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Foreword

Lifestyle related health problems are now a challenge of global proportions. For
example, levels of obesity have doubled since 1980, and it costs a staggering
2.8% of the world’s GDP. Europe is not an exception: half of EU adults today
are either overweight or obese, and rates for children are even more worrisome:
one in three. Unless we act, we will condemn a whole generation to a lifetime

of poor health.

With governments across Europe struggling to curb these ever-rising rates, it is
more important than ever to make the economic case for investing in strategies
that promote health and prevent diseases. Unhealthy diets and lack of physical
activity are risk factors for developing a range of chronic diseases such as diabe-
tes, cancer and cardiovascular disease. They not only reduce people’s quality of
life and life expectancy, but also place a burden on our health systems and our
economies, and on society as a whole.

There is growing evidence that many prevention interventions are cost-effective.
It is therefore surprising that OECD countries still spend an average of only
3% of their health care budgets on disease prevention programmes. In contrast,
already some 7% of EU health budgets are spent on treating chronic diseases

linked to obesity.

This clearly points to a need to change mindsets. If we wish to keep our population
healthy, active and productive, and our health systems strong and resilient in the
long term, and reduce the increasing pressure on national health care budgets,
we need to reset our thinking. We need to focus more on disease prevention and
health promotion to save future expenditure on treatment and cure. This sounds
self-evident — yet it is a surprisingly difficult message to get across.

Underpinning policies with sound evidence is essential. I therefore welcome
this report, which provides a useful contribution to the debate on the increasing
importance of promotion and prevention, and I invite you to read the assessment
of the evidence contained within these pages of the costs of unhealthy diets and
low physical activity.

Xavier Prats Monné
Director General of the Directorate-General for Health and Food Safety
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Summary

Unbhealthy diets and low levels of physical activity are among the main risk factors
for major chronic diseases. While this is well documented, the economic burden
associated with these two risk factors remains uncertain. A better understanding
of the economic burden could help inform priority setting and motivate efforts
to promote more effectively healthy diets and physical activity in Europe and
worldwide. This volume seeks to help advance the debate through

e critically reviewing the literature that has sought to estimate the eco-
nomic costs associated with unhealthy diets and low physical activity
and presenting the range of estimates of economic burden;

* analysing the measurement, methodological and practical issues in
assessing the economic burden from unhealthy diets and low physical
activity; and

* developing a framework for assessing costs and testing the feasibility
of this approach to provide better estimates of the economic burden.

The published evidence overwhelmingly shows that unhealthy diets and low
physical activity are predictive of higher health care expenditure, but esti-
mates vary greatly.

We used a rapid assessment of the evidence that has been published between
January 2000 and February 2016, including a total of 30 studies for detailed
review. Of these studies, six addressed diet, 21 looked at physical activity, and
three considered both. Over half of the studies were set in North America, with
only six set in Europe.

Most studies retrospectively assessed the economic burden of unhealthy diets and
low physical activity. About half adopted a disease-based approach, often looking
at cardiovascular disease, type 2 diabetes and selected cancers. In most cases this
approach used the population-attributable fraction (PAF), which estimates the
proportion of a disease that can be attributed to a particular risk factor.

We found that, overall, estimates presented in the reviewed studies varied widely.
Not all included studies reported national or per capita costs that can be associ-
ated with the two risk factors. Of those that did, the estimated health care costs
for unhealthy diets ranged from €3.5 per capita in China to €63 in Australia and
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€156 in the United Kingdom. For low physical activity, the estimated annual
per capita health care costs ranged from €3 in the Czech Republic to €48 in
Canada. In the United States of America alone, these ranged from less than €1
in two studies up to €185. Only four studies also considered indirect costs in
their estimates for low physical activity, and these varied from €3.7 per capita
in China to between €127 and €224 in Canada.

It is plausible that differences in socioeconomic conditions and health care and
labour costs might lead to some of the differences between cost estimates. But
much of the observed variation results from differences in approaches to meas-
urement, such as what is meant by ‘unhealthy diets’ or ‘low physical activity’;
large differences in the methodological approaches chosen (for example, the use
of a retrospective, disease-based approach or of a prospective approach); differ-
ences in the populations studied and underlying data that are being used; and
the range and types of costs considered.

Defining what constitutes an ‘unhealthy diet’ and ‘low physical activity
remains challenging and different conceptualisations make a comparative
assessment of available evidence difficult.

Definitions of unhealthy diets often refer to those high in specific nutrients
such as saturated fats, salts or sugars. Yet, growing evidence finds that intakes of
specific foods rather than the actual nutrients are most relevant for the develop-
ment of chronic disease, and studies increasingly look at recommended intakes
of selected food groups, such as fruit, vegetables, nuts and seeds, whole grains,
seafood and unprocessed red meats. This is based on studies that found intake
levels for these food groups to be associated with coronary heart disease, stroke,
type 2 diabetes and certain cancers. But even with this approach there remains
the problem of how to score different intake levels.

These conceptual challenges are reflected in the reviewed studies of unhealthy
diets, which often focused on single food items, such as intakes of fruit and
vegetables, while others considered a range of nutrients and foodstuffs including
saturated- and trans-fat, fruit, vegetables and whole grains. Again others examined
diets that scored low on a measure of dietary diversity, or they analysed dietary
patterns according to national dietary recommendations. A small number of
studies did not define what was meant by unhealthy diet.

There is more consensus about what constitutes low physical activity. For measure-
ment purposes, physical activities are classified into categories of intensity, from
light to moderate to vigorous, depending on the amount of effort required to
perform the activity. Guidelines by the WHO combine intensity with duration,
for example recommending that adults should engage in at least 150 minutes of
moderate-intensity aerobic physical activity throughout the week, in bouts of at
least 10 minutes’ duration, to reduce the risk of chronic disease.
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Yet, as with unhealthy diet, reviewed studies that have assessed the costs of
low physical activity used different definitions, ranging from those focusing on
different thresholds of intensity of activities to those looking just at the dura-
tion. Others only considered specific types of physical activity (or lack thereof),
such as leisure-time physical activity, walking, participation in an exercise
programme or sedentary behaviour. Two studies did not define low physical
activity.

These differences in definitions and conceptualisations undermine the comparative
assessment of available cost estimates that can be associated with either risk factor.

Costing studies differ in analytical approaches and in the nature and scope of
data used, influencing estimates for the economic burden of unhealthy diets
and low physical activity.

Just under half of reviewed studies used population-attributable fractions (PAFs)
to assess the contribution of unhealthy diets or low physical activity to a range
of diseases (or death) and this then formed the basis to estimate the economic
burden.

Studies analysed different numbers and combinations of diseases, most commonly
coronary heart disease, stroke, type 2 diabetes and colorectal and breast cancer.
They also varied in the population-attributable fractions used. They commonly
applied the PAFs to contemporary prevalence of unhealthy diets or low physical
activity and then estimated the related disease costs incurred in the same year.
Such an approach overlooks the time lag between exposure to the risk factor
and the development of disease.

There was equally great variation in the range of costs being considered by
individual studies. The majority only looked at the direct health care costs,
and this is likely to greatly underestimate the true economic burden that can
be associated with unhealthy diets or low physical activity. For example, three
Canadian studies that had analysed the costs associated with low physical activ-
ity found indirect costs caused by lost productivity to be about twice as high
as direct health care costs, together accounting for between 0.4% and 0.6% of
gross domestic product (GDP).

We developed a framework for estimating the economic costs of unhealthy
diets and low physical activity using a disease-based approach, and applied
it to estimate the economic burden of type 2 diabetes associated with these
two risk factors.

Building on the insights from the critical appraisal of the literature and the review
of measurement and methodological challenges, we developed a framework for
assessing the costs of unhealthy diets and low physical activity. We adopted a
disease-based approach, which incorporates a time perspective to account for the
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natural progression of disease. We further estimated incidence rather than preva-
lence, included costs related to the disease and its complications, and considered
indirect costs of productivity losses as a consequence of absenteeism, presentee-
ism, work disability, early retirement and premature mortality. The framework
was tested by assessing the costs of type 2 diabetes. Diabetes has been associated
with a high individual, social and economic burden and related expenditure
was estimated to account for some 9% of total health care expenditure in the
European region in 2015. There is the specific advantage of using diabetes as
the disease for testing the framework in that there is a well-established causal
pathway from these risk factors and disease.

We projected the total economic costs that can be associated with unhealthy
diets and low physical activity in 2015 as manifested in incident type 2
diabetes cases in 2020 in five large European countries to be €883 million.

Using this approach, we projected the total economic cost of diabetes that can
be associated with unhealthy diets and low physical activity. The approach takes
the patterns of diet and activity levels in 2015 and projects incident diabetes
cases for the year 2020. The estimated direct and indirect costs associated with
these cases ranged from €82.4 million in Spain to €266.7 million in Germany.
This equates to a per capita cost of €1.77 in Spain to €3.29 in Germany. Relating
costs more specifically to the population projected to develop diabetes in 2020 as
a consequence of unhealthy diets and low physical activity in 2015, the United
Kingdom showed the highest amounts, at €18 953, closely followed by Germany
and France, while Italy had the lowest cost, at just over €10 720.

The total cost in the five high-income countries studied (France, Germany,
Italy, Spain and the United Kingdom) was projected to amount to about €883
million in 2020. The populations in the five countries studied account for
almost two thirds of the total population in the European Union (EU-28). This
would imply a total EU cost of around €1.3 billion, but care must be taken in
any extrapolation given differences in population characteristics, costs of care
and value of lost productivity. While these estimates of the economic costs are
substantial, they represent only a small proportion of health care expenditure
and a very small proportion of GDP. Even on the higher estimates in the sen-
sitivity analysis it is likely that the burden of disease associated with unhealthy
diets and low physical activity as measured by poor health and shortened life
will be at least as important as the financial costs of additional health care and
lost productivity.

It is difficult to compare the findings of the analyses presented here with estimates
published elsewhere since only diabetes costs are estimated. The principal analyti-
cal steps used in our analysis are similar to those in the recent Lancet Physical
Activity 2016 Series for low physical activity. Where our model differs is that we
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only considered the costs of new cases, which can be causally linked to the risk
factor, and we take account of the expected time lag between exposure to the risk
factor (unhealthy diets, low physical activity) and the development of the disease,
and of complications that arise from diabetes. We also considered a wider range
of indirect costs linked to lost productivity because of work absence, disability,
early retirement and premature death among incident diabetes cases that can
be attributed to unhealthy diets and low physical activity. While our estimates
are restricted to diabetes, they provide a fuller picture of the likely future costs
that can be attributed to contemporary dietary and physical activity patterns.

Where do we go from here?

This study has tested the feasibility of estimating the costs of unhealthy diets and
low physical activity using a disease-based approach. While there are limitations,
it has shown that it is broadly feasible to populate the model with data from a
range of sources, and the results show a reasonable consistency across countries.
While the disease burden from diabetes is not currently as large as that for, for
example, ischaemic heart disease, it is a good exemplar because of the strong rela-
tionship between these lifestyle factors and the risk of diabetes. In other chronic
diseases there will be additional challenges in identifying the contribution of
these lifestyle factors and disease risk. Given the very wide range of estimates of
costs from the studies reviewed, this may be a more promising approach.






Chapter 1

Introduction

Unbhealthy diets and low physical activity are among the key risk factors for major
chronic, non-communicable diseases such as cardiovascular diseases, cancers and
diabetes. In 2015, diets that are low in fruit and vegetables or high in sugar,
processed foods or sodium were estimated to directly account for 37% of all
deaths and just over a quarter of the total disease burden (disability-adjusted
life years, DALYs) (GBD 2015 Risk Factors Collaborators, 2016). Low levels of
physical activity accounted for another 5% of all deaths and 3.4% of DALYs.
Taken together, these two risk factors were thus responsible for some two in
five deaths worldwide and about 30% of the global disease burden. It is against
this background that several strategies have been launched at European and
global levels since the early 2000s to promote healthy diets and physical activity
and so reduce the related burden of ill-health (Commission of the European
Communities, 2007; Council of the European Union, 2014; WHO Regional
Ofhice for Europe, 2001; WHO Regional Office for Europe, 2005; WHO
Regional Office for Europe, 2015; WHO Regional Office for Europe, 2016;
World Health Organization, 2004; World Health Assembly, 2013).

There is an expectation that effectively promoting healthy diets and physical
activity can help reduce the economic burden associated with chronic diseases,
which was estimated to account for 70-80% of health care budgets, or €700 bil-
lion annually across the European Union alone (European Commission, 2014).
However, while there is good evidence about the positive impacts of, for example,
a healthy diet on outcomes such as major cardiovascular events (Estruch et al.,
2013; Stefler et al., 2015; Tong et al., 2016; Liyanage et al., 2016) or about
the association between physical activity and mortality (Samitz et al., 2011;
Woodcock et al., 2011), only a small number of studies have provided robust
estimates for the economic impacts on health care and the wider society that are
directly related to either factor. This is in part because the relationships between
unhealthy diets or low physical activity and health care costs is complex, and it
is the consequences of these behaviours, for example obesity or specific lifestyle-
related diseases, that lead to health care costs. However, there may be more direct
effects of unhealthy diets and low physical activity on lost productivity.

Available studies provide widely varying estimates, reflecting the range of assump-
tions and estimates that inform underlying models (Cecchini & Bull, 2015). For
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example, Scarborough et al. (2011) estimated the economic burden of ill health
that could be attributed to unhealthy diet to the National Health Service in the
United Kingdom in 2006—07 to be £5.8 billion (€8.5 billion) and £0.9 billion
(€1.3 billion) for low physical activity. Maresova (2014) calculated the financial
cost of low physical activity to public health insurance in the Czech Republic to
be 0.4% of total health care cost in 2008. These figures do not take account of
the wider societal costs that can be attributed to these risk factors. More recently,
Ding et al. (2016) estimated that in 2013 health care costs associated with low
physical activity accounted for an average of 0.6% of total health expenditure
across EU Member States.

This volume seeks to help provide a clearer picture of the economic costs of
unhealthy diets and low physical activity in Europe, to understand the meth-
odological and practical difficulties in assessing costs, and to provide a test case
to show how costs might better be assessed.

Chapter 2 provides a targeted review of the literature that has sought to estimate
the economic costs associated with unhealthy diets and low physical activity. This
provides estimates of the costs as reported in the different studies, and shows
how the estimated costs vary with the different assumptions and methods used.

Chapter 3 reviews the methodological and practical challenges in estimating the
economic costs of unhealthy diets and low physical activity. It looks in detail at
issues of measurement of diet and physical activity, and at how there are strong
interactions between diet and physical activity in terms of risks of disease (and
indeed in different elements of diet), and shows how these challenges affect the
estimates of costs.

Chapter 4 develops a bottom-up framework for assessing the costs of unhealthy
diets and low physical activity using a disease-based approach. This is then tested
out for a disease (type 2 diabetes) for which there is strong evidence that the
disease is related to both diet and the level of physical activity. This provides a
test of concept, and shows how evidence from a range of sources can potentially
be combined to improve our understanding of the economic cost.

Chapter 5 briefly summarises the findings of the work and proposes avenues
for further research.



Chapter 2

The economic costs of unhealthy
diets and low physical activity: what
does the published literature tell us?

This chapter reports the findings of a targeted review of the literature that has
sought to estimate the economic costs associated with unhealthy diets and/or
low physical activity. No previous review has covered costs associated with both
of these, and existing reviews of costs of low physical activity (Kruk, 2014;
Oldridge, 2008) did not provide information on the methodological approach
or a critical evaluation of reviewed studies. The aim of this review is to present
the current best estimates of the economic costs, and the strengths and weak-
nesses of the available studies.

Drawing on the principles of a rapid evidence assessment (Khangura et al.,
2012), we carried out a targeted search of PubMed, the National Library of
Medicine’s Medline and pre-Medline database (NCBI, 2016). We identified
studies using medical subject headings (MeSH) as follows (*/’ indicating ‘or’):
‘sedentary lifestyle/leisure activities/motor activity’ or ‘diet/food’ in combination
with ‘health care costs[statistics and numerical data]/costs and cost analysis/
public health[economics]/cost of illness’. We limited our search to studies that
were published between January 2000 and February 2016 and that were in the
English language.

We included original studies estimating the costs that can be associated with
unhealthy diets or low physical activity. We did not consider studies that focused
on populations with established disease (e.g. people with osteoarthritis), interven-
tion studies or those that compared different populations with different levels
of physical activity or differing dietary behaviours, except where these were
quantified further. Given the overall scarcity of studies, we adopted an inclusive
approach and we did not formally assess the quality of included studies. We
excluded editorials, commentaries or letters.

2.1 Characteristics of reviewed studies

This section briefly summarises the key characteristics of reviewed studies; a
detailed overview is presented in Appendix 1.
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The PubMed searches identified a total of 3661 records (diet: 2347; physical
activity: 1314) and, following screening of abstracts and titles, we considered
38 studies for full-text review. Of these, 30 studies were considered eligible for
inclusion in the review. Six addressed diet, 21 examined physical activity, and
three considered both.

Eleven of the included studies were set in the United States of America (Ackermann
et al., 2003; Anderson et al., 2005; Bachmann et al., 2015; Bland et al., 2009;
Carlson et al., 2015; Chevan & Roberts, 2014; Daviglus et al., 2005; Garrett
et al., 2004; Martinson et al., 2003; Wang et al., 2005; Wang et al., 2004), five
in Canada (Alter et al., 2012; Janssen, 2012; Katzmarzyk, 2011; Katzmarzyk et
al., 2000; Krueger et al., 2015), three each in the United Kingdom (Allender
et al., 2007; Rayner & Scarborough, 2005; Scarborough et al., 2011) and in
Australia (Collins et al., 2011; Doidge et al., 2012; Peeters et al., 2014), two in
China (Popkin et al., 2006; Zhang & Chaaban, 2012) and one each in Brazil
(Codogno etal., 2015), Germany (Idler et al., 2015), Czech Republic (Maresova,
2014), Japan (Kuriyama et al., 2004) and Taiwan, China (Lo et al., 2013). One
study assessed the economic costs of disease-related malnutrition in health care
settings in Ireland (Rice & Normand, 2012).

The majority of studies provided a retrospective assessment of the economic
burden that can be associated with either unhealthy diets or low physical activity
or both, while nine studies adopted a prospective approach by following a cohort
of people over a defined period of time (Alter etal., 2012; Bachmann etal., 2015;
Bland et al., 2009; Chevan & Roberts, 2014; Collins et al., 2011; Kuriyama et
al., 2004; Lo et al., 2013; Martinson et al., 2003; Peeters et al., 2014).

About half of the reviewed studies adopted a disease-based approach to estimate
the economic burden that can be associated with unhealthy diets or low physical
activity, most frequently cardiovascular diseases (coronary heart disease, stroke,
hypertension), type 2 diabetes, and colon and female breast cancer (Allender et
al., 2007; Daviglus et al., 2005; Doidge et al., 2012; Garrett et al., 2004; Janssen,
2012; Katzmarzyk, 2011; Katzmarzyk et al., 2000; Krueger et al., 2015; Maresova,
2014; Popkin et al., 2006; Rayner & Scarborough, 2005; Scarborough et al.,
2011; Wang et al., 2004; Zhang & Chaaban, 2012). The disease-based approach
typically, although not always (Daviglus et al., 2005; Wang et al., 2004), uses
the population-attributable fraction (PAF) to quantify the contribution of the
individual risk factor (unhealthy diet, low physical activity) to the burden of a
given disease or death (Box 1).

The remaining studies used a generic, non-disease-based approach, where
unhealthy diets or low physical activity data of each individual were linked
to health care cost data, regardless of the type of disease or diagnosis. Such
an approach is typically followed by regression techniques to identify possible
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Box 1 Population-attributable fraction

The population-attributable fraction (PAF) generally refers to the proportion of cases for a given
outcome of interest that can be attributed to a given risk factor among the entire population.
Specifically, the PAF is a function of the proportion of individuals in the population who are exposed
to the factor of interest (Pexp), for example, unhealthy diet, and the relative risk (RR) of a particular

outcome given that exposure, for example, the development of type 2 diabetes. If the exposure
variable is dichotomous (i.e. the risk factor is present or absent), the mathematical formula reads:

P, (RR-1)
PAF (%) = —— 22—
[P, (RR-1)] +1

exp

For example, if the relative risk for the effect of a given exposure on a disease outcome was
approximately 5, and we can infer from a population survey that about 20% of the population
was exposed to this risk factor, the proportion of all disease cases in the population that can be
attributed to the risk factor is calculated as: PAF = 0.05 x (20-1) / (0.05 x (20-1) + 1) = 0.95/
1.95 = 49%.

associations between the presence or absence of the risk factor and the mag-
nitude of costs (Ackermann et al., 2003; Alter et al., 2012; Anderson et al.,
2005; Bachmann et al., 2015; Bland et al., 2009; Carlson et al., 2015; Chevan
& Roberts, 2014; Codogno et al., 2015; Collins et al., 2011; Idler et al., 2015;
Kuriyama et al., 2004; Lo et al., 2013; Martinson et al., 2003; Peeters et al.,
2014; Rice & Normand, 2012; Wang et al., 2005).

Studies using a disease-based approach based on population-attributable fractions
reported costs that can be associated with unhealthy diets and/or low physical
activity in aggregate terms, for example national costs. Conversely, studies that
adopted a generic approach tended to report the costs as ‘additional costs’, that
is, additional to the costs a non-exposed individual would otherwise incur, in
per capita terms. Two studies reported risk estimates, in this case, odds ratio,
illustrating the strength of the association between unhealthy diet or low physical
activity and costs (Chevan & Roberts, 2014; Codogno et al., 2015).

2.2 What the evidence tells us: the economic costs of
unhealthy diets

Drawing on those studies that have reported aggregate costs, the annual economic
costs of unhealthy diets ranged from €1.4 billion in Australia (AU$ 2 billion)
(Doidge et al., 2012) to €4.5 billion in China (US$ 4.2 billion) (Popkin et al.,
2006) and €8.5-9.5 billion in the United Kingdom (£5.8-6 billion) (Rayner &
Scarborough, 2005; Scarborough et al., 2011) (see Appendix 2 for conversion
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rates of currencies applied) (Table 1). Taking account of the population size, the
per capita annual economic costs that can be associated with unhealthy diets is
estimated to range from €143 to €156 for the United Kingdom, €63 for Australia
and €3.5 for China. All of these costs were health care costs only.

Table 1 Annual economic costs of unhealthy diets as reported in the published

literature
Estimated annual
economic costs Definition of Perspective of  Population
Country i . L Source
of unhealthy diets unhealthy diets cost estimation base
(per capita*)
Australia €1.4 billion Low levels of dairy Direct health care General Doidge et al.
u ! (€63) consumption costs, not specified  population (2012)
Diet high in saturated
. €4.5 billion anq trans-at, low in Direct health care General Popkin et al.
China fruit, vegetables and . )
(€3.5) A costs, not specified  population (2006)
whole grains plus
heavy alcohol drinking
- ) Rayner &
€8.5 billion ) Direct health care General
Not defined i . Scarborough
United (€143) costs, not specified  population (2005)
Kingdom — -
€9.5 billion Not defined Direct health care General Scarborough et
(€156) costs, not specified  population al. (2011)

Note: * per capita costs calculated using United Nations population data (United Nations, 2015).

Reviewed studies varied widely in their definition of unhealthy diets, often
focusing on single food items, such as dairy consumption (Doidge et al., 2012)
or intakes of fruit or vegetables (Bland et al., 2009; Daviglus et al., 2005), while
Popkin et al. (2006) considered a range of nutrients and foodstuffs including
high consumption of saturated- and trans-fat, and low consumption of fruit,
vegetables and whole grains, as well as heavy alcohol use. Lo et al. (2013) exam-
ined diets that scored low on a measure of dietary diversity, while Collins et al.
(2011) analysed dietary patterns according to Australian national dietary recom-
mendations. Two studies did not define unhealthy diets specifically (Rayner &
Scarborough, 2005; Scarborough et al., 2011), and Rice & Normand (2012)
analysed the cost of malnutrition in health care settings.

Similarly, studies also varied in relation to the data that were used to assess diet
and costs. A small number of studies used national surveys of self-reported food
intake (Doidge et al., 2012; Popkin et al., 2006), while others did not collect data
on dietary patterns specifically but instead used readily calculated population-
attributable fractions published elsewhere. For example, Rayner & Scarborough
(2005) and Scarborough et al. (2011) drew on PAFs produced as part of the
Global Burden of Disease studies (Ezzati et al., 2004; Murray & Lopez, 1997).
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All reviewed studies estimated disease-based direct health care expenditures and
only Rice & Normand (2012) also included social care costs. All estimated costs
applied to the general population; the only exception was the study by Bland
et al. (2009), which estimated the costs for a sample of members of one health
insurance plan in the United States (n = 7983 individuals).

2.3 What the evidence tells us: the economic costs of low
physical activity

Turning to the economic costs that can be associated with low physical activity,
fourteen studies reported aggregate costs. These ranged from €29 million per annum
in the Czech Republic (K¢ 700 million) (Maresova, 2014) to €1.32-1.68 billion
in the United Kingdom (£0.9—1.06 billion) (Scarborough et al., 2011; Allender et
al., 2007), €1.3-7.9 billion in Canada (C$ 2.1-10.8 billion) (Katzmarzyk et al.,
2000; Krueger et al., 2015; Janssen, 2012; Katzmarzyk, 2011), €1.8-4.9 billion
in China (US$ 1.7-6.8 billion) (Popkin et al., 2006; Zhang & Chaaban, 2012)
and €90.5 million—€57.7 billion in the United States (US$ 83.6 million—79 bil-
lion) (Garrett et al., 2004; Anderson et al., 2005; Carlson et al., 2015) (Table 2).
Taking account of population, the estimated annual per capita health care costs
ranged from €3 in the Czech Republic to €48 in Canada. In the United States
alone, per capita health care cost estimates ranged from less than €1 in two studies
up to €185. Only four studies also considered indirect costs in their estimates, and
these varied from €3.7 per capita in China to between €127 and €224 in Canada.

