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Abstract

Background: There is a need for accurate and precise food price elasticities (PE, change in consumer demand in
response to change in price) to better inform policy on health-related food taxes and subsidies.

Methods/Design: The Price Experiment and Modelling (Price ExaM) study aims to: I) derive accurate and precise
food PE values; II) quantify the impact of price changes on quantity and quality of discrete food group purchases
and; III) model the potential health and disease impacts of a range of food taxes and subsidies. To achieve this, we
will use a novel method that includes a randomised Virtual Supermarket experiment and econometric methods.
Findings will be applied in simulation models to estimate population health impact (quality-adjusted life-years
[QALYs]) using a multi-state life-table model. The study will consist of four sequential steps:

1. We generate 5000 price sets with random price variation for all 1412 Virtual Supermarket food and beverage
products. Then we add systematic price variation for foods to simulate five taxes and subsidies: a fruit and
vegetable subsidy and taxes on sugar, saturated fat, salt, and sugar-sweetened beverages.
2. Using an experimental design, 1000 adult New Zealand shoppers complete five household grocery shops in
the Virtual Supermarket where they are randomly assigned to one of the 5000 price sets each time.
3. Output data (i.e., multiple observations of price configurations and purchased amounts) are used as inputs to
econometric models (using Bayesian methods) to estimate accurate PE values.
4. A disease simulation model will be run with the new PE values as inputs to estimate QALYs gained and health
costs saved for the five policy interventions.

Discussion: The Price ExaM study has the potential to enhance public health and economic disciplines by
introducing internationally novel scientific methods to estimate accurate and precise food PE values. These values
will be used to model the potential health and disease impacts of various food pricing policy options. Findings will
inform policy on health-related food taxes and subsidies.

Trial registration: Australian New Zealand Clinical Trials Registry ACTRN12616000122459 (registered 3 February 2016).
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Background
There is a growing call to implement structural inter-
ventions that create a more supportive food environ-
ment for healthier food choices [1–3]. In particular,
health-related food taxes and subsidies are attracting in-
creasing research and policy attention [4]. Mexico and
Hungary have junk food taxes and a number of coun-
tries have soft drink taxes, including France and Mexico
[5, 6]. There is emerging evidence from these countries
showing that these taxes are effective [7]. A recent ob-
servational study using data on beverage purchases in
Mexico (n = 6253 households) showed an average 6 %
reduction in purchases of taxed beverages compared to
the previous year (-12 ml/capita/day) [8]. Experimental
work also suggests likely benefits of soft drink taxes [9].
Several systematic reviews examining the effective-

ness of health-related food taxes and subsidies have
recently been published [10–17]. In 2014, Thow et al.
conducted a review of the effectiveness of food taxes
and subsidies including empirical randomized con-
trolled trials, simulation modelling studies, surveys
and laboratory studies [16]. The authors concluded
that fiscal interventions can be effective in promoting
healthier food choices, and soft drink taxes and
healthy food subsidies seem most effective [16]. How-
ever, the authors note that there remains much un-
certainty about the effects of fiscal food policies,
particularly because of a lack of high quality evidence.
Randomised controlled trials (RCTs) are the gold

standard to obtain evidence on the impact of health
interventions, including food pricing strategies. How-
ever, trials are problematic to conduct when testing
strategies that affect whole populations [12]. Conse-
quently, most food pricing trials in the literature are
conducted in controlled settings such as worksite caf-
eterias or vending machines [12]. Evidence from these
studies does not provide much insight into the effects
on total household food purchases (including non-
taxed or subsidised foods), which is crucial to esti-
mate the net impact of a health-related food tax or
subsidy on health. For example, a saturated fat tax
may reduce consumption of saturated fat (as it did in
Denmark [18]), but also increase consumption of sug-
ary foods. Therefore, we need trials that capture a
broad range of food purchases, ideally supermarket
trials (as this is where people in high-income coun-
tries buy most of their food). There are some high-
quality supermarket experiments available in the lit-
erature, but these studies are limited to subsidies
[19–22], and do not report fully disaggregated
impacts on all food items.
Because food pricing RCTs are difficult to conduct,

evidence on health-related food taxes and subsidies to
date mostly relies on uncontrolled before and after

studies, natural experiments, and (most notably)
simulation modelling studies. Simulation modelling
uses econometric estimates of price elasticities (PEs)
and mathematical equations to estimate the effects of
taxes and subsidies [23–27]. PEs of demand measures
the percentage change in purchased quantity or de-
mand for a product (food) with a 1 % change in
price. Own-PE refers to changes in demand for a
food due to changes in its own price; cross-PE refers
to changes in demand for a food in response to price
changes in another food [28]. For example, increasing
the price of full-fat milk will decrease purchases of
full-fat milk (own-PEs) and may increase purchases of
low-fat milk (its substitute; cross-PE).
A recent systematic review of US studies on the

PEs for sugar-sweetened beverages, fast food, fruits,
and vegetables estimated own-PEs to be -1.21, -0.52,
-0.49 and -0.48 respectively [15]. The authors stated
that while the evidence base in this field is growing,
more studies are needed to improve the precision and
applicability of PEs. In particular, it is important to
have studies with better groupings (e.g., separate
groupings for sugar-sweetened and artificially sweet-
ened soft drinks) and that provide individual-level
data to provide evidence on differential effects across
population groups [15]. Another recent systematic re-
view aimed to combine the evidence from simulation
modelling studies and investigate the association be-
tween fiscal food pricing policies and changes in food
consumption, health and disease outcomes and poten-
tial differences between socio-economic groups [13].
An important finding of this review was the low to
moderate quality of most included studies. For ex-
ample, more than half of the identified studies did
not consider cross-PEs and none validated their
model [13].
In New Zealand, Ni Mhurchu et al. developed PEs

