundamental regulators of the leptin-melanocortin pathway that controls hunger and satiety centrally, and is located in an ancient part of the brain called the hypothalamus. While the discovery of these genetic mutations provided important insights into the biology of body weight and eating behaviour, they are extremely rare and therefore do not explain weight variation at the population level. 

Genome-wide association studies (GWAS) have identified more than 30 common genetic variants associated with body weight in adults and children.23 The first to be discovered was the “fat mass and obesity-associated gene,” FTO.24 Nearly half of us carry at least one of the weight-related FTO variants; and those of us carrying two are on average 3 kilograms heavier than those carrying none. Not only is FTO expressed primarily in the hypothalamus, but it is associated with observational measures of food responsiveness measured at test meals,25 and with satiety responsiveness as measured by the CEBQ.26 Many of the other variants discovered through GWAS are also expressed in the hypothalamus, suggesting that common genetic variants, like the rare mutations, influence body weight through eating behaviour. However, as yet relationships between these other common variants with eating behaviour have not been explored.

Research Gaps 

Although research has made headway in establishing that eating behaviour, like weight, has a strong genetic basis, we still know very little about the specific genes involved. A good starting point would be to explore whether the weight-related common genes identified so far are also associated with eating behaviour. The biology linking genes to behaviour also needs to be characterized. In addition, it is crucial to test the feasibility of modifying eating behaviour in individuals who are genetically susceptible to obesity. There has been little research into modifying eating behaviour so far, but some studies are promising. Epstein and colleagues succeeded in slowing the eating speed of 7 year old children over a 6-month period by encouraging them to put their knife and fork down after each bite.27 Another study demonstrated that it is possible to train 4-5 year old children to become better at recognizing and attending to their internal satiety sensations.28

Conclusions 

Twins studies have established that differences between individuals in eating behaviour is explained partly by genetic variation, in typical western societies at this time; although the actual genes involved remain to be identified. Twin studies have also shown that the same genes which influence eating behaviour also influence weight, suggesting that the size of an individual’s appetite ultimately influences their vulnerability to obesity in the modern permissive environment. In support of this, the most important common weight-related gene (FTO) appears to influence body weight through its effects on satiety sensitivity in children. This so-called inherited behavioural susceptibility to obesity helps to overcome the seeming paradox of both genetic and environmental determination of weight.

[image: Genetic influences on child eating behaviour]

Figure 1 is a hypothetical demonstration of the percentage of children who are obese under three different environmental conditions, according to whether they have a low, average or high genetic susceptibility to obesity.29-30 Under conditions of famine there would be no obese children, regardless of genetic susceptibility to obesity; when the food supply is limited slightly more of the children at high genetic susceptibility would be obese than those at average susceptibility, but none of the children at low genetic susceptibility would be obese; under conditions of abundance (like the modern food environment in the U.S.) the majority of children at high genetic susceptibility would be obese, a considerable number at average genetic susceptibility, but very few children at low genetic susceptibility would be obese.

Implications for Parents, Services and Policy 

This research suggests that some individuals are more vulnerable to overeating in response to the multiple opportunities presented by the modern food environment, by virtue of their genes, and more likely to gain weight. This calls into question the notion of personal responsibility for obesity. It is a commonly held belief that a child’s weight reflects the rearing strategies of the parent. However, this research suggests that some children (more often those who have overweight parents and are therefore likely to have inherited higher risk genes.31 may find it harder than others to regulate their food intake appropriately because they have a more avid appetite, which is partly due to genes inherited from their parents. This can make it more difficult to resist over-consuming in response to the many eating opportunities presented by the modern environment. 

[An effective strategy might be tighter state regulation of the wider food environment to reduce opportunities and incentives for overconsumption, such as removal of vending machines from schools, tighter control of food marketing to children, limitation of the number of fast food venues, and regulation of supermarket layouts.32 Parents can also modify the home environment – e.g., by cooking smaller amounts of dinner to remove the temptation for “seconds,” keeping problem foods out of sight (or better, out of the home), and teaching their children how to recognize feelings of fullness.

