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ABSTRACT
Poor diet is a major risk factor for excess weight gain
and obesity-related diseases, including cardiovascular
diseases, type 2 diabetes mellitus, osteoarthritis and
several cancers. This paper aims to assess the potential
impacts of real-world food and beverage taxes on change
in dietary risk factors, health gains (in quality-adjusted
life years (QALYs)), health system costs and greenhouse
gas (GHG) emissions as if they had all been implemented
in New Zealand (NZ). Ten taxes or tax packages were
modelled. A proportional multistate life table model
was used to predict resultant QALYs and costs over the
remaining lifespan of the NZ population alive in 2011, as
well as GHG emissions. QALYs ranged from 12.5 (95%
uncertainty interval (UI) 10.2 to 15.0; 3% discount rate) per
1000 population for the import tax on sugar-sweetened
beverages (SSB) in Palau to 143 (95% UI 118 to 171)
per 1000 population for the excise duties on saturated
fat, chocolate and sweets in Denmark, while health
expenditure savings ranged from 2011 NZ$245 (95% UI
188 to 310; 2020 US$185) per capita to NZ$2770 (95%
UI 2140 to 3480; US$2100) per capita, respectively. The
modelled taxes resulted in decreases in GHG emissions
from baseline diets, ranging from −0.2% for the tax on
SSB in Barbados to −2.8% for Denmark’s tax package.
There is strong evidence for the implementation of food
and beverage tax packages in NZ or similar high-income
settings.

INTRODUCTION
Globally, there is a growing burden of obesity
and obesity-related disease.1 2 The number of
people living with obesity (defined as a body
mass index (BMI) ≥30) tripled between 1975
and 2016,3 and in 2015, there were over 100
million children and 600 million adults living
with obesity.4 Furthermore, severe obesity
(defined as a BMI ≥35 or BMI >120% of the
95th percentile for age and sex) is increasing
in children.5 6
Poor diet (containing energy-
dense
foods with high levels of sugar and fat) is

What this paper adds
⇒ This study reviews many taxes on unhealthy foods

and beverages that have been used in different
countries and models them to compare their relative
health, cost, and GHG emissions in a high-income
country - New Zealand.
⇒ The results provide simulation modelling evidence
that the implementation of of taxes on unhealthy
foods and beverages in New Zealand, or a similar
high-income setting, is likely to lead to health gains,
health system cost savings, reductions in health inequalities, and modest reductions in GHG emissions.

an important driver of the global obesity
epidemic.3 7–9 Moreover, both poor diet
and obesity are major risk factors for non-
communicable diseases, including cardiovascular diseases, type 2 diabetes mellitus,
musculoskeletal disorders (eg, osteoarthritis) and certain forms of cancer (eg,
endometrial, breast, ovarian, prostate, liver,
gallbladder, kidney and colon).3 7 10 11 Free
sugars, including those contained in sugar-
sweetened beverages (SSBs), increase the
risk of dental caries12; untreated dental caries
is one of the most common chronic health
conditions.13 The global food system is also a
driver of greenhouse gas (GHG) emissions,14
meaning changes in consumer diets (as well as
in food production methods) can contribute
to reducing GHG emissions—which in turn
can mitigate the indirect effects of climate
change back onto human health.15 16
In 2015, the WHO published guidelines
for sugar intake in adults and children.9 The
guidelines strongly recommended reducing
the intake of free sugars to less than 10%
of total energy intake in both adults and
children.9 The WHO has also specifically
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Potential effect of real-world junk food
and sugar-sweetened beverage taxes on
population health, health system costs
and greenhouse gas emissions in New
Zealand: a modelling study



METHODS
Identification of real-world taxes
The electronic databases MEDLINE and Scopus were
searched for published literature that described real-
world food and beverage taxes. Key search terms were
sugar(s) OR beverage(s) OR drink(s) OR soda OR pop
OR junk food OR saturated fat OR red meat OR processed
meat OR salt OR sodium OR ultra(-)processed OR sugar-
sweetened OR cola OR carbonated; AND tax(es) OR levy
OR levies OR tariff(s) OR excise(s) OR duty OR duties.
There were no restrictions on language or publication
dates. The literature search was conducted on 26 August
2020.
A total of 1439 articles were identified in the initial
search (526 from MEDLINE and 913 from Scopus).
20

Three hundred and eighty-four duplicates were removed.
Article titles and abstracts were assessed to determine
their relevance to the review. Articles about simulated
or proposed taxes were excluded in favour of articles
describing real-world taxes that had been implemented.
Additional reports and papers were identified through
forward and backward citation searching.
The literature revealed a diverse array of real-world
taxes from over 40 different jurisdictions (cities, states
and countries) (online supplemental table 1). Ten real-
world tax packages were selected to be examined in
simulation modelling (table 1) based on the varying tax
characteristics and modelling feasibility. Sufficient detail
was required on the food groups included in each tax.
While numerous different SSB taxes have been implemented around the world, only a few SSB taxes were
included in this study as examples. Reasons for the exclusion of specific taxes are specified in online supplemental
table 1. Tiered taxes (eg, the UK SSB levy, which taxes
beverages with different sugar contents at different rates)
could not be included due to limitations in the simulation
model’s structure. For the selected taxes, when more than
one type of tax was implemented by the same jurisdiction,
the taxes were modelled together as a single tax package.
Modelling
A dietary intervention model was used to estimate the
impact of price changes on food purchases using a NZ
specific price elasticity (PE) matrix, and then consequent
changes in dietary risk factors and BMI were estimated.
Resulting health gains (in quality-
adjusted life years
(QALYs), which are calculated from the difference in
disease morbidity and mortality between the business-
as-usual (BAU) and intervention scenarios) and health
system expenditures were estimated using an established
proportional multistate life table model (‘DIET PMSLT’).
Price changes on food purchases
The BAU diet, by sex and ethnicity (Māori, the Indigenous population of NZ, 15% of population in 2011;
and non-Māori) was extracted from the most recent NZ
National Nutrition Survey (2008/2009) and included 338
food categories.35
A 23 by 23 food matrix of own-
PEs and cross-
PEs
was produced using a linear almost ideal demand
system from a previously published food PEs matrix for
NZ.36 37 Bayesian posteriors for demand equation coefficients were generated by Nghiem et al,38 and applied by
Blakely et al.39 There was substantial heterogeneity within
the food groups included in the 23 by 23 matrix. Therefore, foods and their PEs were disaggregated to a 338 by
338 food matrix in order to align with consumption data
in the NZ National Nutrition Survey (2008/2009) and to
capture potential substitution effects.40 Relative changes
in quantity purchasing were assumed to be the same as
the relative changes in food consumption.
When applying a PE matrix from one context to
another (including over time), and for moderate or large
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recommended taxation of unhealthy foods and beverages as a tool to address obesity and non-communicable
diseases in children and adults.17 18
To date, at least 40 different jurisdictions (including
cities, states and countries) have implemented taxes on
SSB.19–21 There are a number of different types of policies
that have been implemented around the world to reduce
SSB consumption, including excise taxes (eg, Mexico,22 23
the UK,19 20 Saudi Arabia24), import bans (eg, Tokelau25)
and bans on unlimited refills (eg, France26). Caps on
serving sizes of SSBs have also been considered in some
areas (eg, New York City27).
A number of jurisdictions have also implemented taxes
on junk food or other products. For example, in addition
to an excise tax on SSB, Mexico has implemented an 8%
ad valorem tax on non-essential caloric-dense foods with
energy density ≥275 kcal/100 g.28–30 In Hungary, taxes on
pre-packaged foods high in salt, sugar or caffeine were
introduced in 2012.31–33 Denmark introduced a tax of 16
Danish Kroner per kilogram of saturated fat for products
exceeding 2.3 g saturated fat per 100 g fat in October
2011.19 21 32 Taxed products in Denmark included meat,
dairy products and animal fats, as well as vegetable
oils and fats and items containing these products.19 32
However, the tax was abolished in 2013.19 21 32
An increasing number of public health studies have
assessed the real-world impact of taxes on purchasing
and dietary intake.34 Taxes on food and beverages will
have different health impacts by context, and the habits
and culture around food and the array of food products
available vary by time and place. There is also the fundamental question of how these different policies rank in
terms of impact in any given country—a function of the
contextual factors, but also the simple percentage change
in price caused by the tax and the magnitude of disease
attributable to foods and nutrients targeted by the tax.
Therefore, this study aims to apply many tax policies used
in different countries at different times and compares
them for the first time (to our knowledge) in terms of
relative health, cost and GHG emission impacts in one
high-income country—New Zealand (NZ).
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Jurisdiction Type of tax(es)

Implementation
dates

Tax details*

Targeted food and beverage products
The tax targets SSB including any soft drink,
non-alcoholic beverage or syrup for use in the
making or preparation of soft drinks. The tax
does not include bottled water.
The tax is applied to SSB, including sodas,
sugar-sweetened juices and sugar-sweetened
sports and energy drinks. The tax does not
include 100% juices, sugar-free (diet) sodas
or sugar-free flavoured waters.