for 24 commonly consumed food groups using food
expenditure data from national household economic
surveys, Food Price Index (FPI) data and an Almost
Ideal Demand System (AIDS) approach [29]. The au-
thors reported own-PEs ranging from -0.44 (ready-to-
eat food) to -1.78 (poultry) which were generally
higher than those reported in other countries [15].
The authors highlighted the need for better country-
specific PEs, particularly because the available na-
tional household expenditure surveys were small
(6028 households compared to 93,000 for comparable
UK studies) and covered a relatively short time period
(four years compared to 15 years in UK studies).
Moreover, the New Zealand surveys do not record
food prices and purchase quantities therefore requir-
ing matching with FPI data to estimate the PEs which
could introduce bias [29].
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To provide good quality evidence for decision
makers on the likely impact of food price changes, we
need to measure own-PEs and cross-PEs accurately
and precisely. However, current food PEs (particularly
cross-PEs) are imprecise and impede estimation of
likely population health impacts of fiscal policies [28].
Few studies have comprehensively approached this
issue experimentally and those that have were too
small to measure own- and cross-PEs with precision
[9, 12, 20, 30]. We propose to overcome all the above
mentioned issues by employing an experimental ap-
proach to generate data on varying food price and
consumption to then feed into econometric modelling
to estimate (specific and accurate) food PEs. By using
an experimental design, we will be able to generate large
price variations for the food groupings of most relevance to
public health policy.

Methods/Design
The Price Experiment and Modelling (Price ExaM)
study aims to: I) derive accurate and precise food PE
values; II) quantify the impact of price changes on
quantity and quality of discrete food and beverage
groups and; III) model the potential health and dis-
ease impacts of these specified food taxes and subsid-
ies. To achieve this, we will use a novel combination
of methods including a virtual experiment, economet-
ric methods to estimate PEs, and public health inter-
vention modelling to estimate health gain (i.e. quality-
adjusted life-years (QALYs)) and health costs saved
using a multi-state life-table (MSLT) model. The over-
all study involves four sequential steps: selection of
fiscal policies and specification of price sets (Step 1);
randomised Virtual Supermarket (VS) experiment
(Step 2); estimation of PEs (Step 3); and estimating
health impacts of food taxes and subsidies (Step 4).
These four steps are outlined in detail below, consti-
tuting the remainder of this Study Design and
Methods section.

Step 1: Selection of food tax and subsidy policies and
specification of price sets
To generate robust PEs, there needs to be price variation
in the VS experiment (i.e. Step 2), but not so much price
variation as to be unrealistic. One could just create ran-
dom variation in all prices. However, to focus the price
variations on the ‘foods that matter most’, we undertook
a specification of the tax and subsidy policies of most
relevance to modelling for public health purposes (Step
4), and generated price sets with maximal variation
about the foods most likely to be included in tax and
subsidy interventions. This process should improve the
accuracy and precision of the own- and cross-PEs most
relevant to the selected policies.

Selection of food tax and subsidy policies
We selected five policy options: sugar tax, saturated
fat tax, salt tax, sugar-sweetened beverage (SSB) tax
and a “fruit and vegetable” subsidy (Table 1). Within
each policy option, we specified a low and high vari-
ant (e.g. a 20 % or 40 % tax), and within two of the
five food categories (i.e. SSBs and fruit and vegeta-
bles) we further specified variations of exactly what
was included (e.g., just sugary carbonated soft drinks
to all sugary drinks).

Specification of price sets
In total, we generated 5000 price sets (see Fig. 1),
from which each participant in the VS experiment
will be randomly assigned to, without replacement,
during one of their five shopping experiences. The
price sets are divided into five broad categories in
line with the five tax/subsidy policy options. Within
each price set, the price of all 1412 food products in
the VS will vary randomly, with some correlation
within food categories and independence between cat-
egories. The amount of taxes/subsidies added on top
of these price sets, in most cases, leads to larger price
variations. The variations in price for particular prod-
ucts will depend on the particular policy option. For
example, we will have more variations in SSB prices
in the SSB tax scenarios. Using this approach, Price
ExaM will provide reasonably precise PEs for any
food group which can be used to test any food pri-
cing policy, but will maximise precision about PEs for
the most likely policy options. Further details about
the procedures to generate the price sets are docu-
mented in Appendices 1 and 2.

Step 2: virtual supermarket experiment
Step 2 uses an experimental design where study par-
ticipants will be randomised to one of the 5000 price
sets developed in Step 1, at each of the five shops in
the VS (see below). The details of the experimental
phase are outlined below and in Fig. 2.

The virtual supermarket
The New Zealand VS creates a realistic three-
dimensional computer simulation of a real supermar-
ket mirroring the in-store environment of one of the
leading supermarket brands in New Zealand [31]. A
recent validation study confirmed that people’s shop-
ping behaviour in the VS was similar to that per-
formed in real life [31].
The front end of the VS contains 1412 unique food

items positioned on supermarket shelves (Fig. 3). Pho-
tographs of real products are used to compose prod-
uct images and food prices are clearly marked on the
shelves and both pop up when participants hover
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their computer mouse over a product. Behaviour in
the VS has been designed to simulate purchasing in
real life; participants navigate through the supermar-
ket with a shopping trolley using their computer
cursor keys. They select groceries by clicking on them
and the product then appears in their trolley. While
shopping, a list of selected groceries is visible, includ-
ing the price and total amount of money spent thus
far. Participants can use this list to change products
or delete them altogether from their trolley. A set of
checkouts is located at the far end of the supermarket

where participants virtually pay and leave the super-
market. The application captures all purchases made.
The VS is linked to all product information, including

food prices and nutritional composition. For this study,
all packaged products were linked to Nutritrack [32], a
database of the brand-specific nutrition information for
New Zealand packaged food products. Food composition
data for fresh foods and alcohol were derived from the
New Zealand Food Files generic food composition data-
base [33]. The 5000 price sets developed during Step 2
were all stored on a server and link to the VS using an

Table 1 The five selected food pricing policy options

Type of tax / subsidy Scenario Tax or subsidy % or
amount

Included foods/drinks

1. SSB tax a) Sweetened sugary beverage (SSB)
Tax

20 and 40 % options Sugar-sweetened carbonated soft drinks

b) SSB + sugar-sweetened (SS) fruit
drinks, SS energy drinks, SS sports
drinks tax