As illustrated in Table 2, and similar to studies analysing unhealthy diets, low
physical activity or physical inactivity was defined differently across studies, which
makes it difficult to compare estimates. Four studies defined physical inactivity
as not meeting recommendations for moderate- and vigorous-intensity types of
physical activity (Idler et al., 2015; Janssen, 2012; Maresova, 2014; Zhang &
Chaaban, 2012), while Carlson et al. (2015) considered only moderate-intensity
activity and Garrett et al. (2004) only vigorous-intensity activity. Four studies
defined physical inactivity as not meeting the recommended duration (which varied
across studies), regardless of intensity (Alter et al., 2012; Anderson et al., 2005;
Bland et al., 2009; Martinson et al., 2003). Katzmarzyk et al. (2000), Garrett et
al. (2004), Katzmarzyk (2011) and Krueger et al. (2015) only considered leisure-
time physical inactivity, Popkin et al. (2006) only considered sedentary behaviour,
Kuriyama et al. (2004) focused on walking and Ackerman et al. (2003) defined
physical activity as participation in an exercise programme. Bachmann et al. (2015)
and Peeters et al. (2014) conceptualised activity in terms of metabolic equivalents
achieved while performing a physical activity, and Wang et al. (2004; 2005) used
small increases in heart rate or heavy breathing induced by physical activity as a
measure of activity. Allender et al. (2007) and Scarborough et al. (2011) did not
define physical inactivity specifically.
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Table 2 Annual economic costs of low physical activity reported in the published
literature
Annual economic
costs of low Definition of low . I Population
Country physical activity  physical activity Perspective of cost estimation base Source
(per capita*)
Less than 150 minutes of
moderate activity or less
than 75 minutes of vigorous
activity a week or less than
Czech €29 million 180 minutes of walking Direct health care costs, not General Maresova
Republic  (€2.8) weekly or any combination  specified population (2014)
resulting in less than 600-
MET minutes a week on at
least three days per week
or no physical activity at all.
€1.32 billion Not defined Direct health care costs, not General Scarborough
(€22) specified population etal. (2011)
U_"“e'j Direct health care costs: inpatient
Kingdom €1 68 billion Not defined and outpatient, primary care, General Allender et
(€28) pharmaceutical and net community  population al. (2007)
care service expenditures
Leisure-time energy
€1.3 billion expenditure of less than Direct health care costs, not General Katzmarzyk
(€43) 12.6 kilojoules per kg specified population et al. (2000)
bodyweight per day
Direct health care costs: hospital,
drugs, physician care, care in other
institutions, ‘additional’ direct
; health care expenditures
€4.3 billion Lesg thz:n 150 mlnuttra]s O.f | General Janssen
(€127) moderate-vigorous physical  ndirect productivity costs: income  population 2012)
activity per week lost due to sickness absence,
injury-related work disability
and premature deaths before
retirement
Direct health care costs: hospital,
drugs, physician care, care in other
Canada i ) institutions, other professional fees,
€5.4 billion tjﬁg;s;tﬂ?;eo?g 95y keal public healtrl, hdeal_th Ts't?a”’h a'ld General Katzmarzyk
. pre-payment administration costs i
(€160) per kg bodyweight per day population (2011)
Indirect productivity costs: income
lost due to premature death and
short-term and long-term disability
Direct health care costs: hospital,
physician services, other health
care professional services
Average leisure-time energy (excluding dental services), drugs,
€7.9 billion expenditure of less than 1.5 health research and ‘other’ health  ggngrg) Krueger et al.
(€224) kcal per kg per day over the ~ Caré expenditures population (2015)

past three months

Indirect productivity costs: income
lost due to short-term disability,
long-term disability and premature
mortality (before retirement)
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Annual economic
costs of low Definition of low . - Population
Country physical activity  physical activity Perspective of cost estimation base Source
(per capita®)
€1.8 billion Sedentary behaviour Direct health care costs, not General Popkin et al.
(€1.4) y specified population (2006)
Direct health care costs: hospital,
drugs, physician care, other
Less than 30 minutes of professional services, public
. i i iy health, health research, pre-
China moderate-intensity activity ’ Jeovel v
€4.9 billion for five days per week or payment administration costs General gﬁ:ggaﬁ
(€3.7) less than _2? m'fl”test_"f_t Indirect productivity costs: income ~ PoPulation (2012)
vigorous-ntensity activity lost due to sickness absence,
for three days per week injury-related work disability
and premature deaths before
retirement
t?i?gg}iﬂ:&::&?g}:;e Direct health care costs: Sample
€90.5 million physical activity for at '"pa“er?t and outpatient facility, population Garrett
professional, x-ray, laboratory and ~ (n =
(€0.3) least three days a week or ; f ’ - et al. (2004)
ho leisure-time physical pharmaceuticals, including out-of- 1.5 million)
activity at all pocket payments
Less than four days of ’ . . Sample
€212.4 million physical activity lasting Direct health care costs: hospltal population Anderson
. and professional fees, excluding
(€0.8) 30 minutes or more or no harmaceuticals n= et al. (2005)
Th physical activity at all P 200 000)
e
United Less than 30 minutes of
States ?;ttévg Illgrg;s;zg g;ev:eiin Direct health care costs: inpatient
€26.5 billion or less tﬁan 20 m?nutes stays and outpatient visits, General Wang et
(€98) of activity substantially medications and home care, population al. (2004)
increasing the heart rate for including out-of-pocket payments
>3 times per week
Direct health care costs: inpatient,
- Less than 150 minutes per  and outpatient, emergency room,
€57.7 billion ; ) s General Carlson et al.
(€185) week of moderate physical  office-based, dental, vision and population (2015)

activity or none at all

home health care, including
prescription drugs

Note: * per capita costs calculated using United Nations population data (United Nations, 2015).

Data on physical activity were typically self-reported (assessed through surveys).
Janssen (2012) measured physical activity using accelerometers, and Bachmann
etal. (2015) assessed cardiorespiratory fitness as a measure of habitual physical
activity using a treadmill test. Four studies estimated indirect costs associated with
low physical activity, in addition to health care costs (Janssen, 2012; Katzmarzyk,
2011; Krueger et al., 2015; Zheng et al., 2012). Analyses mostly applied to the
general population, although six studies estimated costs for specific populations,
such as members of a health plan in the United States (Ackermann et al., 2003;
Anderson et al., 2005; Bachmann et al., 2015; Garrett et al., 2004; Idler et al.,
2015; Wang et al., 2005). Idler et al. (2015) analysed the relationship between
physical activity and health care and (parental) productivity costs among children

aged 9 to 12 years.
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Two studies reported the costs of low physical activity in combination with
other risk factors. Alter et al. (2012) estimated the incremental health care costs
that can be associated with obesity and additional risk factors, including low
physical activity (described as sedentary) (data not shown in Table 2 as authors
reported per capita costs only). They found that the cumulative additional costs
attributable to overweight and obesity alone were small when compared with
matched normal-weight adults. However, costs increased significantly with
other risk factors. Thus, for obese individuals who were also physically inactive,
health care costs exceeded those of normal-weight, healthy individuals over an
11.5-year period by around €3700 (C$ 4080; p = 0.003). Kuriyama et al. (2004)
estimated that low physical activity increased monthly per capita health care
costs among adults in Japan by 8%, from €172 for adults without lifestyle risk
to €185, with further increases where low physical activity was combined with
obesity (by 16.4%) (1995-2001). Idler et al. (2015) focused on children aged
9 to 12 years and found that low physical activity increased health care costs by
€6 per child annually, but decreased the productivity costs (i.e. earnings lost due
to parental absence from work) by €11 per physically inactive child. However,
the relationship between physical activity and costs in this age group was not
statistically significant. Similarly, Ackermann et al. (2003) found no significant
difference in costs between physically active and inactive members of a health
plan in the United States.

Three studies analysed the comparative impact of unhealthy diets and low physical
activity on cost. Popkin et al. (2006) and Scarborough et al. (2011) estimated
that the cost associated with unhealthy diets exceeded that associated with low
physical activity by a factor of 1.5 to 5. Bland et al. (2009) found that low physical
activity but not unhealthy diet (as measured by low fruit and vegetable consump-
tion) was significantly associated with higher short-term medical costs. The latter
study collected primary data on diet and physical activity among members of a
health plan in the United States to estimate medical costs, whereas both Popkin
et al. (2006) and Scarborough et al. (2011) based their analyses on published
data on population-attributable fractions and studies are not easily comparable.

2.4 Review of the evidence: a summary

In summary, of the 30 studies reviewed, 27 found a significant association
between diet and/or physical activity and costs, with unhealthy diets and low
physical activity predictive of higher health care expenditure. The only excep-
tion was the study by Collins et al. (2011), which reported a healthy diet to
be predictive of higher health care costs; the authors noted, however, that the
findings of their study of women were likely confounded by charges incurred for
routine screening services (e.g. cervical and breast cancer screening), with those
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with higher dietary index scores more likely to use these services than those with
poorer scores. Three studies did not find a significant association between diet
or physical activity and costs.

Studies that did report costs associated with the two risk factors found the annual
cost of unhealthy diets to range from €3 to €148 per capita and for low physical
activity from €3 to €181 per capita. The highest health care cost estimates are
equivalent to between 2% and 6% of health spending in the countries. The review
shows that there is a very wide range of estimates, and these are very sensitive to
the measures of diet and activity and the ways in which the studies were carried
out. The next section reviews these methodological and measurement challenges
in assessing the costs of unhealthy diets and low physical activity.






Chapter 3

Estimating the economic costs
of unhealthy diets and low
physical activity is complex

We have shown in the review of published studies that the estimated eco-
nomic burden associated with unhealthy diets or low physical activity varies
widely. Reasons for this variation include differences in the definition of
what constitutes unhealthy diets or low physical activity; the methodological
approach chosen (such as the method to calculate population-attributable
fractions); and the range and types of costs considered. We discuss each aspect
in turn.

3.1 Defining the concepts: how can we understand
‘unhealthy diet’ and ‘low physical activity’?

Our evidence review illustrates that ‘unhealthy diets’ and ‘low physical activity’
have been conceptualised and interpreted differently, making a comparative
assessment of available studies difficult. For example, definitions of unhealthy
diets often refer to those high in specific nutrients such as saturated fats, salts or
sugars, but growing evidence suggests that intakes of specific foods rather than
macro- or micro-nutrients are most relevant for the development of chronic
disease (Morgan, 2012; Mozaffarian et al., 2011).

Table 3 Intake of major food groups associated with the lowest risks for chronic

disease

Food group Optimal intake levels (mean = standard deviation)
Fruits 300 =+ 30 grams/day

Vegetables 400 =+ 40 grams/day

Nuts/seeds 113.4 = 11.3 grams/week

Whole grains 100 + 12.5 grams/day

Seafood 350 + 35 grams/week

Unprocessed red meats 100 + 10 grams/day

Processed meats 0

Source: Micha et al., 2015.
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It is against this background that researchers have moved towards identifying and
defining healthy diets based on recommended intakes of selected food groups. For
example, Micha et al. (2015) described optimal consumption levels of selected
food groups, based on probable or convincing evidence about the association
of intake levels and the risk for coronary heart disease, stroke, type 2 diabetes
and certain cancers. An unhealthy diet can be defined as one that does not meet
the recommended intake levels of selected food groups shown in Table 3. Even
with this approach there remains the problem of how to score different levels of
deviation from optimal intake.

Intakes of beneficial dietary factors tend to be positively correlated with each
other and inversely correlated with those considered unhealthy. This correla-
tion could lead to overestimates of the relative risk of each dietary factor and
the total effect of dietary risks at the population level (GBD 2015 Risk Factors
Collaborators, 2016). Instead of individually assessing the risks associated with
selected food groups, an alternative approach is to examine dietary patterns.
Such an approach considers the balance among all food groups, including those
that are recommended for frequent consumption and those that are not. It also
accommodates different eating patterns, so allowing for variation depending on
cultural, ethnic or personal preferences, or the costs and availability of certain
foods. Examples include the Healthy Eating Index (HEI), which measures
adherence to the 2005 dietary guidelines in place in the United States, and the
Alternate Healthy Eating Index (AHEI), which is based on foods and nutrients
predictive of chronic disease risk (Chiuve et al., 2012). Diets which score highly
on cither the HEI or the AHEI were shown to be associated with a significant
reduction in the risk of all-cause mortality, cardiovascular disease, cancer and
type 2 diabetes by around 20%, highlighting their relevance for population
health (Schwingshackl & Hoffmann, 2015). The AHEI is discussed further in
the context of our proposed costing framework below.

In contrast to diet, there is more consensus about what constitutes low physical
activity. The World Health Organization (2010) has defined physical inactivity
as the “absence of physical activity or exercise” (p. 53), and it recommends that
adults meet the guidelines of at least 150 minutes of moderate-intensity or at least
75 minutes of vigorous-intensity aerobic physical activity throughout the week,
in bouts of at least 10 minutes’ duration, in order to improve cardiorespiratory
and muscular fitness and bone health, and to reduce the risk of chronic disease
and depression (World Health Organization, 2010). Physical activity includes
activities undertaken while working, playing, carrying out household chores,
travelling, and leisure-time activities but is distinct from exercise.

For measurement purposes, physical activities are classified into different cat-
egories, ranging from light to moderate to vigorous intensity, depending on the
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amount of effort (i.e. kilocalories of energy) required to perform the activity.
This effort is measured in terms of the Metabolic Equivalents (METs), which
is the ratio of a person’s metabolic rate while doing the activity relative to their
resting metabolic rate, and the intensity is then assessed by multiples of METs
spent on a given activity (Box 2) (World Health Organization, 2004). However,
as we have seen in the preceding section, studies that have assessed the costs of
low physical activity vary in their use of intensity thresholds, or intensity is not
taken account of altogether, which makes it difficult to interpret the evidence

as highlighted.

Interpretation of the evidence is further complicated where low physical activ-
ity is conceptualised as sedentary behaviour, as for example in the study
by Popkin et al. (2006). Individuals that are not meeting physical activity
guidelines may be wrongly classified as ‘sedentary’. Defined as “any waking
behaviour with low energy expenditure (1.5 metabolic equivalents) while
in a sitting or reclining posture” (p. 540) (Sedentary Behaviour Research
Network, 2012), growing evidence suggests that prolonged sedentary time is
independently associated with deleterious health outcomes independent of
the level of physical activity (Biswas et al., 2015). Disentangling these rela-
tionships will be important, with for example Ekelund et al. (2016) showing
that moderate levels of physical activity reduced the increased mortality risks
associated with high sitting time.

Box 2 FExamples of moderate-intensity and vigorous-intensity physical activity

One MET is equivalent to an energy consumption of 1 kilocalorie per kilogram of bodyweight per
hour (i.e. energy cost of sitting quietly).

Examples of vigorous-intensity physical
activity

Equivalent to approximately >6 METS;
requires a large amount of effort and
causes rapid breathing and a substantial

Examples of moderate-intensity physical
activity

Equivalent to approximately 3—6 METSs;
requires a moderate amount of effort and
noticeably accelerates the heart rate

increase in heart rate
e Brisk walking e Running
e Dancing e Walking/climbing briskly up a hill
e Gardening e Fast cycling
e Housework and domestic chores e Aerobics
e Traditional hunting and gathering e Fast swimming
e Active involvement in games and sports e Competitive sports and games (e.g.
with children/walking domestic animals traditional games, football, volleyball,
e (General building tasks (e.g. roofing, thatching, hockey, basketball)
painting) e Heavy shovelling or digging ditches

e (Carrying/moving moderate loads (<20kg) e (Carrying/moving heavy loads (>20kg)

Source: World Health Organization, 2004.
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3.2 Costing studies differ in key assumptions, influencing
estimates for the economic burden of unhealthy diets
and low physical activity

As noted earlier, reviewed studies considered different numbers of diseases to
derive estimates of the economic burden that can be associated with unhealthy
diets or low physical activity. The most common conditions considered include
coronary heart disease, stroke, type 2 diabetes and colorectal and breast cancer,
with Garrett et al. (2004) also adding mood and anxiety disorders as directly
related to individual physical activity patterns in adults. The range and combi-
nation of disease groups varied among studies, as did the main approaches to
estimating costs, including the use of population-attributable fractions; consid-
eration of lag times between exposure to a given risk factor, the development
of disease and ensuing cost; and the conceptualisation of economic cost itself,
which we briefly discuss here.

3.2.1 Use of population-attributable fractions

Fourteen reviewed studies used population-attributable fractions (PAFs) to assess
the contribution of unhealthy diets or low physical activity to a range of diseases
(or death) as a basis to estimate the economic burden that can be attributed to
either risk factor.

As noted earlier, the PAF generally refers to the proportion of cases for a given
outcome of interest that can be attributed to a given risk factor among the entire
population. Calculation of PAFs commonly uses a relative risk that has been
adjusted for potential confounders of the association between risk factors and
outcomes, such as age or sex, and the prevalence of exposure in the population
under investigation (the partially-adjusted method). However, where confound-
ing or effect modification affects the relative risk, the estimate of the attribut-
able fraction is potentially biased even if the relative risk has been adjusted for
confounding (Benichou, 2001). This is likely to be the case for the unhealthy
diet and low physical activity—disease relationships, with multiple factors, in
addition to age and sex, such as family history or physiological risk factors such
as weight found to confound the association (Laaksonen et al., 2009; Li et al.,
2015; Montonen et al., 2005).

Baliunas (2011) compared the partially-adjusted method for estimating popu-
lation-attributable fractions with the fully-adjusted approach, which stratifies
the relative risk according to confounder or effect modifier. The comparison was
applied to mortality from lung cancer, ischaemic heart disease, chronic obstruc-
tive pulmonary disease and cerebrovascular disease related to smoking. It found
that the partially-adjusted method overestimated the attributable fractions by
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10%. The majority of studies reviewed in this volume have used the partially-
adjusted method, and cost estimates are therefore likely to be biased, although
the direction of the bias is not clear. The use of a fully-adjusted method would
reduce the risk of over- or under-estimating the ‘true’ association between risk
factors and costs.

In addition, population-attributable fractions used in the reviewed studies varied
widely. This is illustrated further in Table 4 for PAFs used for costing studies of
low physical activity.

Table 4 Population-attributable fractions used in costing studies: low physical

activity
Ischaemic heart Stroke Diabetes Breast Colon cancer

disease (%) (%) type 2 (%) cancer (%) (%)
Katzmarzyk et al. (2000) 36 20 20 1 20
Garett et al. (2004) 31 31 18 19 31
Allender et al. (2007) 23 - 15 1 16
Katzmarzyk (2011) 18 23 20 13 17
Scarborough et al. (2011) 23 12 15 1 -

26 (m)* 25 (m)* 38 (m)* " .

Janssen (2012) 27 26(7) 29.1) 15 (f) 24 (m, f)
Zhang & Chaaban (2012) 12 16 14 - -
Maresova (2014) 7 3 4 3 4

Note: * m — males; f — females

This variation reflects, to great extent, the source of PAFs and whether they were
adjusted for the population under investigation. For example, Allender et al.
(2007) and Scarborough et al. (2011), in their analyses of the economic burden
of ill health that can be attributed to low physical activity in the United Kingdom
in the mid-2000s, used PAFs that were produced in the context of the first Global
Burden of Disease study for the western European population (Murray & Lopez,
1997). There is uncertainty about the degree to which these PAFs are applicable
to the country they were used for (in this case the United Kingdom) as PAFs
should take account of the underlying prevalence of a risk factor in the population
under study. Although a sensitivity analysis by Scarborough et al. (2011) revealed
little impact of the choice of PAFs on the cost estimates for low physical activity,
population-specific PAFs remain preferable to increase the accuracy of estimates.

3.2.2 Consideration of time lags between risk factor exposure,
disease development and associated costs

Reviewed studies tended to apply population-attributable fractions using the
prevalence of a given risk factor (unhealthy diets, low physical activity) in a given
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year and estimating the related disease costs incurred in the same year (Allender et
al., 2007; Garrett et al., 2004; Janssen, 2012; Katzmarzyk, 2011; Katzmarzyk et
al., 2000; Maresova, 2014; Popkin et al., 2006; Scarborough et al., 2011; Zhang
& Chaaban, 2012). Such an approach ignores the time lag between exposure to
the given risk factor and the development of disease. For example, Weyer et al.
(1999) found that it takes approximately five years between the initial normal
glucose-tolerant stages and the development of clinically verified type 2 diabetes.
Where the development of diabetes can be linked to unhealthy diet or low physical
activity at the outset, associated economic costs would thus be expected to emerge
only after five years at the earliest. Therefore, accurately estimating the cost that
can be attributed to unhealthy diets or low physical activity would need to take
account of the time it takes for the natural progression of exposure to disease.

3.3 The nature and range of costs considered is likely to
underestimate the ‘true’ economic burden of unhealthy
diets and physical activity

Reviewed studies tended only to consider costs that can be associated with
primary disease outcomes, such as type 2 diabetes or coronary heart disease.
Yet, a full costing would also need to take account of complications associated
with the primary disease outcome. Considering, for example, type 2 diabetes:
data from the UK National Diabetes Audit found that within a one-year follow-
up period between 2011-12 and 2012-13, people with type 2 diabetes were
significantly more likely than those without diabetes to be admitted to hospital
for complications such as angina, at 135.1%, heart failure (121.1%), heart
attack (87.6%) or stroke (59.1%) (Health and Social Care Information Centre,
2015). Disregarding the costs associated with the development of complications
will inevitably underestimate the true economic burden that can be associated
with a given risk factor, but this also assumes that it is possible to quantify the
contribution of the risk factor under consideration to the observed complication.

Furthermore, the majority of reviewed studies considered only the direct health
care costs, further underestimating the true economic burden that can be associ-
ated with unhealthy diets or low physical activity (see also Box 3). For example,
three Canadian studies that had analysed the costs associated with low physical
activity found indirect costs caused by lost productivity to be about twice as
high as direct health care costs, and together these accounted for between 0.4%
and 0.6% of gross domestic product (GDP) (Janssen, 2012; Katzmarzyk, 2011;
Krueger et al., 2015). It is difhicult to generalise from these studies to other
settings and it will be important to broaden existing costing estimates to also
capture indirect costs in order to better understand the size of the burden that
can be associated with the two risk factors.
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3.4 Conceptual and methodological challenges of
estimating the economic costs of unhealthy diets and low
physical activity: a summary

This section reviewed the measurement and methodological issues in assessing
the economic burden of unhealthy diet and low levels of activity. We note that
the measurement of what constitutes an ‘unhealthy’ diet is made more difficult
by there being positive effects of some foods, negative effects of others and
interactions between the effects of different foods. Calibrating the extent of
deviation from optimal consumption and the effects of this deviation is difhcult.
It is also clear that the context should be taken into account in terms of other
population characteristics.

Box 3 Conceptualizing economic costs

Costing methodology generally distinguishes direct, indirect and intangible costs, although these
have been conceptualized in different ways (Johnston et al., 1999). Direct costs typically refer
to costs of health care services as they relate to the prevention, diagnosis and treatment of a
given condition, such as inpatient or outpatient care, rehabilitation, community health services
and pharmaceuticals; direct costs may also include social care costs where relevant (Suhrcke et
al., 2008). Costs considered typically include those associated with service utilization, that is the
use of a particular service over time (for example, physician visits, emergency room or accident
and emergency department visits, hospital (re-)admissions, length of hospital stay, number of
hospital days), and the actual cost of providing a particular service (health, nursing, social care),
including the costs of procedures, therapies and medications, or expenditure, that is, the amount
of money paid for the services, and from fees (the amount charged), regardless of cost. There are
also direct costs borne directly by people using the services; these include transportation costs,
out-of-pocket payments for medications and devices, special diets and home help.

Indirect costs typically refer to productivity losses to society because of ill health or its treatment
(Koopmanschap et al., 1995). Commonly considered dimensions include presenteeism,
absenteeism, early retirement and premature mortality. Presenteeism costs refer to the value
of productivity losses accrued by employees who are present at work but are unable to work at
full capacity because of iliness (Johns, 2010), measured as the value of reduced work output,
errors on the job and failure to meet the company’s production standards (Schultz & Edington,
2007). Absenteeism costs refer to those costs incurred because of absence from work because
of ill health. Costs related to early retirement refer to potential earnings forgone by not working
to the formal age of retirement, while premature mortality refers to the loss of economic output
calculated as the income that individuals who die before or at a given age will lose over the
period of remaining labour market participation (under or to age 65).

Finally, intangible costs generally describe the psychological burden placed on patients and their
carers, including pain, bereavement, anxiety and suffering (Suhrcke et al., 2008).
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While there is more consensus about the measurement of physical activity, similar
issues arise in terms of the independent effects of moderate and vigorous activity
and sedentary behaviour, but also the interactions between these. Studies take
broader and narrower perspectives in terms of what costs are included, with some
limited to formal health care costs, and others aiming to take a more societal
view. While current evidence makes it difficult to make accurate comparisons,
it is likely that much of the economic burden comes from non-health care costs,
especially from effects on productivity, absenteeism, presenteeism and other
indirect costs.



Chapter 4

Taking available approaches

to determining the economic
costs of unhealthy diets and low
physical activity further: a proof-
of-concept approach applied

to five European countries

This chapter develops a bottom-up framework for assessing the costs of unhealthy
diets and low physical activity using a disease-based approach. Building on the
insights from the evidence review and critical appraisal of measurement and
methodological issues in the preceding sections, this section builds a framework
for assessing costs of unhealthy diets and low physical activity. It then applies this
framework as a proof-of-concept to demonstrate the feasibility of undertaking a
comprehensive, bottom-up cost assessment that addresses some of the identified
limitations of existing costing studies.

The evidence review demonstrated that there are essentially two approaches
to estimating the economic burden associated with unhealthy diets and low
physical activity. One involves the use of a disease-based approach, based on
the observation that the two risk factors have been identified to be causally
related to major chronic diseases such as coronary heart disease, stroke, type
2 diabetes and selected cancers (Lee et al., 2012; Micha et al., 2015), which
have been associated with considerable costs to health care systems and wider
society through productivity losses (European Commission, 2014). About half
of the reviewed studies adopted the disease-based approach, typically using the
population-attributable fraction to quantify the contribution of the individual
risk factor (unhealthy diet, low physical activity) to the burden of a given disease
or death and the associated economic costs. An alternative method involves a
generic, non-disease-based approach that uses individual data on unhealthy diets
or low physical activity data and links these to (health care) cost data, regardless
of the type of disease or diagnosis. This second approach requires availability
of and access to individual-level data on dietary and physical activity patterns
along with data on health care use and productivity. Such data are difficult to
access even within individual country settings, let alone in multiple countries.
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We use a disease-based approach to estimate the costs that can be associ-
ated with unhealthy diets and low physical activity. Diseases associated with
these lifestyle factors include coronary heart disease, stroke, type 2 diabetes
and selected cancers (Box 4) (Lee et al., 2012; Micha et al., 2015). As a test
of concept we apply the framework using type 2 diabetes. This was chosen
because of the strong association of type 2 diabetes with either risk factor, as
shown in the literature. Diabetes is already an important public health issue
but perhaps more importantly, globally the number of people with diabetes
has doubled during the past 20 years, making it a growing challenge for health
systems (Zimmet et al., 2014). Estimates for the early 2000s place the costs
for type 2 diabetes in the EU at some 7.4% of total health care expendi-
ture, compared to 12% for cardiovascular diseases (Muka et al., 2015). More
recently, expenditure on diabetes was estimated to account for some 9% of
total health care expenditure in the European region in 2015 (International
Diabetes Federation, 2015).

Taking a disease-based approach, we used population-attributable fractions
to provide population-level quantitative estimates for the economic costs that

Box 4 Health risks associated with unhealthy diets and low physical activity

A wide range of studies have presented convincing or probable evidence for an association
between the intake of selected foods and food groups and major chronic conditions (Micha et
al., 2015). For example, coronary heart disease has been linked to intake of fruit and vegetables,
nuts and legumes, whole grains, fish, and red and processed meat (Afshin et al., 2014; Aune
et al., 2016; Boeing et al., 2012; Micha et al., 2010; Zheng et al., 2012); stroke to fruit and
vegetables, nuts and legumes, fish, and red and processed meat (Afshin et al., 2014; Boeing
et al., 2012; Chowdhury et al., 2012, Micha et al., 2010; Zheng et al., 2012), type 2 diabetes
to nuts and legumes, whole grains, red and processed meats (Afshin et al., 2014; Aune et al.,
2016; Micha et al., 2010; Zheng et al., 2012) and selected cancers to fruit and vegetables, nuts
and legumes, whole grains, fish, and red and processed meats (Aune et al., 2016; Boeing et
al., 2012; Bouvard et al., 2015; World Cancer Research Fund and American Institute for Cancer
Research, 2007). Based on the available evidence, Micha et al. (2015) concluded that “even
modest dietary changes are associated with meaningful reductions in [cardiovascular disease]
morbidity and mortality, type 2 diabetes [and] specific cancer sites” (p. 2), along with major risk
factors, such as hypercholesterolaemia, hypertension and obesity.

These conditions have also been linked to physical activity, with Warburton et al. (2010)
demonstrating that low physical activity was associated with an increased risk for cardiovascular
disease, stroke, hypertension, colon and breast cancer and type 2 diabetes. The authors further
demonstrated that higher levels of physical activity reduced the risk for premature all-cause
mortality.
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can be associated with unhealthy diets and low physical activity. In the light of
the reviewed evidence, we adapted the PAF methodology by (i) using a full-
adjustment formula that takes account of confounding between unhealthy diets
and low physical activity and associated diseases; (ii) incorporating a time per-
spective that takes account of the natural progression from risk factor exposure
to the development of disease; (iii) applying the PAFs to costs based on data
on incidence rather than prevalence; (iv) estimating the direct costs that can be
associated with the primary outcome and those associated with complications
using the annual incidence rates for complications; and (v) considering indirect
costs of productivity losses as a consequence of absenteeism, presenteeism, work
disability, early retirement and premature mortality.

The following sections provide a sample computation of the economic costs of
unhealthy diets and low physical activity in five European countries: France,
Germany, Italy, Spain and the United Kingdom, using type 2 diabetes and its
complications as the primary outcome.

4.1 Diabetes as an outcome of unhealthy diets and low
physical activity

As noted above, we chose type 2 diabetes as the primary outcome because of
the convincingly strong evidence of its association with unhealthy diets and low
physical activity (Afshin et al., 2014; Micha etal., 2010; Warburton et al., 2010;
Zheng et al., 2012). Diabetes mellitus, commonly referred to as diabetes, is a
group of metabolic diseases characterized by high levels of sugar in the blood
for a prolonged period of time.

