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The first-ever High-Level Meeting of the UN General Assembly on non-
communicable diseases held in September 2011 demonstrates one of the major 
challenges in today’s society: establishing healthier population diets 1. This thesis aims 
to explore the feasibility and effectiveness of one strategy in particular to accomplish 
this goal, being food pricing. Economists state that they have no idea how to change 
people’s preferences, the way to change behaviour is to change the cost 2. Living in 
an era of economic imperialism (economics are the major force in the shape and 
governance of our world today) 3 such an economic approach may help finding a 
solution in tackling the growing public health problems related to unhealthy food 
intake. 

PROBLEMS RELATED TO DIETARY INTAKE
At this time, industrialized countries suffer from the consequences of overconsumption 
and excessive intakes of energy, sugar, salt and saturated fat on the one hand and too 

Figure 1.1 Factors affecting food choice – based on Shepherd, R. (1999) 11
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low intakes of fibre, fruits and vegetables on the other. For example, the latest Dutch 
Food Consumption Survey (2007-2010) revealed that 85 percent of the population 
consumed too much saturated fat 4. Furthermore, the range of people meeting the 
guidelines for vegetable intake was only between 1 and 14 percent; for fruit this range 
was between 3 and 26 percent 4. Also in the US 5 and other European countries 6 
intakes of fruits and vegetables are far below minimum levels. Unhealthy dietary 
patterns are major contributors to the growing global burden of non-communicable 
diseases such as cardiovascular disease, diabetes type 2, obesity and cancer 7-9. A recent 
UK modelling study found that 33,000 deaths per year would be prevented as a result 
of improvements in the population diet to a level that is in line with government 
recommendations 8. The largest part of this result was explained by improved health 
due to increased fruit and vegetable intake (15,000) 8. Based on such observations 
the World Health Organization (WHO) and the Federal Agricultural Organization 
(FAO) have called for action to improve population diets and reduce the burden of 
nutrition-related disease 9, 10. 

FACTORS AFFECTING FOOD CHOICE
In attempting changing food intake it is essential to look into aspects affecting food 
choices. Here, a wide scale of factors can be distinguished (Figure 1.1) 11. Firstly, 
human food preferences are influenced by genetic factors. Through evolution, humans 
have developed a strong biological preference for foods high in protein, fat and 
carbohydrates. These nutrients were scarce in times where people had to gather and 
hunt for their food and a natural mechanism strongly preferring a taste for sweet, fat, 
salt and high energy dense foods was good for survival those times 12. This genetic 
hardware is however fixed and therefore unsuitable for interventions. Second, food 
preferences are subjective to personal characteristics such as taste, attitude or knowledge. 
These determinants are unfixed and thus fit for interventions. The past decades, 
much effort was made in directing peoples’ food choices towards healthier ones by 
focusing on these personal characteristics. For example, national public campaigns 
such as the American food pyramid system 13 and also the Dutch ‘Schijf van Vijf ’ 14 
were transmitted to educate the public about what a healthy diet looks like (e.g., to 
increase knowledge). Next, much research has been conducted delving into individual 
determinants of food choice and effective programs to change these determinants. 
Most of these interventions build on theoretical insights from cognitive psychology 
using ‘deliberative processing models that imply that people’s attitudes are formed 
after careful consideration of available information’ such as the Theory of Planned 
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Behavior (TPB) 15 or self-regulatory process such as action planning (e.g., specifying 
when and how to act) and coping planning (e.g., anticipating personal risk situations 
and planning coping responses beforehand) 16. There is quite some evidence showing 
positive effects of such a rational approach in improving dietary intake, for example on 
computer-tailored education 17 and behavioral interventions using group interaction 
and goal setting 18. Nevertheless, there is growing recognition that this way of dealing 
is not sufficient to solve the whole problem 19. The sustainability and affordability 
of such programmes are key continuing challenges, especially when it is aimed to 
reach whole populations. Furthermore, such programmes do not address the strong 
societal forces (e.g., food availability, costs, merchandising, etc.) that work against 
individual behaviour change 20. These societal forces may be of key relevance since 
there is imperative evidence from the field of consumer psychology that consumer 
choices are mostly not rational, but merely unconscious and heavily influenced by 
environmental factors 21. This third factor in food choice – e.g., the role of the food 
environment – will be discussed in the next paragraph. 