American
Samoa

Excise tax and import 2001 – present
tariff on SSB

USD 0.42/L
(NZD2011 0.56/L)

Barbados

Ad valorem tax on
SSB

September 2015
– present

10%

Bermuda

Ad valorem tax on
SSB

October 2018 –
present

50%

Denmark

(1) Excise duty on
saturated fat

October 2011 –
January 2013

DKK 16/kg saturated Tax on meat, dairy products, animal fats and
fat (NZD2011 3.08/kg vegetable oils which contain more than 2.3 g
saturated fat)
saturated fat per 100 g fat and any item which
contains these products. The tax excludes
standardised liquid milk.

 

(2) Excise duty on
1968 – present
chocolate and sweets

Dominica

(1) Excise tax on SSB

September 2015 – 10%
present

The tax is applied to SSBs, including soft
drinks (sodas), energy drinks, mineral waters
and aerated waters containing sugar or
other sweeteners, aerated beverages and
beverages containing cocoa.

 

(2) Excise tax on
foods with high sugar
content

September 2015 – 10%
present

The tax targets foods with high sugar content
including sweets, candy (lollies), chocolate
bars and chewing gum.

Finland

(1) Excise duty on SSB 1940 – present

 

(2) Excise duty on
confectionery and ice
cream

Gulf
Cooperation
Council‡

Ad valorem excise
2017§ – present
tax on carbonated
beverages and energy
drinks

2011† – January
2017

DKK 24.61/kg
(NZD2011 4.9/kg)

The tax is applied to SSB, including mineral
waters and aerated waters containing
added sugar or other sweetening matter or
flavouring, other non-alcoholic beverages and
syrups containing sugar or other sweetening
matter. Fruit and vegetable juices are exempt.

The tax is applied to chocolate and chocolate
products, liquorice products, marzipan,
sweets, effervescent products, chewing gum
and cakes with sugar content >5 g/kg.

EUR 0.220/L
The tax includes SSB and juices, and
(NZD2011 0.43/L) for sweetener-based soft drinks and waters.
SSB and juices; EUR
0.11/L (NZD2011
0.21/L) for sweetener-
based soft drinks and
waters
EUR 0.95/kg
(NZD2011 1.91/kg)

50% for carbonated
beverages;
100% for energy
drinks

The tax includes sweets, chocolate and ice
cream, but does not include cakes, muffins,
donuts, frozen desserts, breakfast cereals,
cereal bars, cookies, fruit yoghurt or dessert
yoghurts.
Tax includes energy drinks and carbonated
soft drinks (including diet beverages,
flavoured sparkling water and concentrates
and powders for making soft drinks).
Unflavoured aerated waters are excluded.
Continued
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Table 1 Details of tax packages selected for inclusion
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Jurisdiction Type of tax(es)

Implementation
dates

Tax details*

Targeted food and beverage products

Mexico

(1) Excise tax on SSB

January 2014 –
present

MXN 1/L (10%)

For SSB, a broad definition of sugar
(monosaccharides, disaccharides and
polysaccharides) including table sugar, high
fructose corn syrup and other high caloric
sweeteners was used. The tax includes soda,
juice, sports drinks, powdered drink mixes,
but dairy products are exempt.

 

(2) Ad valorem tax on
junk food

January 2014 –
present

8%

Junk food is defined as non-essential
foods with energy density ≥275 kcal/100
g, including salty snacks (eg, potato chips,
corn chips, flour chips, fried pork skin,
popcorn, crackers, peanuts and seeds,
chips and other deep-fried salted snacks),
sugar confectionery, chocolates and cocoa
products, crème caramel and puddings,
marmalades and jams (and other spreads
made from fruit or vegetables), candied fruit,
peanut and hazelnut creams and spreads,
caramel sauces, cereal-based sweet foods
(including ready-to-eat cereals with added
sugar, cookies, pre-packaged sweet bread
and cakes and cereal bars) and ice cream.

Norway

(1) Excise tax on SSB

1981 – present

NOK 3.51/L
(NZD2011 0.47/L)
for prepared
soda products;
NOK 21.35/L
(NZD2011 2.85/L)
for concentrates
(syrups) with added
sugar; NOK 1.76/L
(NZD2011 0.24/L)
for juices and
syrups based on
fruits or vegetables
without added
sugar; NOK 10.67/L
(NZD2011 1.43/L) for
concentrates without
added sugar

The tax targets SSB, including prepared soda
products, concentrates (syrups) with and
without added sugar and juices and syrups
based on fruits and vegetables without added
sugar.

 

(2) Excise tax on
chocolate and sugar
products

1922 – present

NOK 21.22/kg
(NZD2011 2.84/kg)

Palau

Import tax on SSB

September 2003 – USD 0.28/L
present
(NZD2011 0.37/L)

The tax is applied to candy (lollies), chocolate
and sugar products (eg, pastilles, bubble
gum, sweets, caramels, chocolate (bars,
figures, boxes) and liquorice).
The tax is applied to SSB, and specifically
includes imported carbonated soft drinks.

*Tax rates shown are most recent rates for taxes that have changed over time.
†Date of reintroduction, previously in place from 1926 to 2000.
‡Gulf Cooperation Council members include Saudi Arabia, the United Arab Emirates, Bahrain, Qatar, Oman and Kuwait.
§Each member state had a different implementation date, the earliest was June 2017.
DKK, Danish Krone; EUR, Euro; MXN, Mexican Peso; NOK, Norwegian Krone; NZD, New Zealand dollar; SSB, sugar-sweetened beverages;
USD, United States Dollar.

taxes, one may breach the econometric assumptions
inherent in PEs. This may lead to implausible changes in
total food purchasing and therefore implausible changes
in modelled energy intake and BMI. One way to address
22

this is to treat all food as a single item with its own total
food expenditure elasticity (TFEe), and use this to scale
the total household expenditure after a first step application of the PE matrix.
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Changes in diet and risk factors
The nutrient content of each of the 338 food groups was
calculated using the NZ food composition tables using the
matching schema carried out by the NZ National Nutrition Survey (2008/2009). The nutrient content of all
food items consumed within each of the 338 food groups
was weighted by the grams of each food item consumed
over the total number of grams consumed within each
food group for the survey population. Food composition
data for energy, polyunsaturated fat and sodium, as well
as food group intake data for fruit, vegetables, SSB, red
meat, processed meat and nuts and seeds were used as
risk factors in the model. Change in BMI was estimated
from the change in energy intake.42 The change in dietary
risk factors was the difference in food and nutrient intake
from baseline to the different tax scenarios modelled.
Epidemiological and expenditure modelling
A dietary proportional multistate life table43 44 was used
to estimate the difference in QALYs and health system
expenditures between the BAU diet for each sex-
by-
ethnicity-by-age cohort and selected interventions based
Grout L, et al. bmjnph 2022;5:e000376. doi:10.1136/bmjnph-2021-000376