The most common form of diabetes is type 2, which typically occurs in adults,
although it is increasingly seen in young people, including children (Zimmet
etal., 2014). It results primarily from insulin resistance, and at later stages the
pancreas may also fail to produce sufficient levels of insulin. Insulin resistance
in type 2 diabetes is associated mainly with high bodyweight and low physical
activity. The role of genetic factors in the development of type 2 diabetes tends
to be small compared to lifestyle and clinical factors such as increased body-
weight, elevated liver enzymes, current smoking status and reduced measures
of insulin secretion and action (Lyssenko et al., 2008). Factors that increase the
likelihood of developing diabetes include high consumption of sugar-sweetened
drinks (Malik et al., 2010a; Malik et al., 2010b), of saturated and trans-fatty
acids (Risérus et al., 2009) and of refined grains such as white rice (de Bakker
et al., 2012), which, when metabolised to glucose, increase blood sugar levels.
Low physical activity has also been linked to type 2 diabetes through causing
insulin resistance (Warburton et al., 2010) (Figure 1).



Figure 1 Relationship between unhealthy diets and low physical activity with
type 2 diabetes and associated costs
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4.2 The principal approach used in this study to
estimate the economic costs that can be associated with
unhealthy diets and low physical activity

The identification of the economic costs that can be associated with unhealthy
diets and low physical activity as conceptualised in this study involves five
principal steps:

1. determining the prevalence of unhealthy diets and low physical activ-
ity among the general population and estimating the prevalence in
populations eventually developing the disease using adjustment factors;

2. determining the population-attributable fraction, or the proportion
of cases attributable to unhealthy diets and low physical activity;

3. estimating the proportion of incident diabetes cases in future year X
that can be attributed to present unhealthy diets and low physical
activity patterns;

4. estimating the average annual per patient health care costs that can
be associated with diabetes and with diabetic complications to yield
diabetes-related direct costs; and

5. estimating the indirect costs that can be associated with diabetes
attributable to unhealthy diets and low physical activity.

We discuss these steps in turn.

4.2.1 Determining the prevalence of unhealthy diets and low physical
activity

Our proposed approach requires knowledge of the prevalence of the risk factor
(here: unhealthy diets, low physical activity) among populations that eventu-
ally develop the outcome (here: type 2 diabetes), rather than among the general
population, in order to enhance the accuracy of the estimation of costs that can
be associated with the given risk factor. For low physical activity, we drew on
work by Lee et al. (2012) who calculated adjustment factors for different out-
comes (coronary heart disease, type 2 diabetes, breast and colon cancer, and those
who died) to identify the added extent to which low physical activity occurred
in people who eventually developed the outcome in question compared to the
general population. Lee et al. (2012) illustrate this with an example from the
Shanghai Women’s Health Study, where the prevalence of low physical activity
in all women at baseline was 45.4% compared to 51.6% among women who
eventually died, yielding an adjustment factor of 1.14 (51.6/45.4 = 1.14). They
then calculated such an adjustment factor for a large number of original studies,
and, for type 2 diabetes, derived a factor of 1.23 after averaging estimates across
studies (for comparison, adjustment factors for coronary heart disease or colon
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cancer were 1.20 and 1.22, respectively, and for breast cancer, it was 1.05). We
used the adjustment factor of 1.23 to estimate the prevalence of low physical
activity among people who will eventually develop diabetes in France, Germany,

Italy, Spain and the United Kingdom.

Data on prevalence for low physical activity in the five countries were derived from
the WHO Global Health Observatory database (World Health Organization,
2016). According to this source, the proportion of the general population who
were not active, or who did not meet the recommendations of at least 150
minutes per week of moderate-intensity physical activity or at least 75 minutes
per week of vigorous-intensity physical activity in 2010 were: 23.8% in France,
21.1% in Germany, 33.2% in Italy, 30.5% in Spain and 37.3% in the United
Kingdom. Applying the adjustment factor of 1.23 to these rates yielded esti-
mated prevalence rates of 29.3% in France, 26% in Germany, 40.8% in Italy,
37.5% in Spain and 45.9% in the United Kingdom among populations who
will eventually develop diabetes.

In contrast to low physical activity, determining the prevalence rate for unhealthy
diets is more complex given the limited availability of appropriate data. We drew
on the alternate healthy eating index (AHEI) 2010 developed by Chiuve et al.
(2012). The AHEI assesses components of the diet by assigning scores ranging
from 0 (worst) to 10 (best) (Table 5); scores between 67 and 110 are rated as
adherence to what has been described as a healthy diet that emphasises high
intakes of whole grains, polyunsaturated fatty acids, nuts and fish, and reduc-
tions in red and processed meats, refined grains and sugar-sweetened beverages.
As noted above, studies found that diets that scored highly on the AHEI were
shown to be associated with a significant reduction in the risk of all-cause

mortality, cardiovascular disease, cancer and type 2 diabetes by around 20%
(Schwingshackl & Hoffmann, 2015).

We used the European Food Safety Authority (EFSA) Database to estimate
the prevalence of unhealthy diets in the five countries under study. The EFSA
contains information on the mean consumption of over 1500 food items in
European countries, based on data from national dietary surveys (European Food
and Safety Authority, 2015). Based on these data, we derived the mean intake of
AHEI food groups for each country (Appendix 3) and allocated AHEI scores as
shown in Table 6. Assuming that the figures shown in Appendix 3 and Table 6

are representative of the five countries as a whole, we estimate the proportions
of those following an unhealthy diet to be 44% of the general population in
France, 25% in Germany, 33.9% in Italy, 34.6% in Spain and 26.5% in the
United Kingdom, as assessed by scores of 43% (France), 34% (Germany), 58%
(Italy), 48% (Spain) and 37% (the United Kingdom) according to the 2010

alternate healthy eating index.
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Table 5 The quality of diets according to the alternate healthy eating index

(AHEI) 2010
Criteria for Criteria for  Serving size
Component minimum score  maximum score  for food
0) (10) components
. 0.5 cup or 1 cup of green leafy
1
Vegetables' (servings per day) 0 >5 vegetables
. . 1 medium piece or 0.5 cup of
2
Fruit? (servings per day) 0 >4 berries
Whole grains (grams per day)
Women 0 75
Men 0 90
Sugar-sweetened beverages
and fruit juice (servings per >1 0 80z.
day)
Nuts and legumes (servings 0 1 10z. of nuts or 1 tablespoon (15
per day) - ml) of peanut butter
Red and processed meat 15 0 40z. of (red) unprocessed meat or
(servings per day) o 1.50z. of processed meat
Trans-fats (% of energy) >4 20.5
Omega-3 fatty acids (EPA + 0 250 Equivalent to two 40z servings
DHA) (mg per day) per week
1 0,
Polyunsaturated fatty acids (% 9 10
of energy)
Sodium (mg per day)
Women >3 337 <1112
Men >5271 <1612
Alcohol (drinks per day)
Women 22.5 0.5-1.5  One drink equivalent to 40z. wine,
Men >3.5 0.5-2.0  120z. beer or 1.50z. liquor
TOTAL 0 110

Source: adapted from Chiuve et al., 2012.

Notes: ' Excludes potatoes (including french fries) because they are not associated with lower risk of chronic
disease in epidemiologic studies; * whole fruits only.

Unlike for low physical activity, we were unable to identify studies that provide
adjustment factors that would allow assessment of the degree to which unhealthy
diet is present in cases of the outcome compared to the overall population. Jacobs
et al. (2015) estimated approximate adjustment factors based on a cohort of
white Americans (which formed part of a larger multi-ethnic cohort in Hawaii)
with poor dietary patterns assessed using the 2010 alternate healthy eating
index (31 864 individuals), of whom 7.1% eventually developed diabetes (2274
subjects). The prevalence of unhealthy diets in the study population was 61.3%

27
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Table 6 Assignment of AHEI scores on mean dietary intakes of AHEI food

groups in France, Germany, Italy, Spain and the United Kingdom
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and among those eventually developing diabetes, the proportion of those with
unhealthy diets was 67.1%; this equates to an adjustment factor of 1.09, which
we used in our study.

4.2.2 Determining the population-attributable fraction, or the proportion
of cases attributable to unhealthy diets and low physical activity

Determining the population-attributable fraction first requires assessment of the
relative risks for developing diabetes that can be associated with unhealthy diets
and low physical activity. We drew on work by Li et al. (2015) who prospectively
assessed the joint association of birth weight and five behavioural risk factors
(smoking status, daily alcohol consumption, body mass index, dietary patterns
and physical activity) in adulthood with incident type 2 diabetes based on a
cohort of almost 150 000 male and female health professionals (median age 45
years), who were followed up for a period of 20-30 years (median follow-up:
24 years) (see also Appendix 4 for a justification of using the study by Li et al.).
During the follow-up period, 11 709 new cases of type 2 diabetes were reported,
equating to an incidence rate of 7.8%. Table 7 shows the adjusted relative risks
for different levels of exposure to unhealthy diets or low physical activity as
estimated by Li et al. (2015).

Table 7 Relative risks for diabetes related to unhealthy diets and low physical
activity estimated by Li et al. (2015)

Risk factor Risk factor category
AHEI score (=67% classified as healthy diet)
Level of exposure 0-22% 23-44% 45-66% >67%
Relative risk 1.15 1.06 1.02 1.00 (ref)
Low physical activity (moderate-to-vigorous intensity physical activity in hours/week)
Level of exposure 0 0.01-1.0 1.0-35 >3.5
Relative risk 1.28 1.19 1.03 1.00 (ref)

Source: Li et al., 2015.

Table 8 provides a summary overview of the various estimates for the preva-
lence of unhealthy diets and low physical activity in the populations eventually
developing diabetes in France, Germany, Italy, Spain and the United Kingdom
described above and the associated relative risks for incident diabetes that can
be associated with these risk factors as derived from Li et al. (2015). As the data
on low physical activity among the general population derived from the WHO
Global Health Observatory Database described above do not quantify the average
weekly hours of physical activity performed by individuals, we used data from
the 2013 Eurobarometer survey (TNS Opinion & Social, 2014). It assessed the
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frequency and duration of sport and physical activity among populations in the
EU and quantified the proportions of the survey population who performed
moderate- and vigorous-intensity physical activity. This showed that the majority
of inactive individuals in the five countries studied performed physical activity
for 0.01 to 1 hour per week, which gives a relative risk for the development of
diabetes that can be associated with low physical activity of 1.19 (Table 7).

Table 8 FEstimated prevalence rates of unhealthy diets and low physical activity
in the populations eventually developing diabetes and relative risks for incident
diabetes in France, Germany, Italy, Spain and the United Kingdom

Prevalence in the population Relative risks for incident diabetes associated
eventually developing diabetes with unhealthy diets and low physical activity

Unhealthy diets  Low physical Unhealthy diets Low physical activity

(%) activity (%)
France 48.0 29.3 1.06 1.19
Germany 27.3 26.0 1.06 1.19
Italy 37.0 40.8 1.02 1.19
Spain 377 375 1.02 1.19
United Kingdom 28.9 459 1.06 1.19

Estimates shown in Table 8 allow for the computation of the fully-adjusted
population-attributable fraction for each setting as illustrated in Box 5.

4.2.3 Estimating the proportion of incident diabetes cases in future
year X that can be attributed to present unhealthy diet and low
physical activity patterns

We have noted that there is typically a time lag between exposure to a risk factor
and the development of subsequent disease that can be (part-)attributed to the
risk factor. In the case of type 2 diabetes, Weyer et al. (1999) analysed the major
metabolic abnormalities occurring in the development of diabetes, finding that
insulin action and secretion significantly decrease early in the development
of diabetes, during the transition from normal glucose tolerance to impaired
glucose tolerance, and that these early changes are preceded by increases in
bodyweight. As impaired glucose tolerance progresses to established diabetes,
insulin action and secretion further deteriorate, accompanied by an increase in
the endogenous glucose output, and these changes are associated with further
increases in bodyweight. Weyer et al. observed an average interval of 1.8 (+ 0.8)
years between normal glucose tolerance and impaired glucose tolerance, while
the interval between impaired glucose tolerance and established diabetes was
3.3 (+ 1.4) years. On average, then, it would require some 5.1 (z 1.4) years for
normal glucose tolerance to develop into type 2 diabetes.
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Box 5 Computing the fully-adjusted population-attributable fraction (PAF)

The computation of the fully-adjusted population-attributable fraction (PAF) follows the following
principal formula:

Pd (RRadj—1
PaAF (%) = — A ARad=1)
RRadj
in which:
Pd: prevalence of the risk factor in the population eventually developing the disease

RR:The relative risk for a certain disease associated with the risk factor compared to absence
of risk factor, adjusted for confounding variables

Applying this formula to the prevalence and relative risk estimates for each factor in each country
yields the country- and risk-factor-specific PAFs as follows:

Unhealthy diet Low physical activity
France PAF (%) = 0.48 x (1.06-1) - 3% PAF (%) = 0.293 x (1.19-1) = 5%
1.06 1.19
Germany PAF (%)= M =2% PAF (%) = M =4%
1.06 1.19
0.37 x (1.02-1) 0.408 x (1.19-1)
PAF (%) = ————""0 =1%  PAF(%) = —— L = 7%
ttaly ) 102 ’ o) 119 ’
0.377 x (1.02-1) 0.375 x (1.19-1)

i PAF (%) = =" = 1%  PAF (%) = ——— L = 6%
Spain o) 102 ’ o) 119 ’
United  pyr g - 0289X (1061 o o 0459x(118-1) o
Kingdom 1.06 1.19

Weyer et al. (1999) further noted that the early deteriorations in insulin secre-
tion and action are distinct from and additive to abnormalities that overweight
and obese individuals may experience while normal glucose-tolerant. With the
progression from impaired glucose tolerance to diabetes, the defects worsen in
parallel with an increase in endogenous glucose output, implying that being
overweight or obese prior to the observed stages does not alter the interval
between normal glucose tolerance to impaired glucose tolerance and diabetes
and that an interval of about five years is therefore consistent.

Based on these observations, in this study we assume a time lag of five years
between exposure to the risk factors (unhealthy diets, low physical activity) and
the eventual development of type 2 diabetes, starting from a 2015 population
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that is normal glucose tolerant. We drew on estimates of cumulative incidence
of diabetes in the 53 countries of the WHO European region from 2010 to
2020 by Webber et al. (2014) to estimate the annual incidence of diabetes in
2020 in the five countries under study. We then applied the country-specific
PAFs for unhealthy diets and low physical activity (Box 5) to the estimated
2020 incidence of diabetes, which gives the total number of incident cases in
2020 that can be attributed to 2015 levels of unhealthy diet and low physical
activity (Table 9).

Table 9 Estimated incident diabetic cases in 2020 attributable to unhealthy diet
and low physical activity patterns in 2015

Population- . - -
- p. Projected Number of incident diabetes
Country  Risk factor attributable .| . . . X
. incidence in 2020  cases attributable to risk factor
fraction (%)
Unhealthy diets 3 4548
151 590
France Low physical activity 5 7580
TOTAL 12128
Unhealthy diets 2 4851
242 571
Germany Low physical activity 4 9703
TOTAL 14554
Unhealthy diets 1 1513
151 306
Italy Low physical activity 7 10 591
TOTAL 12104
Unhealthy diets 1 1069
106 929
Spain Low physical activity 6 6416
TOTAL 7485
Unhealthy diets 2 118 393 2 368
Ur"ted Low physical activity 7 8288
Kingdom
TOTAL 10 656

4.2.4 Estimating the average annual per patient health care costs
that can be associated with diabetes and with diabetic complications
to yield diabetes-related direct costs

To estimate the direct health care costs associated with the incident diabetes
cases attributable to unhealthy diets and low physical activity, we used data
from the 2015 Diabetes Atlas, which provides estimates for the average annual
per patient diabetes cost in the studied countries in 2015 (International
Diabetes Federation, 2015). We adjusted these figures by the average annual
growth rate in per capita health spending during 2005 to 2013 in each of
the five countries (OECD, 2015). This yielded estimated per patient costs
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in 2020 to range from €3314 in Spain to €6810 in France. Based on these
figures, the direct diabetes-related health care costs that can be associated
with unhealthy diets and low physical activity in the five countries in 2020
are estimated to range from €24 805 290 in Spain to €96 638 560 in
Germany (Table 10).

Table 10 Estimated diabetes-related health care costs in 2020 attributable to
unhealthy diets and low physical activity patterns in 2015 in France, Germany,
Italy, Spain and the United Kingdom

Number of incident Estimated per Estimated total
Country  Risk factor cases in 2020 attributable patient diabetes health care
to the risk factor in 2015 cost in 2020 (€) * cost in 2020 (€)
Unhealthy diets 4548 6810 30971 880
France Low physical activity 7580 6810 51 619 800
TOTAL 12128 82 591 680
Unhealthy diets 4851 6640 32210 640
Germany Low physical activity 9703 6 640 64 427 920
TOTAL 14554 96 638 560
Unhealthy diets 1513 3935 5953 655
Italy Low physical activity 10 591 3935 41675 585
TOTAL 12104 47 629 240
Unhealthy diets 1069 3314 3542 666
Spain Low physical activity 6416 3314 21262 624
TOTAL 7485 24 805 290
Unhealthy diets 2368 5292 12 531 456

United ) -
. Low physical activity 8288 5292 43 860 096

Kingdom

TOTAL 10 656 56 391 552

Source: International Diabetes Federation, 2015, adjusted for average annual growth rate in per capita health
spending during 2005 to 2013 at 1.2% in France, 2.4% in Germany, 0.55% in Italy, 0.95% in Spain and
1.75% in the United Kingdom (OECD, 2015).

We further estimated the direct health care costs that can be attributed to dia-
betic complications arising from these attributable cases. We drew on Hayes et
al. (2013) who reported annual diabetes complications incidence rates based
on the UK Prevention Diabetes Study Outcomes Model 2 (UKPDS-OM2) to
estimate the number of incident cases of complications in 2020. Specifically,
Hayes et al. derived models to predict the annual risk and incidence of a range of
outcomes of diabetes, including myocardial infarction, stroke, congestive heart
failure, ischaemic heart disease, amputation, blindness, renal failure and ulcer
(Appendix 5). We first applied these incidence rates to the cases attributable to
unhealthy diets and low physical activity in each country to estimate the number
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of incident cases of complications arising in 2020. We then applied the average
annual per patient cost for each complication as derived from the published
evidence to estimate the direct health care costs that can be associated with these
complications (Table 11). Appendix 6 provides a detailed breakdown by country

of the estimated number of incident cases of diabetes-related complications and
related costs in 2020.

Table 11 Estimated diabetic complication-related costs in 2020 attributable
to unhealthy diets and low physical activity patterns in 2015 in France, Germany,
Italy, Spain and the United Kingdom

Estimated number of incident cases of
diabetes-related complications in 2020
attributable to the risk factor

Estimated complication-related
total health care cost in 2020 (€)

ety L by Lo 1
France 181 302 2 646 685 4411142 7057 827
Germany 193 386 3910441 7 821688 11732129
Italy 60 422 492 429 3447 004 3939433
Spain 43 255 516 414 3099 453 3615867
United Kingdom 94 330 1874299 6 560 047 8434 347

Accordingly, we estimate that the total number of incident cases of complica-
tions arising from diabetes cases that can be attributed to unhealthy diets and
low physical activity in 2020 would be 483 in France, 579 in Germany, 482 in
Italy, 298 in Spain and 424 in the United Kingdom. The associated direct health
care costs ranged from some €3.6 million in Spain to €11.7 million in Germany.
Taken together, the total direct health care costs linked to incident diabetes and
its complications in 2020 that can be attributed to unhealthy diets and low physi-
cal activity in 2015 are estimated to be €89.6 million in France, €108.4 million
in Germany, €51.6 million in Italy, €28.4 million in Spain and €64.8 million
in the United Kingdom (see also below for a detailed breakdown of numbers).

4.2.5 Estimating the indirect costs that can be associated with
diabetes attributable to unhealthy diets and low physical activity

We considered two principal categories of indirect costs that can be associated
with diabetes attributable to unhealthy diets and low physical activity: first,
productivity loss in the workplace due to absenteeism and presenteeism, includ-
ing among the unemployed population; second, productivity forgone because
of work disability, early retirement or premature death. We first identified the
proportion of diabetes cases in 2020 attributable to unhealthy diets and low
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physical activity who are of working age, using the average sex-specific propor-
tions of incident type 2 diabetes cases in the United Kingdom for the period
1991-2010 as provided by Holden et al. (2013) (Appendix 7). We then computed
the percentage of annual incident type 2 diabetes cases by five-year age group
and sex in the United Kingdom for the period 1991-2010 (Appendix 8) and
applied these to the total number of diabetes cases attributable to unhealthy diets
and low physical activity in each country, again by sex and five-year age group
(Appendix 9). This allowed us to compute the total number of incident type 2
diabetes cases at working age (15-64 years) that can be attributed to unhealthy
diets and low physical activity in each country by 2020 (Table 12).

Table 12 Estimated number of incident type 2 diabetes cases at working age
(15-64 years) that can be attributed to unhealthy diets and low physical activity in
France, Germany, ltaly, Spain and the United Kingdom, 2020

Unhealthy diets Low physical activity Total
France 1517 2528 4045
Germany 1618 3236 4854
Italy 505 3532 4037
Spain 357 2140 2497
United Kingdom 790 2764 3554

We then computed the proportion of those of working age who are expected
to be participating in the labour force. In the United Kingdom, labour force
data for 2013 and 2014 suggest that the proportion of working age people with
diabetes was 71.3% compared with 72.3% (2013) and 73.5% (2014) in the
general population (Department for Work and Pensions, 2015). Based on these
observations and in the absence of labour force participation data specific to
people living with diabetes in the other countries studied, we assumed labour
participation rates in the diabetic population to be similar to the general popula-
tion, using annual national labour force participation rates for each of the five
countries for the period 2000 to 2015 by five-year age group (OECD, 2016).
We acknowledge that this is a conservative estimate that likely overestimates
the ‘true’ proportion of people with diabetes who are in gainful employment
across the five countries. Using this assumption, we computed the number of
incident cases in 2020 attributable to unhealthy diets and low physical activity
at working age who are expected to be in or out of the labour force by five-year
age group (Appendix 10).

Based on these data, we first estimated the indirect costs that can be linked to
incident cases of diabetes that can be attributed to unhealthy diets and low
physical activity. We drew on a systematic review by Breton et al. (2015), which
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reported that people with diabetes lose an average of 11.9 days of productivity
per year due to the disease. This included absenteeism (work time lost) and
presenteeism (work time impaired). Using this figure, we estimated the total
number of productivity days lost due to absenteeism and presenteeism in the five
countries. We then applied this estimate to data on average daily salary in 2020,
using hourly labour cost data collected by Eurostat (Eurostat, 2015), adjusted
to 2020 figures (based on the average rate of hourly salary increase every five
years in the five countries from 2000 to 2015). Assuming an eight-hour work-
ing day, we estimate the total cost of productivity lost due to absenteeism and
presenteeism that can be attributed to diabetes because of unhealthy diets and
low physical activity in 2020 to range from €2.7 million in Spain to €9.7 mil-
lion in Germany (Table 13).

Table 13 Estimated total number of productivity days lost and cost due to
absenteeism and presenteeism among incident type 2 diabetes cases at working
age that can be attributed to unhealthy diets and low physical activity and who are
expected to be in the labour force in France, Germany, Italy, Spain and the United
Kingdom, 2020

Estimated number of

Estimated
incident type 2 diabetes Estimated total  Average cost of
. cases at working number of days daily L

Country  Risk factor . . . productivity

age attributable  of productivity wage in lost in 2020

to the risk factor lostin 2020 2020 (€) ©

(in the labour force)

Unhealthy diets 893 10 621 224.64 2385959

France Low physical activity 1488 17702 224.64 3976 599

TOTAL 6 362 558

Unhealthy diets 1105 13144 246.96 3246 097

Germany Low physical activity 2209 26 291 246.96 6 492 864

TOTAL 9 738 961

Unhealthy diets 265 3149 152.00 478 643

Italy Low physical activity 1852 22043 152.00 3350 501

TOTAL 3829144

Unhealthy diets 216 2574 150.16 386 576

Spain Low physical activity 1298 15451 150.16 2320178

TOTAL 2706 754

Unhealthy diets 545 6488 220.16 1428 341

U!“tEd Low physical activity 1907 22 699 220.16 4997 459
Kingdom

TOTAL 6425 800
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We further estimated the costs of productivity lost that can be linked to individu-
als with diabetes who are of working age but are outside the formal labour force.
Productivity losses among this population relate to lost unpaid contributions to
national productivity such as time spent providing child care, household activities
and other activities such as volunteering in the community (American Diabetes
Association, 2013). To determine the value of such losses, we again applied Breton
etal.’s estimate of 11.9 productivity days lost per year per diabetic person to the
number of cases attributable to unhealthy diets and low physical activity who are
of working age but are outside the labour force. This gives the total number of
productivity days lost per year among the diabetic population outside the formal
labour force, to which we then applied the average minimum daily wage in 2020
as derived from Eurostat (2015) for the period 2000 to 2015, adjusted to 2020
figures. Again assuming an eight-hour working day, we estimate the total cost
of productivity lost due to absenteeism and presenteeism that can be attributed
to diabetes because of unhealthy diets and low physical activity among those
outside the formal labour force in 2020 to range from €0.4 million in Spain to
€1.8 million in Italy (Table 14).

Secondly, we computed the indirect costs that can be attributed to work dis-
ability, early retirement and premature deaths. We drew on work by Herquelot
et al. (2011), which prospectively assessed the impact of diabetes on the risks
of work disability, early retirement and premature death in a cohort of 20 625
employees of a national gas and electricity company in France, among whom
2.4% (506 individuals) had developed diabetes. They estimated the number
of working years lost among diabetic persons aged 35—60 years to be 1.1
years per person. Of these, 0.09 years were attributed to work disability, 0.7
years to early retirement and 0.28 years to premature death. We applied these
estimates to the number of diabetes cases attributable to unhealthy diets and
low physical activity for those aged 35-60 who are expected to participate
in the labour force. This yielded an estimate of the total number of working
years lost due to work disability, early retirement and premature death because
of unhealthy diet- and physical inactivity-related diabetes (Appendix 11). We
then combined the total number of working years lost with the average annual
salary in 2020, which we estimated using the average 2015 annual salary data
collected by Eurostat (Eurostat, 2015), adjusted to 2020 values (based on the
average rate of salary increase every five years from 2000 to 2015) (Table 15).
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Table 14 FEstimated total number of productivity days lost and cost due to
absenteeism and presenteeism among incident type 2 diabetes cases at working

age that can be attributed to unhealthy diets and low physical activity and who are
expected to be outside the formal labour force in France, Germany, Italy, Spain
and the United Kingdom, 2020

Estimated number
of incident type

2 diabetes cases  Estimated total  Minimum .
at working age number of days dail Estimated cost
Country  Risk factor i 929 R y .y of productivity
attributable to  of productivity wage in lost in 2020 (€)
the risk factor lost in 2020 2020 (€)
(outside the formal
labour force)

Unhealthy diets 624 7429 75.68 562 252
France Low physical activity 1041 12 382 75.68 937 086
TOTAL 1499 338
Unhealthy diets 513 6109 70.80 432513
Germany  Low physical activity 1027 12219 70.80 865116
TOTAL 1297 629
Unhealthy diets 240 2 856 77.20 220 482
Italy Low physical activity 1680 19992 77.20 1543 377
TOTAL 1763 859
Unhealthy diets 140 1668 33.92 56 590
Spain Low physical activity 841 10013 33.92 339 646
TOTAL 396 236
Unhealthy diets 245 2911 92.88 270 339
United o physical activity 856 10182 92.88 945 746

Kingdom
TOTAL 1216 085
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Table 15 FEstimated cost of working years lost due to work disability, early
retirement and premature death among incident type 2 diabetes cases at working
age that can be attributed to unhealthy diets and low physical activity and who are
expected to be in the formal labour force in France, Germany, ltaly, Spain and the
United Kingdom, 2020

. Estimated Estimated Estimated costs
Risk factor to Average
. costs of costs of early of premature
Country  which cases are annual salary - . . .
attributable in 2020 (in €)* disability in retirement in death in 2020
2020 (in €) 2020 (€) (€)
Unhealthy diets 41131.99 3304 085 25 698 440 10279 376
France Low physical activity 41131.99 5506 808 42 830733 17132 293
TOTAL 8810894 68 529 172 27 411 669
Unhealthy diets 41 523.63 4127 868 32105639 12 842 256
Germany Low physical activity 41 523.63 8 256 587 64 217 897 25687 159
TOTAL 12 384 455 96 323 537 38529 415
Unhealthy diets 32021.69 762 619 5931485 2372 594
Italy Low physical activity 32021.69 5338 336 41 520 393 16 608 157
TOTAL 6 100 956 47 451 878 18 980 751
Unhealthy diets 31377.75 610 939 4751747 1900 699
Spain Low physical activity 31377.75 3666 776 28 519 369 11407 748
TOTAL 4277715 33271116 13 308 446
Unhealthy diets 49 359.15 2421903 18 837 024 7534 810
Uf“ted Low physical activity 49 359.15 8473719 65 906 700 26 362 680
Kingdom
TOTAL 10 895 622 84743 725 33 897 490

Note: * estimated from 2015 average annual salary adjusted using the average percentage of increase in salary
every five years from 2000 to 2015 as derived from OECD (2016).
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4.3 The estimated total economic costs of unhealthy
diets and low physical activity related to diabetes and its
complications

Table 16 summarises the total economic cost of diabetes in the five countries
in 2020 that can be associated with unhealthy diets and low physical activity
patterns in 2015. Costs associated with low physical activity tended to be higher
than those associated with unhealthy diets in all countries, although differences
varied, ranging from some 67% higher in France to a factor of six in Spain and
seven in Italy. Indirect costs that can be associated with either risk factor were
higher than direct health care costs in all countries, by between 25% in France
and up to 100% in the United Kingdom.