20 and 40 % options Above, plus:
Cordials and fruit drinks, Sports drinks, Energy
drinks, Powdered drinks

c) SSB + SS fruit drinks, fruit juices, SS
energy drinks, SS sports drinks tax

20 and 40 % options Above, plus:
Fruit Juices includes apple, orange, grapefruit,
grape etc.

d) Fizzy drink tax 20 and 40 % options Sugar-sweetened carbonated soft drinks
Sugar free carbonated soft drinks
Fizzy energy drinks

e) Tax on all sugar containing
beverages

20 and 40 % options Sugar-sweetened carbonated soft drinks
Electrolyte drink
Energy drinks
Cordial bases
Fruit drinks
Fruit/veg juice
Flavoured water
Hot drink mixes (Milo, hot chocolate, cocoa and
cereal beverages etc.)
Flavoured milk
Powdered drinks

2. Fruit and vegetable (FV) subsidy a) Fresh FV only 20 and 40 % options Fresh fruit
Fresh vegetables (excluding potato products)

b) Fresh FV + frozen 20 and 40 % options Above, plus:
Frozen vegetables (plain)
Frozen fruit

c) Fresh FV + frozen + + dried +
canned

20 and 40 % options Above, plus:
Canned legumes
Fruit in juice/syrup
Dried fruit
Canned vegetables
Corn (can)
Legumes (can)
Tomatoes (can)

3. Saturated fat tax Starting point: doubling the price of
butter

$2/100ga (low) or
$4/100 g (high) tax
options

All processed (non-fresh) foods;
excluding olive oil and avocado oil

4. Sugar tax Starting point: doubling the price of
raw sugar

$0.4/100 g (low) or
$0.8/100 g (high)

All processed (non-fresh) foods containing sugar

5. Salt tax Starting point: quadrupling the price
of raw salt (results in approximately
4 to 8 % tax on bread)

$ 0.02/100 mg
sodium (low) or
$0.04/100 mg
sodium (high) per
100 gram of product

All processed (non-fresh) foods containing salt

aAll dollar values are in New Zealand Dollar (2015 1NZ$ = 0.697US$, http://stats.oecd.org/index.aspx?queryid=169)
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Application Program Interface (API) (see more details
below).

Eligibility
Participants eligible for inclusion in the study are:
adults (18 years of age or older) with access to a
computer or laptop with an internet connection, an
email address, who are confident in basic computer
skills, speak and read English, contribute to household
grocery shopping and will be available during the
study period. Only one person per household can
participate.

Recruitment
Participants are recruited from the general New
Zealand population, using advertising in newspapers,
magazines, on social media, radio, websites, flyers
and posters, existing networks and word of mouth.
In total, we aim to randomise 1000 participants. We
will include as many Māori (indigenous New
Zealanders) as possible. We are engaging with Māori
networks to develop Māori-targeted recruitment
videos and will continue to engage with these net-
works where appropriate.

Experimental procedures
A flow diagram of the experimental phase is provided
in Fig. 2. Participants complete the entire study on-
line, using our Price ExaM website (https://diet.auck-
land.ac.nz/content/priceexam-join). The website
contains all forms (registration, consent, question-
naires), the VS software for download, and instruction
material (including manuals and videos) (Fig. 3). Fol-
lowing registration and consent, participants are able
to download the VS onto their computer. Next, they
will login with their email address. At their first login,

participants will be asked to complete a tutorial
where they must find and purchase six products in
the VS. This tutorial helps participants to become fa-
miliar with the software. After completing the tutor-
ial, participants are asked to set their shopping
budget. This budget is the approximate total amount
they can spend during each shopping task and the
amount must cover food purchases and beverages (in-
cluding alcohol) only (i.e., the VS does not contain
non-food products such as soap or toothpaste nor-
mally found in a supermarket). Previous studies re-
vealed that participants find it difficult to estimate
their weekly supermarket food purchasing budget,
therefore we provide them with a range of examples.
Participants must spend at least 50 % of their allo-
cated budget and may overspend to a maximum of
125 % to warrant a realistic shop. On each of the five
shopping occasions, participants will be instructed to
buy the groceries for their household for the coming
week just as they would in real life. They will be
asked to complete their shops roughly one week apart
from each other. We assume a five-week period is
long enough to capture staple purchases that people
might not buy every week. Participants will receive
regular automated text and email reminders during
the study to remind them about completing the vir-
tual shops and questionnaires.

Randomisation
For each of the five shops, participants will be ran-
domly allocated to one of the 5000 price sets, without
replacement, using a random number generator.
Therefore, participants do not receive price sets
within the same policy option for each shop and ran-
domisation is not stratified (i.e., it is completely
random).

Blinding
Participants will be informed that this study aims to
measure shopping behaviour. They will also be informed
that prices in the VS vary and that they are able to see
the prices when they shop. However, participants will
not be told: (i) how the prices vary; (ii) that these price
changes relate to fiscal policy options; (iii) and that the
study relates to health outcomes.

Outcome measures
The main output of the VS experiment will be the
multiple observations of price configurations and pur-
chased amounts which can then be used to calculate
three main outcomes:

A. Differences in food purchases between the broad
food pricing policy options (Table 1). The

Fig. 1 Procedure to generate 5,000 price sets for the
Virtual Supermarket
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following food purchasing measures will be
compared between the broad food pricing options
that participants have been randomised to:
a. Mean quantity (adjusted for household size) of

key nutrients, including saturated fat (g/100 g
and % energy), total sugar (g/100 g and %
energy), sodium (mg/100 g) and energy content
(total KJ and KJ/100 g) of the total shopping
basket.

b. Nutrient profiling score of the total shopping
basket calculated using the Food Standards

Australia New Zealand (FSANZ) nutrient
profiling standard [34].

c. Mean quantity (g/ml) (adjusted for household
size) of food groups most impacted by the five
fiscal food policies (e.g., SSB’s, snacks, fruit and
vegetables, etc.).

Statistical analyses will be performed by the study
statistician at the end of the experiment, using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA). All
randomised shops for all participants will be

Fig. 2 Detailed flow diagram of the price ExaM study
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included in the analysis, on an intention-to-treat basis.
Random effects mixed model will be used to test the
differences in effect of policy options on food purchase
outcomes, adjusting for important socio-demographic
variables (sex, age, and ethnicity). Correlation between
repeated shopping data collected from the same
participant will be taken into account using a random
subject effect.