References

	Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, Singh GM, Gutierrez HR, Lu Y, Bahalim AN, Farzadfar F, Riley LM, Ezzati M. National, regional, and global trends in body-mass index since 1980: systematic analysis of health examination surveys and epidemiological studies with 960 country-years and 9.1 million participants. Lancet 2011;377(9765):557-567.
	Lee JM, Pilli S, Gebremariam A, Keirns CC, Davis MM, Vijan S, Freed GL, Herman WH, Gurney JG. Getting heavier, younger: trajectories of obesity over the life course. Int J Obes (Lond) 2010;34(4):614-623.
	Elks CE, den Hoed M, Zhao JH, Sharp SJ, Wareham NJ, Loos RJ, Ong KK. Variability in the heritability of body mass index: a systematic review and meta-regression. Front Endocrinol (Lausanne) 2012;3:29.
	Maes HH, Neale MC, Eaves LJ. Genetic and environmental factors in relative body weight and human adiposity. Behav Genet 1997;27(4):325-351.
	Carnell S, Haworth CM, Plomin R, Wardle J. Genetic influence on appetite in children. Int J Obes (Lond) 2008;32(10):1468-1473.
	Carnell S, Wardle J. Appetite and adiposity in children: evidence for a behavioral susceptibility theory of obesity. Am J Clin Nutr 2008;88(1):22-29.
	Agras WS, Kraemer HC, Berkowitz RI, Korner AF, Hammer LD. Does a vigorous feeding style influence early development of adiposity? J Pediatr 1987;110(5):799-804.
	Rodin J, Slochower J. Externality in the nonobese: effects of environmental responsiveness on weight. J Pers Soc Psychol 1976;33(3):338-344.
	Parkinson KN, Drewett RF, Le Couteur AS, Adamson AJ. Do maternal ratings of appetite in infants predict later Child Eating Behavior Questionnaire scores and body mass index? Appetite 2010;54(1):186-190.
	Stunkard AJ, Berkowitz RI, Schoeller D, Maislin G, Stallings VA. Predictors of body size in the first 2 y of life: a high-risk study of human obesity. Int J Obes Relat Metab Disord 2004;28(4):503-513.
	van Jaarsveld CH, Llewellyn CH, Johnson L, Wardle J. Prospective associations between appetitive traits and weight gain in infancy. Am J Clin Nutr 2011;94(6):1562-1567.
	Carnell S, Wardle J. Measuring behavioral susceptibility to obesity: validation of the child eating behavior questionnaire. Appetite 2007;48(1):104-113.
	Wardle J, Guthrie CA, Sanderson S, Rapoport L. Development of the Children's Eating Behavior Questionnaire. J Child Psychol Psychiatry 2001;42(7):963-970.
	Llewellyn CH, van Jaarsveld CH, Johnson L, Carnell S, Wardle J. Development and factor structure of the Baby Eating Behavior Questionnaire in the Gemini birth cohort. Appetite 2011;57(2):388-396.
	Plomin R, DeFries JC, McClearn GE, McGuffin P. Behavioral Genetics. 5 ed. New York, US: Worth Publishers; 2008.
	Farooqi IS. Genetic aspects of severe childhood obesity. Pediatr Endocrinol Rev 2006;3 Suppl 4:528-536.
	Manolio TA. Genomewide association studies and assessment of the risk of disease. N Engl J Med 2010;363(2):166-176.
	Llewellyn CH, van Jaarsveld CH, Boniface D, Carnell S, Wardle J. Eating rate is a heritable phenotype related to weight in children. Am J Clin Nutr 2008;88(6):1560-1566.
	Llewellyn CH, van Jaarsveld CH, Johnson L, Carnell S, Wardle J. Development and factor structure of the Baby Eating Behavior Questionnaire in the Gemini birth cohort. Appetite 2011;57(2):388-396.
	Llewellyn CH, van Jaarsveld CH, Johnson L, Carnell S, Wardle J. Nature and nurture in infant appetite: analysis of the Gemini twin birth cohort. Am J Clin Nutr 2010;91(5):1172-1179.
	Llewellyn CH, van Jaarsveld CH, Plomin R, Fisher A, Wardle J. Inherited behavioral susceptibility to adiposity in infancy: a multivariate genetic analysis of appetite and weight in the Gemini birth cohort. Am J Clin Nutr 2012;95(3):633-639.
	Barsh GS, Farooqi IS, O'Rahilly S. Genetics of body-weight regulation. Nature 2000;404(6778):644-651.
	Speliotes EK, Willer CJ, Berndt SI et al. Association analyses of 249,796 individuals reveal 18 new loci associated with body mass index. Nat Genet 2010;42(11):937-948.
	Frayling TM, Timpson NJ, Weedon MN et al. A common variant in the FTO gene is associated with body mass index and predisposes to childhood and adult obesity. Science 2007;316(5826):889-894.
	Wardle J, Llewellyn C, Sanderson S, Plomin R. The FTO gene and measured food intake in children. International Journal of Obesity 2009;33(1):42-45.
	Wardle J, Carnell S, Haworth CMA, Farooqi IS, O'Rahilly S, Plomin R. Obesity associated genetic variation in FTO is associated with diminished satiety. J Clin Endocrinol Metab 2008;93(9):3640-3643.
	Epstein LH, Parker L, Mccoy JF, Mcgee G. Descriptive analysis of eating regulation in obese and nonobese children. J Appl Behav Anal 1976;9(4):407-415.
	Johnson SL. Improving Preschoolers' self-regulation of energy intake. Pediatrics 2000;106(6):1429-1435.
	Rokholm B, Silventoinen K, Tynelius P, Gamborg M, Sorensen TI, Rasmussen F. Increasing genetic variance of body mass index during the Swedish obesity epidemic. PloS one 2011;6(11):e27135.
	Demerath EW. The genetics of obesity in transition. Coll Antropol 2012;36(4):1161-1168.
	Whitaker KL, Jarvis MJ, Beeken RJ, Boniface D, Wardle J. Comparing maternal and paternal intergenerational transmission of obesity risk in a large population-based sample. Am J Clin Nutr 2010;91(6):1560-1567.
	Gostin LO. Law as a tool to facilitate healthier lifestyles and prevent obesity. JAMA 2007;297(1):87-90.