OUR FOOD ENVIRONMENT
There is growing recognition that a supportive environment is needed for people to 
make healthier food choices 19, 22. An illustrious saying on this aspect is ‘making the 
healthy choice the easy choice.’ Nevertheless, evidence shows that our environment 
is better defined as ‘obesogenic 1’ opposed to ‘health stimulating’. Food is generally 
widely available and easy accessible at low cost and our genetic hardware may not be 
well adapted to this obesogenic food system 19, 23. For example, numerous studies have 
shown that portion sizes, especially of high caloric foods and drinks, have increased 
extremely in recent decades 24, 25. Another major indicator is the issue of food related 
communications. Next to governmental health messages, people are exposed to a 
whole gamut of industrial advertising. In 1999, US food companies spent more than 
$33 billion annually on advertising and promoting their products. Nearly 70% of 
this money was spent on advertisements for convenience foods such as fast food and 
snacks. These industrial advertising costs exceeded, per single product, governmental 
expenditures on promoting dietary guidelines by at least 15 times 26. Results of 
longitudinal analysis reveal that dietary intake is indeed strongly correlated with 
technological innovations enabling this product development and our surrounding 
environment 27.

1 The obesegenic environment is defined as “the sum of influences that the surroundings, opportunities, 
or conditions of life have on promoting obesity in individuals or populations” 19.
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Swinburn and colleagues developed a framework for understanding the role of our 
food environment in food choice and for prioritizing environmental components for 
intervention: the ANGELO-Framework (Analysis Grid for Environments Linked 
to Obesity). The model makes a distinction in the size (e.g., micro level or macro 
level) and the type of the environment (e.g., physical, economic, political and socio 
cultural) 19. The physical environment refers to the presence of food in all settings 
including supermarkets, vending machines and worksites. The political environment 
refers to laws and regulations that apply for food. The socio-cultural environment 
includes components such as traditions and religion which have a powerful influence 
on peoples’ dietary rituals and habits. Finally, the economic environment refers to food 
costs and income 19. This economic environment has different facets and its potential 
role in dietary intake (interventions) will be explained in the following sections. 

ECONOMIC FOOD ENVIRONMENT
As mentioned earlier, the economic way of changing behaviour is by changing the 
cost; the first economic law of demand states that if prices of a certain product 
increase, the demand will decrease and vice versa 2. Indeed, economic strategies have 
previously been successful in reducing the use of alcohol and tobacco 28. Furthermore, 
arguments for taking pricing strategies on food into consideration can be found in 
different domains, including the shape of the current food market and socio economic 
gradients 29. The following sections will provide an overview of these aspects and 
illustrate why food pricing strategies are an approach worth bearing in mind. 

First, it may be important to look at the historic development of food prices. Our 
current food system originates from the post WWII period where a major shift 
towards agricultural protectionism occurred using the techniques rose from the 
industrial revolution 30. Building on periods of anxiety and crisis, food policy had 
as major goal to produce as much food as possible. This lead for example to the 
creation of the United Nations’ new Food and Agricultural Organization (FAO) 
in the 1940’s and the European Common Agricultural Policy (CAP) in 1957 31. 
Currently, the Organisation for Economic Co-operation and Development (OECD) 
countries invests almost US$ 1 billion per day into agriculture subsidies 32. Both 
these subsidy systems and general improvements in agricultural productivity have 
led to increased availability of dietary energy supplies and overproduction of certain 
crops 32, 33. This food system has large effects on food supply, availability and prices 
34. American consumer price index (CPI) data show that relative food prices fell 
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14% from 1980 to 2000. Interestingly, the price of fresh fruits and vegetables, fish, 
and dairy products increased by 118%, 77%, and 56%, respectively, whereas sugar 
and sweets, fats and oils, and carbonated beverages increased much less 46%, 35%, 
and 20% 35. This development has led to the situation that currently our economic 
food environment does not support healthier food choices. International studies have 
revealed that sugars and fats provide most calories for money and that nutrient-
rich, low-energy-dense foods (e.g., fruits and vegetables) are generally relatively more 
expensive than high-energy-dense, fat and sugar rich foods 36-38. In addition, it is 
suggested that in the current market, fruit and vegetables are promoted less than more 
profitable, highly processed foods containing more fats and sugars 22, 39. The relatively 
high prices for healthier foods do not stimulate healthier food choices and may even 
form a barrier in choosing healthier alternatives, especially for groups with a lower 
socio economic status (SES) 40. This socio economic gradient will be explained in 
more detail in the next section. 