B. Food price elasticities estimated using the
VS output and traditional econometric and/or
Bayesian modelling methods (see Step 3 below).

C. Health gains/losses and net healthy system costs
for each tax/subsidy policy calculated through
the BODE3 (Burden of Disease Epidemiology,
Equity & Cost-Effectiveness Programme) MSLT
“DIET” model (under development; similar to the
BODE3 Tobacco model [35]). This model esti-
mates QALYs and net health system cost impacts
arising due to changing diets that then lead to

changing disease incidence rates and then to
changing mortality and morbidity rates (see Step
4 below).

For each of the three main outcomes, we will examine
(pre-specified) interactions by important population
groups, including by ethnicity (Māori versus non-
Māori), sex and age, noting the limited power. Further-
more, we will measure price sensitivity; shoppers tend
to be heterogeneous with regard to their attention and
reaction to price and price promotions, which we will
account for in our models. Lichtenstein et al., developed
and validated a questionnaire to measure price sensitiv-
ity [36] from which we will include questions on the fac-
tors ‘value consciousness’, ‘price consciousness’ and
‘price mavenism’ (mavenism is how attuned one is to
market and price conditions). Price sensitivity questions
will be asked right before the first shop (both to meas-
ure price sensitivity and to prompt participants to focus
on food prices in the VS) and after the first and last

Fig. 3 Price ExaM Participant page and images of the virtual supermarket
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shop (where questions will be worded to reflect price
experiences during the virtual shopping task).

Ethics approval
The experimental phase began in February 2016 and
will continue for 10–12 months until recruitment
targets are reached. Ethical approval was obtained
from the University of Auckland Human Participants
ethics committee on 10/11/2015 (reference 016151)
for three years.

Step 3: estimation of price elasticities
Overview
Following the VS experiment, in Step 3, we will use
the output data (i.e. multiple observations of price
configurations and purchased amounts) as inputs to
econometric models to estimate more accurate and
precise PEs. We base our analysis on the Bayesian es-
timation approach to exploit results from the previous
literature. This method also provides us with a
powerful tool to address censoring in the data. Esti-
mation of the demand system via the Bayesian
approach requires prior assumptions about the model
parameters as an input into the estimation process.
As the PEs are a function of the parameters in the
demand models, this enables us to incorporate PEs
from the literature (The New Zealand SPEND study
[29]) as part of the prior assumptions for the model
parameters using the functional relationship between
PEs and model parameters and additional constraints
on the range.
The prior information, summarised in terms of the

prior distributions of the parameters, is combined
with the information from the data, summarised in
the likelihood, to obtain the posterior distributions of
the model parameters as well as the PEs. Point esti-
mates and standard deviations of the model parame-
ters and PEs are then computed from these posterior
distributions.

AIDS model
The empirical analysis to obtain PE estimates from the
data is based on an AIDS model [37], for example of the
following form:

wi ¼ αi þ
Xn
j¼1

γij lnpj þ βi ln
X
P

� �
þ εi ð1Þ

where: wi is budget share of good i, i = 1,..,n; pj price
of food j; X is total food expenditure; P is price

index; αi, γij and βi are parameters to estimate; and
εiis the error term.
Price elasticities (PE) are calculated as follows [38, 39].

∈ij ¼
γij−βiwj

wi
−δij ð2Þ

where: δij
¼ 1; i ¼ j
¼ 0; i≠j

�

Income elasticity is given by

ηi ¼
βi
wi

þ 1 ð3Þ

Bayesian methods
The estimation of the demand model requires an as-
sumption of prior distributions of the model parame-
ters. As is standard in the literature, normal
distributions will be assumed for the model parame-
ters, chosen partially due to their computational as-
pects. Prior means for the model parameters
informing the PEs, {βi} and {γij}, will be specified with
the help of two matrices of PE estimates from BODE3

[40] and SPEND [29], ∈ ij
BODE3 and ∈ ij

SPEND, respect-
ively. The PE matrix from BODE3 consisted of 22 food
categories with PE values adapted from the literature
for developed countries. The PE matrix from SPEND
was estimated from the Household Economic Survey
data in New Zealand for 24 food categories.
Equation (2) will be used in connection with the

PE matrices to construct priors for demand equation
parameters: αi, γij and βi in Eq. (1). Since the num-
ber of parameters to calculate is larger than the
number of prior PEs, we will also use a prior simu-
lation approach in connection with additional as-
sumptions to set reasonable prior means for all
parameters.
We will then develop an algorithm that accommo-

dates these priors and zero expenditures to estimate a
demand system using an AIDS model as detailed
from Eqs. (1, 2 and 3).
Steps to estimate the Bayesian AIDS model include:

1. Specify functional form for the demand model,
which is an AIDS equation system.

2. Convert prior PE matrices to prior mean parameters
in the demand model.

3. Use Monte Carlo simulation to draw values for the
prior parameters from specified distributions.

4. Use Bayesian approach to combine the prior
information for the parameters with the data
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from the VS experiment to obtain estimates for
these parameters based on their posterior
distributions.

5. Calculate PE values from the posterior distributions
of parameters.

Price elasticity estimation
As part of the Bayesian model estimation we will
compute point and interval estimates for PEs, both
own-PEs and cross-PEs by income level and ethni-
city. We will also calculate compensated/uncompen-
sated PEs, and conditional/unconditional PEs for a
complete food demand system. We will estimate a
standard PE matrix as in the literature; PE matrices
by specific fiscal policy; and a PE matrix for com-
bined fiscal policy analyses in this project.

Step 4: estimate health impacts from food taxes and
subsidies
Finally, in Step 4, we will run disease simulation models
(MSLT simulation models) with the two alternative
methods of capturing dietary change following taxes and
subsidies, namely:

a. Directly inputting the average amount of each food
product purchased per adult in the VS (Step 2) for
each policy option, which then flows into changes in
dietary risk factors.

b. Using the PEs from Step 3, and then merging
with a price change through to changes in food
purchases and then the same flow through dietary
risk factors.