on real-world food and beverage taxes. Future all-cause
mortality and morbidity, and incidence and case-fatality
rates for 18 diet-related diseases were projected. Specifically, the model included coronary heart disease, stroke,
osteoarthritis, diabetes and multiple forms of cancer
(endometrial, head and neck, kidney, liver, lung, oesophageal, pancreas, stomach, thyroid, colorectal, breast,
ovarian and gallbladder), as well as dental caries.40 These
chronic diseases, with the exception of dental caries,
were included in the model because they were included
as related to specific dietary risk factors in the Global
Burden of Disease (GBD) study.45 The relative risks of diet
to disease associations are presented in online supplemental tables 2–7. The entire NZ population alive in 2011
(n=4.4 million) was modelled out to death or until the
year 2121 in the DIET PMSLT. The 2011 population has
been used in prior NZ research, and continued use of this
population allows for the comparison of interventions
across the same cohort. For each disease, the general
modelling approach was that raw estimates of prevalence,
incidence and case-fatality rate were determined by sex,
ethnicity and age group from linked health records
for all NZ citizens. Incidence alone was modelled for
dental caries. Baseline input parameters, and the uncertainty around the parameters, used in the modelling are
presented in online supplemental table 8. Coherent sets
of prevalence, incidence and case-fatality rate (and remission for cancers) were then estimated using DISMOD,46
an epidemiological calculator, before inputting as BAU in
the DIET PMSLT.
In each annual cycle of the model, disease-
specific
excess expenditure was assigned to prevalent or incident disease cases and a background health expenditure
was assigned to all living simulants. Health expenditure
was then calculated under both BAU and intervention
scenarios, with the difference ascribed to the respective
tax scenarios. Specifically, five types of health system
costs were accounted for in the DIET PMSLT model: (i)
the annual cost to the NZ health system for being alive
and not in the last 6 months of life and not concurrently
alive with one of the modelled diseases (all members of
the cohort are assigned this cost; it is the base cost); (ii)
excess cost for being in the last 6 months of life if dying
of a disease other than one of the modelled diseases; (iii)
excess cost for being in the first year of diagnosis of a diet-
related disease, linked to disease incidence; (iv) excess
cost for being alive with a diet-related disease (although
neither in the first year of diagnosis nor in the last 6
months of life if dying of that disease), linked to disease
prevalence; and (v) excess cost for being in the last 6
months of life if dying of a diet-related disease, linked to
disease mortality. These costs were sourced from the NZ
HealthTracker database for all diseases except diabetes
and dental caries; diabetes was sourced through the
Virtual Diabetes Register and dental caries through a
weighted estimate of published treatment costs, which
was linked to the incidence of dental caries. Further
details and equations for how these costs were calculated
23
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For example, for a TFEe of 0.75 (ie, for each 1%
increase in total food prices, consumers increase their
expenditure on food by 0.75%) there is a partial compensation, presumably at the expense of some other aspect
of the household budget (eg, reduced heating). In this
example we evenly rescale all food purchasing to achieve
a 0.75% increase in expenditure for each 1% increase in
the total price of food. Beverages can be considered an
overlapping but separate system to foods. The cross-PE
between foods and beverages are less on average than
between different foods. Moreover, small changes in
cross-PE between foods and beverages can have disproportionate impacts on beverage consumption. One way to
handle this issue is to apply a TFEe to foods only, leaving
beverages unscaled (see ‘Scenario analyses’ section).
However, the main results in this study are presented
without a TFEe, as changes in the price indices from the
modelled tax packages were small enough that they were
likely to fall within the range that we would expect the
PEs to capture naturally (ie, the majority were <2%, which
is roughly similar to NZ inflation rates). This approach is
similar to that of Cobiac et al’s modelling study of dietary
taxes and subsidies in Australia,41 in which the magnitude
of a combination of five taxes and subsidies was scaled to
have a negligible effect on average weekly food expenditures (defined by a maximum change of 1%), and the
expenditure effect of any single tax or subsidy did not
exceed 1%. However, the study examined both taxes
and subsidies and therefore the change in expenditure
or price index could be cancelled out. For this modelling study, focusing on taxes alone, a threshold of 2% was
considered acceptable. For taxes with a change in price
index over 2%, more attention should be paid to the
scenario analysis where TFEe was applied to foods only
(see ‘Scenario analyses’ section below).



GHG emissions
A NZ-
specific food emissions database assembled and
described by Drew et al50 was used to estimate the total
change in daily per capita diet-related emissions associated with each tax package. GHG emissions were based
on NZ-specific life cycle-assessments where possible (a
database that provides per-kilogram cradle to point-of-
sale emissions for food groups in the UK51 was used when
NZ-specific estimates were unavailable, in approximately
75% of food groups), and were estimated for each of the
338 food groups in the dietary intervention model. When
a tax changes purchases of these food groups, this change
flows through to the change in GHG emissions associated
with daily consumption.
Scenario analyses
In a scenario analysis, the model was also run with total
food expenditure (but not beverages) constrained using
a TFEe in order to avoid potential underestimation or
overestimation of post-intervention food purchasing.52
The TFEe (0.75) was derived from NZ studies.53 54 Results
for this scenario are presented in online supplemental
table 9 and are shown in comparison with the results
without a TFEe adjustment in online supplemental
figure 1.
In addition, an equity adjustment was applied to the
results that set background morbidity and mortality rates
for Māori to non-Māori values. This modelling technique
is routinely used to avoid the undervaluation of health
gains and to identify potential health equity impacts for
Māori.55
24

RESULTS
Table 2 shows the change in dietary risk factors, and
price index post-tax, while table 3 shows the change in
the consumption of different food groups. Changes in
dietary risk factors were largely in the expected direction.
All of the modelled taxes that targeted SSB (ie, American Samoa, Barbados, Bermuda, Dominica, Finland, the
Gulf Cooperation Council, Mexico, Norway and Palau)
achieved decreases in SSB consumption. Additionally,
the modelled taxes that targeted sugary foods and sweets
(ie, Denmark, Dominica, Finland, Mexico and Norway)
each achieved a decrease in the consumption of sugar
and sweets (table 3). Denmark and Mexico’s tax packages targeted a broader array of foods than the other
taxes modelled and therefore resulted in changes in
consumption for more food groups. For example, there
was an increase in the consumption of ‘other drinks’ associated with Denmark’s tax package. This change largely
represents an increase in water consumption due to small
cross-PEs with multiple other food categories. All of the
tax packages reduced BMI and increased the total food
price index (table 2).
Figure 1 shows health gains expressed as QALYs per
1000 in the population for the tax interventions at a 3%
discount rate over the remaining lifespan of the NZ population, as well as at 10 years and 20 years post intervention. QALYs ranged from 12.5 (95% uncertainty interval
(UI) 10.2 to 15.0; 3% discount rate) per 1000 population
for the import tax on SSB in Palau and 14.3 (95% UI 11.7
to 17.4) per 1000 population for the ad valorem tax on
SSB in Barbados to 65.5 (95% UI 53.9 to 78.8) per 1000
population for the ad valorem tax on SSB in Bermuda and
143 (95% UI 118 to 171) per 1000 people for the excise
duties on saturated fat, chocolate and sweets in Denmark.
Figure 2 shows per capita health system expenditure
savings (3% discount rate; lifetime horizon, 10-
year
impact and 20-year impact post intervention). Reductions
in health system costs reflected the patterns of health
gain, with health expenditure savings ranging from
NZ$245 (95% UI 188 to 310) per 1000 population for the
Palau import tax to NZ$2770 (95% UI 2140 to 3480) per
1000 population for Denmark’s excise duties.
Table 4 shows estimated QALYs gained by ethnicity-sex
groups and cost savings, as well as results in per capita
terms (3% discount rate, lifespan horizon). Absolute
health gains were higher in men compared with women.
When considering ethnic inequalities, Māori make up
only 15% of the total population in NZ, but approximately one-third of QALYs gained occurred in the Māori
population and per capita health gains were consistently
higher for Māori than for non-Māori across all tax interventions. The ratios of age-standardised per capita QALYs
for Māori versus non-Māori ranged from 1.5 for the excise
duties on saturated fat, chocolate and sweets in Denmark
to 3.2 for the Gulf Cooperation Council ad valorem excise
tax on carbonated beverages and energy drinks. Health
gains for Māori increased by between 24.6% and 29.3%
Grout L, et al. bmjnph 2022;5:e000376. doi:10.1136/bmjnph-2021-000376
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are described in a technical report.47 The intervention
cost is the cost of a law (NZ$3.5 million, 95% UI NZ$2.0
to NZ$6.2 million48).
To generate intervention effects, the price induced
changes in diet were translated into changes in dietary
risk factors (food groups and nutrients). A potential
impact fraction (PIF) was calculated using the BAU and
intervention dietary risk factor levels, and relative risks
(from the GBD) of the dietary risk factor onto paired
diseases. These PIF resulted in changes in disease incidence rates that over time impacted total mortality and
morbidity rates in the population. Monte Carlo simulation (2000 iterations) was used to estimate uncertainty
intervals for the QALY and health system cost estimates.
Time lags, with uncertainty, were applied to the PIF to
reflect a more realistic estimate of how long it takes for
changes in risk factor exposure to impact on disease incidence: 1–5 years for cardiovascular disease, diabetes and
osteoarthritis; and 10–30 years for cancers. QALYs and
costs are presented discounted at 3% per year in line with
recommendations,49 and in accordance with prior NZ
research.
Checking and validation of the epidemiological aspects
of the DIET PMSLT is described in a separate technical
report.40
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chocolate and sugar products
Palau – import tax on SSB
0.0