The differences in total cost across countries reflect, to a great extent, differences
in population sizes, health care costs and labour costs. When related to the
population projected to develop diabetes in 2020 as a consequence of unhealthy
diets and low physical activity in 2015, the United Kingdom showed the highest
cost, at €18 953, closely followed by Germany and France, while Italy had the
lowest cost, at just over €10 720 (Table 17).

4.3.1 Sensitivity analysis

We carried out a limited set of sensitivity analyses in order to better understand the
likely range of cost estimates provided here. We repeated the above analyses using
the lower and upper values (i.e. 95% confidence intervals) for those parameters
where they were available. This was the case for the prevalence of low physical
activity in the general population and the adjustment factor for low physical
activity. Applying the lower value of these two parameters decreased the total
estimated costs by between 27% and 63%. The highest impact was on estimates
for Italy, reducing the total costs by 63% (from €146 million to €54.3 million),
followed by Spain at 59% (€94.1 million to €39.0 million), Germany at 58%
(€266.7 million to €112.0 million), France at 29% (€151.7 million to €107.4 mil-
lion) and the United Kingdom at 27% (€202.0 million to €147.8 million).

Using the higher values of the same parameters increased the total costs by
between 26% and 160%. The greatest effect was seen for Germany, where the
total costs more than doubled (from €266.7 million to €694.1 million). A
doubling of costs was also observed for Spain (€94.1 million to €212.3 million)
and Italy (€146 million to €307.9 million). In France estimated costs rose by
29% (€151.7 million to €196.2 million) and in the United Kingdom by 26%
(€202 million to €254.3 million).
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Table 16 FEstimated economic cost that can be associated with unhealthy diets
and low physical activity patterns in 2015 as manifested in incident diabetes and
complication in France, Germany, Italy, Spain and the United Kingdom in 2020

Country Risk factor Direct health care cost (€)  Indirect cost (€) Total cost (€)
Unhealthy diets 33618 565 42230112 75848 677

France Low physical activity =~ 56 030 942 70 385 985 126 416 927
TOTAL 202 265 604

Unhealthy diets 36 121 081 52774 976 88 896 057

Germany Low physical activity 72 249 608 105 530 564 177 780172
TOTAL 266 676 229

Unhealthy diets 6 446 084 9765 824 16 211 908

Italy Low physical activity ~ 45 122 589 68 415 902 113 538 491
TOTAL 129 750 398

Unhealthy diets 4059 080 7706 874 11 765 955

Spain Low physical activity 24 362 077 46 253 942 70616 019
TOTAL 82 381 974

. Unhealthy diets 14 405 755 30 455 391 44 861 146
ﬂ:::;":;:m Low physical activity 50 420 143 106 686 304 157 106 447
TOTAL 201 967 593

Table 17 Estimated total and per capita economic cost that can be associated
with unhealthy diets and low physical activity patterns in 2015 as manifested in
incident diabetes and complications in France, Germany, Italy, Spain and the
United Kingdom in 2020

Cost per head of Cost per Cost per incident case of

Countr Total cost total estimated incident case of  type 2 diabetes attributable
y populationin  type 2 diabetes to unhealthy diets and low

2020 (€) in 2020 (€)  physical activity in 2020 (€)

France 202 265 604 2.97 1334 16 678
Germany 266 676 229 3.29 1099 18 323
Italy 129 750 398 214 858 10720
Spain 82381974 1.77 770 11 006

United Kingdom 201 967 593 3.01 1706 18 953







Chapter 5

Discussion and conclusions

This study sought to contribute to a better understanding of the economic
burden that can be associated with unhealthy diets and low levels of physical
activity in order to help inform priority setting and motivate efforts to promote
more effectively healthy diets and physical activity in Europe and worldwide.
We did so through critically reviewing the available evidence on the economic
costs associated with unhealthy diets and low physical activity; discussing the
measurement, methodological and practical issues for estimating the economic
burden from unhealthy diets and low physical activity; and developing a frame-
work for assessing costs and testing the feasibility of this approach to provide
better estimates of the economic burden.

We showed that the majority of reviewed studies found a significant associa-
tion between diet and/or physical activity and costs, with unhealthy diets and
low physical activity predictive of higher health care expenditure. Studies that
did report costs that can be associated with the two risk factors estimated the
annual cost of unhealthy diets to range from €3 to €148 per capita and for
low physical activity from €3 to €181 per capita. The highest health care cost
estimates were equivalent to between 2% and 6% of health spending in the
countries. We noted that there is a very wide range of estimates, and these are
very sensitive to the measures of diet and activity and the ways in which the
studies were carried out.

Costing studies differ widely in their analytical approaches and in the nature and
scope of data used, influencing estimates for the economic burden of unhealthy
diets and low physical activity. Particular challenges arise from measuring
unhealthy diets given the different effects of foods and the interactions between
these effects. Calibrating the extent of deviation from optimal consumption and
the effects of this deviation is difficult. It is also clear that the context should be
taken into account in terms of other population characteristics. While there is
more consensus about the measurement of physical activity, similar issues arise in
terms of the independent effects of moderate and vigorous activity and sedentary
behaviour, but also the interactions between these. Further, studies take broader
and narrower perspectives in terms of what costs are included, with some lim-
ited to formal health care costs, and others aiming to take a more societal view.
While current evidence makes it difficult to make accurate comparisons, much
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of the economic burden is likely to come from non-health care costs, especially
from effects on productivity, absenteeism, presenteeism and other indirect costs.

Based on a critical appraisal of existing approaches, we developed a framework
for estimating the economic costs of unhealthy diets and low physical activity
using a disease-based approach, with type 2 diabetes mellitus chosen as a disease
for which both are risk factors. The aim was to demonstrate the feasibility of
undertaking a comprehensive, disease-based, bottom-up cost assessment draw-
ing on the best available data as identified from a rapid review of the published
evidence that addresses some of the limitations of existing costing studies. Our
choice of type 2 diabetes as the exemplar outcome was motivated by its consist-
ently strong association with either risk factor as shown in the literature.

Using this approach, we projected the total economic costs that can be associ-
ated with unhealthy diets and low physical activity patterns in 2015 as mani-
fested in incident diabetes cases in 2020 to range from €82.4 million in Spain
to €266.7 million in Germany. This equates to a per capita cost of €1.77 in
Spain to €3.29 in Germany. Relating costs more specifically to the population
projected to develop diabetes in 2020 as a consequence of unhealthy diets and
low physical activity in 2015, the United Kingdom showed the highest cost, at
€18 953, closely followed by Germany and France, while Italy had the lowest
cost, at just over €10 720.

The total cost in the five high-income countries studied (France, Germany, Italy,
Spain and the United Kingdom) was estimated to amount to about €883 mil-
lion. The populations in the five countries studied account for almost two thirds
of the total population in the European Union (EU-28), which would imply a
total EU cost of around €1.3 billion, but care must be taken in any extrapola-
tion given differences in population characteristics, costs of care and value of
lost productivity. While these estimates of the economic costs are substantial,
they represent only a small proportion of health care expenditure and a very
small proportion of GDP. Even on the higher estimates in the sensitivity analysis
it is likely that the burden of disease associated with unhealthy diets and low
physical activity as measured by poor health and shortened life will be at least as
important as the financial costs of additional health care and lost productivity.

It is difficult to compare the findings of the analyses presented here with estimates
published elsewhere since only diabetes costs are estimated. Scarborough et al.
(2011) calculated the cost of unhealthy diets and low physical activity in the
United Kingdom in 2006-07 to be €9.8 billion (€8.5 billion and €1.3 billion
for unhealthy diets and low physical activity, respectively). Ding et al. (2016),
in their recent assessment of the global economic costs that can be associated
with low physical activity, provided estimates of direct and indirect costs ranging
from $(Int) 1.4 billion in Italy to $(Int) 2.6 billion in Germany. Again, data
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are difficult to compare as analyses by Ding et al. considered a wider range of
disease outcomes (coronary heart disease, stroke, type 2 diabetes, breast cancer,
colorectal cancer), and the cost estimates are not easily transferable.

The principal analytical steps employed in the present analysis are similar to
those used by Ding et al. (2016) for low physical activity in that we calculated
country-specific adjusted population-attributable fractions based on available
prevalence data and relative disease risks causally linked to either risk factor in
order to estimate the total number of cases for the outcome (here: diabetes)
in each country. Ding et al. used the same definition of low physical activity
that we used, and drew on the same data sources for prevalence of low physical
activity and estimated the same relative risk-adjusted population-attributable
fractions that we calculated for our analysis. We also estimated health care
costs as well as indirect costs that can be associated with disease developed as a
consequence of the risk factor and similar to Ding et al. we drew on the latest
estimates of diabetes-related health care costs provided by the International
Diabetes Federation (International Diabetes Federation, 2015). Where our
model differs is that we only considered the costs of incident cases, that is, new
cases, which can be causally linked to the risk factor, whereas Ding et al. calcu-
lated costs on the basis of prevalence data. Also, our approach takes account of
the expected time lag between exposure to the risk factor (unhealthy diets, low
physical activity) and development of the disease and complications. Further, we
considered a wider range of indirect costs linked to lost productivity because of
work absence, disability, early retirement and premature death among incident
diabetes cases that can be attributed to unhealthy diets and low physical activity.
Conversely, Ding et al. only considered lost productivity that can be associated
with premature death. We therefore believe that our estimates provide a fuller
picture of the likely future costs that can be attributed to contemporary dietary
and physical activity patterns.

5.1 Limitations of the costing framework

As noted, the costing model as proposed here presents a ‘proof of concept’
approach, drawing on the best available data as identified from a rapid review of
the published evidence and providing point estimates only (although we present
data from a limited sensitivity analysis). Clearly, there is uncertainty associated
with each input parameter, namely prevalence rates of unhealthy diets and low
physical activity in the general population, adjustment factors, relative risks and
average per patient disease and productivity costs, which will all impact on the
estimated effect size of predicted incident diabetes cases and cost estimates. A
fully costed model would consider ranges as input parameters as a reflection of
variation at baseline, using for example probabilistic modelling such as Monte
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Carlo simulation, and also employ sensitivity analyses in order to better under-
stand the influence of the various input parameters on cost estimates.

A major challenge presents the availability of suitable data on the prevalence of
unhealthy diets and low physical activity that are comparable across countries
and over time. For example, the prevalence data for low physical activity used
for the five countries were obtained from the WHO Global Health Observatory
Database, with 2010 prevalence rates as the latest available data. The level of
exposure among physically inactive individuals was not specified so data from
a more recent Eurobarometer survey conducted in 2013 was used to assess the
level of exposure. In order to arrive at comparable estimates there is therefore
a need for more detailed national prevalence data on physical activity in each
country, specifying the type, duration, frequency and intensity to identify the
extent of low physical activity and levels of exposure to risk.

We defined a given dietary pattern as unhealthy, based on a score of <67% on
the 2010 alternate healthy eating index (AHEI) and we used dietary data com-
piled by the European Food Safety Authority, which draws on national surveys
that are not directly comparable in relation to assessment methods and data
collection instruments. The EFSA database also only provides aggregate-level
data of mean consumption of certain food groups (European Food and Safety
Authority, 2015). In the absence of more detailed data sets, we assumed that
mean intakes as presented in the EFSA database are nationally representative of
a relatively homogenous dietary pattern in each of the five countries. But this
is not necessarily the case and in order to arrive at more precise estimates more
recent, individual-level data on mean intake of the different AHEI food-groups
in different countries in Europe would be needed.

We considered a window period of five years from the occurrence of unhealthy
diets and low physical activity to the development of diabetes and associated
costs incurred. The five-year lag reflects the average latency period and it will
vary according to individual risk profile, with those with other high-risk char-
acteristics, such as genetic predisposition, likely to develop the condition more
quickly. If the costing model was applied more widely this would require a
systematic assessment of the evidence of the range of the latency period, and its
incorporation in the form of a sensitivity analysis.

Likewise, we used average annual per patient costs for diabetes and its complica-
tions in previous years, which we adjusted to reflect more closely 2020 prices.
However, average costs are not sensitive to variations in individual patterns of
health care utilisation and a fully costed model would ideally derive a unique set
of average per patient costs for each country that take account of patient char-
acteristics such as age, sex, ethnicity, socioeconomic status and disease severity,
which may influence patterns of use. A particular challenge relates to estimating



Discussion and conclusions 47

the indirect costs that can be associated with diabetes as a manifestation of
unhealthy diets and low physical activity, and within the scope of this study we
applied very crude assumptions, which would need to be revisited for a fully
costed model. Any future modelling exercise would also need to take account
of the long-term care costs associated with diabetes which are estimated to be
substantial, but which we have been unable to address in this work.

Finally, the costing framework as presented here uses only one outcome, namely
type 2 diabetes, as a manifestation of exposure to unhealthy diets and low physical
activity. Yet, unhealthy diets and low physical activity are associated with a range
of other conditions of ill health as highlighted in earlier parts of this volume and
a fully costed model would incorporate these also, along with their sequelae,
guided by the strength of evidence of the association. Ding et al. (2016), in
their analysis of the global economic cost of low physical activity, disaggregated
cost figures by disease category, and diabetes cases that can be attributed to low
physical activity accounted for a large majority of the estimated total health care
costs. Specifically, according to Ding et al., for the five countries considered in the
present study, diabetes cases accounted for approximately half (Italy) up to 85%
(Spain) of the estimated total health care costs. This would mean that estimates
for health care costs provided in the present study are likely to underestimate the
‘true’ health care costs that can be associated with low physical activity-related
diabetes cases by at least one third. However, since Ding et al. (2016) calculated
costs for prevalent cases it is very difficult to generalise from their estimates.

5.2 Implications for future studies

This study has tested the feasibility of estimating the costs of unhealthy diets and
low physical activity using a disease-based approach. While there are limitations,
it has shown that it is broadly feasible to populate the model with data from a
range of sources, and the results show a reasonable consistency across countries.
While the disease burden from diabetes is not currently as large as that for, for
example, ischaemic heart disease, it is a good exemplar because of the strong rela-
tionship between these lifestyle factors and the risk of diabetes. In other chronic
diseases there will be additional challenges in identifying the contribution of
these lifestyle factors and disease risk. Given the very wide range of estimates of
costs from the studies reviewed, this may be a more promising approach.






References

Ackermann R, Cheadle A & Sandhu N (2003). Community exercise program use and changes
in healthcare costs for older adults. Am J Prev Med, 25:232-7.

Afshin A, Micha R, Khatibzadeh S & Mozaffarian D (2014). Consumption of nuts and legumes
and risk of incident ischemic heart disease, stroke, and diabetes: a systematic review and
meta-analysis. Am J Clin Nutr, 100:278-88.

Al Tunaji H, Davis J, Dawn M & Khan K (2014). Population-attributable fraction of type 2
diabetes due to physical inactivity in adults: a systematic review. BMC Public Health, 14:469.

Allender S, Foster C, Scarborough P & Rayner M (2007). The burden of physical activity-related
ill health in the UK. J Epidemiol Community Health, 61:344-48.

Alter D, Wijeysundera H & Franklin B (2012). Obesity, lifestyle risk-factors and health service
outcomes among healthy middle-aged adults in Canada. BMC Health Serv Res, 12:238.
American Diabetes Association (2013). Economic costs of diabetes in the U.S. in 2012. Diabetes

Care, 36:1033-46.

Anderson L, Martinson B, Crain A, Pronk N, Whitebird R, O’Connor P & Fine L (2005). Health
care charges associated with physical inactivity, overweight and obesity. Prev Chronic Dis, 2:A09.

Aune D, Keum N, Giovannucci E, Fadnes L, Boffetta P, Greenwood D, Tonstad S, Vatten L, Riboli
E & Norat T (2016). Whole grain consumption and risk of cardiovascular disease, cancer,
and all cause and cause specific mortality: systematic review and dose-response meta-analysis
of prospective studies. BMJ, 353:i2716.

Bachmann J, Defina L, Franzini L, Gao A, Leonard D, Cooper K, Berry J & Willis B (2015).
Cardiorespiratory fitness in middle age and health care costs in later life. / Am Coll Cardiol,
66:1876-85.

Baliunas D (2011). A comparison of two methods of adjusted attributable fraction estimation
as applied to the four major smoking related causes of death in Canada in 2005. Ph.D.
University of Toronto. URL: https://tspace.library.utoronto.ca/bitstream/1807/32061/1/
Baliunas_Dalia_O_201111_PhD_ thesis.pdf (accessed 23 October 2016).

Benichou J (2001). A review of adjusted estimators of attributable risk. Szar Methods Med Res,
10:195-216.

Biswas A, Oh P, Faulkner G, Bajaj R, Silver M, Mitchell M, et al. (2015). Sedentary time and its
association with risk for disease incidence, mortality, and hospitalization in adults: a systematic
review and meta-analysis. Ann Intern Med, 162:123-32.

Bland B, An L, Foldes S, Garrett N & Alesci N (2009). Modifiable health behaviours and short-
term medical costs among health plan members. Am J Health Promot, 23:265-73.

Boeing H, Bechthold A, Bub A, Ellinger S, Haller D, Kroke A, Leschik-Bonnet E, Miiller M,
Oberritter H, Schulze M, Stehle P & Watzl B (2012). Critical review: vegetables and fruit in
the prevention of chronic diseases. Eur J Nutr, 51:637-63.

Bouvard V, Loomis D, Guyton K, Grosse Y, Ghissassi F, Benbrahim-Tallaa L, Guha N, Mattock H,
Straif K & International Agency For Research On Cancer Monograph Working Group (2015).
Carcinogenicity of consumption of red and processed meat. Lancet Oncol, 16:1599-600.

Breton M, Guénette L, Amiche M, Kayibanda J, Grégoire ] & Moisan ] (2015). Burden of diabetes
on the ability to work: A systematic review. Diabetes Care, 36:740-9.



https://tspace.library.utoronto.ca/bitstream/1807/32061/1/Baliunas_Dalia_O_201111_PhD_thesis.pdf
https://tspace.library.utoronto.ca/bitstream/1807/32061/1/Baliunas_Dalia_O_201111_PhD_thesis.pdf

50 Assessing the economic costs of unhealthy diets and low physical activity

Catlson S, Fulton J, Pratt M, Yang Z & Adams E (2015). Inadequate physical activity and health
care expenditures in the United States. Prog Cardiovasc Dis, 57:315-23.

Cecchini M & Bull F (2015). Promoting physical activity. /z: McDaid D, Sassi F & Merkur S (eds).
Promoting health, preventing disease. The economic case. Maidenhead: Open University Press.

Chevan J & Roberts D (2014). No short-term savings in health care expenditures for physically
active adults. Prev Med, 63:1-5.

Chiuve S, Fung T, Rimm E, Hu E Mccullough M, Wang M, Stampfer M & Willett W (2012).
Alternative dietary indices both strongly predict risk of chronic disease. / Nutr, 142:1009-18.

Chowdhury R, Stevens S, Gorman D, Pan A, Warnakula S, Chowdhury S, Ward H, Johnson
L, Crowe F, Hu F & Franco O (2012). Association between fish consumption, long chain
omega 3 fatty acids, and risk of cerebrovascular disease: systematic review and meta-analysis.
BM]J, 345:¢6698.

Codogno J, Turi B, Kemper H, Fernandes R, Christofaro D & Monteiro H (2015). Physical
inactivity of adults and 1-year health care expenditures in Brazil. /nt ] Public Health, 60:309-16.

Collins C, Patterson A & Fitzgerald D (2011). Higher diet quality does not predict lower Medicare
costs but does predict number of claims in mid-aged Australian women. Nutrienss, 3:40-8.

Commission of the European Communities (2007). White Paper on A Strategy for Europe on
Nutrition, Overweight and Obesity related health issues. Brussels: European Commission.

Council of the European Union (2014). Council conclusions on nutrition and physical activity.
URL: http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/2uri=CELEX:52014XG0708(0
1)&from=EN (accessed 23 October 2016).

Daviglus M, Liu K, Pirzada A, Yan L, Garside D, Wang R, Van Horn L, Manning W, Manheim L,
Dyer A, Greenland P & Stamler J (2005). Relationship of fruit and vegetable consumption in

middle-aged men to medicare expenditures in older age: the Chicago Western Electric Study.
J Am Diet Assoc., 105:1735-44.

De Bakker D, Struijs J, Baan C, Raams J, De Wildt J, Vrijhoef H & Schut F (2012). Early results
from adoption of bundled payment for diabetes care in the Netherlands show improvement
in care coordination. Health Aff (Millwood), 31:426-33.

Department for Work and Pensions (2015). Labour Force Survey analysis of disabled people by
region and main health problem. URL: https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/406369/labour-force-survey-disabled-people.pdf (accessed 15
June 2016).

Ding D, Lawson K, Kolbe-Alexander T, Finkelstein E, Katzmarzyk P, Van Mechelen W, Pratt M
& Lancet Physical Activity Series 2 Executive Committee (2016). The economic burden of

physical inactivity: a global analysis of major non-communicable diseases. Lancet, 388:1311-24.
Doidge J, Segal L & Gospodarevskaya E (2012). Attributable risk analysis reveals potential
healthcare savings from increased consumption of dairy products. J Nutr, 142:1772-80.
Ekelund U, Steene-Johannessen J, Brown W, Fagerland M, Owen N, Powell K, Bauman A, Lee
I, Lancet Physical Activity Series 2 Executive Committee & Lancet Sedentary Behaviour
Working Group (2016). Does physical activity attenuate, or even eliminate, the detrimental
association of sitting time with mortality? A harmonised meta-analysis of data from more

than 1 million men and women. Lancet, 388:1302-10.

Estruch R, Ros E, Salas-Salvadé J, Covas M, Corella D, Arés F, Gémez-Gracia E, et al. (2013).
Primary prevention of cardiovascular disease with a Mediterranean diet. N Engl ] Med,
368:1279-90.

European Commission (2014). The 2014 EU Summit on Chronic Diseases. Brussels, 3 and 4 April
2014, Conference Conclusions. URL: http://ec.europa.eu/health/major_chronic_diseases/
docs/ev_20140403 _mi_en.pdf (accessed 23 October 2016).

European Food and Safety Authority (2015). The EFSA Comprehensive European Food
Consumption Database. URL: https://www.efsa.curopa.cu/en/food-consumption/

comprehensive-database (accessed 15 June 2016).



http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014XG0708(01)&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52014XG0708(01)&from=EN
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/406369/labour-force-survey
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/406369/labour-force-survey
http://ec.europa.eu/health/major_chronic_diseases/docs/ev_20140403_mi_en.pdf
http://ec.europa.eu/health/major_chronic_diseases/docs/ev_20140403_mi_en.pdf
https://www.efsa.europa.eu/en/food-consumption/comprehensive-database
https://www.efsa.europa.eu/en/food-consumption/comprehensive-database

References

Eurostat (2015). Hourly labour costs. URL: http://ec.europa.eu/eurostat/statistics-explained/
index.php/Hourly_labour_costs (accessed 16 May 2016).

Ezzati M, Lopez A, Rodgers A, et al. (2004). Comparative quantification of health risks. Geneva:
World Health Organization.

Garrett N, Brasure M, Schmitz K, Schultz M & Huber M (2004). Physical inactivity: direct cost
to a health plan. Am J Prev Med, 27:304-9.

GBD 2015 Risk Factors Collaborators (2016). Global, regional, and national comparative risk
assessment of 79 behavioural, environmental and occupational, and metabolic risks or clusters
of risks, 1990-2015: a systematic analysis for the Global Burden of Disease Study 2015.
Lancet, 388:1659-1724.

Hayes A, Leal J, Gray A, Holman R & Clarke P (2013). UKPDS outcomes model 2: a new
version of a model to simulate lifetime health outcomes of patients with type 2 diabetes

mellitus using data from the 30 year United Kingdom Prospective Diabetes Study: UKPDS
82. Diabetologia, 56:1925-33.

Health and Social Care Information Centre (2015). National Diabetes Audit 2012-2013. Report
2: Complications and mortality. URL: http://content.digital.nhs.uk/catalogue/PUB 16496/
nati-diab-audi-12-13-rep2.pdf (accessed 25 October 2016).

Herquelot E, Gueguen A, Bonenfant S & Dray-Spira R (2011). Impact of diabetes on work
cessation: data from the GAZEL cohort study. Diaberes Care, 34:1344-9.

Holden S, Barnett A, Peters J, Jenkins-Jones S, Poole C, Morgan C & Currie C (2013). The
incidence of type 2 diabetes in the United Kingdom from 1991 to 2010. Diabetes Obes
Metab, 15:844-52.

Idler N, Teuner C, Hunger M, Holle R, Ortlieb S, Schulz H, etal. (2015). The association between
physical activity and health care costs in children — results from the GINIplus and LISAplus
cohort studies. BMC Public Health, 15:437.

International Diabetes Federation (2015). IDF Diabetes Atlas, Seventh edition. Brussels:
International Diabetes Federation.

Jacobs S, Harmon B, Boushey C, Morimoto Y, Wilkens L, Le Marchand L, Kréger ], Schulze M,
Kolonel L & Maskarinec G (2015). A priori-defined diet quality indexes and risk of type 2
diabetes: the Multiethnic Cohort. Diabetologia, 58:98—112.

Janssen I (2012). Health care costs of physical inactivity in Canadian adults. App/ Physiol Nutr
Metab, 37:803-6.

Johns G (2010). Presenteeism in the workplace: a review and research agenda. / Org Behav,
32:519-42.

Johnston K, Buxton M, Jones D & Fitzpatrick R (1999). Assessing the costs of healthcare
technologies in clinical trials. Health Technol Assess, 3:1-76.

Katzmarzyk P (2011). The Economic Costs Associated with Physical Inactivity and Obesity in
Ontario. Health and Fitness Journal of Canada, 4:31-40.

Katzmarzyk P, Gledhill N & Shephard R (2000). The economic burden of physical inactivity in
Canada. CMAJ, 163:1435-40.

Khangura S, Konnyu K, Cushman R, Grimshaw ] & Moher D (2012). Evidence summaries: the
evolution of a rapid review approach. Sysz Rey; 1:10.

Koopmanschap M, Rutten E Van Ineveld B & Van Roijen L (1995). The friction cost method
for measuring indirect costs of disease. / Health Econ, 14:171-89.

Krueger H, Krueger ] & Koot ] (2015). Variation across Canada in the economic burden attributable
to excess weight, tobacco smoking and physical inactivity. Can J Public Health, 106:e171-7.