The main output of the MSLT will be QALYs
gained and net health system costs for the five se-
lected fiscal policy options, for interventions (outlined
taxes and subsidies) and business-as-usual (BAU, no
tax or subsidy) scenarios for the entire New Zealand
population alive in 2011, simulated out until death.
This BODE3 DIET MSLT uses projected all-cause
mortality and morbidity rates by sex and age for
Māori and non-Māori in a ‘main’ lifetable. Running
alongside this main lifetable are 17 diet-related dis-
ease lifetables, where proportions of the population
simultaneously reside: coronary heart disease, stroke,
type 2 diabetes, osteoarthritis, and multiple cancers
(oesophageal, pancreatic, kidney, colorectal, endomet-
rial, lung, thyroid, liver, stomach, head and neck, gall-
bladder, ovarian and breast). The proportion of the
New Zealand population in each disease lifetable is a
function of the disease incidence, case-fatality and re-
mission (in cancers only).
The intervention effect is captured through changes

in grams of food consumed between the BAU and

intervention scenarios (either through directly input-
ting the average amount of each food product pur-
chased per adult in the VS or through PEs, as
outlined above). This will then be converted into a
change in energy, fruit, vegetables, SSBs and sodium
intake and the percentage of total energy from poly-
unsaturated fat. Energy intake will be used to calcu-
late changes in body mass index. The change in these
risk factors will then be combined with relative risks
for the associations with the various diseases through
population impact fractions (PIFs) that alter the inci-
dence of the diet-related diseases.
Each diet-related disease has incidence, prevalence

and case-fatality specified by each sex, age and ethnic
group (Māori and Non Māori) in 2011. Remission
rates were specified for cancers, but set to zero for
coronary heart disease, stroke, type 2 diabetes and
osteoarthritis as remission for these diseases is gener-
ally unlikely. Sex, ethnic and age-specific morbidity
will be calculated for each disease using the years of
life lived with disability (YLDs) from the New Zealand
Burden of Disease [41], which in turn were estimated
using disability weights from the Global Burden of
Disease 2010 Study [42].
The net health system cost (NZD) will be the net

of the intervention cost (i.e., the cost of a new law in
New Zealand requiring the tax intervention [43] or
paying for the subsidy programme) and any difference
in projected future health system expenditure result-
ing from changes in disease incidence due to the in-
terventions. Sex and age-specific health system costs
(2011 NZD), will be calculated using individually
linked data for publicly funded (and some privately
funded) health events. Building on an existing frame-
work for calculating the timing of health system costs
[44], everyone in the model will be assigned a sex
and age-specific annual cost of a citizen without a
diet-related disease and not in the last six months of
their life. Additional disease-specific excess costs will
be assigned to people in the first year of diagnosis,
last six months of life if dying of the given disease,
and otherwise prevalent cases of each disease. Costs
will be modelled over the lifetime of the cohort, in-
cluding costs related to the diet-related diseases mod-
elled and those not related to these diseases. This
means that increased longevity due to dietary inter-
ventions contributes to increased health system costs
for some cohort members.
The MSLT model is a Microsoft Excel based

macro-simulation model using an Ersatz add-in to
run the Monte Carlo simulations 2000 or more times.
Each of these simulations involves a random draw
from the probability density function about the pa-
rameters specified with uncertainty in the model. This
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results in central estimates for QALYs and costs with
associated uncertainty intervals.

Discussion
The Price ExaM study will provide high-quality evidence
on the likely impact of health-related food taxes and
subsidies by estimating precise and accurate own-PE and
cross-PE values for use in modelling studies.
Good quality own-PEs and cross-PEs are lacking in

New Zealand [29] and internationally [13, 15],
mostly due to restraints in existing modelling and
experimental methods which rely on (often weak)
observational data to estimate PEs. Price ExaM aims
to overcome these restraints by combining econo-
metric, experimental and simulation modelling
methods. To the best of our knowledge, this appears
to be the first study globally to use such a combin-
ation of methods.
A key feature of Price ExaM is the use of the VS to

objectively measure direct responses to price changes
for a wide range of food items. Previous studies relied
on household economic surveys and/or Food Price
Index data which have important limitations including
insufficient variation in price; difficulty matching food
categories between consumption and price datasets;
and statistically imprecise and unstable estimates for
foods most relevant to public health research (e.g.
cross-PEs between fruit/vegetables and foods high in
salt). By exposing 1000 study participants to five dif-
ferent price sets, having different price sets for each
participant, and by randomly varying the prices of
more than 1400 foods, Price ExaM is likely to gener-
ate a uniquely and rich database allowing us to calcu-
late PE values for many different food groupings.
Therefore, Price ExaM will not only provide high-
quality evidence on pre-selected food tax and subsidy
options (e.g., sugar tax, saturated fat tax, salt tax, SSB
tax and fruit and vegetable subsidy), but the output
can also be used to examine any other fiscal policy
impacting on food prices (for example a carbon tax
on agricultural emissions), thus offering a unique re-
source for future research.
The Price ExaM study has the potential to enhance

the public health and economic disciplines by introdu-
cing internationally novel scientific methods to estimate
accurate and precise food PEs. These data will be used
to model the potential health and disease impacts and
health costs saved of various food pricing policy options.
Findings will likely to be highly relevant to inform policy
on health-related food taxes and subsidies.

Trial status
Recruiting.

Appendix 1: procedure to generate price sets for
the virtual supermarket
The price sets used in the Virtual Supermarket are gen-
erated using the following procedures:

– Step 1: We allocate five groups of tax/subsidy
policies, with 16 policy subsets, to 5000 price sets.
The allocation of tax/subsidy policies are detailed in
Appendix 2. In summary, we allocate 60 % (3000)
of the price sets to only one policy. Namely, 15 %
(750) of the price sets have no policies turned on;
15 % SSB tax; 15 % fruit and vegetables subsidy;
10 % (250) saturated fat tax; 10 % sugar tax; and
10 % salt tax. There are 20 % (1000) of the price
sets that have two policies turned on. Finally, there
are 5 % (250) of the price sets that have three or
more policies turned on. We also create 100 price
sets as reserves (e.g. to replace an invalid shop).
These sets are randomly drawn from the above
5000 sets.

