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Executive Summary

1.1 Objectives

The proportion of children in the England who are either overweight or obese has risen over the past decade or so, and is a matter of serious concern to policymakers.

Between 1995 and 2007, Department of Health figures show that the proportion of children of a healthy weight has fallen from around 75 per cent to 69 per cent. Over the same period the percentage of children who are overweight or obese has risen from 13 and 12 per cent to 14 and 17 per cent respectively.  The data indicates a levelling off and indeed a slight fall since 2004, but the percentages of overweight or obese children are still distinctly higher than in 1995.  

The purpose of this report is to make a contribution to the debate about the causes behind the recent rise in overweight and obese children.  In particular, Volterra focuses on the role of “peer acceptance” in explaining the rise in child obesity. 


[image: image3]
However, the findings from Volterra’s preliminary research lead us to conclude that peer acceptance is likely to be a much more significant factor in the spread of child obesity than has been previously thought. In particular it is age dependent, being a much stronger factor for children aged 11-15 than for those ages 2-10.

1.2 Methodology

In this study, Volterra looks at the question of the increase in child obesity in two ways. Both models share a common objective, which, as we have said, is to examine peer acceptance’s role in contributing to childhood obesity and to add to the debate. 

Model 1

In 2007, a Foresight report called Tackling Obesities: Future Choices was published by the Government Office for Science.  The project gathered scientific evidence from across a wide range of disciplines with the aim of producing a long term vision of how a sustainable response to obesity can be delivered over the next 40 years in England. The objectives of the study included identifying the broad range of factors that influence obesity and determining the relationships between the key factors and their relative importance. In all 108 factors were identified, one of which is the “social acceptability of fatness”.

In the first part of our study, Volterra adds to the 2007 Foresight report by drawing out the logical implications of the complicated map set out in that report on how obesity arises. We do this by translating the relationships between the 108 factors and their relative strengths into formal, mathematical terms, and examining what consequences, if any, it implies. 
Model 2

Using a second model, Volterra examines the role of peer acceptance in the increase in overweight and obese children between 1995-2007. 
There is a growing literature which demonstrates the importance of an individual’s peers in their consumer choices in what might be termed ‘regular’ consumer markets.  So, for example, many teenagers will download a song or watch a video on You Tube precisely because it has become popular amongst their peers.  This phenomenon is explained in depth in Malcolm Gladwell’s book The Tipping Point.

A recent American study in the prestigious New England Journal of Medicine, using a detailed database on individuals compiled over a period of 30 years, demonstrate the importance of social groups in determining the behaviour of individuals on matters of public health, specifically obesity and smoking.

Despite this, most published research on obesity does not take into account the potential effect of peer acceptance.

The Department of Health data, which was updated in December 2009 and which is used in this study, is far less detailed and comprehensive than the US data, and so we cannot replicate the methodology used in the US studies. 

Instead, we use a scientifically-validated methodology widely used in understanding and predicting the spread of epidemics such as swine flu. We begin by trying to understand how this mathematical approach helps us understand the increase in obesity between 1995-2007. The exercise is then repeated but with the model modified so that peer acceptance isn’t needed for the obesity to spread.  In this case children are able to become obese of their own accord without any interaction with their peer groups. In this way we are able to compare the importance of peer acceptance to direct influences, such as amount of exercise a child takes.

1.3 Conclusions

Although the Foresight report represents an important achievement in understanding childhood obesity, and we accept that it provides many valid insights, there is a fundamental aspect of the model which limits its usefulness. The description of how obesity evolves in the Foresight report does not represent a stable model.

The term ‘stable’ is used in the technical sense that a change in the influence of any of the factors (e.g. lack of exercise) will lead to an ‘explosion’ in the system.  This is because if you follow the relationships in the Foresight report you will go round and round and eventually end up where you started, a process called positive feedback. 

The implication of this is that, although the Foresight model is drawn up in a way which intends to assign different levels of importance to different factors in terms of their impact on obesity, when we draw out the full logical consequences of the model, this aim is not achieved.  It becomes impossible to understand which of the 108 factors are the most important and therefore where policy should be focused. The Foresight model needs to be re-visited and recalibrated in order to avoid this problem.

If we now move to the results of our second model, this demonstrates that the increase in childhood obesity rates between 1995-2007 can be well understood using a model in which an overweight child is accepted by other children within its social group. This acceptance leads to children feeling less psychological pressure to change their behaviour and as a result more children may become obese. 

An extension to our initial findings has identified evidence that the role of peer acceptance is age dependent. Specifically, peer acceptance appears to provide a good account of the rising obesity rates in children aged 11-15 but is less important for children aged 2-10. This makes intuitive sense as a child’s awareness of social interaction and the importance of their peer group develops throughout their childhood. 

Volterra’s results do not mean that peer acceptance is therefore the only factor in the rise in obesity. Instead we believe that a simple model which focuses on this can give a good explanation of the increase, particularly in older children. This implies that studies which do not include this factor at all are likely to make misleading conclusions.

1.4 Next Steps and Implications

This report is a small-scale study, and the results, as we have emphasised, cannot yet be regarded as definitive.  However, our research indicates that peer acceptance is more important to understanding childhood obesity in the UK than currently accepted and that this may have implications for public policy.

Existing research, especially that which draws policy conclusions, needs to be re-examined critically with this in mind.

We noted at the outset that Department of Health data shows a levelling off in obesity since 2004.  We find that the versions of our model which work best (i.e. give the best account for the rise in obesity in the past) suggest that this may not be purely a temporary pause in an inexorable rise in obesity.  We expect some further increase in the percentage, but only a modest one. Indeed the National Heart Forum recently significantly revised its 2020 forecasts to levels much more in line with the forecasts from our model
.

A useful next step would be to commission specific survey research which would enable a more thorough investigation of the potential role of peer groups to be carried out, along the lines of the study we did on the growth in binge drinking.  The latter was reported on in Nature, one of the world’s leading scientific journals, and is published in the peer-reviewed journal Mind and Society.