                          


            
              How to cite this article:

              Llewellyn C, Wardle J. Genetic Influences on Child Eating Behaviour. In: Tremblay RE, Boivin M, Peters RDeV, eds. Faith MS, topic ed. Encyclopedia on Early Childhood Development [online]. https://www.child-encyclopedia.com/child-nutrition/according-experts/genetic-influences-child-eating-behaviour. Published: September 2013. Accessed April 10, 2024.

              
                Cite this article
                
                  
                
              
              Text copied to the clipboard ✓
            

          
        

      

      
        
  Share
  
  
    
    
    
    
  



      

    

  




  





  


  
    
      What are you looking for?
      
      
        Search
        
          
        
      
    


      



  
    
      
        
          
                          CEECD
Université de Montréal
3050, Édouard-Montpetit Blvd.,
GRIP-CEDJE, 2nd floor, A-212
P.O. Box 6128, succursale Centre-Ville
Montreal, Quebec H3C 3J7

              Tel. : (514) 343-6111, ext. 2541(514) 343-6111, ext. 2541
Fax : (514) 343-6962
cedje-ceecd@umontreal.ca

                      

          
  Follow us

  
    Facebook
    
      
        
        
      
    
  
  
    Twitter
    
      
        
        
      
    
  
  
    Youtube
    
      
        
        
      
    
  
  
    LinkedIn
    
      
        
          
            
            
          
        
      
    
  


        

        
          
            

      	
          
                        Behaviour
                                  
        
	
          
                        Education
                                  
        
	
          
                        Health
                                  
        
	
          
                        Pregnancy
                                  
        
	
          
                        Family
                                  
        
	
          
                        Programs
                                  
        


      	
          
                        Home
                                  
        
	
          
                        About the Encyclopedia
                                  
        
	
          
                        Research & Policy
                                  
        
	
          
                        Store
                                      
                
                  
                  
                    
                  
                  
                    
                    
                  
                
              
                      
        


  

          
        

        
          
  Be the first to know about our latest news and events

  
    Your email address
    
  

  
    
      
        First name
        
      

    

    
      
        Last name
        
      

    

  

  
    Sign up
    
      
    
  


        

      

      © 2024 All rights reserved, CEECD Terms of use

    

  



  


      


      

    

    






  