0.1

0.1

0.1

0.0

0.0

0.1

−0.1

0.1

0.0

0.0

−0.3

0.2

−13.0

−12.9

−14.1

−65.3

−18.9

−11.7

0.4

−56.1

−14.8

−18.9

∆SSB
(g/day)

0.00

−0.01

−0.02

−0.02

−0.01

0.00

−0.08

−0.02

0.00

−0.01

0.0

0.1

0.0

0.1

0.0

0.0

0.0

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

−0.5

0.0

0.0

0.0

0.0

0.1

0.1

0.0

0.1

0.1

−1.4

0.0

0.0

0.0

0.0

0.0

−0.7

0.0

0.0

0.0

−0.1

0.0

0.0

0.0

∆ Red
∆ Nuts and
meat
∆ Processed seeds (g/
(g/day) meat (g/day) day)

*The average effect of the tax has been applied to the diet of the average person (Māori male, Māori female, non-Māori male, non-Māori female), as price elasticities take into account the lack
of effect on some individuals.
†Using Bayesian price elasticity.
BMI, body mass index; SSB, sugar-sweetened beverages .

−0.15

0.0

0.1

0.1

0.0

0.1

∆ Vegetables
(g/day)

∆ Poly
unsaturated fat
∆ Sodium intake (% total
(g/day)
energy)
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−0.09

−0.90

2.5%

Denmark – excise duties on
saturated fat, chocolate and sweets

−0.31

0.0

−0.06

1.8%

0.0

∆ Fruit
(g/day)

−0.14

Bermuda – 50% ad valorem tax on
SSB

American Samoa – excise tax and 0.8%
import tariff on SSB
Barbados – 10% ad valorem tax on 0.3%
SSB

Population
weighted price ∆ BMI
index after tax† (kg/m2)

Change in food price index and dietary risk factors* used for health and health system costs modelling for tax policies

Tax package

Table 2
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0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.1
0.1
0
0
0
0
0
0
−19.0
−146.2
0

Grains and pasta

Bread

Breakfast cereals

Biscuits

Cakes and muffins

Bread based dishes

Puddings/desserts

Milk

Dairy products

Cheese

Butter and margarine

Fats and oils

Eggs and egg dishes

Beef and veal

Lamb/mutton

Pork

Poultry

Other meat

Sausage and processed meats

Pies and pasties

Fish/seafood

Vegetables

Potatoes, kumara and taro

Snack foods

Fruit

Nuts and seeds

Sugar/sweets

Soups and stocks

Savoury sauces and condiments

Regular soft and energy drinks

Other drinks*

Snack bars

0

−39.7

−14.8

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Barbados

0

−303.1

−56.5

0

0

0

0

0.1

0

0.1

0.2

0

0

0

0

0

0

0

0

0

0

0

0

0

−0.1

0

0

0

0

0

0

0

Bermuda

0

84.2

0.4

−0.9

−2.0

−3.3

−0.3

0.1

−0.1

−1.2

−0.3

−0.1

−0.2

−0.5

0

−0.3

−0.1

−0.1

−0.3

0

0

−1.3

−0.5

−0.6

−0.1

−7.3

−1.9

−8.2

−3.6

−7.9

0

1.3

Denmark

0

−52.6

−11.7

−0.1

0

−1.4

0

0

0

0

0

0

0.2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

−0.1

0

0

0

0

Dominica

0

−90.2

−19.0

0

0

−1.0

0

0

0

0

0

0

0.2

0

0

0

0

0

0

0

0

0

0

−0.5

0

0

0

0

0

0

0

0

Finland

0

−287.4

−65.2

0

0

0

0

0.1

0

0.1

0.1

0

0

0

0

0

0

0

0

0

0

0

0

0

−0.1

0

0

0

0

0

0

0

Gulf Cooperation Council

*Includes diet soft drinks, cordials and fruit juices, vegetable juices, sports drinks, powdered drinks, sweetened waters and other non-alcoholic beverages.

American Samoa

Change in quantity post-tax (g)

Change in daily food group consumption for tax policies

−0.3

−28.6

−14.0

−0.1

−0.4

−1.8

−0.5

0

−0.3

−0.4

−0.1

0

0.5

0

0

0

0

0

0

0

0

−0.3

0

−1.1

0

−0.9

−0.4

−2.1

−1.0

−1.6

0

0.4

Mexico

0

−165.7

−12.9

−0.1

0

−1.5

0

0

0

0.1

0.1

0

0.2

0

0

0

0

0

0

0

0

0

0

0

0

0

0

−0.1

−0.1

0

0

0

Norway

0

−74.7

−13.0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

Palau
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with the application of an ‘equity adjustment’ (ie, non-
Māori mortality and morbidity rates used for Māori).
Table 5 shows the estimated total change in per capita
and total daily GHG emissions associated with each tax
package. In the main analysis, all of the modelled taxes
resulted in potential GHG emission savings. Following
the pattern of health gains and cost-savings, Denmark’s
tax package resulted in the largest decrease in GHG emissions, followed by Bermuda’s tax on SSB. These results
reflect the small changes in consumption across various
food groups (table 3).
DISCUSSION
Main findings and interpretation
The potential impacts of real-world food and beverage
taxes on change in dietary risk factors, health gains, health
system costs and diet-related GHG emissions in NZ were
assessed. The lowest health gains (in QALYs) were 12.5
(95% UI 10.2 to 15.0; 3% discount rate) per 1000 population for the import tax on SSB in Palau and 14.3 (95% UI
11.7 to 17.4) per 1000 population for the ad valorem tax
on SSB in Barbados, both of which just impacted on SSB
intake (table 3) with small estimated resultant changes in
population BMI (table 2). The greatest health gains were
143 QALYs (95% UI 118 to 171; TFEe adjusted=57.9)
per 1000 population for the excise duties on saturated
fat, chocolate and sweets in Denmark, which impacted on
Grout L, et al. bmjnph 2022;5:e000376. doi:10.1136/bmjnph-2021-000376

the intake of many food groups (table 3) with a larger
resulting change in population BMI (table 2). Health
expenditure savings ranged from NZ$1.1 billion (95% UI
0.8 to 1.4 billion) to NZ$12.2 billion, (95% UI 9.4 to 15.3
billion), respectively. Most of the estimated health impact
of the real-world taxes was through reductions in BMI,
which accounted for approximately 80% or more of the
total results.
All of the modelled taxes that targeted SSB (ie, American Samoa, Barbados, Bermuda, Dominica, Finland, the
Gulf Cooperation Council, Mexico, Norway and Palau)
achieved decreases in SSB consumption. Different
definitions of SSBs for each tax policy played a role in
the variation in the amount of health gain seen. Some
interventions only targeted carbonated beverages (eg,
Palau), while other interventions expanded the definition to include energy drinks, sports drinks, fruit juices
and/or other non-
alcoholic beverages (eg, American
Samoa). Generally, the wider the definition of SSBs
used, the larger the health gains associated with the tax
policy. However, for certain tax policies, the definitions
of food groups or beverages were not clearly detailed in
the literature. For example, it was unclear whether the
SSB taxes in American Samoa and Dominica included
milkshakes or flavoured milks. Therefore, for this study,
it was assumed that such beverages were not included
in the respective taxes, as noted in table 4. Health gains
27
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Figure 1 Health gains in QALYs per 1000 population for tax policies at a 3% discount rate with 95% uncertainty intervals in
2011. QALYs, quality-adjusted life years.
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would have been slightly higher if these beverages had
been included.
The modelled taxes that targeted foods (ie, Denmark,
Dominica, Finland, Mexico and Norway) all included
sugary foods and sweets in their targets, and each achieved
a decrease in the consumption of sugar and sweets
(table 3). Mexico’s junk food tax also targeted a number
of other food groups, including salty snacks. When
modelled, the tax package achieved a small decrease in
daily sodium intake (table 2) as well as a decrease in the
consumption of snacks (table 3). Generally, Denmark and
Mexico’s tax packages targeted a broader array of foods
than the other taxes modelled and therefore resulted in
changes in consumption for more food groups. However,
both tax packages might also result in unfavourable
changes in a number of dietary risk factors through
substitution effects. For example, Mexico and Denmark’s
tax packages resulted in small decreases in daily vegetable intake and Denmark’s tax package resulted in a
small increase in SSB consumption (table 2). In addition,
Denmark’s saturated fat tax had a very small impact on
red and processed meat intake because the tax level on
specific food groups within these larger meat categories
were quite low.
All of the modelled tax policies were cost-saving and
would potentially result in higher health gains for Māori
than for non-Māori (ie, reduce inequalities for a population with higher dietary-related diseases). Assuming that
the modelled tax interventions are equally effective for
28