2 Main Report

2.1 Background and introduction

2.1.1 
The proportion of children in the UK who are either overweight or obese has risen over the past decade or so, and is a matter of serious concern to policymakers.

The most reliable publicly available dataset for childhood obesity rates is the Department of Health’s publication ‘Health Survey for England 2007 Latest Trends’. This was initially published in December 2008
 and a correction to this release was published in November 2009
. This analysis uses the updated dataset.

This survey provides information on the proportion of children that are overweight and obese for both boys and girls between the ages of two to 15. The data, which is only available from 1995 to 2007, is shown in Figure 2. It shows that during this period the proportion of children of a healthy weight has fallen from around 75 per cent to 69 per cent. Over the same period the percentage of children who are overweight or obese has risen from 13 and 12 per cent to 14 and 17 per cent respectively.

Figure 1: 
Overweight and obesity rates for children aged 2-15 in England 1995-2007.
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As it happens, the data do indicate a levelling off in recent years.  The combined percentage of overweight and obese peaked at 34 per cent in 2004 and was down to 31 per cent in 2007.  But this latter is still a big increase on the 1995 figure of 25 per cent.  For obesity alone, the 1995 percentage of 11.7 rose to 18.9 in 2004 and was 16.8 in 2007.

2.1.2
The purpose of this report is to make a contribution to the debate about the rise in the percentage of overweight and obese children.

2.1.3
We do this in two completely different ways.  In 2007 a Foresight report called Tackling Obesities: Future Choices was published by the Government Office for Science
. The project gathered scientific evidence from across a wide range of disciplines with the aim of producing a long term vision of how a sustainable response to obesity can be delivered over the next 40 years in the UK.

The objectives of the study included identifying the broad range of factors that influence obesity and determining the relationships between the key factors and their relative importance. In all 108 factors were identified, one of which is the “social acceptability of fatness”.

The first part of our study adds to the Foresight report by drawing out the logical implications of the complicated map of the world, as it were, set out in that report.  We translate the analysis of the report into formal, mathematical terms, and examine what, if any, implications can be drawn from it.

2.1.4 
The second part of our study requires slightly more by way of introduction.  An important American study published in the prestigious New England Journal of Medicine
 has recently established the importance of peer acceptance on the rise in obesity.  By ‘peer acceptance’, we essentially mean that people feel less pressure to change their behaviour when other people within their community exhibit the same behaviour to them It is not connected with the intrinsic merits or ‘demerits’ of any particular behaviour. In this context it refers purely to the phenomenon of people continuing in modes of behaviour because the fact that other people do so makes it more acceptable. Many factors may of course influence why any particular individual becomes obese. But this study isolates the influence to peer acceptance. 

At one level, it may seem entirely obvious that this is a potentially important factor.  If all your friends and family are, say, 12 stone but you yourself are 16 stone, you may feel awkward about it.  But if everyone else is 18 stone, you may feel positively slim.

However, most of the studies into obesity do not consider the potential influence of peer acceptance on being overweight or obese. Social factors are usually discussed in the standard terms of cultural differences and social class
,
,
.  If peer acceptance is an important determinant of the rise in obesity, studies which omit this factor from their analysis can readily draw misleading implications.  This is not to say that they would therefore be automatically wrong, but without taking account of peer acceptance, we could not rely on their conclusions.

The American study referred to above was able to analyse an unusually rich and detailed database of information on some 12,000 individuals compiled over the space of three decades, the so-called Framingham Heart Study database.  The data was assembled to monitor the health of individuals, not for the purposes of analysis.  But it has been used to demonstrate the importance of social influence on both smoking and obesity.

Unfortunately, no such database exists within the UK, or indeed anything remotely resembling it.  Instead, we see how far the ‘Health Survey for England 2007’ data can be explained using a standard mathematical model in which by assumption the main factor causing obesity is peer acceptance.  The model is used widely in analysing and predicting the spread of contagious diseases, such as swine flu.

Such a model is able to explain the increase in obese and overweight children between 1995-2007. Furthermore, we find that the strength of the influence varies with age, peer acceptance appears to be able to explain the increase in overweight children aged 11-15 particularly well, whereas for children aged 2-10 models without peer acceptance appear better.

This does not necessarily mean that peer acceptance is therefore the key to understanding the rise in obesity.  Rather, the fact that a simple model which takes this into account can explain the increase implies that studies which do not include this factor at all are likely to give misleading implications.

2.2 The Foresight report

2.2.1 
This detailed project gathered scientific evidence from across a wide range of disciplines with the aim of producing a long term vision of how a sustainable response to obesity can be delivered over the next 40 years in the UK. It represents an important achievement in understanding childhood obesity
2.2.2
The objectives of the study included identifying the broad range of factors that influence obesity and determining the relationships between the key factors and their relative importance. In all 108 factors were identified in the Foresight report and a system map was published, this map is shown in Figure 2.

Figure 2: 
The full obesity system map indicating the strength of the relationships between variables. (Taken from Obesities: Future Choices)
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The Foresight report is a comprehensive piece of research the only UK study that we are aware of that considers the role of the “social acceptability of fatness”, however it does not accord it any particular importance.

2.2.3
Although the system map is comprehensive it is impossible to interpret the complex interaction of the relationships by reasoning alone. While causal relationships like this can be understood readily when the system is very small, the fact that there are 108 factors in the Foresight map and even more relationships, makes understanding  the net effect of a change in the influence of one factor (e.g. increasing the influence of lack of exercise on obesity rates) completely intractable without a mathematical framework.

2.2.4
We developed this key ‘map’ from the Foresight report, and expressed it as a system of mathematical equations.  In maths, it is often the case that a problem can be described both geometrically and algebraically.   An example from school maths is Pythagoras’ theorem about right-angled triangles.  Geometrically, the square of the length of the hypotenuse of the triangle is equal to the sum of the square of the lengths of the two other sides.  This can also be expressed algebraically.  If a and b are the lengths of the two other sides and c the length of the hypotenuse, then a2 + b2  =  c2.