– Step 2: We create random price variations for
1412 food products in the VS. Let’s denote P as
current food price (sourced from Nutritrack [33]
2011/2012 and online supermarkets, updated for
2014).
1) Create Ratio1 for each of 21 food categories

(e.g. fruit, vegetables, bakery, etc.), randomly
selected from a uniform distribution 0.85 to
1.15.

2) Create Ratio2 for each of 1412 food product,
also randomly selected from a uniform
distribution 0.85 to 1.15.

3) Multiply the PxRatio1 × Ratio2 for all 1412
foods to create new prices (Pnew). This
results in randomly varying prices for all
foods, pre-tax/subsidy, ranging from 70 to
130 % of starting P. This allows some correl-
ation within food categories, and independence
between food categories.

– Step 3: We add tax/subsidy for each of 1412
food products by randomly drawing, without
replacement, one of the 5000 policy sets created
in Step 1. Depending on which tax/subsidy policy
is turned on, the amount of tax/subsidy for each
food products will be calculated accordingly (e.g.
by multiplying Pnew for SSBs by 1.2 if randomly
allocate to policy 1a (Appendix 2 below). That is,
denoting Pnew.ts as food price after tax/subsidy:

Pnew.ts = Pnew ×Δ tax/subsidy
Note that the ‘Δ tax/subsidy’ is not sampled from a

probability distribution, e.g. it is just ‘1.2’ for policy 1a;
Step 2 generates random variation.
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AIDS, almost ideal demand system; BAU, business-as-usual; BODE3, burden of
disease epidemiology, equity & cost-effectiveness programme; Cross-PEs,
cross-price elasticities; FPI, food price index; FV, fruit and vegetables; MSLT,
multi-state life-table; Own-PEs, own-price elasticities; PEs, price elasticities;
Price ExaM, price experiment and modelling study; QALY, quality-adjusted
life-years; RCT, randomised controlled trial; SPEND, strategic pricing: effects
on nutrition & disease study; SS, sugar-sweetened; SSB, sugar-sweetened bev-
erages; VS, virtual supermarket

Acknowledgements
We’d like to acknowledge Tijs de Kler and SURFsara Amsterdam for the
development of the VS. Furthermore, we’d like to thank Debra Warren,
Michelle Jenkins, John Faatui and Stephen Boswell for their IT and data
management support. Finally, we’d like to thank Rita George who is the
research assistant on the project.

Funding
This study is funded by a Health Research Council of New Zealand
programme grant (13/724). WEW is supported by a Heart Foundation of
New Zealand Fellowship (1570).

Availability of data and materials
Data will be presented in the main paper and/or additional supporting files
and will be made available where possible. However, because of the new

methods used in this project, we cannot yet guarantee in what format data
will be made available.

Authors’ contributions
WEW contributed to conceptualisation and design of the project, conducted
the experimental design, contributed to the design of the Virtual
Supermarket software and drafted the manuscript. TB contributed to
conceptualisation and design of the project, designed the economic and
simulation modelling methods and contributed to drafting the manuscript.
NN designed the economic and simulation modelling methods and
contributed to drafting the manuscript. CC designed the economic and
simulation modelling methods and contributed to drafting the manuscript.
HE conducted the experimental design of the project, contributed to the
design of the Virtual Supermarket software and revised the manuscript
critically for important intellectual content. MG designed the economic and
simulation modelling methods and revised the manuscript critically for
important intellectual content. NW contributed to conceptualisation and
design of the project, designed the economic and simulation modelling
methods and revised the manuscript critically for important intellectual
content. YJ contributed to the statistical design and revised the manuscript
critically for important intellectual content. BS contributed to
conceptualisation and design of the project and revised the manuscript
critically for important intellectual content. LJ designed the economic and
simulation modelling methods and revised the manuscript critically for

Table 2 Allocation of tax/subsidy policies to 5000 price sets used in the Virtual Supermarket

Tax/subsidy policies N where this only
policy (% of 5000)

N where they also have another
policy turned on (% of 5000)

No tax or subsidy 750 (15.0 %) 750 (15.0 %)

1a. 20 % tax SSB (sugar-sweetened soft drinks only) 100 (2.0 %) 173 (3.5 %)

1b. 40 % tax SSB (sugar-sweetened soft drinks only) 100 (2.0 %) 180 (3.6 %)

1c. 20 % tax SSB+ (sugar-sweetened soft drinks, sugar-sweetened fruit drinks, sugar-
sweetened energy drinks, sugar-sweetened sports drinks)

100 (2.0 %) 197 (3.9 %)

1d. 40 % tax SSB+ (sugar-sweetened soft drinks, sugar-sweetened fruit drinks, sugar-
sweetened energy drinks, sugar-sweetened sports drinks)

90 (1.8 %) 187 (3.7 %)

1e. 20 % tax SSB++ (sugar-sweetened soft drinks, sugar-sweetened fruit drinks, fruit
juices, sugar-sweetened energy drinks, sugar-sweetened sports drinks)

90 (1.8 %) 185 (3.7 %)

1 f. 40 % tax SSB++ (sugar-sweetened soft drinks, sugar-sweetened fruit drinks, fruit
juices, sugar-sweetened energy drinks, sugar-sweetened sports drinks)

90 (1.8 %) 175 (3.5 %)

1 g. 20 % tax all soda 90 (1.8 %) 201 (4.0 %)

1 h. 40 % tax all soda 90 (1.8 %) 188 (3.8 %)

2a. 20 % FV subsidy fresh 375 (7.5 %) 764 (15.3 %)

2b. 20 % FV subsidy fresh frozen 375 (7.5 %) 742 (14.8 %)

3a. SAFA tax ($2/100 g) 250 (5.0 %) 516 (10.3 %)

3b. SAFA tax ($4/100 g) 250 (5.0 %) 548 (11.0 %)

4a. Sugar tax ($0.4/100 g) 250 (5.0 %) 443 (8.9 %)

4b. Sugar tax ($0.8/100 g) 250 (5.0 %) 409 (8.2 %)

5a. Salt tax ($0.02/100 g) 250 (5.0 %) 409 (8.2 %)

5b. Salt tax ($0.04/100 g) 250 (5.0 %) 433 (8.7 %)

6. Combination of 2 policies 1000 (20.0 %) 1000 (20.0 %)

7. Combination of 3 or more policies 250 (5.0 %) 250 (5.0 %)

Totals 5000 (100 %) 7750 (155 %)

Waterlander et al. BMC Public Health  (2016) 16:601 Page 11 of 13



important intellectual content. JM contributed to the design of the Virtual
Supermarket software and revised the manuscript critically for important
intellectual content. CNM contributed to conceptualisation and design of the
project, conducted the experimental design of the project, contributed to
the design of the Virtual Supermarket software and revised the manuscript
critically for important intellectual content. All authors have read, provided
input to, and approved the final version of the manuscript.

Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
Ethical approval was obtained from the University of Auckland Human
Participants Ethics Committee on 10/11/2015 reference 016151 for three
years. All participants provide consent (through an online form) to
participate in the study.

Author details
1National Institute for Health Innovation, School of Population Health,
University of Auckland, Auckland, New Zealand. 2Department of Public
Health, University of Otago, Wellington, New Zealand. 3National Institute for
Health Innovation and Department of Epidemiology and Biostatistics, School
of Population Health, University of Auckland, Auckland, New Zealand.
4Department of Economics, University of Otago, Dunedin, New Zealand.
5Department of Epidemiology and Biostatistics, School of Population Health,
University of Auckland, Auckland, New Zealand. 6Department of Economics,
The University of Melbourne, Melbourne, VIC, Australia.

Received: 20 May 2016 Accepted: 2 July 2016

References
1. Gortmaker SL, Swinburn BA, Levy D, Carter R, Mabry PL, Finegood DT,

Huang T, Marsh T, Moodie ML. Changing the future of obesity: science,
policy, and action. Lancet. 2011;378(9793):838–47.

2. Swinburn BA, Sacks G, Hall KD, McPherson K, Finegood DT, Moodie ML,
Gortmaker SL. The global obesity pandemic: shaped by global drivers and
local environments. Lancet. 2011;378(9793):804–14.

3. Roberto CA, Pomeranz JL, Fisher JO. The need for public policies to
promote healthier food consumption: a comment on Wansink and
Chandon (2014). J Consum Psych. 2014;24(3):438–45.

4. Mozaffarian D, Rogoff KS, Ludwig DS. The real cost of food. Can taxes and
subsidies improve public health? JAMA. 2014;312(9):889–90.

5. Mytton OT, Clarke D, Rayner M. Taxing unhealthy food and drinks to
improve health. BMJ. 2012;344:e2931.

6. World Health Organization. Putting taxes into the diet equation. Bull World
Health Organ. 2016;94:239–40.

7. Colchero MA, Salgado JC, Unar-Munguia M, Hernandez-Avila M, Rivera-
Dommarco JA. Price elasticity of the demand for sugar sweetened
beverages and soft drinks in Mexico. Econ Hum Biol. 2015;19:129–37.

8. Colchero MA, Popkin BM, Rivera JA, Ng SW. Beverage purchases from stores
in Mexico under the excise tax on sugar sweetened beverages:
observational study. BMJ. 2016;352:h6704.

9. Waterlander WE, Ni Mhurchu C, Steenhuis IH. Effects of a price increase on
purchases of sugar sweetened beverages. Results from a randomized
controlled trial. Appetite. 2014;78C:32–9.

10. An R. Effectiveness of subsidies in promoting healthy food purchases
and consumption: a review of field experiments. Publ Health Nutr.
2013;16(7):1215–28.

11. Andreyeva T, Long MW, Brownell KD. The impact of food prices on
consumption: a systematic review of research on the price elasticity of
demand for food. Am J Public Health. 2010;100(2):216–22.

12. Epstein LH, Jankowiak N, Nederkoorn C, Raynor HA, French SA,
Finkelstein E. Experimental research on the relation between food price
changes and food-purchasing patterns: a targeted review. Am J Clin
Nutr. 2012;95(4):789–809.

13. Eyles H, Ni Mhurchu C, Nghiem N, Blakely T. Food pricing strategies,
population diets, and non-communicable disease: a systematic review of
simulation studies. PLoS Med. 2012;9(12):e1001353.

14. Finkelstein EA, Strombotne KL, Zhen C, Epstein LH. Food prices and obesity:
a review. Adv Nutr. 2014;5(6):818–21.

15. Powell LM, Chriqui JF, Khan T, Wada R, Chaloupka FJ. Assessing the
potential effectiveness of food and beverage taxes and subsidies for
improving public health: a systematic review of prices, demand and body
weight outcomes. Obes Rev. 2013;14(2):110–28.

16. Thow AM, Downs S, Jan S. A systematic review of the effectiveness of food
taxes and subsidies to improve diets: understanding the recent evidence.
Nutr Rev. 2014;72(9):551–65.

17. Thow AM, Jan S, Leeder S, Swinburn B. The effect of fiscal policy on diet,
obesity and chronic disease: a systematic review. Bull World Health Organ.
2010;88(8):609–14.

18. Smed S, Scarborough P, Rayner M, Jensen JD. The effects of the Danish
saturated fat tax on food and nutrient intake and modelled health
outcomes: an econometric and comparative risk assessment evaluation. Eur
J Clin Nutr. 2016. doi:10.1038/ejcn.2016.6.

19. Herman DR, Harrison GG, Afifi AA, Jenks E. Effect of a targeted subsidy on
intake of fruits and vegetables among low-income women in the special
supplemental nutrition program for women, infants, and children. Am J
Public Health. 2008;98(1):98–105.

20. Ni Mhurchu C, Blakely T, Jiang Y, Eyles HC, Rodgers A. Effects of price
discounts and tailored nutrition education on supermarket purchases: a
randomized controlled trial. Am J Clin Nutr. 2010;91(3):736–47.

21. Waterlander WE, de Boer MR, Schuit AJ, Seidell JC, Steenhuis IH. Price
discounts significantly enhance fruit and vegetable purchases when
combined with nutrition education: a randomized controlled supermarket
trial. Am J Clin Nutr. 2013;97(4):886–95.