Māori and non-
Māori, the estimated age-
standardised
health gain ranged from 1.5 times higher for Māori than
non-Māori for the excise duties on saturated fat, chocolate and sweets in Denmark to 3.2 times higher for
the Gulf Cooperation Council ad valorem excise tax on
carbonated beverages and energy drinks. We suggest that
this inequality reduction would apply to other societies
for social group comparisons where disadvantaged populations have higher rates of dietary-related diseases.
Previous studies have raised concerns that taxing
certain food products may result in an adverse impact on
health through substitution effects between food groups.
For example, it has been suggested that a standalone tax
on saturated fat (eg, Denmark’s excise duty) may result
in increased cardiovascular disease and cancer deaths
through increased salt intake.56 57 While in this modelling
study Denmark’s tax package resulted in a small decrease
in estimated daily sodium intake, the simulations suggest
that there may be other small adverse substitution effects
(ie, decreased vegetable intake; table 2), although the
results suggest that net health gains are still likely. By
comparison, a study that measured the effect of randomly
assigned food price variations on consumer purchasing
in NZ, found that a saturated fat tax (analysed using an
average of low and high price change options: NZ$2 per
100 g or NZ$4 per 100 g) resulted in important substitution effects, including an increase in fruit and vegetable
purchases as a percentage by weight of all food purchases
(4.0%, 95% CI: 0.9% to 7.1%), but also an increase in
Grout L, et al. bmjnph 2022;5:e000376. doi:10.1136/bmjnph-2021-000376
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Figure 2 Health system expenditure savings per capita for tax policies at a 3% discount rate with 95% uncertainty intervals.
Cost savings are in 2011 NZ dollars. NZ, New Zealand.

Māori
QALYs gained

Non-Māori

QALYs gained

29

43 600
150.7 (192.8)

59 900

47.6 (62.7)

 Women

 Per capita (QALYs/1000
people and $)

46 200 (38 800 to 54 600)
25 200
21 000

133 400 (108 700 to 161 100)

71 000
62 400

 Sex groups combined
 (95% UI)

 Men
 Women

Norway – excise taxes on SSB, chocolate and sugar products

32 400
27 000

59 300

114.5 (148.1)

37 800

29 300
88.6 (114.2)

84 100

48.0 (62.6)

39 400

77 200

193.4 (248.5)

56 100

74 200

130 400

30 500

 Women

95 000

 Men

59 700 (49 700 to 71 200)

 Per capita (QALYs/1000
people and $)

179 100 (141 400 to 221 300)

Mexico – excise tax on SSB and 8% ad valorem tax on junk food

58 000

111 400

 Men

101 600 (85 500 to 119 600)

171 300 (139 300 to 209 100)

Gulf Cooperation Council – ad valorem excise tax on carbonated beverages and energy drinks

 Sex groups combined
 (95% UI)

199.0 (256.2)

56 000

43 300
154.5 (198.1)

67 700

49.4 (64.5)

78 200

134 200

259.3 (337.8)

332 200

96 300
83 400

179 600 (147 700 to 214 000)

54.2

113 400

125 400

238 800 (192 000 to 291 000)

61.9

103 600

169 400

272 900 (226 500 to 326 000)

65.5

111 000

177 600

288 600 (237 500 to 347 200)

142.9

297 500

$1.9
$1.6
Continued

$3.5
(2.8 to 4.5)

1083

$2.2

$2.6

$4.8
(3.7 to 6.1)

1212

$2.0

$3.4

$5.3
(4.1 to 6.8)

1278

$2.1

$3.5

$5.6
(4.4 to 7.2)

2769

$5.7

$6.5

$12.2
(9.4 to 15.3)

Cost savings
(2011 NZ$ billion)
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 Sex groups combined
 (95% UI)

87 200
87 700

60 800

 Women

116 800

 Men

 Per capita (QALYs/1000
people and $)

184 400 (148 500 to 225 400)

 Sex groups combined
 (95% UI)

104 100 (87 400 to 122 900)

197.7 (256.9)

133.1 (171.9)

 Per capita (QALYs/1000
people and $)

Bermuda – 50% ad valorem tax on SSB

66 300
67 000

265 900

230 500

 Men

 Women

629 700 (518 100 to 752 000)

QALYs gained

Equity analysis
QALYs gained*
174 800‡

Ethnic groups combined

Māori

Health impacts (in QALYs) and health system costs for tax policies, for the NZ population alive in 2011 (lifetime horizon) with 3% discount rate

Denmark – excise duties on saturated fat, chocolate and sweets
496 500 (401 900 to 599 700)
133 300 (112 800 to 157 100)
 Sex groups combined
 (95% UI)†

Table 4
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Continued

QALYs gained
68.6 (88.2)

QALYs gained

35.8 (46.3)

64.4 (82.6)

82.2 (105.9)

25 300

30 100

55 400

Palau – import tax on SSB
 Sex groups combined
 (95% UI)

35 300 (28 600 to 43 300)

19 500 (16 200 to 23100)

24 300

41.6 (53.1)

10 900

8700
33.2 (42.3)

14 400

10.9 (14.3)

17 200

28 000

46.3 (59.5)

14 900

16 300

31 200

13 700

 Women

26 100

 Men

 Per capita (QALYs/1000
people and $)

40 600 (32 700 to 49 900)

 Sex groups combined
 (95% UI)

22 400 (18 500 to 26 700)

36.6 (46.8)

15.9 (20.7)

 Per capita (QALYs/1000
people and $)

Barbados – 10% ad valorem tax on SSB

13 000
11 700

33 500

25 900

 Men

24 700 (20 500 to 29 200)

59 400 (47 600 to 72 600)

 Women

 Sex groups combined
 (95% UI)

Dominica – excise taxes on SSB and sugary foods (not including milkshakes and flavoured milks)

80.1 (103.1)

23 200

18 200
63.0 (80.7)

32 700

22.3 (29.0)

 Women

 Per capita (QALYs/1000
people and $)

30 800

24 200

50 400

 Men

54 000

42 400 (35 700 to 50 600)

83 100 (67 200 to 102 200)

 Sex groups combined
 (95% UI)

54 900 (44 900 to 66 000)

14.3

23 100

39 900

63 000 (51 600 to 76 000)

19.1

37 600

46 500

84 100 (68 800 to 101 000)

28.5

50 900

74 600

125 600 (103 500 to 153 000)

31.3

59 800

78 200

137 900 (113 100 to 165 000)

40.8

QALYs gained

Equity analysis
QALYs gained*
88.0 (113.7)

Ethnic groups combined

Māori

American Samoa – excise tax and import tariff on SSB (not including milkshakes and flavoured milks)

25.3 (32.9)

 Per capita (QALYs/1000
people and $)

19 800

23 700

54 500

40 000

 Men

43 400 (36 400 to 51 100)

94 500 (75 900 to 114 900)

 Women

 Sex groups combined
 (95% UI)

Finland – excise duties on SSB, confectionery and ice cream

Māori

Non-Māori

Continued

$1.1
(0.8 to 1.4)

284

$0.5

$0.8

$1.3
(1.0 to 1.6)

377

$0.7

$0.9

$1.7
(1.3 to 2.1)

558

$1.0

$1.5

$2.5
(1.9 to 3.1)

614

$1.1

$1.6

$2.7
(2.1 to 3.4)

799

Cost savings
(2011 NZ$ billion)
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 Per capita (QALYs/1000
people and $)
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*QALY gains in the equity analysis were calculated using non-Māori background morbidity and mortality rates.
†95% UI: 95% uncertainty interval.
‡Expected value analysis (ie, 95% UIs are not available for the equity analysis estimates).
NZ, New Zealand; QALYs, quality-adjusted life years ; SSB, sugar-sweetened beverages .