Figure 2 is a geometric representation of the system.  Each of the boxes describes the level of the particular factor referred to at a point in time.  The connections from one box to another shows how much the level of the factor in the second box changes when the level of the factor in the first box changes.  This is, algebraically, a system of differential equations.

2.2.5
We set this system up, and then in turn examine the consequences of changing each of the 108 variables to see what effect this has on the other variables in the system.

2.2.6
Although the Foresight report represents an important achievement in understanding childhood obesity, and we accept that it provides many valid insights, there is a fundamental aspect of the model which limits its usefulness. It is not at all easy to put this concept across in English, and the mathematical details are set out in the technical appendices.  But, essentially, the system described in Figure 2 is not a stable one.  A stable model would be one where changes in the influence of a factor would cause the number of children to smoothly change to some new level. For example if children were to begin to take less exercise than they currently do, in a stable model, we would expect this to lead to a gradual increase in childhood obesity. The Foresight model is not like this, if the influence of one factor increases, this in turn increases the influence of other factors simultaneously and the system ‘explodes’.

The logical implications can only be arrived at by some rather advanced mathematical analysis, documented as we note in the Technical Appendix.   However, the Foresight map needs to be revisited by the relevant experts and its linkages refined before it can be of any practical use.

2.3 Peer Group Influence

2.3.1 
There is a growing literature which demonstrates the importance of peer group influence for consumer choice in what might be termed ‘regular’ consumer markets.  A popular reference, for example, on this is Malcolm Gladwell’s book The Tipping Point.  The concept of the ‘tipping point’ can be used , for example, to explain why some books, films and music emerge out of obscurity with small marketing budgets to become popular hits when many a priori indistinguishable efforts fail.  In many social and economic contexts, individuals are faced with a choice between two alternative actions, and their decision depends, at least in part, on the actions of other individuals.  In a strange town, for example, I might choose a restaurant which seems reasonably full to one which is almost empty.

2.3.2
Two recent American studies
,
 using the Framingham Heart Study data base
 have demonstrated the importance of social networks in determining the behaviour of individuals on matters of public health, specifically obesity and smoking.  The Framingham data base contains detailed information on over 12,000 individuals, monitored over more than three decades since 1971.

The social networks of individuals on this data base have been important determinants of both the spread of obesity and the reduction in smoking over this period.  In terms of obesity, for example, the chance of any individual being obese increased by 57 per cent if he or she had a friend who became obese.  When a spouse stopped smoking, the other was 67 per cent less likely to smoke.

Paul Ormerod and Greg Wiltshire of Volterra, used a database of survey responses on individual behaviour  to show that social influence was a key factor in the rise of binge drinking in the UK.  Their work was reported on in Nature, one of the world’s top two scientific journals, and has just been published in the prestigious peer-reviewed journal Mind and Society.

The data available in this study is much less detailed than even the one used in the binge drinking analysis, and comprises of childhood overweight and obesity rates between 1995-2007.

2.3.3 
We used a mathematical model which is in widespread use in understanding and predicting the spread of epidemics.  This methodology is used, for example, in the government’s projections on swine flu.  Epidemics spread, almost by definition, by social contact.  For example, if a close member of your family catches a cold, your chances of getting it increase.  More generally, the common cold is spread by purely random contact with complete strangers.  Someone sneezes on a crowed tube train, and several people catch a cold as a result.  

Essentially, we want to see how far this model enables us to understand the movements over time of both overweight and obese children between 1995-2007.

2.3.4 
Schematically, the model is set out in Figure 3.

Figure 3:  A system map for the spread of obesity amongst children. 
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The Foresight model incorporates peer acceptance through the “social acceptability of fatness” factor, but does not accord it any particular importance. What we do here is exclude everything else in order to assess the ability of peer acceptance alone to explain the rise in childhood obesity between 1995-2007.

So we focus deliberately on peer acceptance as a key driver of obesity, and see how useful this is in explaining what has happened.

Because of the simplifications we make Figure 3 is transparently far less complicated and contains far less detail than the Foresight report system map shown in Figure 2. But these are deliberate simplifications.

If the model is able to give a reasonable account of the rise in obesity this does not by any means imply that social influence is the only reason for the increase in the percentage of children who are obese.  Rather, it suggests that research which does not take social networks into account is missing an essential causal factor and therefore any implications or policy recommendations drawn from such research may be misleading.  It does not mean that they are necessarily wrong, but without taking into account the effect of social influence, we cannot rely on their conclusions.

(Without trying to prejudice the results, our study does indeed show you can explain almost all of the data with a simple model in which there is acceptance of being overweight amongst children and the remaining fine detail can largely be forgotten.)

2.3.5 
There are many ways in which the system map, or model, set out in Figure 3 can be made more realistic.  However, to stress again, we know that the model in Figure 3 is not completely true.  We want to see how well it is, nevertheless, able to explain what has happened to child obesity in the England.

The process can of course continue into adulthood, and we are not suggesting that individuals who are a healthy weight on becoming adults necessarily remain so for ever.  But this study focuses on child obesity.

2.3.6
In the full version of the map set out in Figure 3, children start a healthy weight, and can remain in this category until they become adult and stop being children.  But they can also move to being overweight.  Once they become overweight, there are three possible outcomes for them whilst they remain in the ‘child’ category:  they can remain overweight, they can revert to being healthy weight, and they can go on to become obese.   Children in the obese category can remain obese, or can go back to being overweight.

The map could be simplified by, for example, removing the link from obesity back into overweight.  In the detailed analysis in the Appendix, we explore this possibility.  This is a possible simplifying assumption.  It does not mean that no-one is able to reduce weight once they become obese, but that it might be a good approximation to make this assumption as the number of children who are obese and become overweight may be low compared to the other flows.  But, to stress, we examine versions of the model with and without this possibility.

2.3.7
The main task in producing a model which can be tested against the data is to describe how people move from one category to the next.  We allow two distinct sets of influences on this:

· Purely peer acceptance.  In other words, individuals move from one category to another simply because other individuals are already in that category.