Kruk J (2014). Health and economic costs of physical inactivity. Asian Pac ] Cancer Prev, 15:7499—
503.

Kuriyama S, Hozawa A & Ohmori K (2004). Joint impact of health risks on health care charges:
7-year follow-up of National Health Insurance beneficiaries in Japan (the Ohsaki Study).
Prev Med, 39:1194-9.

51


http://ec.europa.eu/eurostat/statistics-explained/index.php/Hourly_labour_costs
http://ec.europa.eu/eurostat/statistics-explained/index.php/Hourly_labour_costs
http://content.digital.nhs.uk/catalogue/PUB16496/nati-diab-audi-12-13-rep2.pdf
http://content.digital.nhs.uk/catalogue/PUB16496/nati-diab-audi-12-13-rep2.pdf

52 Assessing the economic costs of unhealthy diets and low physical activity

Laaksonen M, Knekt P & Rissanen H (2009). The relative importance of modifiable potential
risk factors of type 2 diabetes: a meta-analysis of two cohorts. Eur J Epidemiol, 25:115-24.

Lee I, Shiroma E, Lobelo F, Puska P, Blair S & Katzmarzyk P (2012). Effect of physical inactivity
on major non-communicable diseases worldwide: an analysis of burden of disease and life
expectancy. Lancet, 280:219-29.

LiY, Ley S, Tobias D, Chiuve S, Vanderweele T, Rich-Edwards J, Curhan G, Willett W, Manson J,
HuF & Qi L (2015). Birth weight and later life adherence to unhealthy lifestyles in predicting
type 2 diabetes: prospective cohort study. BMJ, 351:h3672.

Liyanage T, Ninomiya T, Wang A, Neal B, Jun M, Wong M, Jardine M, Hillis G & Perkovic V
(2016). Effects of the Mediterranean diet on cardiovascular outcomes — A systematic review
and meta-analysis. PLoS One, 11:¢0159252.

Lo Y, Wahlqvist M, Chang Y, Kao S & Lee M (2013). Dietary diversity predicts type of medical
expenditure in elders. Am J Manag Care, 19:e415-23.

Lyssenko V, Jonsson A, Almgren P, Pulizzi N, Isomaa B, Tuomi T, Berglund G, Altshuler D,
Nilsson P & Groop L (2008). Clinical risk factors, DNA variants, and the development of
type 2 diabetes. N Engl | Med, 359:2220-32.

Malik V, Popkin B, Bray G, Després ] & Hu F (2010a). Sugar sweetened beverages, obesity, type
2 diabetes and cardiovascular disease risk. Circulation, 121:1356-64.

Malik V, Popkin B, Bray G, Després ], Willett W & Hu F (2010b). Sugar-sweetened beverages and
risk of metabolic syndrome and type 2 diabetes: A meta-analysis. Diabetes Care, 33:2477-83.

Maresova K (2014). The costs of physical inactivity in the Czech Republic in 2008. J Phys Act
Health, 11:489-94.

Martinson B, Crain A & Pronk N (2003). Changes in physical activity and short-term changes
in health care charges: a prospective cohort study of older adults. Prev Med, 37:319-26.
Micha R, Wallace S & Mozaffarian D (2010). Red and processed meat consumption and risk of
incident coronary heart disease, stroke, and diabetes mellitus: a systematic review and meta-

analysis. Circulation, 121:2271-83.

Micha R, Khatibzadeh S, Shi P, Andrews K, Engell R, Mozaffarian D & Global Burden of Diseases
Nutrition and Chronic Diseases Expert Group (Nutricode) (2015). Global, regional and
national consumption of major food groups in 1990 and 2010: a systematic analysis including
266 country-specific nutrition surveys worldwide. BMJ Open, 5:¢008705.

Montonen J, Knekt P, Hirkinen T, Jirvinen R, Heliévaara M, Aromaa A & Reunanen A (2005).
Dietary patterns and the incidence of type 2 diabetes. Am J Epidemiol, 161:219-27.

Morgan P (2012). Back to the future: the changing frontiers of nutrition research and its relationship
to policy. Proc Nutr Soc, 71:190-7.

Mozaffarian D, Appel L & Van Horn L (2011). Components of a cardioprotective diet: new
insights. Circulation, 12:2870-91.

Muka T, Imo D, Jaspers L, Colpani V, Chaker L, Van Der Lee S, Mendis S, Chowdhury R, Bramer
W, Falla A, Pazoki R & Franco O (2015). The global impact of non-communicable diseases
on healthcare spending and national income: a systematic review. Eur ] Epidemiol, 30:251-77.

Murray C & Lopez A (1997). Global mortality, disability and the contribution of risk factors:
global burden of disease study. Lancet, 349:1436-42.

NCBI (2016). Pubmed. URL: http://www.ncbi.nlm.nih.gov/pubmed.

OECD (2015). Focus on Health Spending: OECD Health Statistics 2015. URL: http://www.
oecd.org/health/health-systems/Focus-Health-Spending-2015.pdf (accessed 16 May 2016).

OECD (2016). Labour force participation rate. URL: https://data.oecd.org/emp/labour-force-
participation-rate.htm (accessed 15 June 2016).

Oldridge N (2008). Economic burden of physical inactivity: healthcare costs associated with
cardiovascular disease. Eur | Cardiovasc Prev Rehabil, 15:130-9.

Peeters G, Mishra G, Dobson A & Brown W (2014). Health care costs associated with prolonged
sitting and inactivity. Am J Prev Med, 46:265-72.


http://www.ncbi.nlm.nih.gov/pubmed
http://www.oecd.org/health/health-systems/Focus-Health-Spending-2015.pdf
http://www.oecd.org/health/health-systems/Focus-Health-Spending-2015.pdf
https://data.oecd.org/emp/labour-force-participation-rate.htm
https://data.oecd.org/emp/labour-force-participation-rate.htm

References 83

Popkin B, Kim S, Rusev E, Du S & Zizza C (2006). Measuring the full-economic costs of diet,
physical activity and obesity-related chronic diseases. Obes Rey, 7:271-93.

Rayner M & Scarborough P (2005). The burden of food-related ill health in the UK. J Epidemiol
Community Health, 59:1054-7.

Rice N & Normand C (2012). The cost associated with disease-related malnutrition in Ireland.
Public Health Nutr, 15:1966-72.

Risérus U, Willett W & Hu F (2009). Dietary fats and prevention of type 2 diabetes. Prog Lipid
Res, 48:44-51.

Samitz G, Egger M & Zwahlen M (2011). Domains of physical activity and all-cause mortality:
systematic review and dose-response meta-analysis of cohort studies. /nz ] Epidemiol, 40:1382—
400.

Scarborough P, Bhatnagar P, Wickramasinghe KK, Allender S, Foster C & Rayner M (2011). The
economic burden of ill health due to diet, physical inactivity, smoking, alcohol and obesity in
the UK: an update to 2006-07 NHS costs. J Public Health (Oxf), 33:527-35.

Schultz A & Edington D (2007). Employee health and presenteeism: a systematic review. / Occup
Rehabil, 17:547-79.

Schwingshackl L & Hoffmann G (2015). Diet quality as assessed by the Healthy Eating Index,
the Alternate Healthy Eating Index, the Dietary Approaches to Stop Hypertension score,
and health outcomes: a systematic review and meta-analysis of cohort studies. J Acad Nutr
Diet, 115:780-800.

Sedentary Behaviour Research Network (2012). Letter to the editor: standardized use of the terms
“sedentary” and “sedentary behaviours”. Appl Physiol Nutr Metab, 37:540-2.

Stefler D, Malyutina S, Kubinova R, Pajak A, Peasey A, Pikhart H, Brunner E & Bobak M
(2015). Mediterranean diet score and total and cardiovascular mortality in Eastern Europe:
the HAPIEE study. Eur / Nutr, [Epub ahead of print].

Suhrcke M, Fahey D & Mckee M (2008). Economic aspects of chronic disease and chronic disease
management. [z: Nolte E & McKee M (eds) Caring for people with chronic conditions: A health
system perspective. Maidenhead: Open University Press.

TNS Opinion & Social (2014). Special Eurobarometer 412. Sport and physical activity. Brussels:
European Commission.

Tong T, Warecham N, Khaw K, Imamura F & Forouhi N (2016). Prospective association of the
Mediterranean diet with cardiovascular disease incidence and mortality and its population
impact in a non-Mediterranean population: the EPIC-Norfolk study. BMC Med, 14:135-46.

United Nations (2015). World population prospects, the 2015 revision. URL: https://esa.un.org/
unpd/wpp/Download/Standard/Population/ (accessed 30 November 2016).

Wang F, Mcdonald T, Reffitt B & Edington D (2005). BMI, physical activity, and health care
utilization/costs among Medicare retirees. Obes Res, 13:1450-7.

Wang G, Pratt M & Macera C (2004). Physical activity, cardiovascular disease, and medical
expenditures in U.S. adults. Ann Behav Med, 28:88-94.

‘Warburton D, Charlesworth S, Ivey A, Nettlefold L & Bredin S (2010). A systematic review of the
evidence for Canada’s Physical Activity Guidelines for Adults. Inz ] Behav Nutr Phys Act, 7:39.

Webber L, Divajeva D, Marsh T, Mcpherson K, Brown M, Galea G & Breda J (2014). The future
burden of obesity-related diseases in the 53 WHO European-Region countries and the impact
of effective interventions: a modelling scudy. BM] Open, 4:¢004787.

Weyer C, Bogardus C, Mott D & Pratley R (1999). The natural history of insulin secretory
dysfunction and insulin resistance in the pathogenesis of type 2 diabetes mellitus. / Clin
Invest, 104:787-94.

WHO Regional Office for Europe (2001). The First Action Plan for Food and Nutrition Policy
WHO European Region 2000-2005. Copenhagen: World Health Organization.

WHO Regional Office for Europe (2005). Steps to health. A European framework to promote
physical activity for health. Copenhagen: World Health Organization.



https://esa.un.org/unpd/wpp/Download/Standard/Population/
https://esa.un.org/unpd/wpp/Download/Standard/Population/

54 Assessing the economic costs of unhealthy diets and low physical activity

WHO Regional Office for Europe (2015). European Food and Nutrition Action Plan 2015-2020.
Copenhagen: World Health Organization.

WHO Regional Office for Europe (2016). Physical activity strategy for the WHO European
Region 2016-2025. Copenhagen: World Health Organization.

Woodcock J, Franco O, Orsini N & Roberts I (2011). Non-vigorous physical activity and all-cause
mortality: systematic review and meta-analysis of cohort studies. Int ] Epidemiol, 40:121-38.

World Cancer Research Fund & American Institute for Cancer Research (2007). Food, nutrition,
physical activity, and the prevention of cancer: a global perspective. Washington DC: American
Institute for Cancer Research.

World Health Assembly (2013). Follow-up to the Political Declaration of the High-level Meeting
of the General Assembly on the Prevention and Control of Non-communicable Diseases.
WHAG66.10. URL: http://apps.who.int/gb/ebwha/pdf files/ S€WHA66/AG6_R10-en.pdf
(accessed 23 October 2016).

World Health Organization (2004). Global Strategy on Diet, Physical Activity and Health. Geneva:
World Health Organization.

World Health Organization (2010). Global recommendations on physical activity for health.
Geneva: World Health Organization.

World Health Organization (2016). Global Health Observatory (GHO) data. URL: http://www.
who.int/gho/en/ (accessed 15 June 2016).

Zhang ] & Chaaban J (2012). The economic cost of physical inactivity in China. Prev Med, 56:75-8.

Zheng J, Huang T, Yu Y, Hu X, Yang B & Li D (2012). Fish consumption and CHD mortality:
an updated meta-analysis of seventeen cohort studies. Public Health Nutr, 15:725-37.

Zimmet P, Magliano D, Herman W & Shaw J (2014). Diabetes: a 21st century challenge. Lancet
Diabetes Endocrinol, 2:56—64.



http://apps.who.int/gb/ebwha/pdf_files/WHA66/A66_R10-en.pdf
http://www.who.int/gho/en/
http://www.who.int/gho/en/

Appendices



Appendix 1

Summary overview of key
characteristics of included studies



57

Appendix 1

'$1S09 SHN
1810} 8U} JO PJIY} BUO INOGR J0 ‘Uolliq
93 J0 1500 810 183 [BNUUE UB LM

£6/2661. 104 Apn)s Jail1ea
Ue WOJ) S8YRWINS WO}

parejodesixa :e1ep 1509 SHN

(€00¢) saseasiq o1uoiy)
10 UONU3ABI Y} pue
uonLIN ‘191Q uo poday
OHM :SK1v@ 8sessiq

"S9seasIp
wayshs
annsabip

pue saLed
|ejuap ‘18oued
‘s9seasIp
wa)sAs aunwil

PoIBII0SSE SeM 9SBas|p paje|al-pood (Y00Z) SMSlY  "S1S00 ASEASID SHN 0} paljdde a1am S4yd aues pUE [euoLLIOY 'pooy 0} pajejal
(sKva g (dg) Ui[eaH Jo uoneaynuenp 8y "slaIp Ayieayun o} ajqenquIe suspIng  Jay1o ‘selaqerp Uieay |j1 jo (5002)
painseauw se) wopbury payun ay} ul $1S09 8J1ed anesedwo) OHM (2661) aseas|p Jo uorpodoud sy} a1ewnss 0} SATVA 2 adA; ‘aseasip uap.ng [eloueuly
fyepow pue Ajpigiow Jo %0 | INoge yyeay Apnis (qgy) asessig aseasip 0} paldde aam (y002) OHM 8u} Aq JB|NISBAOIPIRD wopbury pue aseasip ybnoiogueas
10} PBJUN0JJE 3SEASIP Paje|ai-poo 2002 10811 Jo uaping [eqo|y :S4yd  pausiiand 1039} ¥SH 0} aNp SASeasIp J0} Sy¥d  :Paseq-asessiq payun 8y Auenb of R Jaufey
(el moj 0} €12 2€1 $SN
SA ayejul ybiy Joj S}S09 aAleINWND
[BJ0} 2G/ 26 $SN) UpEap 810489 S}S00
aAleINWINg Jeak-ua) pue ayelul
a|qe1eban pue ynuy 0} payjdde osje *SUOI}EII0SSE
puaJ} Sy "auofe axejul a|qeiehian a|qissod aujwualap 0} sdnolb ayejul a8y}
10 }inJy Joy Jejiwis Ajjesauab aem SS0IOB PaUIWEXa pue axeul a|qelahan pue Jinyy
SpUaIL |12 21 $SN SA 720 01 $SN SNoIAa1d 0} payul| 19M S}S0D aU ] “PajeLlsa ‘abe
:S1S09 [B}0} JO} PUB 09 | $SN SA 8JaM U3eap 0} Joud S1S09 aAleINWIND Jeak-ua} '$1S00 plo ur (ay0ads
25€ 1 $SN 199U 10} ‘€22 ¥ $SN pue abie pjo Ul S1S02 8183 Y)eay [BnuUUR UBSW  8IUBINSU Y}eay -aseasip pue
SA8ZL € $S 21aM XEIUI MO] SA SWwiefd soue.nsul yjjeay [ENPIAIDUI ‘BJEP SWIED 81eIpajy Buisn “ubly  [BUOIEU [[BIBA0 B10)) S1509
ybiy Joy 8SEASIP JEINISEAOIPIED IO} [BUOIjEU WOJ} pajewnse 10 WNIPAUW “MO] JAU}IS SE PALJISSEID Sem pUE (192UBd 312 LY[esy 0}
$]S00 [BNULE UBSJ\ "S}S00 818D L}{Esy 51500 8.1EJ UljeaH 5EJUI 9]qe}aBan puUE 1IN PAUIGUIOD "UpuoW pue aseasip pojejal si abe
|enuUB UBSW JaMO| UHM Pa)eI0SSe (asn (poyrow Aioysiy Areyaip Jad sdna gp< pue yyuow Jad sdnd gy—¢|  JBINISBAOIPIRD) a|ppIW Ul ayeul
Kjjesouab asam sayejul a|qelaban pue S1S09 9Jed anIsuayaIdwoa s,exing ‘Yauow Jad sdna 1> :sdnoib 8aiuyy Jo 8uo ojul $1S09 214199ds S0JeIS 9|qejaban pue
Ny Jay Bis Ajeol uyeay Buisn) mainiaul Aey palisse[d pue saLiolsly Arelalp snoinald woly -aseas|p pajun STREMETT (So02)
jJou a19m sdiysuoielal ysow ybnoylly  0002—v86 | 1021 :9Yejul 9|qeiabon pue N4 PaUIWIBIAP JaM SB|qe1afan pue 1Nl Jo ayelu| uo paseg ayl auiwexs ol  ‘[e 1o snjbineq
sbuipuy jediouiid Jeaf-aseg _om“mﬁ eleq AGojopoylay F__“MW_M_H.“M Anunoy a>_~mw_ﬁm s/loyny

13ia




58 Assessing the economic costs of unhealthy diets and low physical activi

"WJs) wnipaw
U} Ul JUB)SISUOD JOU SBM pual} Sy L
“(Swired Q| Jo 8ouaIaLIp JURILIUGIS)

a[nuInb 1S9Mo] 8} Ul 8S0Lj} 0}
pasedwod SWief Jo Jaguinu Jamo e
pey ajpuInb 3saybiy au ul sfenpiapul
'sa|ljuINb $S0.I9B JUB)SISUOD J0U SeM
puas8yL (0L L $nV J0 83UBIBHIP
1509) 8|1uInb }S3MO] Y} Ul 8O} 0}
pasedwod s}s09 aJed yyeay Jaybiy

el[RASNy
aJeaIPa\ SIS0 PUE SWIBJD
2189 U}[eay J0 Jaquiny

'$1S09
pue stlelo a1ed yyeay Jo Jaquinu ‘Ayfenb ja1p
UB3M}aq SUOIIBIJ0SSE 9]qISS0d ulLIB}ap 0}
sa|uInb SS0JJ8 PaUIWEXa Pue S4YYy 0} payul|
913M SWIED 3JeIP3IA JO JaquINU SAIBINWND
JeaA-XIS pue S1S09 8JBIIP3IA SAIRINWND Jeak
-9l UBIP3 "(3109S 1S9MO| = G 8109s 1saybiy

'sjinpe
pabe-s|ppiw
Buowe 1509

pue swie|d a1ed

Buiaey ajnuinb 1saybiy sy} ul $8109s B.om&oom = 1) sa|uinb oyu1 padnolb pue pajenojes sem y1eay 1amoj
AIejoIp ym SEENpINpUL Lm ‘Sqgy  “SWIER O (anv)  (saipms eoibojowapida  (S4uy) 21098 PO0J PAPUBLILIOIAY ISy UlM pajeloosse
U} pUe $}S02 81BI U3y BAIRINWND BAWNN 1500 a1e0 10} 8JleUUONSAND Y} ‘s}nsal A&BAINS LD paseq "SUORBPUBWIWIOa]  'S}S0J BIUBINSU sem Ayifenb 181p
JeaA-oA1} USBBMIB( UOIRIJOSSE  9002—2002 yyeay Aieyaiqg ayy Buisn)  Asejaip [euUOIBU UM 1UBISISUOD ABAINS e Buisn yl[eay [euoneu J18ybiy Jayreym (1102)
181509 108110 Kaning :ayejul Aejol passasse alom sulaned Aieialp [enpiapul uo paseg eljessny aulwexa o] ‘[e 18 suljjo)
aImnsu| yoJeasay
[B120S pUE 9ILIOU0IT
‘9A1IN2aX3 8IIAIBS U}eaH
‘UaIpIIYY PUB YHesH Jo
Juswyeda( 81509 pue
/6663 Sem juaned S1ad] AjAnoeR Juaned
}npe Jad NH@ J0 1509 [euoiippe 8y L (0102 ‘8002 ‘2002) 'S1S00
"(%0,) SBumas a1ed [enuapisal 1o skaning Yo buiusalog pajejal-|\H@ urelqo o} pajdde aiam s}s0d “(INda)
[e)dsoy 8Jnoe WoJ) 81am S)S09 au} uoRLINN [eJajug pue J1UN JUBA3J3] YIIYM 0} ‘Palewlisa sem [NYd uonpLnueW
J0 fyuiofew 8y 186pnq a1ea yyeay [eJajualed 10} UOIBIO0SSY UM s)npe BuoLLe uonesi|nn aJed yesy Jo pae|al-aseasip
8U} 40 %0 Jou $'13 19A0 Sem "n3) ysnug ‘ool Buluaaiog  Aouanbald skenins wopbury papun ajeas-able| 'S}S00 yum sjusned ( )
s)inpe Buowe uopLINueW pajejal $1S09 8Je9 [BSJAAIUN UORLINUIBI pue BJEp UsH| 8|qe|ieAR UBdM}aq SUOSLedWOd  8Jed [RI20S pue 10} sainypuadxa ¢h0e
-9SBas|p UM PaJRIO0SSE S1S00 8IBd Uieay 8} PAsN YaIYM Saipnis  pasipiepuels-abe Wwolj pajelse alam sbuiies ueay ognd  pueall Jo 9jgnd [enuue puewioy
[e190s pue yyeay algnd [enuue ay| 1002 109110 JallJea (Y JO doua[eAdld 8189 Uyeay a|diynw Ul |\YQ JO 80UB[eAdld  [[eJan0 UO pasegd  alignday 8y} UsI|gelSa 0L PRI
shuipuiy jedioungd Jeaf-aseg _om“mﬁ eleq AGojopoylay _““Mw__..__“_“ Anunoy m>_ﬂw__hm s/loyiny

13ia




59

Appendix 1

(€5 500) 00€ 89 $IN
SA (9 40 SAQ) 002 9 $1N 18 SAQ
Jaybiy yum asoyy 1oy Jamoj [|11S

alam sainypuadxa |[eJanQ 'Sad
159M0] 8y} 0} paJedwod (0zZy $IN+
pue 0/¢ $1N-+) S1S09 pue (sawi
G'0 U GZ'0) uonesl|in 1ayealh
pajoipald Saq Jaybiy “4anamoy
‘S90IAIBS [BJUSP pue aARUaAald

'S1S00 PUB UOIBSI|IIN [BIIPAW

's1eaf G9z pabe

104°001 G $1N SA 009 2t SIN 10 [9A3] puE AJenb JaIp U3BM}aq SUOEIJ0SSE suopeindod
913M S}S09 UOIjeSIeNdSOoH 9 Jo a|qissod Ayuapi 01 (9 ‘G ‘v ‘€S 10 $81098 SAQ) fuowe
3aQ SA €5 J0 SAQ 10} 09 | $LN SA (uoneindod au} Jo sa|ienb $S0J98 PaUIWEXa PUB $3109S SAQ sanypuadxa
08¢ 2 $LN 9Jam s1509 fouabiawa %66< m::méov.mocmsw:_ 0} payjul| a1am sJeak Jubia Buipaaaans ay) ul puE uoNesIN
|enuue abesany ‘SedInIes UlEaY [BUONEN :SISOJ PUB gy gouensul yyeay [EUOIEN “POYIoW (SAQ) 3189 [BIIPAW
uonesijeydsoy pue fouabiaws (amy uonesi|in a1ed [edlpay 2100 Ausianig Areyaiq ayy ybnoayy (sayBiy) pue Ayjenb
10} S1S09 pUB JO UORESI|IIN JoMO| S}S00 91ed (0002-6661) foning sjulod 9 0} (15amo) Sjulod () WoJy PaIods SeM SIS0 daueINSU Kie81p usamaq
pey (saa Jaubly Aq peyelpu se) yieay  UiesH pue uopinN Apepi3  Aujenb Aselsiq ‘jredes Aejaip anoy-yz B ybnoayr  yiesy [euopeu  (uemer) diysuoneyal (eL02)
fyrenb 101p Janaq Uum SiUBdidUEd 9002666 1210 [BUONEN :9¥elul AejaIq PASSSSE aJaM SayeJul AJEJaIp [ENPIAIPU| uo paseg BUIY) AU} SSASSE 0L 21807
01026002 spodal Juawulanob pue
U1 UolINg 0°Z $¥) UaY gnd uo saseqziep ajqelne Aoignd
Buipuads [e30} yym ajqesedwos si jo sishjeue Arewnd ,wtoae
puE SaInypuadxa a1e9 y[eay 19811p EmEEgoo sa|pnis
[B101 JO %" SasdLI09 Junouwe ay] l mwo MN__W%_U_H_M_MWNG 51500
SAva N5> G/ [euoippe ue Buines 18109 pue .w>._<n_ m.ummmw_n_ ‘uondwinsuod aled yyeay
OS[e IIUM 'S}S00 8183 U3EBY 103.Ip furep Buiseaiour Aq papione Ajjenusiod 108.1p pue
ut uoliiig 0 $nv 8nes Ajrenusiod . ((6002)  suopodoud auiiiaiep 0} 1500 8189 LyfEAY PUE Joedul Uyeay
ued uondwnsuod Airep Buisealou| 1e 18 sdijud Aq eusylo $K1vQ aseasip 0} paydde alam s4vd Bunnsay uonejndod Jo
‘uoisuapiadAy Jo Jad se) ,80uapIng J0 [aN3| “fyiliqe|iene eyep uo Buipuadap ‘s4vd au} ‘uoisuapiadiy SULI) Ul S|9A9)|
%6 PUE 9Y01)S JO 9%2°9] ‘aSBasIp 1saubiy, auy m:::mmm.ae 3]2|N9[B9 0} PASN BJAM SBINILLIOJ-JUBLIEA OML ‘fysaqo PapUBLLWINIA.
HBay IIWABYISI JO %G ‘SA}aeIp SAIpnIS RINB 'SHY sy Buipuodse.i0a pue uoiendod ay Buowe 515010d08)S0 0} uondwnsuod
2 9dRy 40 %z'01 “AIsaqo Jo sases (anv) (G661) Aoning uonnqusip pue ‘(Aep Jad Buinlas plepuels |'0  ‘9Y04iS ‘aseasip 1onpoud Aurep
1USpIaUI AU} JO %P8 | JuaAaId S1S00 a/ed  UONUINN [BUONEN UBI[BASNY 1O SJUSWAIaUl ‘a'l) uonduwinsuod AJIEp J0 SjaAs]  1Ieay JILUSBYIS] Buisealoul Jo
Ajjenuajod uea s|oAs| papusWLLINIa) yyeay  :uonnquisip uonendod pue aulj UO paseq payiuspl a1am uodwinsuod  ‘sajaqelp ¢ adhy S108449 [enuajod (¢102)
0} uondwnsuod Allep Buiseaiou] 1 10z-0102 19310 sjang] uondwnsuod Aileq AIIBD MO] 0} PaJejal SSEASID 10} S4¥d  pAseq-aseasiq  Elejsny oyl Auenbor e 18 abpiog
sbuipuy jediouiid Jeaf-aseg _om“mﬁ ejeq KGojopoyya F__“MW_M_H.“M Anunoy a>_~mw_ﬁm s/loyny