$0.7

$0.4
245
20 300
12.5

34 500
14 600

9800
36.1 (46.1)

11 700

7800
29.0 (36.8)

22 800

12 500
9.5 (12.4)

 Men

 Women
 Per capita (QALYs/1000
people and $)

QALYs gained
Equity analysis
QALYs gained*
QALYs gained
QALYs gained

Ethnic groups combined
Māori
Māori
Non-Māori
Continued
Table 4
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sugar as a per cent of total energy (5.0%, 95% CI: 2.1%
to 7.9%).58 A previous health economic modelling study
that used an earlier version of the same PMSLT model
used in the current study to compare the effects of food
subsidies and taxes in NZ also found substitution effects
for a saturated fat tax (set at a level to achieve a 3.4%
increase in the food price increase, equating to US$1.27
per 100 g saturated fat), with beneficial increases in fruit
and vegetables and a decrease in salt, as well as a deleterious reduction in polyunsaturated fatty acids (PUFA).39
Additionally, an 8% junk food tax (designed to emulate
the junk food tax implemented in Mexico) had modest
substitution effects, including a beneficial increase in
vegetables and decreases in saturated fat and sugar, along
with a deleterious reduction in PUFA.39 While our simulation model was unable to account for substitutions within
a food group, such as switching to a cheaper version of a
product within the same food group with a worse nutrient
profile (eg, switching to a higher sugar variety of SSB
under a volume-based tax measure as compared with tax
based on sugar content), the disaggregation to 338 food
groups is a strength of the model and helps to limit the
possibility of such substitutions within food groups.
A strength of modelling real-world tax policies is that, in
some cases, it is possible to compare the modelled results
to actual post-tax changes in consumption of targeted
foods and beverages. In Mexico, a study that used time
series data on the weekly purchases of Mexican households to estimate changes in the purchase of calories
from taxed foods and beverages associated with the introduction of the tax package, reported an 8.5% decrease
in the purchase of calories from taxed beverages and a
5.4% decrease in the purchase of calories from taxed
foods from 2013 (pre-tax) to 2014 (post-tax).59 However,
the study also reported a 3.7% increase in the purchase
of total calories, along with increases in the consumption
of certain nutrients including a 5.8% increase in sodium
(figure 3) over the same period after accounting for time
trends,59 likely due to substitution effects. The study used
an event study design,59 which exploits the exact date on
which the taxes came into effect, but only allows for the
examination of short-term changes in calorie consumption. A more recent study, which used longitudinal data
from Mexican households in fixed effects models to estimate changes in kilocalories (Kcal) of beverage purchases,
observed a reduction of 18 Kcal per capita per day
(−21%) from purchases of taxed beverages from 2012 to
2016 (figure 3).60 Several other studies have also reported
similar decreases in per capita purchases or consumption of taxed food and beverages in Mexico.29 30 61 In line
with these reported post-tax changes, the simulations in
our study suggest that a decrease in SSB intake (−13.0 g
per capita per day (−1.7%)) and a very small decrease
in sodium intake (−0.02 g/day (−0.001%)) might be
expected if Mexico’s tax package was implemented in NZ
(figure 3). The model also suggests a reduction in energy
intake of 14 Kcal per capita per day (population weighted
(−12.1%)) from purchases of taxed beverages (figure 3).
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Tax package

Daily per capita change in Total daily change in GHG
GHG emissions (kg CO2e) emissions (ton CO2e)

Denmark − excise duties on saturated fat, chocolate and sweets
Bermuda − 50% ad valorem tax on SSB

−0.22
−0.13

−939
−548

Gulf Cooperation Council − ad valorem excise tax on carbonated −0.11
beverages and energy drinks

−503

Norway − excise taxes on SSB, chocolate and sugar products

−0.08

−334

Mexico − excise tax on SSB and 8% ad valorem tax on junk food

−0.07

−306

American Samoa − excise tax and import tariff on SSB

−0.06

−264

Finland − excise duties on SSB, confectionery and ice cream

−0.04

−196

Dominica − excise taxes on SSB and sugary foods

−0.03

−123

Palau − import tax on SSB
Barbados − 10% ad valorem tax on SSB

−0.03
−0.02

−115
−80

CO2e, carbon dioxide equivalents; GHG, greenhouse gas; SSB, sugar-sweetened beverages .

Following the implementation of the excise tax on
saturated fat in Denmark in 2012, it was estimated
that consumption of butter, margarine and cooking
oils decreased by 5.5%, 8.2% and 5.5%, respectively.32
Consumption of margarine and cooking oils also
decreased in 2013 by 0.4% and 2.5%, respectively, while

consumption of butter increased by 1.9%.32 By contrast,
the consumption of olive oil and vegetable oils increased
in both 2012 and 2013.32 From 2010 to 2013, Denmark
also saw annual decreases in the consumption of confectionery and chocolate, which were also subject to the
excise tax.32 The simulations in our study indicated a 1.3

Figure 3 Real-world versus simulation estimates for New Zealand for post-tax changes in purchases or consumption of
selected foods and beverages. SSB, sugar-sweetened beverages; TFEe, total food expenditure elasticity.

32
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Table 5 Estimated change in GHG emissions associated with tax policies per day
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Study strengths and limitations
A strength of this study is the use of the established DIET
PMSLT model,39 62 which is based on high quality disease-
specific epidemiological and costing data. PMSLT modelling has been widely used in NZ and Australia to assess
different health interventions, which readily allows for
comparison across studies. However, a weakness of this
approach is that it only examines health system costs,
rather than examining the costs associated with a wider
array of potential impacts (eg, income loss), although
the model was adapted to allow for an assessment of
the change in GHG emissions associated with each tax
package.
The model did not include the potential impact of food
reformulation by manufacturers to avoid costs that may
arise as a result of tax implementation. Additionally, in this
study we assume a 100% tax pass-through rate. However, in
reality the pass-through rate may be higher or lower than
100%, although a 100% pass-through rate for SSB taxes
is a reasonable assumption24 63. This study also does not
consider cross-PE between foods and other health-related
goods. Theoretically, people could choose to increase
expenditure to continue purchasing unhealthy foods
and decrease expenditures that are beneficial to health
(eg, home heating costs, gym memberships). However, as
the changes in total food prices are small, such effects
are unlikely to change the direction of health impacts
resulting from the modelled tax scenarios. Additionally,
we assume that changes in purchasing equal changes in
consumption. However, this may not hold true in reality.
Grout L, et al. bmjnph 2022;5:e000376. doi:10.1136/bmjnph-2021-000376

For example, large quantities of food are regularly wasted
by consumers, and households may ‘absorb’ changes in
food prices by changing patterns of food waste. Such
effects warrant further research.
Due to the structure of the model, we were unable to
include tiered taxes in this study (eg, the SSB levy in the
UK, which targets beverages based on sugar content). We
were also unable to include certain taxes if the targeted
foods or beverages did not align with the food groups
used in the model (eg, Hungary’s junk food tax).
The application of PE matrices from one context to
another in which food consumption patterns and prices
differ can challenge the assumptions that are inherent in
PE matrix estimation and can result in either overestimation or underestimation of post-intervention total food
purchasing.39 Therefore, total food expenditure can
be constrained using a TFEe, which uniformly rescales
intervention
all food purchasing such that total post-
food purchasing equals total pre-
intervention food
purchasing scaled to match the expected change in
food expenditure.39 In this study, the model was run
without a TFEe adjustment (main analysis) and again
with a TFEe adjustment for foods (see online supplemental table 9). In particular, the results for Denmark’s
tax package, which targeted saturated fat, chocolate and
sweets, varied widely based on whether or not a TFEe
adjustment was applied (see online supplemental figure
1). Specifically, Denmark’s tax package would potentially
result in large health gains, ranging from 57.9 QALYs
per 1000 population with a TFEe adjustment for foods to
142.9 QALYs per 1000 population without a TFEe adjustment. The difference in QALYs gained is largely due to
a difference in BMI, because the estimated reduction in
energy intake and therefore BMI is decreased when a
TFEe is applied. The TFEe adjustment attempts to estimate how the population’s energy intakes will respond
to the implementation of these tax packages based on
the conservative assumption is that the population substitutes some of the products consumed to maintain the
majority of their baseline energy intake.52 However, in
either scenario there would be health gains and health
system cost savings.
Potential implications
Real-world food and beverage taxes offer the potential to improve population health and reduce healthcare expenditures. These results are likely applicable
income countries with
to similar contexts: high-
similar dietary patterns, burden of disease, consumer
behaviours and other population characteristics.
However, implementation of food and beverage taxes
requires consideration of factors beyond simulation
results, including social and political acceptability, environmental impacts and the practicalities of tax administration. Furthermore, robust monitoring and evaluation
of real-world tax policies is critical for the evaluation of
effectiveness.
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g/day decrease in the consumption of butter and margarine (representing decreases of 35% for butter and 3%
for margarine), no change in the consumption of fat and
oils and a 3.3 g/day decrease (−13%) in sugar and sweets
might be expected for Denmark’s tax package (table 3;
figure 3).
In Finland, decreases in the consumption of confectionery, ice cream and SSB were observed after the
implementation of excise duties in 2011.32 Confectionery
consumption decreased by an average of 1.4% from
2011 to 2013.32 Ice cream consumption decreased by an
average of 1.3% in 2011 and 2012, but then increased
by 1.4% in 2013.32 SSB consumption decreased by an
average of 1.6% from 2011 to 2013.32 The simulations in
our study also suggest a decrease in SSB intake (−18.0 g/
day (−4.8%) per capita) and in the consumption of sugar
and sweets (−1.0 g/day (−3.8%) per capita) (table 3;
figure 3).
The typical NZ adult’s diet-
related GHG emissions
are approximately 6.6 kg of carbon dioxide equivalents
per day.50 In the main analysis, all of the modelled taxes
resulted in small decreases in emissions from baseline
diets, ranging from −0.2% for the tax on SSB in Barbados
to −2.8% for Denmark’s tax package. This suggests that
the tax policies designed principally to decrease consumption of SSB and junk food offer only a modest benefit in
terms of emissions savings.
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Supplementary Table 1. Tax policies reviewed for inclusion in modelling
Jurisdiction