· Non-peer acceptance factors. These could be a whole range of factors, including lifestyle and amount of exercise, of the sort described in the Foresight map in Figure 2.

The crucial point here is that in the mathematical formulation of the map, we are able to distinguish these two categories of influence.

2.3.8
We tested a number of possible permutations as to where in the system the social peer acceptance terms appear:

· No social influence term anywhere in the model

· Peer acceptance affecting the flow to and from the ‘healthy’ and ‘overweight’ categories

· Peer acceptance affecting the flow to and from the ‘overweight’ and ‘obese’ categories

· Peer acceptance affecting the flow to and from both ‘healthy’ and ‘overweight’ categories and ‘overweight’ and ‘obese’ categories

Again, the full details of all the results and the various different models are set out in the Technical Appendix.

2.3.9 
The model that gives the best explanation of the rise in childhood obesity rates between 1995-2007 is the version which includes peer acceptance as a determinant of the flows between the ‘healthy’ and ‘overweight’ categories, but not between ‘overweight’ and ‘obese’.  Not only is it able to describe the Department of Health data better but it depicts a more intuitive history of childhood obesity prior to when the Department started to record data.

Versions in which social influence affects the flow to and from overweight and obese, whether incorporated in the model on its own or along with the healthy-overweight flow, perform much worse.  The same is true of versions of the model which contain no social influence at all.

Figure 4 compares the actual data with the values calibrated by this version of the model, which for purely descriptive purposes in the Appendix we refer to as Model 1.4.

Figure 4: 
Comparison of the results from Model 1.4 (containing social peer influence terms on the flows between ‘healthy’ and ‘overweight’) and the data 
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2.3.10 
The research was repeated on the obesity data for the 2-10 and 11-15 age groups in order to demonstrate whether the influence of peer acceptance is age dependent. This extension demonstrates that the role of peer acceptance in understanding the increase in childhood obesity rates between 1995-2007 is stronger for older children and is much less important in younger children. The influence that the peers of an overweight child has on that child’s behaviour appears to be greater when they are older. This result makes intuitive sense, an awareness of social interaction and the importance of peer groups develops throughout childhood. This result also supports the approach taken to this study as this analysis clearly demonstrates the ability of the Models to fit different trends.

3 Technical Appendix

This technical report goes over much of the same work as described in the main report and summary, however much more technical detail is provided about the methods used in this study.

3.1 Model 1

3.1.1 The Foresight Report

In 2007 a Foresight report called Tackling Obesities: Future Choices was published by the Government Office for Science
. The objectives of the study included identifying the broad range of factors that influence obesity and determining the relationships between the key factors and their relative importance. In all 108 factors were identified in the Foresight report and a system map was published, this map is shown in Section 2.2

3.1.2 The Model

Although the system map is comprehensive it is difficult to interpret the complex interaction of the relationships. While causal relationships are easily understood when the system is relatively small, the fact that there are 108 factors in the Foresight map with multiple inter-relationships, makes the net effect of a change in the importance of one variable, for example the amount of exercise a child takes,  difficult to assess without a mathematical framework. 

In order to try and understand the implications of the obesity map we developed it into a more rigorous mathematical model. This was done by modelling the system as a set of linear differential equations. More specific details of the model are provided in Appendix I, although it is not necessary to understand the maths here. Essentially the system is set up so that each of the 108 factors are equally important, we then apply the relationships identified by the Foresight report and measure what happens to the relative strengths of the influences. The aim was to see whether certain factors evolve to become more important drivers than others, and in particular to see what ranking came out for the “social acceptability of fatness” factor.

3.1.3 Results

The results from this model were not useful, the system diverges in response to any disturbance because there are simply too many positive influences. As a result we went about simplifying the full map into a reduced form by aggregating the factors into themes. Despite making efforts to understand the reduced system we were unable to draw any meaningful conclusions.

It is our conclusion that although the system map reported by the Foresight report is comprehensive and based on thorough research, it does not represent a self-consistent mathematical model which could inform the debate on childhood obesity by helping discover the relative influence of the factors it identified, beyond the coarse classing provided in the study. As a consequence it is unable to provide insight into how these factors may change in the future. As a result of this conclusion our research turned to developing a new model, one that first required national obesity data. 

3.2 Childhood Obesity Data

Publicly available data for this study is very limited and unfortunately it was not within scope to commission the collection of additional primary data. The most reliable publicly available dataset for childhood obesity rates is the Department of Health’s publication ‘Health Survey for England 2007 Latest Trends’. This was initially published in December 2008
 and a correction to this release was published in November 2009
. This analysis uses the updated dataset.

This survey provides information on the proportion of children that are overweight and obese for both boys and girls between the ages of two to 15. The data, which is only available from 1995 to 2007, is shown in Figure 2. It shows that during this period the proportion of children of a healthy weight has fallen from around 75 per cent to 70 per cent. Over the same period the percentage of children who are overweight or obese has risen from 13 and 11 per cent to 14 and 16 per cent respectively.

Figure 2: 
Overweight and obesity rates for all children between 2-15 in England between 1995-2007.
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3.3 Model 2

3.3.1 The SIR Model

Our second model was to start by considering obesity as an epidemic and then develop a model to explain the Department of Health’s obesity data. For this we begin with a very well established academic model for studying the spread of infectious diseases called the SIR model
. This model was first proposed in 1927 by Kermack and McKendrick, who had both worked with the Nobel Laureate, and father of mathematical epidemiology, Ronald Ross
. 

The SIR model was first used to explain the rapid rise and fall in the number of infected patients observed in epidemics such as the plague (London 1665-1666, Bombay 1906) and cholera (London 1865)
. However its applications are not consigned solely to the study of historical epidemics. The SIR model (or variations of it) is widely used to forecast the spread of new diseases such as avian flu and swine flu and to assess the likely impacts of inoculation programs
,
.

The SIR model describes a population consisting of three categories of people. The first are the susceptible (S), these are people who have not contracted the disease but are vulnerable to it (they have no immunity). The second are the infected (I), these are people who were susceptible and have contracted the disease but have not recovered or died. The final category are the recovered (R), these are people who have been infected but are not longer infectious (through developing immunity or dying). This is shown in Figure 3 where the flows between categories are also indicated.