LOWER SOCIO ECONOMIC GROUPS
Throughout history, health has been closely linked to socio economic status (SES). 
Typically, people with a higher SES live longer and in better health compared to 
people with a lower SES. Sociologists use different methods to define SES, but the 
model mostly used in empiric settings is the one that uses income, education level and 
employment status as most important indicators 41. Also in our current society, SES is 
aversely related to health. Recent numbers show that Dutch men with a low education 
level have a seven year lower life expectancy compared to men with a higher education 
level 42. One mechanism through which this link is explained is that risk factors, such 
as unhealthy dietary patterns, are more prevalent among lower SES groups. Dutch 
numbers show that people with a lower SES consume as well less vitamins, essential 
minerals, as fruits and vegetables compared to higher SES groups 43, a pattern that was 
also found in other European countries 44. One way to explain this socio-economic 
gradient in healthy food consumption is that people in the lower groups may be less 
aware of what a healthy diet looks like and have less knowledge on the healthiness of 
food 45. Nevertheless, economics may also play a significant role here. As outlined in 
the previous paragraph, there is a large body of evidence showing that a healthy diet 
is relatively expensive 36-38. Furthermore, evidence shows that besides taste and quality, 
price is the main factor in food choice, and that price is especially significant for low 
SES consumers 46-50. Also, a study conducted among low-income consumers revealed 
a negative perception towards the price of fruit and vegetables in particular 51. 
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Several groups counteract this economic barrier in healthy food selection by arguing 
that a healthier diet can be obtained without increasing costs if people shop carefully. 
Indeed, it seems commonsense that people may reduce costs by buying seasonal 
products or by choosing frozen or canned fruits and vegetables. Darmon et al. put 
this to the test in a paper examining the effects of a cost constraint on nutritionally 
adequate food choices 52. Results show that it is indeed possible to select a nutritionally 
adequate diet for low cost, however, that this can only be achieved if people are willing 
to consume diets that substantially differ from the average national diet. Also, it 
was found that the minimum costs that are needed for a nutritious diet are above 
expenditures of people living in the lowest income groups 52. Thus, to put at least, the 
healthier choice is not the easier choice and may even form a barrier for healthy food 
choices in lower SES groups. Whether we should actually consider implementing 
food pricing interventions and which factors complicate such an approach will be 
outlined next. 

FEASIBILITY OF FOOD PRICING STRATEGIES

Interrupting in the free market?
One major concern with food pricing interventions is that it requires interference in 
the market; something that is not preferred by many people including politicians and 
economists 29. However, important assumptions of perfect competitive free markets 
are that individuals are perfectly rational, that the production and consumption of 
goods force no costs on others in society and that all information is perfectly accurate 
and readily available 53. If these assumptions are desecrated, economists recommend 
policy interventions in order to restore a market that does justice to social welfare 53. 

Looking at our food environment, it can be argued that the free market assumptions 
are violated, at least to some extent 2. First, it can be questioned whether people are 
actually able to make rational food choices in their best interest (e.g., maximizing 
utility). As noted earlier, people have a biological preference for fat and sugar rich 
foods. At first, they have a high utility by consuming tasty foods at low costs, however, 
the ultimate consequences (e.g., overweight, heart disease) do not reveal until years 
later. Many consumers do not incorporate this effect in their utility analyses when 
choosing food 54. Interventions may thus help people to maximize their utility by 
including a factor they are unable to incorporate themselves: effects in the future 55. 
A second important argument refers to what economists call ‘externalities’; that is 
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if the costs of a good are imposed on others. Recent published findings show that 
nearly half of obesity-attributable medical expenditures are financed by government 
payers and eventually the taxpayer 56. Thus, the true costs of an unhealthy diet are not 
carried by people themselves, but by society in general. A final important argument 
is that the risks of unhealthy dietary patterns are not equally spread throughout 
society, but mostly affects people with a lower SES, which was explained in the 
previous paragraph. All the above listed process reveal a phenomenon called market 
failure; the free market system fails to promote and sustain long-term individual 
objectives 54. 

Issues to be considered
Market failure is the one reason for interrupting in the free market and therefore 
food pricing strategies seem both from an economic and public health viewpoint a 
justifiable tool to stimulate healthier food choices. Still, it is not known what kind of 
pricing strategies are feasible and how these strategies can best be implemented in 
our society. For example, it is a complicating factor that, unlike tobacco and alcohol, 
food is a basic element for survival and the discrimination of healthy versus unhealthy 
foods is not well established 29, 57, 58. Also, food prices constitute by a complex process 
involving divergent sectors (e.g., government, industry, retail, agriculture, etc.) and 
responsibility issues may raise barriers to the deciding stages of the introduction of 
food price strategies 29, 59. This feasibility issue is one of the core themes in this thesis. 