22. Ball K, McNaughton SA, Le HN, Gold L, Ni Mhurchu C, Abbott G, Pollard C,
Crawford D. Influence of price discounts and skill-building strategies on
purchase and consumption of healthy food and beverages: outcomes of
the supermarket healthy eating for life randomized controlled trial. Am J
Clin Nutr. 2015;101(5):1055–64.

23. Briggs ADM, Kehlbacher A, Tiffin R, Garnett T, Rayner M, Scarborough P.
Assessing the impact on chronic disease of incorporating the societal cost
of greenhouse gases into the price of food: an econometric and
comparative risk assessment modelling study. BMJ Open.
2013;3(10):e003543.

24. Caillavet F, Fadhuile A, Nichele V. Taxing animal foods for sustainability:
environmental, nutritional and social perspectives in France. Ljubljana: 2014
International Congress; 2014.

25. Edjabou LD, Smed S. The effect of using consumption taxes on foods
to promote climate friendly diets - the case of Denmark. Food Policy.
2013;39:84–96.

26. Sall S, Gren IM. Green consumption taxes on meat in Sweden Working
Paper 10/2012. Uppsala: Swedish University of Agricultural Sciences; 2012.

27. Wirsenius S, Hedenus F, Mohlin K. Greenhouse gas taxes on animal food
products: rationale, tax scheme and climate mitigation effects. Clim Change.
2011;108(1-2):159–84.

28. Nghiem N, Wilson N, Genc M, Blakely T. Understanding price elasticities to
inform public health research and intervention studies: key issues. Am J
Public Health. 2013;103(11):1954–61.

29. Ni Mhurchu C, Eyles H, Schilling C, Yang Q, Kaye-Blake W, Genc M, Blakely T.
Food prices and consumer demand: differences across income levels and
ethnic groups. PLoS One. 2013;8(10):e75934.

30. Waterlander WE, Steenhuis IH, de Boer MR, Schuit AJ, Seidell JC.
Introducing taxes, subsidies or both: the effects of various food pricing
strategies in a web-based supermarket randomized trial. Prev Med.
2012;54(5):323–30.

31. Waterlander WE, Jiang Y, Steenhuis IH, Ni Mhurchu C. Using a 3D virtual
supermarket to measure food purchase behavior: a validation study. J Med
Internet Res. 2015;17(4):e107.

32. Eyles H, Neal B, Jiang Y, Ni Mhurchu C. Estimating population food and
nutrient exposure: a comparison of store survey data with household panel
food purchases. Br J Nutr. 2016;115(10):1835–42.

33. New Zealand Food Composition Database (Food Files) [http://www.
foodcomposition.co.nz/foodfiles]. Accessed March 2015.

34. Standard 1.2.7 – nutrition, health and related claims [https://www.
legislation.gov.au/Details/F2013L00054]. Accessed March 2015.

Waterlander et al. BMC Public Health  (2016) 16:601 Page 12 of 13

http://dx.doi.org/10.1038/ejcn.2016.6
http://www.foodcomposition.co.nz/foodfiles
http://www.foodcomposition.co.nz/foodfiles
https://www.legislation.gov.au/Details/F2013L00054
https://www.legislation.gov.au/Details/F2013L00054


35. Blakely T, Cobiac LJ, Cleghorn CL, Pearson AL, van der Deen FS, Kvizhinadze G,
Nghiem N, McLeod M, Wilson N. Health, health inequality, and cost impacts of
annual increases in tobacco tax: multistate life table modeling in New Zealand.
PLoS Med. 2015;12(7):e1001856.

36. Lichtenstein DR, Ridgway NM, Netemeyer RG. Price perceptions and
consumer shopping behavior: a field study. J Mark Res. 1993;30:234–45.

37. Deaton A, Muellbauer J. An almost ideal demand system. Am Econ Rev.
1980;70(3):312–26.

38. Chalfant JA. A globally flexible, almost ideal demand system. J Bus Econ
Stat. 1987;5(2):233–42.

39. Green R, Alston JM. Elasticities in aids models. Am J Agr Econ. 1990;72(2):442–5.
40. Nghiem N, Blakely T, Wilson N. NZACE-prevention team: price elasticities for

health economic modelling of food pricing interventions in Australia and New
Zealand. Wellington: Department of Public Health, University of Otago; 2011.

41. Ministry of Health. Health loss in New Zealand: a report from the New
Zealand burden of diseases, injuries and risk factors study, 2006–2016.
Wellington: Ministry of Health; 2013.

42. Salomon JA, Vos T, Hogan DR, Gagnon M, Naghavi M, Mokdad A, Begum N,
Shah R, Karyana M, Kosen S, et al. Common values in assessing health
outcomes from disease and injury: disability weights measurement study for
the Global Burden of Disease Study 2010. Lancet. 2012;380(9859):2129–43.

43. Wilson N, Nghiem N, Foster R, Cobiac L, Blakely T. Estimating the cost of
new public health legislation. Bull World Health Organ. 2012;90(7):532–9.

44. van Baal PHM, Feenstra TL, Polder JJ, Hoogenveen RT, Brouwer WBF.
Economic evaluation and the postponement of health care costs. Health
Econ. 2011;20(4):432–45.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Waterlander et al. BMC Public Health  (2016) 16:601 Page 13 of 13


	Abstract
	Background
	Methods/Design
	Discussion
	Trial registration

	Background
	Methods/Design
	Step 1: Selection of food tax and subsidy policies and specification of price sets
	Selection of food tax and subsidy policies
	Specification of price sets

	Step 2: virtual supermarket experiment
	The virtual supermarket
	Eligibility
	Recruitment
	Experimental procedures
	Randomisation
	Blinding
	Outcome measures
	Ethics approval

	Step 3: estimation of price elasticities
	Overview
	AIDS model
	Bayesian methods
	Price elasticity estimation

	Step 4: estimate health impacts from food taxes and subsidies

	Discussion
	Trial status
	Appendix 1: procedure to generate price sets for the virtual supermarket
	Appendix 2
	show [a]
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