Figure 3: 
A system map for the SIR model.
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The equations themselves they are reproduced below along with a qualitative description.

Figure 4: 
The mathematical equations that define the SIR model alongside a description of each one.

[image: image10.wmf]IS

dt

dS

b

-

=



[image: image11.wmf]I

IS

dt

dI

a

b

-

=



[image: image12.wmf]I

dt

dR

a

=



3.3.2 The Obesity Model

In our model we take the standard susceptible, infected and recovered categories and classify them as healthy (H), overweight (W) and obese (O) respectively. We also modify the SIR model in three ways.

The first is to allow people who are overweight to become healthy. This was added because unlike disease, a child is capable of losing weight but remaining susceptible to weight gain in the future. Note however that recovery from being obese is not allowed. It is assumed for now that recovery rates from obesity are small compared to the other flows in the model and can be ignored.

The second change was to modify how people moved from the healthy to the overweight category. In the SIR model this flow is proportional to the number of people who are infected. Put another way, the number of people becoming infected with a disease depends on how many people there are with the disease. In the obesity model the analogous situation would be that the number of people moving from healthy to overweight depends on the number of overweight people. This would therefore represent an acceptance of being overweight influencing the number of people becoming overweight in a population. 

Since the aim of this study is to understand if peer acceptance can account for the rise in obesity amongst children, we must necessarily start with a model that does not include the acceptance before then developing the approach. It is for this reason that this modification to the SIR model was made. The starting model therefore says that the movement of children from healthy to overweight and overweight to obese are due to influences such as lifestyle and amount of exercise a child takes.  We shall see that when we incorporate peer acceptance into the model we are moving away from such forces towards influences that arise from within the population. If we return to the simple flow diagrams then our prototype model without peer acceptance is shown in Figure 5.

Figure 5: 
A system map for the modified SIR model where people can move from being overweight to being healthy. This model does not include peer acceptance of different weight categories.
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The third change was to include birth and adulthood. It is assumed that all children are born a healthy weight and that birth rates equal adulthood rates, so that the population of children remains constant.

Our final prototype model, without peer acceptance but with birth and adulthood incorporated, is shown in Figure 6. For the remainder of this report this model is referred to as Model 1.1.

Figure 6: 
A system map for Model 1.1. This model does not include peer acceptance of different weight categories.
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3.3.3 Setting up the Model

Model 1.1 contains seven parameters. The first three of these are the initial populations of the three categories, these correspond to the proportions of children that are healthy (H0), overweight (W0) and obese (O0) in 1995. Since these are proportions then the sum of these must equal 1.

The fourth parameter is ( or the birth rate. Since the Department of Health survey is based on children aged two to 15, one fourteenth of the population reaches adulthood each year. In order to make the number of children in the model stable, the birth rate is equal to the adulthood rate so (=
[image: image19.wmf]14

1

=0.071.

The final three are the variables (1, (2 and (. These represent the relative strengths of the flows in Figure 6, they are constants between zero and one. There are no accepted values for these variables as they would be different for different systems. For example obesity trends in the US would use a different set of values compared to obesity trends in France. In this study we are trying to find the three values that best explain the observed trends in childhood obesity in England. 

Figure 7 shows a single set up of the model where initially all of the population are healthy and the flows between healthy and overweight categories are twice as strong as the flow between overweight and obese. It shows that as the model evolves the proportion of healthy people declines from 100 per cent to around 57 per cent, while overweight and obese children increase from nothing to approximately 26 and 18 per cent respectively. By time period 45 these proportions are changing very little, this is called the steady state. In fact the steady state is independent H0, W0 and H0. 

Figure 7: 
Example Result from Model 1.1 ((=0.05, (1=0.1, (2=0.1, (=0.071, H0=1, W0=0 and H0=0).
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3.3.4 Using the Model to Explain Recent Obesity Trends

The first stage of our analysis is to attempt to use Model 1.1 to explain the empirical values published by the Department of Health. Figure 8 is a flow chart which describes this process. The result of this process is a parameterisation for Model 1.1 that is best able to model the data.

Figure 8: 
Flow chart for the process of identifying the best parameterisation of Model 1.1 which explains the child obesity data.


3.3.5 Results for Model 1.1

Figure 9 shows the best match between Model 1.1 and the Department of Health data. Although the correspondence is good the parameters of the model suggest that the flow from overweight to healthy is twice as high as that from healthy to overweight. This is rather unintuitive as we would expect a lower proportion of overweight children to become healthy each year compared to the proportion becoming overweight. The result of this can be seen in Figure 9 where the proportion of overweight children initially rises rapidly in the model but then falls. Again this is unintuitive as the Department of Health data clearly shows an upward trend.

Figure 9: 
The optimal results from Model 1.1 for trying to explain the obesity data ((=0.117, (1=0.09, (2=0.257, (=0.071, H0=0.750, W0=0.133 and O0=0.117)
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3.3.6 Relaxing Our Assumptions

Before moving on to look at the inclusion of peer acceptance, it is convenient to first relax one of our assumptions and establish whether this is constraining Model 1.1. So far we have assumed that children could not lose weight if they were obese and were therefore barred from returning to the overweight category.

In Model 1.2 this restriction has been lifted, as shown in Figure 10. The approach to finding the optimal parameterisation for this model is similar to that shown in Figure 8 with exception that there is an additional parameter ((2). The results are shown in Figure 11.

Figure 10: 
System map for Model 1.2. This model does not include peer acceptanceof different weight categories but now allows children to reduce their weight and move from being obese to overweight.
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Figure 11: 
The optimal results from Model 1.2 for trying to explain the obesity data ((1=0.40 (2=0.263, (1=0.090, (2=0.257, (=0.071, H0=0.750, W0=0.133 and O0=0.117)
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The results for Model 1.2 are better than Model 1.1 for two reasons. First, the value of (, which is a mathematical evaluation of a model’s ability to explain the Department of Health data (see Figure 8), is lower for Model 1.2 and second the overweight category does not decline as it did for Model 1.1.