S
m
-




60 Assessing the economic costs of unhealthy diets and low physical activi

‘awwelboud
3y} Jo suonipuod Bunesado Ajrep
|ewou Japun pue (¥aom Jad sysia

‘Hausq yyesy

/' 10 abeIaAR) 8)Bl 8OUBPUSLE MO B S paJayo
KjaAne|a1 B 18 PaAIasqo alam siasn awuwreiboid
Jaybiy Buowe s}oay8 ueayiubls ESRIENE]
953y "S|0Jju09 0} patedwiod Jamo| Munwwos e
%6", SeM ¥sli uonesifendsoy au} uj ajedioped
puB JaMo| 2G0 | $SN 8Jam $}s09 0} 89109 J18y}
8B Y}[eay [e10} [ENUUE ‘(}oam 0} paje|al
Jad sIA | "971) abesn awwelboid 'sdnoJB [043u02 pue uojuaAIBIUI AU} ale (OINH)
pey oym asoyy Buowy *(1amoj U3aM}aq pasedliod a1aMm S}S0 PUE UOIe! uoneziuebio
80/ $SN "9°1) S1S09 Juanedul a.ed Uyeay ur sabuey? uapuab pue abe uo 9ouBUBUIRW
Jamo| spJemo} pualy Jabuoss e Buiyorew juedioned yaes Joj S|0u0d Se uyeay able|
pake|dsip pue suonesijeydsoy pa109|as Ajwopuel alam swiwelbold asioioxs B JO $99]0JUd
1amo| %6’y pey sjuedioned (51509 [EN}OB pUB BIINIBS U} PapUS)E JOABU OYM S33]0JUD 83y L a|qibi8
awwesboud ‘ayedioied Jou pip 10 SHUN ‘uolBWIOUI [BI1U] “ajedionJed 10U pIp OYM S[enpIAIpUI JejiwiS JO -aIe2Ipay
0UM 850U} 0} pasedLuod ‘1oAsmoH sajelbojul) wayshs Hoddng  8soy} WO JusIayIp a1am awwelfoid as1019xa 10} S1S09 pue
‘sjuedionJed-uou pue syuedioied (asn uoIs199Q ‘punos 186nd Jo 8y} u aredionted o} Huisooyd (sieak G9z pabe) uones|nn
awwelhoid as1919xa UAIMIA( SI1S0I SEIREETR] aneladoo) yiesH dnoig $99]0Jua 9]q161|9-81eIIPa\ J0} S}S0J 8JBd  "S}S0D BIUBINSUI SajelS aled yyeay
91e9 Y}[eay [e10} 8y} Ul punoj aJam Uyeay  :ejep 1s03 pue uopredioped UHeay ul sabueyd JI aulLwIS}aP 0} PAJINPUOd yyeay ajeaud pajun ur sabueyo (€002) "B
S90UBIBYIP JUBIYIUBIS OU ‘[BIBAD 000266 BRETI] awwesboid asio1ex3 sem Apnis Hoyoa payayew ‘anioadsonal uo paseg aul auIWJIBlap 0] 19 UUBWIBYIY
salpn}s JaljJea
(6661) UOI}LI0SSY HEdH
teaf Jod LI 0S1 $9 ueOLIBWY ‘(€66 1) BPRURY
fiq saInypuadxa a1ed yyjeay 10811 SS8UII| 40 UBP.Ng OILI0U0OT
30npal pinom %01 Aq AAnoeul asedejeq sanypuadx3
[eaisyd Jo aauajeaaid ayy Buionpay UlleeH UBlpeue) -ejep 1509
Sasessip =w>w.m aul mczuews ﬁmm“ m___ww_m%rmwﬂﬂ_ﬁww '$1S00 8SB8SIP 815010008150 81500 UO S|9Aa]
51809 [€10} 8U} JO %G Ge pajuasaldal 0} paijdde pue paje|nafed a1am S4yd Mau ‘snyjjew fyAnoeur ul
JUNOWE 8y "S1509 a1ed Ylfesl S8IpNIS 8A10adS0Id PUB 0y 1apun ‘940 Qg paonpal sem aouseAsld  Sa19qRIp Z 30K UOONP3I %0 |
1081IP B30} JO %G g J0 Uol|iiq |2 $9 sasheue-elawl Jai|e3 :syy AJAIRUI BIUM PALUNSSE SBM OLIBUBDS  J9IUBD JSEAI] © J0 19913 3y}
10} pajunoade Aynnoeul [e2Isfud (6661) aimnsu]  [eonay0dAY v "S}S02 9SEasIp pue aseasip Jad 199UB U0J0D pue AAnoeul
RER N (avo) yoseasay a)A1saj pue syjeap ainjewsald Jo siaquinu [e30} 0} paljdde ‘uoisuapadAy [eaishyd jo
UaAas au} ybnoiyy ‘61 Ul Sasned $}S00 8IBd $Sau)l4 uelpeue) ‘faning a1aMm S4yd 8y ‘saipnis [eaibojoiwapida  ‘@xons ‘aseasip $1S02 9IWOU023
|[e woJ syreap 10 (000 12) %E 01 4o} yyeay J0}Uol\ ANAnay [eaisAyd ‘anioadsold afie| pue sashjeue-elow Jajes  Alape Aleuolod pue Ayepow (0002) ‘1B
a|qisuodsas sem Ajanaeul [eaishyd 6661 10911Q  :99uajenald AjAnoe [ealshyd WOJJ SHY U0 paseq paje|noed alam sdyd  :paseq-asessiq BpeUB) 8y} ajewnsa 0] 19 MAziewziey
shuipuiy jedioungd Jeaf-aseg _om“mﬁ eleq AGojopoylay _““Mw__..__“_“ Anunoy m>_ﬂw__hm s/loyiny

ALIALLIY TYIISAHd




61

Appendix 1

‘Raixue "Bl0OSaUUIN
‘uoissaldap ul ueid yyeay
ueyd ueay PIBIYS 8nig 315010d08)S0 plawys anig
Pue $0.3 8nig B1ep 1809 199UB 153Iq $5017 aN|g 8y}
‘95 $9N salpmis paysiiand jo 190UB U0j0I 10 SIaquuaL
Sem Jaquiaw Jad 1509 8y "slaquisw sosAjeue-elaw Jaies :syy 'S1500 aseasip  ‘sajaqelp g adfy Buowe
uoljiw '} jo uonendod ueid yyesy (asn (0002) waishs 0] paijdde a1em s4yd 8yl “aanoe Ajeinball ‘uoisuapadAy Ryanoeu;
e Buowe sainypuadxa [eaIpaw [€10} SRS 1R 90UE[|I8AINS SJ0}0B4 XSIY pue aAlj9eUl :2nS0dXa JO [9A9] AQ palyileas  ‘9)0JiS ‘aseasip S9JeIS [eaishyd jo
JO UOI||IW 9°€8 $SN 404 JUNOIIE 0} uyeay [ednoiAeyag :99uafenald ‘salpmys paysiignd Jo sasAjeue-elaw Jalea 1eay :paseq pajun [SERETN (v002)
pajewnsa sem Ajanoeul [eaishud 0002 BRETIY] Kunnoe [eaisfyd WOJj SYY U0 paseq paje|nofes aiam s4yd -aseasiq L ajewnss of ‘e 18 BaLey
*suoijeloosse 9|qissod aujwisiap 0} sdnoib
abueyd Ayanae [eaisyd Gz $S019e paulwexs
a1am /66| 1snbny 0} 966 | Jaquiaydag pue
G661 1snbny 0} y661 Jaquisidas usamiaq
safieyo a1ed yyeay ul sabuey) ‘(3 pue q
‘g Japun sa11065)eD SAIIE PUB SAIOBUI BU}
usamyaq . deb,, sy} uiyum Buijey) paisseoun
(G) pue aAi9R 0} BARIRUI (1) ‘AIIRUI 0} SAIOE
“JuedlubIS J0U BJe S)Nsal 8y} Inq (€) ‘aAnae 0] 8AIE (g) ‘9AndBUI 0} BAIORUI
3 pue 9 suopuiap Huisn sjgpow ul (1) :sdnoJ6 anisnjoxa Ajleninw aAy JO 8UO Ul
Uaas a.e Spual} JejilIS "00g 2 $Sn e 966 Jaquiaydag pue Ge6 | 1snbny usamiaq
(dnoib aAnae 0} aAndeul 8y} ul) Jabie| sabueyo Ayanoe [eaishyd s,[enpiaipul ue ‘anoqe
Apueayubis sem sabueyd ul auloap BuisiioBayes Ul pasn sem uopjulap 914199ds v pue g pabe
8y} ‘q uoniuyap Joj Jeinaiued | skep + = anjoe ‘skep |—Q = anoeu| :3 uerd yyeay e
*RIAI9B 0} AJAIOBUI WOLY PAAOW OYM shep +¢ = anoe ‘skep |—0 = aAjoeY| :q JO SIaquiaW
sfenpiapul Buowe Ajewid panssasqo sfep +z = aAoe ‘shep |- = aAlaey| :) Buowe sableys
a1om sabJeyo (10} ul sauljoasp ‘3 sfep +g = anoe ‘shep 0 = aAoey| :g alea yyeay
pue @ ‘9 suoulyap 104 *006 | $SN skep +| = aAnoe ‘skep o = anloeu| Y u sabueyd
0} 00Z | $SN WoJ} pabues sauiaap adueInsul :pasn alam A}IAnoe pue WI8}-HOyS U0
3531 ] "SKaAINS L}0q Ul SAIRUI _ UBesy [eroJsuwion yARaEUL JO SUORIULAP ALY ‘ANALE [eaIshyd 1eaf ajbuis e o
fireaishyd a1am oym sienpiAIpul 's861240 318 YNBSH 15 quiopyuyep sneUIaYe J0j Junodae of ‘swuiod 35In09 AU} J9A0
0} aAe[as sabieya aiea yyeay ul (asn) Kanins aLu1} 0M] U} JO YILa Je SAIJ9BUI JO BAIR SB '$1S09 Kyanoe [eaishyd
sasealoap Jabue| pey sdnoib aAnoe  /661-9661  S1S0J 8Ied .slaquiaw ueyd yyeay PalISSe|d aam S[enpIAIpu| *(966 | Joquuialdas  aoueInsul Yyeay SajelS u sabueyd
feaisfyd ‘g pue y suoniulep pue Ulleay  BjoSeuI| SISULBJUIesH PUB 666 | 18NBNY UI) SjaAa] AAnoe [eaishyd [I0JAWIWOD pajun 10 19edwi 8y} (€002) "B
Kynnoe/Auanoeur eaishyd 104 G661-v661 108117 :sjana Auanoe [eaishud 10} 821M} pafanins a1am siaquiaw ueyd yyesH uo paseg ayl aulWexa o] 19 UOSUIB
sbuipuy jediouiid Jeaf-aseg _om“mﬁ eleq AGojopoylay F__“MW_M_H.“M Anunoy a>_~mw_ﬁm s/loyny

ALIALLIY TYIISAHd




62 Assessing the economic costs of unhealthy diets and low physical activi

‘sainypuadxa

[BDIpaW 19811 Ul uoliq €2 $SN
Bunsod ‘100z i Ayanoeul [eaishyd
UHM PAJBIO0SSE 3JaM Sa}elS pajuf
U} Ul $3SBI JAD UOI[[IW Z'6 ‘Usping
210093 pU. Y}jesay [euoneu

auy} 0} sabejuaaiad ayy Huifjddy

ERITETENT
auy} bujurelqo pue snels Ayanoe [eaishyd pue

‘(oseasip
“fyAnoeur [eaishyd yim pajeroosse smeis AAJ Aq paypens sdnoib uoendod gy, qnewinay. “fyAnoeUl
Sem (% '€ 1) UoIIIg ' $SN YoM (9661) UsBMj3q $}509 [BI3W UeawW Bulredwo PUE a0 jeoisfud m
10 UOIIG € Ly $SN SeM QAD LM Kaning |aued ainypuadx3y Aq panuiap alam AyAiORUI YNIM Pa)RII0SSe ‘UoisuapadAy PajBIo0SSE
suosJad Jo ainypuadxa [eaIpaL (asm [EOIPBIAl “BIED 150 @AQ U S8In}ipuadXa [BIPAIA "OAJIBUI PUB  «aepagin 1 payy (an9) esessip
€303 8y “AuAnoeur [eaiskyd yum 51500 8189 (S661) AanIng maniay| aN|Jo8 Se pastiobajed sem finoe [eaishud f1eU0102 SAlElS  Jenosenoipied
Pa]BIJ0SSE 8JaM %E G| J0 uoljjiw |*| Uyeay UMeaH [euoneN :AAnoe “Jeafl snoinaid ayy Buipnjour) @A pajun J0 S}509 8y} (v002)
‘AAD J0 Saseo uol|jiw ¢/ Buowy 9661 BRETI] [eaisAyd pue snjels A9 Payul| 819m elep ainjpuadxa [eaIpal [enpIAIpU]  :paseq-aseasiq ayl aJewnsa of ‘e 18 Buem
(L'vve $sn)
%92 Aq $1509 BYIdRD Jad pasealoul
$10}08} %SLI 931} |[B JO 80USSald
(8661 $SN) %91 Ad Ananoeul
[eaishyd pue Ausaqo pue (7'5zg $Sn) 'SUOI}BUIGIO0D 10}0B)
%% LS Aq Auanoeur [eaisAyd pue )SI JuBJalIp J0 Joedwi 1S09 8y} BulWIB}ep *sabieyo aies
Bupows ‘(€681 $SN) %8 Aq S1509 0} sabueyd ased yyeay epded Jad Ajyjuow Uyeay 10a11p
eydes Jad pasealoul suofe AyAioeul 10 SWJ8) Ul paullexa pue (S1039.} %S 881y} uo ‘Aysaqo
[eaisfyd Jo auasaid ayy ‘dnoib (uoneindod asaueder au} aU} JO SUOIBUIGUIOD JUAIBP “a') SAn0IB ysu pue Bupjows
s1y) 0} paJsedwon 9° L/ | $SN J0 40 %GE S19A00) BOUBINSUL /65 1y payyisselD a1am Aal] S1eak UBAaS 1o} Buipnjou
sabieyo a1eo yyeay eydes sad (@sn)  UHESY [BUORBUBIBDISOD  fiannaadsold dn-pamolio) UBL) 1M S}S09 pue “fuAnoeul
Alypuow uesw pey (aanae AjleaisAyd S}S00 91ed MBIAJBJUL  SWIRID 89UBINSUI Y}eay Sjuedioed "passasse  S1S09 aaueInsul [earshyd jo
pue NG [ewiou ypm ‘Buijows yyeay Apnys :eyep Bupjows  aam snyeys Buijows pue Ayaioe [eaisAyd ‘Jng y)eay [euoneu 1oedW Julof (¥002) ‘1B
Janau “a°1) ¥SU Inoyum syuedidied  1002-G66 1 BRETII] ‘INg ‘Ananoe [eaisAud J0 swa} ul spuedioiued Jo Snjejs 10joey sty uo paseg ueder 8y} BuIWEXd O] 19 eweAuny
sbuipuy jedioud  Jeaf-aseg _am“w_ﬂ ejeq KBojopoyra _““MW_..__“_M Anunogy e>_ﬂw_ﬂm s/ioyny

ALIALLIY TYIISAHd




63

Appendix 1

"%/ 8q 0} pajewnss

sem A1saqo pue ybiamiano
‘fuanoeul [eaisAyd yum pajeioosse
safJeyo aJed yyeay [euoneu Jo
abejuaalad auy ‘[ana| [euoleu au} 1y
“(uonw 2Ly $Sn) esessip

2JU0JY2 OU YIM 67—0F pabe usw (g
(ol £'ey $SN) 8seasIp a1u0Iyd
YUMm 13p|o pue 69 pabe usw (g
(uotiw 2 ¢y $Sn) asessip

"S9]BLIISA 1509 [euoneu Aynuapi 0 sabejuadiad

uone|ndod [euoneu Buisn ing pawiopad sem
uone|najea awes ay] “Ausaqo pue 1 b1amIano
‘fyanoeur [eaisAyd yum pajeroosse sabieyo se
pandwoa a1am sabeyd [e10} [enjoeaUN0I
pue sabieyd [e10} ajiyoud %S JUBLIND USAMIBQ
a9usJlaylp ay] ‘sebiey [enjoepeiunod buisn
£q paindwiod a1om SajeWSa [en}oeUaUN0Y)
'81199 ||e Buiwwins pue 1199 Jad sabieyd
pajoIpaid sy} yum |89 yaes ui uoireindod
ueyd yyeay oy} Jo abejuaalad ayy Buifjdiyinw
£q pajewnsa a1am sabieyd a1ed yyeay [elol
"S9JelIBA-00 U310 pue Ajaioe [eaishyd ‘|Ng
J0 snyels Aq paulyap pue padojanap uayy aiam

21U0JYD oYM $9—0G pabe uaw (| (lo0z)  S1eqwaw ueid yyeay 000 002 [eaRauodAY Joj 18p[o
aloM faNINg MaIAIBI LA $][89 [3pOJA “PaBUBYOUN SONSLIBIORIRYD JBLI0 pue oy pabe
Apsaqo pue ybramiano ‘Ayianoeul JeuoieN sebejsased Buines| ‘aanae Ajleaishyd pue jyblom jewlou suope|ndod
[eaisAyd yum pajeioosse sobreya _a:m_:%a |BUOREN Se sjenpiaipul [[e Bulysseloas Aq pajelwsa Buowe Aysaqo
1s96.e| 8y} yum suoneindod-qns ’ ) 0s[e aJam sabeyo a1ed yjeay [enjoepaIuN0Y pue ybramiano
201y} 8y “AISaqo Jo JyBIBMIBA0 pue BOUBINSUL.gmips Burjows pue (auou Jo uoisuapiadAy o “fuAnoeUl
fyAnoeul [eaishyd yum pajeroosse _ WBeaY [BIBLIWOY i p seiaqeip yym “9'l) SNJEIS 8SBASIP IIUOIYD feaisAyd yum
Sem (UOIJIW 982 $SN) UIIYM JO %EZ sy 3189 UpeaH ‘NG “Aanoe [eaiskyd :sabieyd a1ed yyeay pojeID0sse
‘pojeLNSa Sem UoIfliq Z 1" | $SN (asn (G661) fonins ued yyeay U)IM UOIBID0SSE Ul PASSasSe a1am Sa|qeLIeA 81500 sabueyd aies
10 sabey? aJed yyeay pasijenuue SIS00 8B BJOSSUUII SISULBJUNBSH Al "Siaquiaw ueld yieay 000 § WO BIBP JO  SOUBINSUI Y}eay saelg yesy [e30} Jo
[B10] ‘9A0qR pUB (p pabe Siaquaw yyeay ‘BJep 9|qBLIBA JAUI0 PUB sishjeue Areunwijaid ybnoayy padojanap sem [RI9JBWIWOD payun  uoipodoud ayy (S002) "B
UM 000 00Z UMM Ueld Liedy BI04 6661-9661 1910 Runnoe feaisfyd ‘ing $a.J2U0 8180 U} JO [9pow dAaIaId i uo paseg ay) ojewnsaol 19 UOSIPUY
sbuipuy jediouiid Jeaf-aseg _om“mﬁ ejeq KGojopoyya F__“MW_M_H.“M Anunoy a>_~mw_ﬁm s/loyny

ALIAILDY TVIISAHd




64 Assessing the economic costs of unhealthy diets and low physical activi

"sajaqeIp g adfy
‘190UBD W08l

/u0]09 ‘J199UB “fyuanoeul
‘SIS00 818D Lj[EsY J381p 51500 3SEASIP SHN 0} paijdde a1am S4vd 1sB81q ‘9¥joNs jeaishyd
1! 90" 13 UHIM PIJEIOOSSE aq (dg9) €6/¢661 10} Salpnis auwes ay fianoeur [eaiskyd o} sjqeINgLRE 21WaeYDS] 10 UapINg
03 pajewunsa sem Ajapoeul [eaisd 5500 aqey  49!MB8 WO SSIBLINSS WOL ;55 1ng yyjeay suiwielap 0} UoIBal Y-YNJ OHM  ‘8Sessip Leay 2/WOU023 pue
150] SKTYQ 4O %€ UNIM PAJRIJ0SSE 8q yeay pajelodenxs ‘ejep 1500 U} Ul SKTYQ 8Seasip 0} paydde aiam xas Aq olweeyds  wophury yyeay sy} (2002)
0} pajewnse sem Aanoeul [eaishyd 2002 10810 (€002) OHM SATvQ 8sessiq paiiens (¥002) OHM 8ul Aq pausiiand sdvd  :paseq-asessiq papun slewnss ol ‘[e 19 Japualy
“(s1eak +G/ *7/—0/ ‘69-G9) sdnob
abe 214108ds Ul auop sI sishjeur
uaym sayjdde $)s09 8183 Yyesy
wis}-Joys pue Ayanae eaishyd
US9M}a( UOIBIJ0SSE AWES 8|
‘Riannoadsal ‘sbuidnolb |ng awes
83U} Ul S3a113a1 A. Ajajelapow
UBL} S}S00 Jamo| 6.€ | $SN pue
185 $SN ‘€28 | $SN PeY Saainal “(s1eahk +G/ pue ¥/-0/ ‘69-G9) sdnoib sbe
anoe Aian au] “Ajaaioadsal 914199d$ Ul 3UOP 0S| SEM SISAEUY "SUOIIBIJ0SSE ‘anoge
‘sdno.f asaqo pue Jyblamiano a|qissod auwialap 0} sjans| AAnoe [eaishyd oy pue g pabe
‘Jubrom [ewsou ayy u spediajunod payul| 8Jam S)S09 a1ed yyeay ‘sdnoub (NG 93y} s[enpiapul
KJejuapas J1ay} ey} S}S09 81ed |16 u] *(8saqo ‘yybromiano ybiam [ewuou) dnolb Buowe sdno.b
yeay [e101 Jamo| 2/ | $SN sue|d Odd/Auuwsapul |G Aq papiap osfe a1am Aay] “aAnde A1an pue |INg SS0108
pue 1€/ 1 $SN ‘9SY | $SN ‘(ose0IpaN) 9ouBINSUl  BAjOE AjBreIapow ‘Areuapas :sdnolb aaiy) ojul '$1S00 ST 1R
pey $9a11}aJ aAlo. A[a1eIapojy U}[eay [euOneU :Bjep 1509 PalIsse[d a1am sjuediofed ‘salnuiw g 1ses| 89ueINsul 0dd Uieay wiay
'sdnoub |G 984y} 8y} SS010R (asn (aJreuuonsanb [esielddy 1e 10} Jeaq Leay ise} pue Buiyeslq Aresy JRuwapi -Hoys yum
S[eNpIAIpUI J3P|O 10} S}S09 81D S]S00 81B9 NSIY U}esH paiipow sy} 8anpu 0] ybnoua pJey,, Ao [eaisAyd ui pue goueInsul selels  Auanoe [eaishyd
Y)eay wis}-Hoys Jamoj payoipaid yyeay Buisn) mainsul Apnis abebua Aayy yaam Jad sawi Jo Jaquinu ayy Aq y)eay |euoneu payun 1o diysuonejal (S002)
Aunnoe [eaishyd Jo sjans| JaublH  2002—1002 10041Q  :9ouafenald Auanoe [eaishud passasse sem sjuedioied Jo Ayanoe [eaishud uo paseg ayl 8y} a.10]dxa o] ‘e 18 Buem
sbuipuy jediound Jeaf-aseg _om“mmm eleq ABojopoylan _““MW__H__““ Anunoy w>=mn___.“m s/loyiny

ALIAILIY TYIISAHd




Appendix 1

“(oauipul

S9IpNIS JaljIea

[01JU0Q PUE UONUBASIJ
8seas|(] 10} S18jU8Y

SN “(¢002) uone1o0SSY
HeaH ueaawy ‘(01.02)
UOIjeLLIOU| U}eaH 1o}
aInyisu| UBIPBUB) (Z002)
EpBUBY JO 8In}isu| Jaoue)
[euonen ‘(200g) epeue)
UNeaH ‘(8661 ‘€661)

UoI[lIg G6°G $D 198.1p UOI[IIG 9°Z $0) epeue) Ul SSaUj| J0 Uaping 815010003150
uol(lIg 9°8 $9 Yoeal $1S00 9ILLI0U033 &1 1500 ‘sajaqelp g adfy
PaleLLIISa ‘UONENYIS [BUOlIRU BU} 0} (ay9) s1s09 . ‘130Ued Jsealq
uonejodesxa Jayy ‘(S1500 108Ul fyanonpoad S8IPMS J0 51500 199UBY U0J0I “fyAnoeUl
Ul UoINg #€°Z $0 PUE 1509 198.1p Jaupu  SISAIRUB-BIBW JAIIBA SHY  gyananpoid pue aed yyeay aseasip o} paijdde ‘uoisuapiadiy jeaisyd
Ul uoljiiq 20' L $9) UolNg ¢ $9 pue aIes (6002) fonIng UieaH  818M S4yd 8UL 'Saipnis [euIpnyBuO| sAjoadsold  ‘axous ‘aseasip 10 uspang
10 1509 B U}IM pay ujeay Aunwwio) ueipeue) 10 SIsA[euB-B}aW SNOIABIA B Ul PaAISP SHY  Meay A1euoiod 91LIOU023 Ay} (1102)
oueuQ Ul ApAnoeul [eaishygd 6002 1anq  :eouafenaid Aanoe [eaishud AIBWWNS UO Paseq PalBIned aJam S4yd  :Paseq-aseasiq epeuR) alewnsa o) shziewzyey
sbuipuy jediouiid Jeaf-aseg EMMMH ejeq KGojopoyya F““Mw__a___..ﬂn_a Anunoy ¢>_~MN__MM s/loyny

ALIALLIY TYIISAHd




66 Assessing the economic costs of unhealthy diets and low physical activi

y6°951 £ $9 passausip
+ aAoeul Ajfeaishyd + 8saqQ

16898 | $9 :passansip
+ ayoeul Ajeaiskyd + JyBlamiang

16'2€9 ¢ $0 :Bunows
+ aAoeul Ajjeaishyd + 8saqQ

01920 2 $9 :Bupjows
+ anjoeul Ajfeaisfyd + JyBlamiang

1v'6/0 7 $2
:anoeul AjleaisAyd + 8saqQ
06560 1 $9 aseqejep suosiad ‘synpe
:annoeul Ajreaisfyd + ybremiang pasesibas :Ayferiopy *10}0B} %S1 Buipuodsaliod ayy pabe-a|ppiw
’ soseqeigp O} PAINGLIE PUE PoLiad-mojjo} au} Inoubnoiu BuoLLE $SB11SIp
-84 0} pajewnsa paBelae pue paijje} 81am siied payojew [e190soyafsd
2JaM S)509 §599XT "S|0JJU0D uoisuspiadAy pue selaqelp
¥ 3 s10.0 OUEIUQ :UoisuaLiadAy  P3SOdXaUN puB pasodxa auj Usamiaq $}S09 U pue Bupjows
payayew Auyeay jyblam-jeutiou DU S819QEIp J0 Bouspiou]  S3°UBIAHIA "SI0IOEY Sl IIg-UoU puE Apigiow Buipnjoul
UM paseduwiod se sainypuadxe : : -00 ‘SNJES ILIOU0301908 ‘1apuab ‘abe uo “fuAnoeul
Arenuuioy syjaueg Brig paseq ‘uosiad JyBlam [ewwiou ‘Auyesy e o} jeaishuyd ypm
OUEWIQ "8ARERIUI bunsed  yoysey 111 ul payoyew sem Eenpiapul pasoda UONBUIqLIOD
18Lo yym uopeuIquIod Ut Aysado 85BJ OLEJUQ "UoneULIoju| 4OEa 18yM auop sem Buiyayew-Aysuadoid Ul pue auofe
(uossad Jad 6S'EZE 7 $0) SI0AU0D UAIBSH JO SSINHISU| ‘s1eak G| | 10} AjjeuipnyiBuol pamojjoj pue 118900 yIM
1yBlam [ewou payayew-£ysuadoid UBIPEUE) "BIUEINS $1S09 PUE UOESIIN 8183 L3esy UM paxu| paJeIo0SSE
BuoLe 1509 0} pasedwiod Jaybiy (avo) Ueay d1jqnd ‘ejep 1509 1M BJEP J0JIB) ¥SU [ENPIAIPU| “AaAINS 51509 pue
fpueayubis jou ‘uosiad Jad  £0/90/S00Z  S1S00 8JBD (96-v661) auoyda|a) & UBNOJL) PaSSASSE 1aM SNJEIS 51500 SOUOAIN0
19'v62 8 $0 81am auoje Asaqo - Ueay fanng yyeaH uoieindod BUIYOWS PUE SNJe}S [e190S0ydAsd ‘KyARoe  BouEBINSUI L}eay aAEINWND (¢102)
UMM PSJBIO0SSE S]S00 SALBINWNY  96/S6/V66L 198110 [EUOIEN :BJED J0JOB} YSIY [eaiskyd ‘Ng JO Swiie) Ul SNYS J0joey sty ongnd Lo paseg  BpEUE) BJBWINSS 0] ‘818 Jaly
. $1S09 yoeoidde EINBEI]
sbuipuy jedioud  Jeafk-aseg 10 adAg eleq AGojopouyay (ediound Anunoy Apmig s/loyny