Type of tax(es)

Albany,
California,
USA

distribution tax
on SSB

American
Samoa

excise tax and
import tariff on
SSB
ad valorem tax
on SSB
excise tax on
SSB

Barbados
Belgium

Implementation
dates
April 2017 current

Tax details

Inclusion

USD 0.01/oz

No

2001 - current

USD 0.42/L (NZD2011 0.56/L)

Yes

Reason for
exclusion
Unable to
differentiate
SSBs from
different
retailers
n/a

September 2015
- current
January 2016 current

10%

Yes

n/a

EUR 0.068/L for beverages with added
sweeteners (including artificial
sweeteners)

No

Unable to
differentiate
between
liquids and
powders

EUR 0.68/kg for SSB powder
USD 0.01/oz

No

Similar to
other SSB
taxes
modelled
n/a

EUR 0.41/L for liquid SSB concentrates

Berkeley,
California,
USA

excise tax on
SSB

March 2015 current

Bermuda

ad valorem tax
on SSB
excise tax on
SSB

October 2018 current
July 2017 current

50%

Yes

USD 0.02/oz for SSB (caloric
sweetener >=5g/12oz)

No

excise tax on
SSB

April 2017 current

No

excise tax on
SSB

May 2017 current

BND 4.00/10L for SSB
(sugar >=6g/100mL), soya milk drinks
(sugar >7g/100mL), malted or chocolate
drinks (sugar >8g/100mL), and coffeebased or -flavoured drinks (>6g/100mL)
EUR 0.08/L for SSB (sugar 58g/100mL)

Boulder,
Colorado,
USA
Brunei

Catalonia,
Spain

Chile

Cook
County,
Illinois, USA

sales tax on
SSB

October 2014
(date of
increase) current
July 2017 October 2017

Denmark

(1) excise duty
on saturated fat

Dominica

tax on SSB

EUR 0.12/L for SSB
(sugar >8g/100mL)
18% for SSB (sugar >= 6.25g/100mL)

Tax targets
beverages by
sugar content
Different rates
for different
sugar contents

No

Tiered tax
targets
beverages by
sugar content

No

USD 0.01/oz

No

October 2011 January 2013

DKK 16.00/kg saturated fat (NZD2011
3.08/kg saturated fat)

Yes

Tiered tax
targets
beverages by
sugar content
Similar to
other SSB
taxes
modelled
n/a

(2) excise duty
on chocolate
and sweets
(1) excise tax
on SSB

1968 - current

DKK 24.61/kg (NZD2011 4.9/kg)

September 2015
- current

10%

Yes

n/a

(2) excise tax
on foods with
high sugar
content

September 2015
- current

10%

10% for SSB (sugar <6.25g/100mL)
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Jurisdiction

Type of tax(es)

Ecuador

excise tax on
SSB

Estonia

excise tax on
SSB

Implementation
dates
2016 - current

2018 - current

Tax details

Inclusion

10% for SSB (sugar >=25g/L) and
energy drinks

No

USD 0.18/100g sugar for SSB
(sugar >25g/L)
EUR 0.10/L for SSB (sugar
<5g/100mL)

Finland

(1) excise duty
on SSB

1940 - current

EUR 0.30/L for SSB
(sugar >8g/100mL)
EUR 0.220/L (NZD2011 0.43/L) for
SSB and juices

Reason for
exclusion
Tiered tax
targets
beverages by
sugar content

No

Tiered tax
targets
beverages by
sugar content

Yes

n/a

No

Unable to
differentiate
between
domestic and
imported
beverages
Similar to
other SSB
taxes
modelled

EUR 0.20/L for SSB (sugar 58g/100mL)

bmjnph

EUR 0.11/L (NZD2011 0.21/L) for
sweetener-based soft drinks and waters

Fiji

France

French
Polynesia

(2) excise duty
on
confectionary
and ice cream
excise tax and
import tariff on
SSB

20112 - January
2017

EUR 0.95/kg (NZD2011 1.91/kg)

increased in
June 2016 (was
increased again
in August 2017)

15% ad valorem tax on imported SSB

(1) excise duty
on SSB and
non-sugarsweetened
beverages

January 2012 current

(2) excise duty
on energy
drinks
production and
consumption
tax on SSB

January 2014 current

EUR 1.00/L

2002 - current

USD 0.44/L for domestically produced
SSB

10% ad valorem tax on imported SSB
concentrates
FJD 0.30/L for locally produced SSB
EUR 0.0716/L excluding ad valorem
tax (or EUR 0.0755/L at retail level
where 5.5% ad valorem tax is applied)

No

No

USD 0.68/L for imported SSB

Gulf
Cooperation
Council

ad valorem
excise tax on
carbonated
beverages and
energy drinks

2017 - current

50% for carbonated beverages

Yes

Unable to
differentiate
between
domestic and
imported
beverages
n/a

100% for energy drinks
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Jurisdiction

Type of tax(es)

Hungary

taxes on SSB
and junk foods
in Hungary

Implementation
dates
September 2012
- current

Tax details

Inclusion

HUF 200/L for SSB syrups or
concentrates (sugar >8g/100mL and
fruit <25%)

No

HUF 7/L for SSB and other juices
(sugar >8mg/100mL and fruit >25%)

bmjnph

Reason for
exclusion
Unable to
match food
groups
targeted by
tax to those in
model

HUF 250/L for energy drinks
(methylxanthine >1mg/100mL or
taurin >100mg/100mL regardless of
sugar content)
HUF 130/kg for pre-packed sweets with
cocoa powder, including ice creams
(sugar >25g/100g)
HUF 130/kg for pre-packed sweets with
cocoa powder (sugar >40g/100g and
cocoa <40g/100g; since January 2012:
if milk <50%)
HUF 70/kg for sugared cocoa powder
(sugar >40g/100g)
HUF 250/kg for salty snacks
(salt >1g/100g, with exception for
certain bakery products)
HUF 250/kg for condiments and instant
soup (salt >5g/100g, with exception for
ketchup, mustard, ready to eat soup, and
infant formula)

India

GST and excise
tax on SSB

July 2017 current

Ireland

excise tax on
SSB

2018 - current

Kiribati

HUF 500/kg for jam (sugar >35g/100g)
40% (28% GST and 12% excise tax)

EUR 0.20/L for SSB (sugar 58g/100mL)
EUR 0.30/L for SSB
(sugar >8g/100mL)
40% excise tax

No

No

No

Unable to
model goods
and services
tax (GST)
Tiered tax
targets
beverages by
sugar content

excise tax and
import tariff on
SSB

2014 - current

Latvia

excise tax on
non-alcoholic
beverages

May 2004
(increased 2016)
- current

EUR 7.40/100L

No

Unable to
differentiate
between
domestic and
imported
beverages
Unable to
match
beverage
categories
targeted by
tax to those in
the model