Although Model 1.2 is an improvement there is still an outstanding issue, it is still the case that the parameters imply that a higher proportion of overweight children are becoming healthy each year compared to the proportion becoming overweight, this remains unintuitive.

Incorporating Peer Acceptance into the Model 

The next stage of the analysis is to adapt the model to include peer acceptance and to see whether these are capable of outperforming Model 1.2. If they are not then this would provide evidence that childhood obesity trends in the UK have not been driven by changes in the acceptance of obesity or being overweight. 

System maps for each of the three adapted models are presented in Appendix III, in summary the models are defined as:

· Model 1.3
Overweight children becoming obese are influenced by the acceptance of being obese.

· Model 1.4
Healthy children becoming overweight are influenced by the acceptance of being overweight.

· Model 1.5
Healthy children becoming overweight are influenced by the acceptance of being overweight and overweight children becoming obese are influenced by the acceptance of being obese.

3.3.7 Are Peer Group Influence Models Better?

For Models 1.3-1.5 the optimal parameterisations were found using the approach as for Model 1.2. The results for each are presented in Appendix IV, each optimised model’s value of ( is shown in Table 1. It shows that of the three models that include social influence, Model 1.4 is significantly better at describing the Department of Health data as its ( value is lower than Model 1.1 and 1.2 by 10-20 per cent. A model which includes peer acceptance to describe how childhood obesity rates have evolved over a 12 year period is superior to one that does not.

Table 1: Values of ( for all of the models that have been optimised. A higher value indicates that the model is less able to explain the Department of Health data.

	Model
	( (10-3)

	1.1
	5.01

	1.2
	4.89

	1.3
	13.33

	1.4
	4.17

	1.5
	13.29


Figure 12: 
The optimal results from Model 1.4 for trying to explain the obesity data ((1=0.190 (2=0.070, (1=0.680, (2=0.287, (=0.071, H0=0.750, W0=0.133 and O0=0.117)
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The superior fit of Model 1.4 is clearer to see in Figure 12, in particular the increase in the proportion of overweight children is smoother and a better representation of the underlying trend. 

The model parameters are also more intuitive. The parameters imply that the flow of overweight children are becoming healthy each year is lower than the flow of healthy children becoming overweight.

Model 1.4 is therefore offers a better explanation of trends in childhood obesity rates in England between 1995-2007. This model provides evidence that there is an acceptance of being overweight amongst children and that children are influenced by the number of overweight people around them. 

Interestingly, models which allow overweight children to be influenced by the number of obese children do not perform well at all. This indicates that although the social stigma associated with being overweight may have lifted to some degree the same has not yet occurred for obesity.

What are the Implications?

Having identified the model that best explains the Department of Health survey data the question arises about its implications both for how obesity levels may develop in future and what it implies the obesity rates were before survey was first performed.

The History of Obesity

At some point in the past obesity was not a social problem, unfortunately we have no time series data for obesity rates prior to 1995 calculated on the same basis as the Health Survey for England in order for us to understand how it arose over a longer time scale.  However, we can roll the model back to understand what Models 1.2 and 1.4 have to say about how obesity rates developed. In the first instance this was performed to understand the sensitivity of our analysis to the particular models involved but as we shall see it also provided another reason why a model with peer acceptance is a superior model.  

Figures 13 and 14 show what happens when Models 1.2 and 1.4 are rolled back. Model 1.2 implies that appreciable levels of overweight children began to emerge in 1990, at a time when around 9 per cent of children were already obese. Furthermore, the model implies that the history of obesity should be one characterised by a rapid rise in overweight and not obese children. This is an unrealistic scenario and one that does not fit the accepted consensus.

In contrast Model 1.4 implies that appreciable levels of obese children began to emerge in around 1984, when around 6 per cent of children were already overweight. This model implies that the history of obesity is one characterised by more gradual changes, where the rate of growth in obesity has been slightly higher than the rate of growth in overweight children. This is a much more realistic scenario and provides additional evidence that models that include social influences provide a better description of obesity trends.

Figure 13: 
Roll back of Model 1.2 ((1=0.40 (2=0.263, (1=0.090, (2=0.257, (=0.071, H0=0.750, W0=0.133 and O0=0.117)
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Figure 14: 
Roll back of Model 1.4 ((1=0.190 (2=0.070, (1=0.680, (2=0.287, (=0.071, H0=0.750, W0=0.133 and O0=0.117)
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The Future of Obesity

Figures 15 and 16 show what Models 1.2 and 1.4 have to say about the future of childhood obesity. Interestingly both models forecast that we are already very near to similar steady states. 

Figure 15: 
Roll forward of Model 1.2 ((1=0.40 (2=0.263, (1=0.090, (2=0.257, (=0.071, H0=0.750, W0=0.133 and O0=0.117)
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Figure 16: 
Roll forward of Model 1.4 ((1=0.190 (2=0.070, (1=0.680, (2=0.287, (=0.071, H0=0.750, W0=0.133 and O0=0.117)
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These forecasts depend on the parameters of the two models not changing. If there were underlying changes such as greater peer acceptance of overweight people or the emergence of social acceptance of obesity, (which Model 1.4 implies is not yet the case) then these forecasts would be affected.

This is demonstrated in Figure 17, it shows the sensitivity of the forecasts for the proportion of obese children to changes in the parameter (1. It shows that if (1 was to increase by 20 per cent from the optimised value in Model 1.2 then the proportion of children who are obese would increase by around 2 per cent above the steady state forecast in Figure 15. 

Model 1.4 is far more sensitive to this type of underlying change. Figure 17 shows that equivalent changes in its optimised value of (1 would equate to an increase in the steady state of childhood obesity rates of 6.5 per cent.

Figure 17: 
Sensitivity analysis of Models 1.2 and 1.4 to changes in the parameter (1 and the resulting change in the steady state proportion of children who are obese. 
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4 Is the Role of Peer Acceptance Age Specific?