ALIALLIY TYIISAHd




67

Appendix 1

'S9SBasIp
| 10} S1S00 [B10} JO %8'E PUE S}S00
Q9N [e10} JO %€ 'Saseasip aAl}

1002 0} pajejodetixa
(£002) fanIng aainIag
L}eaH [EUONEN :Bjep }S0)

salpnis Hoyoa ajbuis pue

'S1S09 193J1pul pue 193J1p aseasip 0} pajjdde
S[€30} 8U} PUB PALILLNS BI3M SHV/d JO S18S 8alu}
IV “(Ananoeur eaisfyd o3 sjqenguie Aisaqo
pue yBiamiano Jo uoipodoid ayy “o'l) %z L

£q paydiynw a1am Aysaqo pue Jyb1amiano o}
pajefal S4vd "SaIpnis Yoyoa ajbuis pue salpnis
aA0adso.d Jo sashjeue-elaw Jaliea woij syy

3L} JO 51509 [B10} AU} JO %Z'G | 0} (asn) siso0  SeSAIRUE-BIBW JaIlIRT Sy U0 paseq ‘Asago pue JyBIaMIBA0 ‘KyiAoeUl ‘saj9qeIp
juaeainba sem Siy| (109 10811pul Ayanonposd  (2002) Aenung aouejjianIng [eaisAyd o} paje|as aseasip yoea Jo} paje|ndjed 2 adfy 490ued | M
10} uolligq €' $SN PUB $1S09 198.1p 10841pul $10)984 Ysly [enoiAeyag 819M S4vd (SA9IN 01 Asaqo/yBiamiano o} ‘uoisuapadAy 1eaishyd ( ) m
Joj uol|iig '€ $SN) uolig 2°9 $Sn pue aJes asauly) :aoudjenaud AyAjoBUI) SWSIUBYIBW }98JIpUI PUB (SQIN  ‘9Y041S ‘@Seasip Jo uaping ¢l0e W
alam Ayanoeul [eaisAyd yum yyeay Rysaqo ‘yybramiano 0] AyAoeUl) swsiueyoaw Jaa.1p ybnoiyy ueay Aleuolod 2IWOU029 8y} ueqeey) =
Pa]BIJ0SSE S1S09 JIWOU0I] 1002 198110 ‘funnae [eaisud passasse aJam Ayaoeul [eaishyd jo soedw)  :paseq-asessiq Buly9 ajewss of pue Bueyz m
SanjeA 600¢ =
0} pareodenxa (0002) ‘sisol0doalso 3
EBpRUB) Ul SSAUJ| JO uaping S3IRqEIP ¢
91LI0U093 :EJEP 1S0) adfy 1aaued
(ay9) s1s09 1sealq ajewsy
'$1S00 8189 Y)jeay fyanonpoid S8IPMS J0 *$1S0 J98.1pUl 199UBY U0j0D “fyAnoeul
[0 BU} JO %Q'€ Juasaidal §1s09 aupu  SOSAIRUB-BIBW JallIES 1Sty pue 10011p aseasip 0} paljdde a1am s4yd Xas ‘uoisuapiadiy jeaisyd
1031 *(S1509 J0a41pul Ul uol|iiq €'y $9 pue a1es (6002—2002) foning £q paiens ‘saipnis Loyoo aandadsold up - ‘8y0.s ‘aseasip 0 uapinq
PUE $}S09 J08JIP Ul U ¥'2$0) UHeay  Sainsea|\ U)eaH uelpeue) SyY JO SasA[eue-elaw Jales ul paausp syy  Aape A1euoiod 9]LIOU0ID B} (¢ro2)
uol||iq 8°9 $9 S1S09 AAnaeuUl [RaISAUd 6002 181 :9ousenald Ayanae [eaishud fJewwins uo paseq paje|noes aJam sdyd  :paseq-aseasiq epeue) ayewnsa of uassuer
sbuipuy jediouiid Jeaf-aseg _om“mﬁ ejeq KGojopoyya F__“MW_“_“” Anunoy a>_~mw_ﬁm s/loyny




68 Assessing the economic costs of unhealthy diets and low physical activi

‘(aInyipuadxa
[€10} JO %t}0) 8inypuadxa

salpnis

J9114ea {(o11qnday yoezy ayy
ur anypuadxa a1ed yyeay
10 %G/ "xoidde Burianoo)
9ouBINSUI U)eay ejep 109

(SIH3) faning
MaIAIB)U| YHeaH ueadoing

"JaJued U0j0d

. 199UB9 1SB3I]
aoueInsul yeay aygnd Jo (u agndey yoszy .mo:m_m%a 00 0se0sp  ojewe) z odfy
623~) UOIIIIW 00 YZ0 Isowile Rungoe fearsfiid 0} paijdde alam s4yd 8u] “(9An9e ARUSIOIYNSUI  SAIBGEIP ‘BYoNS
10} pajunodoe Ayanoeul [eaishuyd 6iz9) .?oomv Apmis g9 :Z 193] ‘aA9BUI 1| [3A3]) 93] AAIIOR 9|WaBYISI feaisfyd
(%b2°1) SKI¥Q 590 81 51500 8189 OHM(sKTvQ) ApigIon leaisyd pue (+08 ‘6/-02 ‘69-G1) dnoib  ‘aseasip peay J0 usping
PUE (%€°7) SUIEaP I[e JO Zrb ureay (0S29) 800 [RONSIEIS abe Aq peyeAs (¥002) OHM WOl peALap freuoid  oygndsy  OIWIOU02B B (rL02)
10} PAJUN02JE AJANIRUI [BIISAl 2002 a1 99z :Jep A[eLOW SHY 211990ds-9SBasIP WOJJ PAJBNIED SAYd  :PAsSeq-aseasi TT4) 3JBWISa 0L BAOSAIBI\
SUONBIF0SSE 8|I1SS0d auIWIelap
0] Sanypuadxa a1ed Lyeay [ENPIAIPUI 0} payu
31aM 2IYM S[ana] Aanoe [eaishyd awn-ainsia|
fYaam pasLie)oeIeyd Suonestiobales om ayL
~¥eam Jad selnuIW 0E< 0 66201 ‘67 L -G.
‘G/> ‘0 Bunajdwon se syuedionued dn yds
pue AJIA9. 1G0JAB UO PasNI0) puoIas ayjL
*130q Joy sauljapinb Buiaaw ou () pue Ajanoe
91qoJae 1o} Ajuo saulapinb 18w (g) ‘yibuans
‘sainyipuadxa 10} Ajuo saulapinb Jaw (g) ‘AyAnoe aiqosse ‘sainyipuadxa
819 U)[eay wiaj-yoys Jo sadA |e pue yibuains Joj sauljapinb Ayanae [eaisyd aJed yyeay
UM UOIEID0SSE JUBILIUBIS B pEY (6002-8002 3} 18w Aoy Jayaum (1) ;0 se syuedioned wJe}-pioys
fyanoe [eaishyd swi-ainsia) Jo PUB 8002-2002) ABMINS g 10Baren 1511y oy | “shem oMy U pastioBalen pUE S|aA3]
|9A3] 9BUIS B J0U jeam Jad AAnoR [oued mm_.E_u:mgxm sem Ayanae [eaiskyd ‘Kyanoe snolobia jo fyanoe eaiskyd
21q0J8. UO Juads SYNUILL JO JaqUINU (asn [EOIP3IN “B1EP 150 a)nuIW | 0} AIA9. BJEIBPOL JO SSINUIL Z 51800 8189 aWwN-ainsia|
ay} Jo (Ayanoe diqolae pue yybuans $1S00 81ed (2002 ‘9002) fianing Buienba Ag "yeam Jad pajejdwod Ayanoe  yyesy aeaud 1o Sale1S uaamaq (7102)
10} "9°l) saujapinb ApAnae [eaishyd eay MOIAJB)U] U)[BaH [BUONEN  AJISUS)UI-aJelapow pue -SnoJoBiA Jo Sajnuiw Jo  /pue dljgnd wie) pojun  UOIJRIJ0SSE au} SHaqoy
aU) Buiaaw Jo SWa) Ul JAYIBUM  6002—2002 1aiq  :8ousfenald AAnoe [eaisfyd  Jaquinu oy Aq passasse sem AlAIOR [eisAyd  -LOyS Uo paseg Em UIWEX3 0] 9 UBASY)
sbuipuy jediound Jeaf-aseg _om“mmm eleq ABojopoylan _““MW__H__““ Anunoy w>=mn___.“m s/loyny

-
=

ALIALLIY TYOISA|




69

Appendix 1

RSREIIE]
uonaeIaul NG ou Bunsahibns
‘sabuel ||Ng SS0J0. Je|iWIS 81om
$1509 U0 AyAnoe [eaishyd Jo syoeye
ay} 61am [ew.ou 0} pasedwiod
sdno6 8s8qo pue Jyblamiano 1oy
Jaybiy ase $1s09 ybnoyyy “(swin
Buns moj yyum ajdoad aA1oe SA B}
Bunys ybiy yum ajdoad aanoeul Joy
18ybiy 011 $nvy) S1S02 pajeloosse
-fyAioeul 0} ppe jou pip awi

Bunus ybiy v 's1s09 pue awiy bunys
U33M}aQ puNo} 3Jam SUOIIIOSSE

‘IINg 0 suonedlipow

19940 [enuajod 1o} sujwexa 0} elens |Ng Aq
auop 0s[e Sem SISA[euy "suoIjeId0SSe 8|qissod
aulwJalap 0} sdnoib SS0I9E paullexs pue
sulaped Ayaoe pue Ayaiioe [eaishyd ‘awn
Bunys 0} payul| 819m S1S02 UBIPAW [enuuy
"S1S09 [enuU. aU} 8}e[ndjea 0} pasn aam

Jeak | ¥ Jeak Aonins ay} Jano pabelane S1s09
aJealpal\ -awn Bunys ybiy + aandeul pue awiy

Jueoyiubls Ajjeoansiels oN ‘91 $nv Bunus mo| + aanoeul ‘aw Bunys ybiy + annoe ‘uawiom pabe

JO 9OUBIBHIP B UNM ‘60 SNV SA ‘awi} Buplis mo| + aAljde Ojul pasLIofajed aiem -a|ppiw Huowe

129 $nY 1am awiry Bunys ybiy s SOUBINSUL oy 1amed fyAnoe,, J0 AAROE [ea1sAyd pue auw fynnoeur

awn Buiys mof yym adoad Joj S}509 Ulleal [BUOREN -Blep 150] Bunys pauiquiog “ybiy pue ajelapou ‘moj [eaisyd

UBIpAW [eNUUR ‘Bup Bunys Jo swiay (0102 ‘2002 ‘5002 ‘aAnoeUl Se pasiiohaled sem AAnoe [eaisAyd pue Bunus

ul "6 $NV J0 aduaiayip Juesyiubis (anv) ‘1002) Y}aH S,usiom ‘ybiy pue ajeIapowW ‘Mmo| Se pasiiohis)es sem pabuojold yym

B UM ‘Li/ $NV SA 689 $NV a1am SEUREETIR] uo Apmg [euipnyibuo awy Bunys ‘salAndR awil-ainsial snolobin  "$)}S00 daueInsul pajeroosse
S[ENPIAIPUI SAT}OBUI SA BA9R Ajubiy uyeay uelfeASNY :AjAOR pue ajesapow ul pue bupjem ‘Bupis Juads  yjeay euoneu 1500 8y} (v102)
10} $1S09 UBIPAW [BNUUE 8Y ] 0102 108117 [eaisfyd pue awi bunns awin Jo suwa) ul pakanins aiam syuediaied uopaseg  elessny alewnsa ol [e 19 SI9yedd
sbuipuy jediouiid Jeaf-aseg _om“mﬁ ejeq KGojopoyya F__“MW_M_H.“M Anunoy a>_~mw_ﬁm s/loyny

ALIALLIY TYIISAHd




70 Assessing the economic costs of unhealthy diets and low physical activi

“PAAIAINS OYM 8SOU} pue dn-moj|of
ay} Buuinp paip oym SOy Usamiaq
auop sem siskeue uaym pajsisiad
suoneroosse ay| “(Ajanoadsal
‘USWIOM pUB U Ul ay|-piw Ul
panalyoe ||\ Jad $)S09 uj 8SeaI8p
%Z'9 PUB %89 "9'l) panalyoe

13N Jad Jamoy Ajejuswaioul alam
1509 8189 U)eay [enuue abesony
(950 9 $SN A 620 01 $SN)

uawom 0} paljdde puaiy awes ay|
"(69G 2 $SN'SA L1821 $SN
1502 9JBd U)eay Jamoj Ajueaijiubis
pey ssauyly Aloyeuidsaloipiea ybiy
Yum usw ‘ssauyy Alojesidsaiolped
MO] yuM usw 0} paJedwo) “aj|

S89INIBS
PIEOIPaIA PUB 8JB2IPaI J0}
J18)ua) ‘a01dsoy ‘Aouaby
YleaH awoH ‘puawdinb3
[eaIpa\ 9|qeINg ‘UaLLIe)
‘(a1B21PaIN) 9URINSUL

‘suone1o0sse 9)qissod aujwJalep 0} sbuidno.h
SSUY} SSOJIOB PAUILLEXD BI9M S}S0D I8
uieay [enuue abelany “dn-moj|o} o pus ay}
18 10 Y1eap |nun a6eIanod aJealpay bune
10 81ep 8y} WoJj ‘sieak G°g Jo poiad abeiane
ue Joj abe pjo uj Jaje| dn pamoj|o a1am S}s0d
8189 Y}eaH *(G pue p sajnuInb) 1y ybiy pue (¢
pue z sajnuinb) 1} syesapous (1. sjpuInb) 1y
Mo| :paubisse atom syuedioned yaiym ojul
‘sbuidnolb ssauy 881y} 0JUl PaUIGUOD 81aM
sa|uInb 8y “ssauyy Jo sajuInb oi198ds
-xas pue -abe oju| pasuobialed ‘panalyoe

'$10}08} Sl
JB|NISEAOIPIEI
10} Juaunsnipe

Jaye aji-piw
ul (Ayanoe
leaisfyd
[enliqey Jo
ainseaw
annoalqo

Ue) SSauyly
Kioyesdsal
-0IpJed yum aj

-piw ul ssauyy Alojelidsalolpied (asn) ! (SL3IN) SluajeAinba oljogelsw [ewixew Jo '$1S09 J3Je] Ul S}S09
UJM pajeIoosse Auealyiubis sjs009igp UMEaY [BUONEU BIED 1S0) SULIA) U PINSEAUW PUE }S3] [[IWP.a) B WO} 3189 U}EaY SelS  8Jed yjeay Jo ]
919M 9A0QE pue Sieak Gg pabe yyeay Apng [euipnybuo Jsjua? passasse Sem (S1eak g :obe ueaw) ayl|-piw ajeald Jo/pue pajun  UOIBIO0SSE Ay} (S102) T
asoy} Huowe 109 a1 YesH  6002-6661 10a1q  Jadoo) :eep 18} [iwpeal] 1e ssauyy Alojelidsalolpied spuedided  a1gnd uo paseg ayl g)enjeAs 0] 19 Uuewyoeg
. $1S09 yoeoidde annaalgqo
sbuipuy jedioud  Jeafk-aseg 10 adAL eleq AGojopoyay (ediound Anunoy Apmig s/loyny

ALIAILYY TYIISAHd




71

Appendix 1

“(uoina 62 $Sn)

%/°8 sem abejuaalad ay) ‘sishjeue
3} WOJJ papnjoxa aiam wajqoud
ueay e o} anp Buniiem Aynaiyip
papiodal Aue yum synpe uaym ‘[INg
Joj Bunsnipe saye (ol £1 1 $SN)
%1 |1 1B Juedubls paurewals pue
(uoiing LEL $SN) %G2 | Sem Ayaioe
[eaisAyd jo sjans| ayenbapeur yum
PajeIo0SSe SaInypuadxa a1ed yyeay
aebaibibe Jo abejusalad auy ‘NG
10} Juawisnipe alojag ‘(sdnoib
aAlJOBUI PUB 9AI9. AUBIaIyNSul
usamiaq 9.6 $SN 40 % L'l pue
sdnol6 aAnoeul pue BANIE UBBMI(
€1€ | $SN J0 %9'9g) Weayubls
paulewal Ing Pasealdap SaIUsIaYIp
U89 Jad pue ainypuadxa [enuue

10 sueaw ay} ‘[INg 104 Bunsnipe
18UV (%G | :99ualayIp ueal)
S[enpIAIpul 8A19. 0} pasedwod

€12 $SN J0 1502 [euonippe ue pred
S[enplAIpul 9A19 Ajjualalynsu|

"/EY L $SN JO 1500 [euonippe ue
pred sjenpiaipul aAoeul Se ‘sdnoif
9A1J9BUI PUB 9AIOB UB3M]A( SIS0D

“IING 104 Juawisnpe Jnoypm

PUB U}IM :pasn aJam Sjapow om| “A}Anoe
[eaisAyd Jo S|ans| ajenbapeul yum pajeloosse
$1509 a)ehialbibe Jo abejuaalad ayy sulw.a}ap
0} sdnoJb e 10} sainypuadxa pajoipaid [e10}
aUu} Aq papIAIp Sem $}S09 Ul S8oUBIBYIP B}

JO WINS 8y "saInypuadxa ul SaoUBIBYIP

U89 Jad pue UBaW auILWIA}AP 0} SI1S0D 8Jed
U[eay [enpIAIpul 0} payul| 1M S|aAs| AAOE
[RaISAUd "BAIIORUI (€ PUB BAIOR ARUBIolNSUl
(2 ‘aAnae (| :s|ana| AJIAROE 98I} 0JUI PALISSEID
aJam sjuedioned Aianoe Aysusjul-ajelapow
10 -ybi| Jo salnuIW Z se Aanoe Aususiul
-8noJoBiA Jo aynuiw | Bununoa Aq payeinajes
alom AYANOE Jus[eAinba AJsuaiul-aelapoll Jo

(1102-9002)
Kaning |aued ainypuadx3

‘snyels A11saqo
10} Bunsnipe
mnoyum

pue yum
sainypuadxa
9B Yy[eay pue
fyanae eaisAyd

e)des Jad [enuue ul %6°62 JO . SaINUI "SaIANe Alsusiul-ajeiapow Jo -1ybi| a|qolae

39UJAYIP UBAU B SEM 8JAL] 'S}S0D (asm [EOIPBAl -BIED 150 pUE -SnoJ0BIA UI SLUI} B J& SNUIW | 18| 81500 aWI}-aInsIa|

9189 }[eay JOMo| YlM pajeloosse $1S09 a1ed (0102-+002) foning 1e o} ul paredioed AjAIOe awI}-ansIa| Jo a1ed yyeay Sajels usamjaq
Apueoiiubis atem Aanoe [eaishyd yyeay MBIAIB)U| Y}eaH |euolieN uopelnp ay} ‘ajqealjdde Ji ‘pue Aouanbauy ajeaud Jo/pue pajun  uoNeIdoSSe 8y} (51o2)
21q0Jak aWI3-a.nsIa] JO S[aAd] JBUBIH | 102-9002 181 :99usenald Ayanae [eaishud au} ybnouyy passasse sem AJAne [eaiskyd  dlgnd uo paseg ayl aulwexaol  ‘[e}d uospe)
sbuipuy jediouiid Jeaf-aseg _om“mﬁ ejeq KGojopoyya F__“MW_M_H.“M Anunoy a>_~mw_ﬁm s/loyny

ALIALLIY TYIISAHd




72 Assessing the economic costs of unhealthy diets and low physical activi

'$1S00
8JIed yyeay
‘(€671 :40) sainypuadxa pasealoul 0}
[BJaA0 JaYBIY YHM PaIRIDOSSE ||1iS SaINqLIU0I
SEM awi3-a.nsia] Ul AyAioe [eaishyd “BJep aIn}ipuadxa [EnUUB YIM Paje[aLI0d Surewop asau}
19MOT *(£G" | :pods 10} YO ‘8S° 1 sem a|ienb woypoq ay} ul Buiaq Jo Aouanbaly ul Ayanoeu
HI0M 10} HO) 8bJeyasIp auldpaw SIy] “(Sawi € 0} 0 Woy "9°1) 8jienb wonoq oy} [eaishyd jo
0] paje|al sainypuadxa aJed yyeay ul pastioBialed atam Aoy Aanoe [eaishyd jo Buneisno
Jaybiy yum pajeioosse si spods ul surewop Auew moy ui 0} Huipioaae pashjeue JEMEN
pue yom Je Ayaioe [eaishyd Jamo| a1om Sjuedioled G/ Z $8109s Yyum ajiuenb fuapi pue
‘surewiop a119ads 104 (82°2 :40) yb1y 8y} pue G/5 INQ GZ $8109S YIIM S sainyipuadxa
sainypuadxa [[eJano 1saubiy sy aIpPIW ‘GgS $8109S YNM 3jienb wopoq yyeay algnd
pey surewop aaly} |[e Joj ajienb 8y} :sa|ienb ojul pastiofialed a1am $81093 pue sulewop
WOY0q 8U} Ul 8S0U] *(Z|'¢ :Surewop 'PaJ0ds puUe BIlBULOISANY 8X29eg ay} Buisn JUBIBHIP Ul
994U} J0} PUB G/"| :SUIBWOP OM] (swn-aunsia| pue spods ‘yJom a°1) surewop fyanoeu
10} 01fRJ SPPO) Saunypuadxa Jaybiy (asn ] MBIMBIIL 5411 ur passasse sem Aanoe [eaiskud [enyigey jeaishyd
UHM PBJBIJ0SSE SeM SUIBLUOP AU} JO $1S00 818D Kpmis :Aunnoe [eaisfuyd [enpiaipu] ‘AyALOE [B9ISAYd U MaIAIBUI O} 51500 8189 U9aMIaq
|[e J0 oM} Ul (31enb WoRoq auy} ul Uyeay Jizeig ‘0joed OBS ‘NUN Joud syjuow g 1Se| U} Ul pajeLulisa alam yyeay Arewud UOIBIJ0SSE (G102)
$8109S "'9'l) AyAne [ealsAyd Jomo 6002 1091]  9JeIY}BaH 2iseg Blep 1S09 51S09 a1ed yyeay Arewnd sjuedidiied  algnd uo paseg lizeig ayy eskleue o) [e 18 oubopo)
sbuipuy jedioud  teaf-aseg _om“mmw ejeq KBojopoyyay _““MW__H__““ Anunog w>=mn___.“m s/ioyny

ALIAILDY TVIISAHd




73

Appendix 1

‘sjuauodwod

1509 8y} InoybnoIY} 8]qeaIN0oU BI8M
S9]BWINSA JO SUORIAIIP JUBIaKIA
'sieah | 01 g pabe uaip|iys Buowe
S1S02 pUB UONESI|IN 8B Yyeay
pue AyAnae [eaishyd usamiaq pajou
Suoljelo0SSe JuedyIubIs Ajeansiels
OU 9J9M 313U} IOA3MOH SIS0

SoIpn]s Jales ‘apinb
Bunsoo jeuoneu (9N

9y) UOIEN[BAT JIWOU09T]
UeaH ul spously dnoun
Buptiop :Aep sad s3$00
pUE YIOM WI0J} 90UaSqe
[ejuated Jo sfep jo Jaquinu
‘5100 J1UN [B9IPAW 198110

fpnms

(snjdysy) Juawdojanaq
ABJa||y uo sanauay pue
uonn|jod A1y snjd Aueuuiay
1S3\ pue 1se7 ul salbia|ly
pue wajsAg aunwiw| sy}
J0 Juswdojana( uo siojoe4
91A1s3y17 J0 8uUaNU|

8y} pue Apmis (snjdinig)
awdojanaq ABa||y uo

*SUOI}BID0SSE
a|qissod auiwialep 0} sdnolb Ayanoe [eaishyd
OM] 98U} SS0JIB PaUILLEXd IoMm (}Jom Je
89UBSqe [elualed woly a°l) $3S09 Ajaonpoud
10811pul pue 3B Y3[eay 10811 "Yoam Jad sinoy
/Z pue yaam Jad sinoy /> :Aanae [eaishyd

‘sieak g | 0}

6 pabe ualp|yd
Buouwe $1809
Ayanonpoud

108.IpUI 10} /213 SA §E 13 PUE S1S00 (4n3) s109 SO[}8USY puB UOAN||0d Iy SnoJoBiA pue 81elapou uo Juads sinoy Apjaam (leyua.ed) pue

10911p 10} 86E3 SA Z6E3 9IOM (¥aam Auanonpoud sn|d uoRuUaAIBIU| UORLINN uo paseq saliobayes omy ojul padnolf alam  "S}S00 3IUBSQE 8B Yj|eay pue

Jad sinoy /> *9°1) |9Aa] ANIAIOB JOMO| 198J1pul 10 89UaN|JU| BY} UO uaip|iy9 ‘(aJreuuonsanb paaisiuILIpe-)|es e »lom [ejualed fyanoe [eaishyd

UUM PJIyo e SA (yeam Jad sinoy /= pue aies Apmg jueju) uewssy sy Buisn) malaisul ue Ui syuated Aq papinoid a1em  pue aied yiesy usamiaq
*9'1) AyAnoe [eaisAyd 4o [anaj Jaybiy e Uyeay :UONESI|IN 818D Yi[eay Jo S$1S00 pUB UONESI|IIN 8183 UYi[eay Jo Aouanbaly ajeaud Jo/pue diysuonelas (51o2)
YUM P19 € 10} 109 [enuue uesw ay| 1002 1a1iq  Aouanbauy ‘Aianoe [eaisAyd pue AyAnae [eaishyd s,uaipjiyo uo uonewsou;  agnd uo paseg  Auewisy au ask[eue op ‘[e 18 J3Ip|
sbuipuy jediouiid Jeaf-aseg _om“mﬁ ejeq KGojopoyya F__“MW_M_H.“M Anunoy a>_~mw_ﬁm s/loyny

ALIALLYY TYIISAHd




74 Assessing the economic costs of unhealthy diets and low physical activi

“(Ruanoeu [eaishyd Joy
uol||iq 2'Z $SN pue sjaip Auyeayun

Joj uoillg 6°€ $SN) Uolllg 19 $SN =]
1e A|qeJapIsu0d asealoul Jou pip ‘Ausago [y}
G20z 10} pajoipaid s)s09) *(Ausaqo "Iappe|q pue pue ybramiano >
pue Jybramiano ybnoiy} 3089 yoewo}s ‘sbun| ybnouyy ‘soaye w
19311pul 1o} uolliq GE'0 $SN pue (8661) ‘wniyaLWopus 19841pul SB [|am )
S}0aJa J0a41p Joj uoliig €1 $SN) BUIY 10} SBOIIBS UEBH JO ‘snbeydosao SE SYSH aseasIp =
uollig 2 | $Sn 404 pajunodge fBnINg [euonen -erep 1509 "S1S09 9seasIp 0} pajjdde pue ‘U0j02 ‘}seaIq U0 S}98Ja J084Ip =
Ryanoeur [eaishud “(Aisago pue : paulelqo osje sem Ananoeul [eaisAyd pue sieip 8U}1 JO SI92UBD Sy ybnoayy _N
Jublamiano yBnoiyy 98148 19811pUI S3IPNIS IO gpreayun o} sjqeINlLe Uoiodoid 8y} yaIym ‘axjons fyanoeul =
10} UOIJ[IG £8°0 $SM PUB SXSLI 9SEASIP sasfjeue-ejowl JaIle :9d 1 ‘pareinajen osje alem Ausago pue 1yBlamIano ‘uoisuapiadiy [eaisfyd pue 9
U0 S}28Ja 19a41p Joj uoliig '€ $SN) (asn) faning 0] pajejal S4yd "S1s09 aseasip 0} paljdde pue ‘sajaqelp ¢ sjaIp Ayyeayun =
$1S09 8.9 U}{eay Joa.ip Jo 51S00 81ed UONIINN PUB U}eaH euly) SaIPNJS JO SasAeuB-E}aL JBILS WO SHY adfy ‘aseasip J0 S1509 =2
uolflig g’ $Sn 404 pajunodde 6202 ueay :90uajenald Asaqo pue UO paseq paje|nafed aiam Auanoeul [eaishyd peay AJeuoiod 9]LIOU0JD By} (9002)
s1a1p Auyyeayun 0p0z Jeak auy uj pue 0002 1001q  ybramiano Aanoe [eaisud pue sjaIp Ayyeayun o} ApoauIp pajejas s4yd  :paseq-asessiq BUIYY auIwLIalap o] ‘e 18 upjdod
‘9181 1SaMO| aU}
yum aguinoid
U1 Jo Jeyy 0}
Jua[eaInba
"S9seasIp Kynnoeu;
"USpINg JILIOU0ID  [B}|9YSO[NISNLL [eaisAyd jo ajel )
0} 51500 3|geIngLe 8y} Buronpal (8661) D193 :S1500 U} Ul suononpal [enuajod auiwialep o pue aAnsabip aouajenaid =
‘paploAe aq Ajfenuajod pjnod siso9 198J1pul 01 J08JIp Jo oney  saouinoad Jayyo ul Buial suoieindod oy paljdde ‘suonaaul B panalyoe m
3} 4o (Uoig G| $9) %Y1 ‘elquin|o) (8002) pue (s1eJ 8ousjeAald 1SaMo| 8y} Yim aoulnoid fiojelidsal Bpeue) ul _N
ysnug ul Auanoeur [eaishyd o ajel 00} BUIUO (D]g3) BpeuE: Ul auy) eiquinjo? ysnig ul Ayanoeur [eaisAyd jo ‘/BNISBAOIPIRD saouinoud ey >
99ua[eAald MO| BU} SA3IYIE 0} BIOM $SaUj|[ J0 UBpINg o_Eo__Sm. a1el aouafenald ay) Buisn paniap sem s4yd ‘s9seas|p $1S02 9IWOU093 m
s99ulA0.d |[B §| “(Uol||ig G2 $D :S1S09 ‘aseqeRq @ S.ﬂ_u:mem 10 19S pU0Jas Y "BIEP 1509 198.1pul JudjeAinba 1|0geIaW pue ul uononpal =
J0841pul ‘Uol(lIg €€ $D :S1S09 J03UIP (ay9) s1s09 L3eaH [BUOREN “E.mn 1500 a1eJauab 0] 1509 198.1p Paseq-4yd 0} paljdde [euonuinu lenuajod ay} =
‘uolIg 9°G $9 :safeway ‘uolig 2's $9 fyanonpoud ) ) alam Apnys Jaijiea ue woly A1obajed onsoubelp ‘auLIoopus pue AyAnoeul
:Sa[eLL) Uolflig §'0L $0 aJam Yaupu 002 10} Apmis Jailes sy 493 10} S1S09 }93.IpUI PUE 9311 JO ONjE AU} ‘swsejdoau [eaisfyd
(so1el 8ousjenald [erouinold [enjoe pue aiea (2102) foning yyeay ‘“fuanoeur [eaisAyd Jo $1$09 108.1pul 104 "S1S00 J8U10 pue 10 uapinq
Buisn) ¢ 10z ul Ayanoeur [eaisAyd yyeay Aunwwo) ueipeue) aseas|p 0} paljdde pue Apn}s JaijJea ue wouy Jueubiew 2IWOU029 8y} (GL02)
UNM PaJeI0SSE S}S09 JIWOU0I] €102 1001q  :99usferald Ayanae [eaishud SHY 91J199ds-Xas U0 Paseq PaALIap 81am Sqyd  :Paseq-aseasiq epeue) fyuspiol e 19 Jabanuy
shuipuiy jedioung Jeaf-aseg _om“mﬁ eleq AGojopoyiay _““Mw__..__“_“ Anunoy m>_ﬂw__hm s/loyny




Appendix 2

Average annual currency exchange
rates used to identify the EUR
equivalent of costs in studies

Cost values in non-European currencies were converted into Euros, using the
average of yearly currency exchange rates from the OANDA website (https://
www.oanda.com/currency/average) during the base year/s for cost estimation in

each study. The following table shows the average exchange rate used in each of
the studies, according to the base year/s for cost estimation.