EFFECTIVENESS OF FOOD PRICING STRATEGIES

Price elasticity of demand
A second core issue to be considered is the effectiveness of food pricing strategies. 
Within this effectiveness aspect, price elasticity of demand (PED) is a key concept. 
PED is a measure from the field of micro economics that refers to the responsiveness 
of the quantity demanded (ΔQd) of a certain good due to a price change (ΔP) of this 
good. If, for example, the demand of soft drinks decreases drastically due to a soda tax 
(price increase) this is considered an elastic good. As a rule, goods are seen as elastic 
if the price elasticity is greater than one, using the following formula: 

PED=(∆Qd/Qd)
(∆P/P)

60. 
So far, there is promising evidence from both experimental and modelling studies 
showing that food choices change in reaction to changing food prices, meaning that 
food is an elastic good and Neoclassical Economic Theory 61 holds true. 
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Well known examples of experimental pricing studies in the field of health promotion 
is the work by French and colleagues. They conducted experiments in vending 
machines where prices of low-fat snacks were reduced by 10, 25 and 50 percent 
and found that sales of these products raised by 9, 39 and 93 percent respectively 
48. These results were duplicated in later studies of them 62. Also, they found that 
reducing prices of fruits and vegetables with 50 percent in school canteens lead to 
a two-fold increase in vegetable and four-fold increase in fruit purchases 48. Other 
experimental studies are the work by Epstein and colleagues who conducted a study 
on several pricing schemes in a laboratory supermarket 63, the work by Nederkoorn 
and colleagues on a high caloric tax in a web-based supermarket 64, and the work by 
Giesen and colleagues on taxing high caloric university lunch menus 65. All these 
studies revealed significant effects of the price changes. 

Next to experimental studies, modelling studies provide insight into the effect of 
price changes. These studies simulate the effects of tax reforms using real data on 
food expenditures such as national household consumption surveys. Similar to the 
experimental studies, also simulation modelling studies found evidence that demand 
of food is reactive to price changes 66, 67. Recently, Andreyeva and colleagues published 
a review on the PED of food. Based on a selection of 160 studies, they concluded 
that food is elastic and that the highest PED was found for food away from home, 
soft drinks, juice, meats, and fruit and the most inelastic demand for eggs 68. Overall, 
results show that people react to changing food prices, meaning that this is a promising 
strategy in directing food choices. 

Issues to be considered
Unlike the promising data on the PED of food, there are some gaps that need to be filled 
before pricing strategies can be designated as a solution in health promotion 69. The 
main issue here is cross price elasticity. This economic term refers to the responsiveness 
of the demand for a good as a result of a price change of another good. In order to find 
out whether people actually obtain a healthier diet when relative prices of healthier 
and unhealthier products are changed, it is vital to consider this issue carefully 70. For 
example, if apples become cheaper, people may use the spare money to buy chocolate 
and not to buy more apples. Different studies already highlighted such side effects 63, 67. 

Cross-price elasticity is consequently referred to as being highly complex 70. Its 
true nature is not well uncovered by modeling studies or experiments in small 
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environments with a limited selection of food products such as vending machines or 
laboratories. Furthermore, it is important to realize that price is a complex construct 
and it is not just the actual price but also price perception and reference prices that are of 
major influence. Most consumers have a bad knowledge of actual prices rather, they 
compare the price of a food with a similar product, or a promotional price (external 
reference price) and compare prices with remembered prices such as prices in other 
supermarkets (internal reference prices). To assist their purchasing decisions, people 
are dependent on cues to update their expectations about relative prices and future 
product availability 71. Also, people have the tendency to buy products simply because 
they are on sale 72. Furthermore, price is not only a negative construct (e.g., losing 
money) but also a positive one (if a product costs more, it must be of higher quality)73. 