The research so far initial has focused on demonstrating the potential of peer acceptance to be an important factor in the increase in childhood obesity in England between 1995-2007. Up to now none of the demographic sub-categories contained within the Health Survey for England have been considered.

The calibration of the five models was repeated on the data for children aged between 2-10 and 11-15. The optimised results are shown in Table 2. There is a clear difference in the performance of the models for the two demographics. For younger children Model 1.1 is better at describing the Department of Health data while for children between the ages of 11-15 Model 1.4 is better (it has the lowest ( value).

This demonstrates that the role of peer acceptance in understanding the increase in childhood obesity rates between 1995-2007 is age dependent. The influence that the peers of an overweight child has on that child’s behaviour appears to be greater when they are older. This result makes intuitive sense, an awareness of social interaction and the importance of peer groups develops throughout childhood. This result also supports the approach taken to this study as this analysis clearly demonstrates the ability of the Models to fit different trends. 

Table 2: 
Values of ( for all of the models that have been optimised for  children ages 2-10 and 11-15. A higher value indicates that the model is less able to explain the Department of Health data. Sum of squared differences 

	Model Version
	( (10-3) 

	
	Aged 2-10
	Aged 11-15

	1.1
	4.39
	13.33

	1.2
	5.41
	12.10

	1.3
	6.21
	15.50

	1.4
	5.05
	11.83

	1.5
	5.01
	14.28


Figures 18 and 19 shows the corresponding fits of the best models for both age groups. These show that the models do provide good fits to the data. The comparatively high values of ( for the 11- 15 category can also be understood as arising from strong changes in the Department of Health data in 2004. When 2004 is removed from the calculation of the sum of squares for Model 1.4 it drops from 11.83 to 5.05.

Figure 18: 
The optimal results from Model 1.1 for trying to explain the obesity data for children aged 2-10 ((=0.107, (1=0.053, (2=0.100, (=0.071, H0=0.769, W0=0.129 and O0=0.101)
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Figure 19: 
The optimal results from Model 1.4 for trying to explain the obesity data for children aged 11-15 ((1=0.243 (2=0.100, (1=0.810, (2=0.340, (=0.071, H0=0.712, W0=0.141 and O0=0.147)
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5 Additional Obesity Data

Our original intention at this stage was to extend the initial study by including additional data for obesity rates in England between 1974 and 1994 in the analysis. These figures were published by Dr Manos Stamatakis in the Archives of Disease in Childhood
 and updated in a more recent publication in the International Journal of Obesity
, both peer reviewed journals.

Figures 20 and 21 show a comparison between the obesity and overweight rates published by Stamatakis, which uses the international classification of obesity, and that used by the Department of Health, which uses UK specific reference curves. Although there are standard econometric methods to account for small variations of definition between datasets (where the ratio between data points is around one), Figures 4 and 5 show that the two sets are incompatible. In some cases the obesity rates quoted under the International definition were a third of the Health Survey for England values while the percentage of children who were overweight was over double.

Figure  20: 
Comparison of Percentages of Overweight Children (5-15) from the Health Survey for England and Published Rates Using the International Definition. 
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Figure  21: 
Comparison of Percentages of Obese Children (5-15) from the Health Survey for England and Published Rates Using the International Definition. 
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The international classification for childhood obesity was proposed by the International Obesity Task Force in 2000 in a paper published in the British Medical Journal
. This approach has been widely adopted and has the particular benefit of making international comparisons possible. 

Although the report published alongside the 2002 Health Survey for England says that the Department of Health publishes obesity and overweight trends using both classifications
 we have been unable to find sources for the Department’s claim. The only publicly available source appears to be using their UK specific classification
.

Given the differences that result from the use of two classifications we were unable to incorporate data prior to 1995 into our analysis as planned.

Appendix I
The system of equations can be expressed using matrices as

Xt+1 = Xt + AXt
where 
Xt is the state of the system at time t 

and A is the matrix representing the relationship between the factors as described in the Foresight report with relative strengths determined by the reported coarse classing.

The physical stability of the linear system is determined completely by the eigenvalues of the matrix A, these are the roots to the polynomial p(λ) = det(A− λ I) = 0 where I is the identity matrix. An eigenvector υ corresponding to an eigenvalue λ is a nonzero vector for which Aυ = λυ.

The eigenvalues can be real or complex valued. If λ = α + i( is an eigenvalue, written as a complex number, the real part of λ is the real number α.

· A linear system is stable if all the eigenvalues of A have negative real parts or if A has mj linearly independent eigenvectors for each λj. Otherwise, every solution is unstable.
· Every solution is unstable if at least one eigenvalue of A has positive real part.

The eigenvalues of A are shown in Table I.1 and are calculated in Matlab. 35 of them have positive real parts so there is no need to consider the linearity of mj. These positive real eigenvalues mean that the system is unstable. 

It is important to understand that this conclusion does not mean that equilibria do not exist. Indeed it is possible that many equilibria exist in the system, the eigenvalues indicate that none of these equilibria are stable. Or in other words, even the slightest deviation from an initial condition that represented an equilibrium will cause the system to diverge.

In order to confirm our mathematical analysis of the eigenvalues numerical analysis was also performed. Indeed we found that any disturbance any of the 108 factors initially lead to an independent path for the system but that eventually the whole system diverged.