Equivalent to EUR

Base year/s for Original q i

Study L. per one unit
cost estimation currency used -

of original currency

Rayner & Scarborough (2005); Allender et al. (2007) 2002 GBP 1.59
Scarborough et al. (2011) 2006-2007 GBP 1.47
Lo et al. (2013) 1999-2006 TWD 0.03
Collins et al. (2011) 2002-2006 AUD 0.59
Peeters et al. (2014) 2010 AUD 0.69
Doidge et al. (2012) 20102011 AUD 0.72
Daviglus et al. (2005) 1984-2000 usb 0.96
Kuriyama et al. (2004) 1995-2001 usb 1.00
Anderson et al. (2005) 1996-1999 usb 0.90
Bland et al. (2009) 1999-2000/2001 usb 1.03
Bachmann et al. (2015) 1999-2009 usb 0.87
Garrett et al. (2004); Popkin et al. (2006) 2000 usb 1.08
Wang et al. (2005) 2001-2002 usb 1.09
Carlson et al. (2015) 2006-2011 usb 0.73
Zhang & Chaaban (2012) 2007 usD 0.73
Maresova (2014); Kruk (2014) 2008 CZK 0.04
Alter et al. (2012) 1994-2007 CAD 0.91
Katzmarzyk et al. (2000) 1999 CAD 0.63
Katzmarzyk (2011); Janssen (2012) 2009 CAD 0.63
Krueger et al. (2015) 2013 CAD 0.73

Note: Average annual exchange rates from USD to EUR in 1984 to 2000 only reflect the average of rates
from 1990 to 2000 as earlier figures were not available. Costs in USD reported by Martinson et al. (2003)
and Wang et al. (2004) were not converted into EUR as average exchange rates during the base year/s for cost
estimation were not available from the sources used.


https://www.oanda.com/currency/average
https://www.oanda.com/currency/average

Appendix 3

Mean intake of AHEI food groups
in France, Germany, Italy, Spain
and the United Kingdom

Countr Dietary comnonent Mean intake Mean intake (cups or
y y P (grams/day) ounces/day)?
Vegetables? 20.99 0.09
Fruit® 10.97 0.05
Whole grains 12.2
France
Sugar-sweetened beverages and
(n=23048 fruit juice 11884 419
consumers;
44% of surveyed Nuts 1.13 0.04
population) Processed meat 37.59 1.33
2007 Individual and Trans-Fat 63.5
National Study on Long-chain (n-3) fats (EPA + DHA) ~ 21.39
Food Consumption g ’
Polyunsaturated fatty acid 10.92
Sodium 1.5
Alcohol® 78.08 2.75
Vegetables? 27.31 0.12
Fruit® 13.66 0.06
Whole grains 0.49
Germany Su.ga.r—_sweetened beverages and 341 65 12.05
(n=54710 fruit juice
consumers; Nuts 2.95 0.10
0,
25% of §urvey ed Processed meat 49.82 1.76
population)
2007 National Trans-Fat 68.57
Nutrition Survey Long-chain (n-3) fats (EPA + DHA) 13.67
Polyunsaturated fatty acid 2.93
Sodium 0.01
Alcohol® 52.02 1.83
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Mean intake

Mean intake (cups or

Countr Dietary component
untry elary P (grams/day) ounces/day)
Vegetables? 45.62 0.20
Fruit® 2.89 0.01
Whole grains 35.29
Italy Sugar-sweetened beverages and
(n=18035 fruit juice %6.03 198
consumers;
33.9% of surveyed L LD ot
population) Processed meat 29.87 1.05
2005-2006 National Trans-Fat 30.23
Food Consumption | 1 chain (1-3) fats (EPA + DHA) ~ 31.05
Survey
Polyunsaturated fatty acid 36.63
Sodium 0.01
Alcohol® 70.88 2.50
Vegetables? 40.17 0.18
Fruit® 6.35 0.03
Whole grains 6.84
Spain Suga.r—.sweetened beverages and 130.65 461
(n =6 940 fruit juice
consumers; Nuts 1.99 0.07
0,
34.6% O,f surveyed Processed meat 48.97 1.73
population)
2009 Spanish Agency ~ Irans-Fat 48.31
for Food Safety Survey  Long-chain (n-3) fats (EPA + DHA)  57.31
Polyunsaturated fatty acid
Sodium
Alcohol® 1.01
Vegetables? 6.96 0.03
Fruit® 10.81 0.05
Whole grains 2.80
United Kingdom Suggr-gweetened beverages and 92412 791
(n=7046 fruit juice
consumers; Nuts 1.07 0.04
0
26.5% (‘?f surveyed Processed meat 30.1 1.06
population)
2008 National Dietand  'rans-Fat 33.48
Nutrition Survey Long-chain (n-3) fats (EPA + DHA) 21.1
Polyunsaturated fatty acid 1.46
Sodium 0.08
Alcohol® 86.7 3.06

Source: European Food and Safety Authority, 2015.

Notes: * Vegetables refers to green leafy vegetables; ® fruit refers to berries and small fruits; ©alcohol refers to

either beer and beer-like beverages, wines or liquors, whichever has the highest mean intake; ¢ converted into
units used in the AHEI: 240 g = 1 cup for liquids, 226.72 g = 1 cup for solids and 28.35 g = 1 oz for both

solids and liquids.



Appendix 4

Quality of studies that have
quantified the association
between unhealthy diets and low
physical activity and diabetes

Quality criterion as
defined by Al Tunaji
etal. (2014)

Quality assessment

Montonen et al. (2005)

Laaksonen et al. (2009)

Li et al. (2015)

The exposure (risk
factor) is clearly
defined

The exposure was
measured objectively

The outcome
(disease) was clearly
defined

The outcome was
ascertained by
objective measures
or, if self-reported,
confirmed by other
measures

An unhealthy diet

was defined as a
‘conservative’ dietary
pattern characterised by
consumption of butter,
potatoes and whole milk

No; the exposure was
measured using a
one-year dietary history
interview

The outcome was defined
as type 2 diabetes; no
diagnostic criteria were
presented

The outcomes were
identified from a
nationwide registry of
patients receiving drug
reimbursement (including
for diabetes). Study
participants were linked
to this register by unique
social security codes

Physical inactivity was
defined as less than 30
minutes of occasional
or regular leisure-time
exercise per day

No; the exposure
was self-reported in
a health interview or
a self-administered
questionnaire

The outcome was defined
as type 2 diabetes
according to the WHO
diagnostic criteria

The outcomes were
identified from a

central register of all
patients receiving drug
reimbursement (including
for diabetes). Study
participants were linked
to this register by unique
social security codes

Poor diet was defined as a
dietary score in the 2010
alternate healthy eating
index belonging to the third
to fifth quintiles (i.e. score
of <67%).

Physical inactivity was
defined as those not
meeting 150 minutes per
week of moderate-intensity
exercise or 75 minutes per
week of vigorous-intensity
exercise

No; the exposure was
measured using a food
frequency questionnaire
and interviews on lifestyle
habits and medical history

The outcome was defined
as type 2 diabetes,
according to national
diagnostic criteria

The outcomes were self-
reported and confirmed by
a validated supplementary
questionnaire (validated
through hospital records)



Appendix 4

Quality criterion as
defined by Al Tunaji

Quality assessment

etal. (2014) Montonen et al. (2005) Laaksonen et al. (2009) Li et al. (2015)

The analysis was Yes Yes Yes

based on raw data

from a prospective or

cohort study

The follow-up time 23 years 10 years 20-30 years

was provided

Full adjustments Adjustments were made Adjustments were Adjustments were made for

were made

for age, sex, body mass
index, energy intake,
smoking status, family
history of diabetes,
geographic area,

serum cholesterol and
hypertension

made for age, sex, other
lifestyle risk factors (e.g.
BMI, smoking, alcohol
consumption and serum
vitamin D) or components
of metabolic syndrome
(BMI, blood pressure,
serum triglyceride levels,
serum HDL cholesterol,
fasting glucose)

sex, ethnicity (Caucasian
yes/no), marriage status,
living status (alone yes/no),
family history of diabetes,
menopausal status (pre- or
post-menopausal; never,
past or current menopausal
hormone use), and for
other lifestyle risk factors
assessed in the study (i.e.
BMI, smoking status, daily
alcohol consumption)
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Appendix 5

Annual incidence rate of
diabetic complications from the
UKPDS Outcomes Model 2

Complication Annual incidence rate (%)
First myocardial infarction 1.13
Second myocardial infarction 0.19
First stroke 0.56
Second stroke 0.09
Congestive heart failure 0.39
Ischaemic heart disease 0.83
First amputation 0.19
Second amputation 0.06
Retinopathy/Blindness 0.3
Renal failure 0.13
Ulcer 0.11

Source: Hayes et al., 2013.



Appendix ©

Estimated diabetes complication-
related costs in 2020 attributable
to unhealthy diets and low
physical activity in 2015

Estimated number

of incident cases Estimated . .
. . Estimated diabetes
of diabetes-related per patient L
s . complication-related
complications in costs in costs in 2020 (€)
Country  Complication 2020 attributable to 2020 (€)
the risk factor
Low Low
Unhealthy . Unhealthy .
. physical . physical
diets L diets L
activity activity
First myocardial infarction 51 86 19097 981 441 1635734
Second myocardial infarction 9 14 19097 165 021 275035
First stroke 25 42 14 396 366 649 611 081
Second stroke 4 7 14 396 58 926 98 210
Congestive heart failure 18 30 4838 85813 143 021
Ischaemic heart disease 38 63 3200 120 795 201 325
France
First amputation 9 14 39191 338 657 564 429
Second amputation 3 5 39191 106 944 178 241
Retinopathy/Blindness 14 23 468 6385 10 642
Renal failure 6 10 69 186 409 055 681759
Ulcer 5 8 1399 6999 11 665

Total 181 302 2 646 685 4411142
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Estimated number

of incident cases Estimated . .
. . Estimated diabetes
of diabetes-related per patient .
L . . complication-related
complications in costs in costs in 2020 (€)
Country Complication 2020 attributable to 2020 (€)
the risk factor
Low Low
Unhealthy 0 . Unhealthy 0 .
diets physical diets physical
activity activity
First myocardial infarction 55 110 22 465 1231448 2463 150
Second myocardial infarction 9 18 22 465 207 058 414158
First stroke 27 54 29032 788 672 1577 506
Second stroke 4 9 29 032 126 751 253528
Congestive heart failure 19 38 9030 170 838 341711
Ischaemic heart disease 40 81 5002 201 397 402 836
Germany
First amputation 9 18 33 068 304 784 609 632
Second amputation 3 6 33068 96 248 192 515
Retinopathy/Blindness 15 29 15 650 227 754 455 556
Renal failure 6 13 86 975 548 490 1097 094
Ulcer 5 1 1312 7 001 14 003
Total 193 386 3910441 7 821 688
First myocardial infarction 17 120 12 580 215079 1505 553
Second myocardial infarction 3 20 12 580 36 164 253 146
First stroke 8 59 5994 50 786 355 502
Second stroke 1 10 5994 8162 57 134
Congestive heart failure 6 4 3363 19 844 138 908
ttal Ischaemic heart disease 13 88 2091 26 259 183 810
a
y First amputation 3 20 9 266 26 637 186 459
Second amputation 1 6 9 266 8412 58 882
Retinopathy/Blindness 5 32 5021 22790 159 532
Renal failure 2 14 39220 77142 539993
Ulcer 2 12 694 1155 8085
Total 60 422 492 429 3447 004




Appendix 6

Estimated number

of incident cases Estimated . .
of diabetes-related per patient Est|ma.ted.d|abetes
complications in costs in zzzspl;ﬁ?:;;-:gated
Country Complication 2020 attributable to 2020 (€)
the risk factor
Unhealthy Low . Unhealthy Low .
diets physical diets physical
activity activity
First myocardial infarction 12 73 22 638 273 460 1641273
Second myocardial infarction 2 12 22638 45980 275 966
First stroke 6 36 5447 32 608 195709
Second stroke 1 6 5447 5241 31453
Congestive heart failure 4 25 5834 24 323 145 981
. Ischaemic heart disease 9 53 2592 22998 138 031
Spain First amputation 2 12 17 366 35272 211698
Second amputation 1 4 17 366 11139 66 852
Retinopathy/Blindness 3 19 3669 11766 70 621
Renal failure 1 8 36 679 50973 305 932
Ulcer 1 7 2258 2655 15936
Total 43 255 516 414 3099 453
First myocardial infarction 27 94 8823 236 089 826 313
Second myocardial infarction 4 16 8823 39 696 138938
First stroke 13 46 5131 68 041 238 144
Second stroke 2 7 5131 10935 38273
Congestive heart failure 9 32 48 330 446 337 1562 180
United Ischaemic heart disease 20 69 39119 768 860 2691012
Kingdom  First amputation 4 16 14114 63 502 222 256
Second amputation 1 5 14114 20 053 70186
Retinopathy/Blindness 7 25 1890 13 427 46 993
Renal failure 3 1 63 949 196 861 689012
Ulcer 8 9 4030 10 497 36 741
Total 94 330 1874299 6 560 047
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Appendix /

Number of incident type 2
diabetes cases attributable to
unhealthy diets and low physical
activity in each country by sex

Number of type 2 diabetes cases attributable to the risk factor

Country Unhealthy diets Low physical activity
Males  Females Total Males  Females Total
France 2507 2041 4 548 4178 3402 7580
Germany 2674 2177 4 851 5348 4 355 9703
Italy 834 679 1513 5838 4753 10 591
Spain 589 480 1069 3536 2880 6416

United Kingdom 1305 1063 2368 4568 3720 8288




Appendix 8

Average percentage of annual
incident type 2 diabetes cases in
the United Kingdom by sex and
five-year age group, 1991-2010

Average percentage of annual total

Age range incident type 2 diabetes cases
Males (%)  Females (%)
0-4 0.16 0.14
5-9 0.13 0.14
10-14 0.13 0.16
15-19 0.25 0.46
20-24 0.32 0.79
25-29 0.46 0.97
30-34 0.77 1.19
35-39 1.30 1.61
40-44 2.39 2.33
45-49 3.94 3.40
50-54 5.90 5.00
55-59 8.04 7.05
60-64 10.79 9.56
65-69 12.57 11.61
70-74 13.31 12.95
75-79 13.28 13.61
80-84 11.64 12.42
85-89 9.25 10.56
90+ 5.38 6.03




Appendix 9

Estimated number of diabetes cases
attributable to unhealthy diets and
low physical activity by sex and five-
year age group in France, Germany,
Italy, Spain and the United Kingdom

Number of diabetes cases attributable to the risk factor

Age- . . .
Country gr:up Unhealthy diets Low physical activity

Males Females Total Males Females Total
0-4 4 3 7 7 5 12
5-9 3 3 6 5 5 10
10-14 3 3 7 5 5 10
15-19 6 9 16 10 16 26
20-24 8 16 24 13 27 40
25-29 12 20 31 19 33 52
30-34 19 24 44 32 40 73
35-39 33 33 65 54 55 109
40-44 60 48 107 100 79 179
France 45-49 99 69 168 165 116 280
50-54 148 102 250 247 170 417
55-59 202 144 345 336 240 576
60-64 270 195 466 451 325 776
65-69 315 237 552 525 395 920
70-74 334 264 598 556 441 997
75-79 333 278 611 555 463 1018
80-84 292 254 545 486 423 909
85-89 232 216 447 386 359 746
90+ 135 123 258 225 205 430

TOTAL 2507 2041 4548 4179 3401 7580
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Number of diabetes cases attributable to the risk factor

Country Age- Unhealthy diets Low physical activity
group
Males Females Total Males Females Total
0-4 4 3 7 9 6 15
5-9 3 3 7 7 6 13
10-14 3 3 7 7 7 14
15-19 7 10 17 13 20 33
20-24 9 17 26 17 34 52
25-29 12 21 33 25 42 67
30-34 21 26 46 41 52 93
35-39 35 35 70 70 70 140
40-44 64 51 115 128 101 229
45-49 105 74 179 21 148 359
Germany 50-54 158 109 267 316 218 533
55-59 215 153 368 430 307 737
60-64 289 208 497 577 416 993
65-69 336 253 589 672 506 1178
70-74 356 282 638 712 564 1276
75-79 355 296 651 710 593 1303
80-84 311 270 582 623 541 1163
85-89 247 230 477 495 460 955
90+ 144 131 275 288 263 550
TOTAL 2674 2177 4 851 5349 4354 9703
0-4 1 1 2 9 7 16
5-9 1 1 2 8 7 14
10-14 1 1 2 8 8 15
15-19 2 3 5 15 22 36
20-24 3 5 8 19 38 56
25-29 4 7 10 27 46 73
30-34 6 8 15 45 57 102
35-39 1 11 22 76 77 152
40-44 20 16 36 140 111 250
45-49 33 23 56 230 162 392
Italy 50-54 49 34 83 344 238 582
55-59 67 48 115 469 335 804
60-64 90 65 155 630 454 1084
65-69 105 79 184 734 552 1286
70-74 111 88 199 777 616 1393
75-79 111 92 203 775 647 1422
80-84 97 84 181 680 590 1270
85-89 77 72 149 540 502 1042
90+ 45 4 86 314 287 601
TOTAL 834 679 1513 5838 4752 10 591
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Number of diabetes cases attributable to the risk factor

Age- . . L

Country gr:up Unhealthy diets Low physical activity
Males Females Total Males Females Total
0-4 1 1 2 6 4 10
5-9 1 1 1 5 4 9
10-14 1 1 2 5 5 9
15-19 1 2 4 9 13 22
20-24 2 4 6 11 23 34
25-29 3 5 7 16 28 44
30-34 5 6 10 27 34 61
35-39 8 8 15 46 46 92
40-44 14 1 25 85 67 152
. 45-49 23 16 40 139 98 237
Spain 50-54 35 24 59 209 144 353
55-59 47 34 81 284 203 487
60-64 64 46 109 382 275 657
65-69 74 56 130 445 334 779
70-74 78 62 141 471 373 844
75-79 78 65 144 470 392 862
80-84 69 60 128 412 358 769
85-89 55 51 105 327 304 631
90+ 32 29 61 190 174 364
TOTAL 589 480 1069 3537 2879 6416
0-4 2 1 3 7 5 13
5-9 2 1 3 6 5 11
10-14 2 2 4 6 6 12
15-19 3 5 8 11 17 29
20-24 4 8 13 15 29 44
25-29 6 10 16 21 36 57
30-34 10 13 23 35 44 79
35-39 17 17 34 59 60 119
40-44 31 25 56 109 87 196
United 45-49 51 36 88 180 126 306
Kingdom 50-54 77 53 130 270 186 456
55-59 105 75 180 367 262 630
60-64 141 102 242 493 356 849
65-69 164 123 287 574 432 1006
70-74 174 138 31 608 482 1090
75-79 173 145 318 607 506 1113
80-84 152 132 284 532 462 994
85-89 121 112 233 423 393 815
90+ 70 64 134 246 224 470
TOTAL 1305 1063 2368 4569 3719 8288




Appendix 10

Estimated number of diabetes cases
attributable to unhealthy diets and
low physical activity who are expected
to be in and out of the formal labour
force by five-year age group

Number of diabetes cases attributable to the risk factor

Average

Working annual Unhealthy diets Low physical activity
Gountry ra::: ;:x;;::zz Inthe Out of the Inthe  Out of the
rate (%) Total  labour labour Total labour labour
force force force force
15-19 14.94 16 2 14 26 4 22
20-24 60.90 24 15 9 40 25 16
25-29 86.52 31 27 4 52 45 7
30-34 87.68 44 38 6 73 64 9
35-39 88.98 65 58 7 109 97 12
France 40-44 89.58 107 96 1 179 160 19
45-49 88.59 168 149 19 280 248 32
50-54 83.87 250 210 40 417 349 67
55-59 62.14 345 215 131 576 358 218
60-64 17.69 466 82 383 776 137 639
TOTAL 1517 893 624 2528 1488 1041
15-19 30.16 17 5 12 33 10 23
20-24 70.17 26 18 8 52 36 15
25-29 81.62 33 27 6 67 55 12
30-34 86.16 46 40 6 93 80 13
35-39 87.88 70 61 8 140 123 17
Germany 40-44 89.64 115 103 12 229 206 24
45-49 88.99 179 160 20 359 319 40
50-54 85.01 267 227 40 533 453 80
55-59 74.50 368 275 94 737 549 188
60-64 38.10 497 189 307 993 378 615

TOTAL 1618 1105 513 3236 2209 1027
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Number of diabetes cases attributable to the risk factor

Average

Working annual Unhealthy diets Low physical activity
Gountry ra:g: ;::’t?:i:)::z: Inthe Out of the Inthe  Out of the
rate (%) Total  labour labour Total labour labour
force force force force
15-19 12.48 5 1 5 36 5 32
20-24 49.95 8 4 4 56 28 28
25-29 70.99 10 7 3 73 52 21
30-34 79.36 15 12 3 102 81 21
35-39 80.59 22 18 4 152 123 30
Italy 40-44 79.73 36 29 7 250 200 51
45-49 77.45 56 43 13 392 303 88
50-54 70.71 83 59 24 582 412 170
55-59 50.48 115 58 57 804 406 398
60-64 22.50 155 35 120 1084 244 840
TOTAL 505 265 240 3532 1852 1680
15-19 23.57 4 1 3 22 5 17
20-24 63.32 6 4 2 34 22 12
25-29 85.63 7 6 1 44 38 6
30-34 87.39 10 9 1 61 54 8
35-39 85.69 15 13 2 92 79 13
Spain 40-44 83.66 25 21 4 152 127 25
45-49 80.22 40 32 8 237 190 47
50-54 73.15 59 43 16 353 258 95
55-59 60.20 81 49 32 487 293 194
60-64 35.39 109 39 71 657 232 424
TOTAL 357 216 140 2140 1298 841
15-19 52.83 8 4 4 28 15 13
20-24 74.60 13 9 3 44 33 11
25-29 84.25 16 14 3 57 48 9
30-34 84.52 23 19 4 79 67 12
) 35-39 84.87 34 29 5 119 101 18
ﬂ?r:;ildom 4044 86.02 56 48 8 196 168 27
45-49 85.97 88 75 12 306 263 43
50-54 83.29 130 108 22 456 379 76
55-59 71.93 180 129 50 629 452 177
60-64 44.74 242 108 134 849 380 469

TOTAL 790 545 245 2763 1907 856




Appendix 11

Estimated total number of working

years lost due to work disability, early
retirement and premature death among
incident type 2 diabetes cases at working
age that can be attributed to unhealthy
diets and low physical activity and

who are expected to be in the formal
labour force in France, Germany, Italy,
Spain and the United Kingdom, 2020

Estimated number of incident Total number of working years lost

e 2 diabetes cases aged 35-60 due to
Country  Risk factor typ . R 9 .
attributable to the risk factor (in work early premature
the labour force)  gisapility  retirement death
Unhealthy diets 893 80 625 250
France
Low physical activity 1488 134 1041 417
Unhealthy diets 1105 99 773 309
Germany
Low physical activity 2209 199 1547 619
Unhealthy diets 265 24 185 74
Italy
Low physical activity 1852 167 1297 519
Unhealthy diets 216 19 151 61
Spain
Low physical activity 1298 117 909 364
United Unhealthy diets 545 49 382 153

Kingdom | ow physical activity 1907 172 1335 534



















Unhealthy diets and low physical activity contribute to many chronic diseases and
disability; they are responsible for some 2 in 5 deaths worldwide and for about 30% of
the global disease burden. Yet surprisingly little is known about the economic costs that
these risk factors cause, both for health care and society more widely.

This study pulls together the evidence about the economic burden that can be linked to
unhealthy diets and low physical activity and explores

« How definitions vary and why this matters
« The complexity of estimating the economic burden and

» How we can arrive at a better way to estimate the costs of an unhealthy diet and low
physical activity, using diabetes as an example

The review finds that unhealthy diets and low physical activity predict higher health care
expenditure, but estimates vary greatly. Existing studies underestimate the true economic
burden because most only look at the costs to the health system. Indirect costs caused
by lost productivity may be about twice as high as direct health care costs, together
accounting for about 0.5% of national income.

The study also tests the feasibility of using a disease-based approach to estimate the
costs of unhealthy diets and low physical activity in Europe, projecting the total economic
burden associated with these two risk factors as manifested in new type 2 diabetes cases
at €883 million in 2020 for France, Germany, Italy, Spain and the United Kingdom alone.
The ‘true’ costs will be higher, as unhealthy diets and low physical activity are linked to
many more diseases.

The study’s findings are a step towards a better understanding of the economic burden
that can be associated with two key risk factors for ill health and they will help policy-
makers in setting priorities and to more effectively promoting healthy diets and physical
activity.
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