In order to gain insight in the multifaceted effects of food pricing strategies, it is of 
importance to study them in larger food environments, where people buy most of 
their foods, that is retail settings 68, 74. In large parts of the world, supermarkets are 
the most dominant and powerful food environment 75, 76, but evidence on effective 

Figure 1.2 Overview of this thesis
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interventions in retail settings is small 77. To our knowledge, the only two examples 
of large-scaled randomized controlled trials on the effects of retail pricing strategies 
are the New Zealand SHOP study 78 and a recently published French study on the 
effects of fruit and vegetable vouchers 79. SHOP evaluated the effects price reductions 
of healthier foods (12.5%) and nutrition education on supermarket purchases among 
1,104 consumers. The authors found that the pricing intervention alone lead to more 
healthy food purchases 78. Also the French study found that vouchers were effective 
to stimulate fruit and vegetable consumption, however a major limitation of this 
study was a significant loss to follow-up, meaning that results were restricted to a 
3-month time frame 79. As these two studies are the only supermarket trials on the 
effectiveness of food pricing strategies to stimulate healthy food purchases available 
at present, more research is needed to learn about the actual effects of food pricing 
strategies. These studies are important complementing those that use data from 
large datasets (e.g., household expenditure surveys) and thereby gaining insight into 
complex processes such as own-price elasticity, cross-price elasticity, sales cues and 
positive price constructs 69, 74.

AIM AND OUTLINE OF THIS THESIS
Based on previous studies we may conclude that food pricing strategies are a promising 
intervention tool in stimulating healthier food choices, especially among low-income 
groups. A broad mixture of pricing strategies can be considered, including taxes on 
unhealthier foods or subsidies on healthier foods. However, before food pricing 
strategies are introduced, it is of importance to consider feasibility and effectiveness 
issues carefully. This thesis aims to gain insight into the complex processes surrounding 
food pricing strategies by studying feasibility and effectiveness aspects. Findings will 
be triangulated to make robust recommendations about how food pricing strategies 
might be designed to assist in decreasing the burden of non-communicable diseases 
and improve public health. The outline of this thesis is as follows (see also Figure 1.2):

First, it is relevant to study the current food price climate in the Netherlands. Do 
healthier diets indeed cost more? Chapter 2 examines the association between energy 
density (kcal/gram) and energy costs (€/kcal) in single food items and composed 
diets. For this study we used a cross-sectional design using data from two Dutch 
cohort studies and retail food prices from the two market leader supermarkets. The 
second step was to assess the feasibility of food pricing strategies. Chapter 3 describes 
the results of a study where opinions of experts from academia, industry, retail, 
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agriculture, government, consumers and non-governmental organizations were 
systematically examined using a Delphi design. This study resulted in a list of pricing 
strategies that were viewed as feasible and potentially effective by this mixed group 
of experts. Following, it was of interest to know consumer perceptions and viewpoints 
towards the pricing strategies that resulted from the Delphi Study. For this purpose, we 
conducted a qualitative focus group study among lower SES consumers (Chapter 
4) and a supplementing quantitative questionnaire study (Chapter 5). All together, 
these studies resulted in a summation of pricing strategies that were viewed as being 
feasible and potentially effective from the viewpoint of both experts and consumers. 

The next step was to test the effectiveness of promising pricing strategies (that 
resulted from the previous studies) in stimulating healthy food purchases. Because 
supermarkets are the major point-of-purchase in the Netherlands, we wanted to test 
these strategies in a retail environment. However, the implementation of such studies 
is highly complex and costly. Therefore, we developed a three-dimensional software 
application in the image of a real supermarket: the Virtual Supermarket. Chapter 6 
describes the features of this software application, how it was designed and the results 
of a pilot study on its effectiveness. The Virtual Supermarket was then used to examine 
the effectiveness of several food pricing strategies. The conducted experiments studied 
the effects of a 25% discount on fruit and vegetables (Chapter 7); the effects of price 
increases on unhealthier foods combined with price discounts on healthier foods 
(Chapter 8) and the effects of price discounts on healthier foods combined with sales 
and health promotion signs (Chapter 9). 

For all studies we recruited Dutch adults from the general population, where Chapter 
8 and 9 specifically aimed at including consumers with a relatively low SES. The 
experiments provided important new insights into the effects of food pricing strategies 
in a retail environment. A strong point of the virtual supermarket studies was the 
internal validity due to a highly controlled environment. However, the experiments 
were conducted in a virtual setting, meaning that it was vital to validate the virtual 
supermarket results in a real supermarket environment. Therefore, the final study in this 
thesis describes the results of a randomized controlled trial in four real supermarkets 
in the Netherlands. This nine month trial (6 month intervention period) studied 
the effects of a 50% discount on fruits and vegetables and nutrition education on 
fruit and vegetable purchases and consumption (Chapter 10). In conclusion, Chapter 
11 provides a summary and synthesis of the main findings presented in this thesis. 
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Furthermore, results are put in a broader perspective and placed in the current societal 
context. Finally, future directions for research, practice and policy are provided.
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