Table I.1: Eigenvalues for Matrix A

	0.148229978515194 + 0i
	0.033364221176378 + 0i
	-0.000000000000002 + 0i

	-0.126935407022487 + 0i
	0.031233184389554 + 0i
	0.000000000000003 + 0i

	0.086158273291325 + 0.067321276211101i
	0.011224185399152 + 0.018888590720373i
	0 + 0i

	0.086158273291325 - 0.067321276211101i
	0.011224185399152 - 0.018888590720373i
	-0 + 0i

	0.110327108361769 + 0i
	-0.026857512064967 + 0i
	-0 - 0i

	-0.018198806810737 + 0.087584445436338i
	-0.020656293956046 + 0.011613796272324i
	0 + 0i

	-0.018198806810737 - 0.087584445436338i
	-0.020656293956046 - 0.011613796272324i
	-0 + 0i

	-0.084170117425558 + 0.029969230072068i
	-0.009642991945974 + 0.021997894594449i
	-0 - 0i

	-0.084170117425558 - 0.029969230072068i
	-0.009642991945974 - 0.021997894594449i
	-0 + 0i

	-0.086668128787638 + 0i
	0.020000754024395 + 0i
	-0 - 0i

	0.084210819447704 + 0i
	-0.00906697068329 + 0.018025505316431i
	-0 + 0i

	0.039343408199342 + 0.065232789418226i
	-0.00906697068329 - 0.018025505316431i
	0 + 0i

	0.039343408199342 - 0.065232789418226i
	0.011190267616655 + 0i
	0 + 0i

	-0.077384589521683 + 0.004655830822398i
	-0.004744062197949 + 0.00252429223605i
	0 + 0i

	-0.077384589521683 - 0.004655830822398i
	-0.004744062197949 - 0.00252429223605i
	0 + 0i

	0.018202909732094 + 0.067977290101372i
	-0.00040043337444 + 0i
	0 + 0i

	0.018202909732094 - 0.067977290101372i
	-0.000119920196709 + 0i
	0 + 0i

	0.071452131692399 + 0i
	-0.000054402422892 + 0.000102429326262i
	0 + 0i

	-0.045861695842471 + 0.048418906051841i
	-0.000054402422892 - 0.000102429326262i
	0 + 0i

	-0.045861695842471 - 0.048418906051841i
	0.000058514597423 + 0.000096115433395i
	0 + 0i

	-0.061096501242401 + 0i
	0.000058514597423 - 0.000096115433395i
	0 + 0i

	0.057943523530416 + 0i
	0.000111535640942 + 0i
	0 + 0i

	0.052564705659254 + 0i
	-0.000007264098203 + 0.000005305274798i
	0 + 0i

	-0.042847270324875 + 0.028955714359414i
	-0.000007264098203 - 0.000005305274798i
	0 + 0i

	-0.042847270324875 - 0.028955714359414i
	0.000002800952843 + 0.000008503282781i
	0 + 0i

	0.007570360520667 + 0.046678681656748i
	0.000002800952843 - 0.000008503282781i
	0 + 0i

	0.007570360520667 - 0.046678681656748i
	0.000008926290836 + 0i
	0 + 0i

	-0.041947352251528 + 0i
	-0.000000211386701 + 0i
	0 + 0i

	-0.024691756687297 + 0.033689664644958i
	0.000000105693292 + 0.000000183210621i
	0 + 0i

	-0.024691756687297 - 0.033689664644958i
	0.000000105693292 - 0.000000183210621i
	0 + 0i

	-0.01161866956829 + 0.036084900328376i
	0.000000000000005 + 0.000000000733736i
	0 + 0i

	-0.01161866956829 - 0.036084900328376i
	0.000000000000005 - 0.000000000733736i
	0 + 0i

	0.020052311219472 + 0.023236352799624i
	-0 + 0.000000000332686i
	0 + 0i

	0.020052311219472 - 0.023236352799624i
	-0 - 0.000000000332686i
	0 + 0i

	0.028026176870339 + 0.014055710565675i
	-0.000000000000001 + 0.000000000002825i
	0 + 0i

	0.028026176870339 - 0.014055710565675i
	-0.000000000000001 - 0.000000000002825i
	


Appendix II

Mathematical characterisation of the fit of a model to the empirical data:


where: 

i  
is the index of the data point in either the Department of Health data 



(i=2 is equivalent to 1996) or the model (i=2 is equivalent to the 1st time step) 


xj 
is the proportion of the population corresponding to category j in the 



model


yj 
is the proportion of the population corresponding to category j in the Department of Health data
Appendix III

Figure II.1: 
System map for Model 1.3. This model includes peer acceptance of being obese and allows children to reduce their weight and move from being obese to overweight.









[image: image46.wmf]H

W

H

dt

dH

g

g

b

b

-

+

+

-

=

2

1





[image: image47.wmf]O

O

W

H

dt

dW

2

1

2

1

a

g

a

b

b

+

+

+

-

=

)

(



[image: image48.wmf])

(

g

a

a

+

-

=

2

1

O

WO

dt

dO


Figure II.2: 
System map for Model 1.4. This model includes peer acceptance of being overweight and allows children to reduce their weight and move from being obese to overweight.
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Figure II.3: 
System map for Model 1.5. This model includes the peer acceptance of being both overweight and obese and allows children to reduce their weight and move from being obese to overweight.
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Appendix IV

Figure III.1: 
The optimal results from Model 1.3 for trying to explain the obesity data ((1=0.95 (2=0.05, (1=0.83, (2=0.20, (=0.071, H0=0.750, W0=0.133 and O0=0.117)
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Figure III.2: 
The optimal results from Model 1.4 for trying to explain the obesity data ((1=0.190 (2=0.070, (1=0.680, (2=0.287, (=0.071, H0=0.750, W0=0.133 and O0=0.117)
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Figure III.3: 
The optimal results from Model 1.5 for trying to explain the obesity data ((1=0.95 (2=0.05, (1=0.80, (2=0.397, (=0.071, H0=0.750, W0=0.133 and O0=0.117)
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Peer acceptance is a sociological term relating to the psychology of peer group attitudes. We mean by this that people feel less pressure to change their behaviour when other people within their community exhibit the same behaviour to them. It is not connected with the intrinsic merits or ‘demerits’ of any particular behaviour. In this context it refers purely to the phenomenon of people continuing in modes of behaviour because the fact that other people do so makes it more acceptable.





The vast majority of studies into obesity do not accord peer acceptance any importance and therefore its role in increasing childhood obesity levels is badly understood. 
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The range of possible values for each parameter was between 0.1 and 0.9, with increments of 0.0067








( is the sum of square differences between the model and the empirical data. See Appendix II.
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