Jurisdiction

Type of tax(es)

Implementation

Tax details

Inclusion

Reason for

70% import tariff

Grout L, et al. bmjnph 2022;0:e000376. doi: 10.1136/bmjnph-2021-000376

Supplemental material

Mexico

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

(1) excise tax
on SSB

dates
January 2014 current

MXN 1.00/L (10%)

Yes

(2) ad valorem
tax on junk
food
import tariff on
SSB

January 2014 current

8%

2004 - current

25%

No

Nauru

import tariff on
SSB

2007 - current

30%

No

Norway

(1) excise tax
on SSB

1981 - current

NOK 3.51/L (NZD2011 0.47/L) for
prepared soda products

Yes

Micronesia

bmjnph

exclusion
n/a

Insufficient
detail on tax
targets
Insufficient
detail on tax
targets
n/a

NOK 21.35/L (NZD2011 2.85/L) for
concentrates (syrups) with added sugar
NOK 1.76/L (NZD2011 0.24/L) for
juices and syrups based on fruits or
vegetables without added sugar
NOK 10.67/L (NZD2011 1.43/L) for
concentrates without added sugar

Oakland,
California,
USA
Palau
Peru

(2) excise tax
on chocolate
and sugar
products
excise tax on
SSB

1922 - current

NOK 21.22/kg (NZD2011 2.84/kg)

July 2017 current

USD 0.01/oz

No

import tax on
SSB
excise tax on
SSB

September 2003
- current
2018 - current

USD 0.28/L (NZD2011 0.37/L)

Yes

17% for SSB (sugar <6g/100mL)

No

25% for SSB (sugar >6g/100mL)
Philadelphia,
Pennsylvania,
USA

tax on SSB

January 2017 current

USD 0.015/oz

No

Philippines

tax on SSB

January 2018 current

PHP 6.00/l for beverages sweetened
with caloric or non-caloric sweeteners

No

PHP 12.00/L for beverages sweetened
with high-fructose corn syrup
EUR 8.22/100L for SSB (sugar <80g/L)

No

No

Portugal

ad valorem tax
on SSB

February 2017 current

Republic
Marshall
Islands
Saint Helena

import tariff on
SSB

2004 - current

EUR 16.46/100L for SSB
(sugar >=80g/L)
USD 0.0167/oz

excise tax on
SSB

May 2014 current

GBP 0.75/L for carbonated drinks
(sugar >15g/L)

No

Jurisdiction

Type of tax(es)

Implementation
dates

Tax details

Inclusion

Similar to
other SSB
taxes
modelled
n/a
Tiered tax
targets
beverages by
sugar content
Similar to
other SSB
taxes
modelled
Similar to
other SSB
taxes
modelled
Tiered tax
targets
beverages by
sugar content
Insufficient
detail on tax
targets
Tax targets
beverages by
sugar content
Reason for
exclusion
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Saint Vincent
and the
Grenadines

ad valorem tax
on brown sugar

May 2016 current

15%

No

San
Francisco,
California,
USA
Seattle,
Washington,
USA

excise tax on
SSB

January 2018 current

USD 0.01/oz

No

excise tax on
SSB

January 2018 current

USD 0.0175/oz

No

South Africa

levy on SSB

April 2018 current

ZAR 0.021/g for SSB
(sugar >4g/100mL)

No

Sri Lanka

excise tax on
SSB

2017 - current

LKR 0.50/g of sugar

No

Tokelau

import ban on
SSB
(1) tax on SSB

2009 - current

import ban

No

July 2013 current
(increased 27
June 2017)

TOP 1.50/L for sweetened beverages
and fruit juices (sugar >5g/100mL to
<=20g/100mL)

No

Tonga

bmjnph

Unable to
distinguish
brown sugar
from other
sugars in
model
Similar to
other SSB
taxes
modelled
Similar to
other SSB
taxes
modelled
Similar to
other SSB
taxes
modelled
Tax targets
beverages by
sugar content
Ban rather
than tax
Tiered tax
targets
beverages by
sugar content

TOP 4.00/L for concentrated beverages
(sugar >20g/100mL)
(2) excise taxes
on unhealthy
foods

implementation
ranged from
2015 to 2017 current

TOP 1.50/kg for imported turkey

Unable to
match food
groups
covered by
the tax to
those in
model

TOP 1.50/L for imported ice cream
TOP 0.25/L for locally produced ice
cream
TOP 1.15/kg for imported mutton flaps
TOP 0.40/kg for chicken leg quarters

United
Kingdom

Vanuatu

excise tax on
SSB

excise tax on
SSB

2018 - current

February 2015 current

TOP 2.00/kg for instant noodles
GBP 18.00/L for SSB (sugar 58g/100mL)
GBP 24.00/L for SSB
(sugar >8g/100mL)
VUV 20/L

No

Tiered tax
targets
beverages by
sugar content

No

Similar to
other SSB
taxes
modelled
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Supplementary Tables 2-7 show the relative risks of diet to disease associations from the Global Burden of Disease (GBD) study.[45]
Supplementary Table 2. Relative risks of BMI-related diseases (non-cancers) from GBD study [45] (RR per 5 BMI unit
increase, TMREL: 21-23)
Sex
Male

Female

Age
group
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80+
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80+

CHD

Ischaemic stroke

2.274 (1.252 - 3.686)
2.018 (1.291 - 3.107)
1.724 (1.531 - 1.934)
1.599 (1.417 - 1.785)
1.567 (1.455 - 1.681)
1.520 (1.416 - 1.631)
1.466 (1.372 - 1.558)
1.414 (1.324 - 1.505)
1.364 (1.286 - 1.448)
1.319 (1.241 - 1.400)
1.274 (1.187 - 1.365)
1.170 (1.090 - 1.252)
2.274 (1.252 - 3.686)
2.018 (1.291 - 3.107)
1.724 (1.531 - 1.934)
1.599 (1.417 - 1.785)
1.567 (1.455 - 1.681)
1.520 (1.416 - 1.631)
1.466 (1.372 - 1.558)
1.414 (1.324 - 1.505)
1.364 (1.286 - 1.448)
1.319 (1.241 - 1.400)
1.274 (1.187 - 1.365)
1.170 (1.090 - 1.252)

2.472 (1.398 - 3.979)
2.235 (1.444 - 3.333)
1.979 (1.689 - 2.313)
1.826 (1.599 - 2.076)
1.733 (1.580 - 1.899)
1.635 (1.479 - 1.797)
1.543 (1.440 - 1.653)
1.455 (1.345 - 1.566)
1.380 (1.309 - 1.458)
1.304 (1.233 - 1.377)
1.228 (1.159 - 1.305)
1.068 (1.000 - 1.143)
2.472 (1.398 - 3.979)
2.235 (1.444 - 3.333)
1.979 (1.689 - 2.313)
1.826 (1.599 - 2.076)
1.733 (1.580 - 1.899)
1.635 (1.479 - 1.797)
1.543 (1.440 - 1.653)
1.455 (1.345 - 1.566)
1.380 (1.309 - 1.458)
1.304 (1.233 - 1.377)
1.228 (1.159 - 1.305)
1.068 (1.000 - 1.143)

Haemorrhagic
stroke
3.066 (1.750 - 5.337)
2.913 (1.857 - 4.398)
2.598 (1.974 - 3.385)
2.389 (1.869 - 3.001)
2.199 (1.819 - 2.673)
1.996 (1.625 - 2.420)
1.805 (1.573 - 2.062)
1.665 (1.437 - 1.932)
1.523 (1.376 - 1.686)
1.410 (1.263 - 1.571)
1.295 (1.162 - 1.439)
1.071 (1.000 - 1.220)
3.066 (1.75 - 5.337)
2.913 (1.857 - 4.398)
2.598 (1.974 - 3.385)
2.389 (1.869 - 3.001)
2.199 (1.819 - 2.673)
1.996 (1.625 - 2.420)
1.805 (1.573 - 2.062)
1.665 (1.437 - 1.932)
1.523 (1.376 - 1.686)
1.410 (1.263 - 1.571)
1.295 (1.162 - 1.439)
1.071 (1.000 - 1.220)

Type 2 diabetes
3.546 (2.300 - 5.227)
3.455 (2.500 - 4.692)
3.349 (2.801 - 3.918)
3.160 (2.689 - 3.700)
2.864 (2.450 - 3.318)
2.624 (2.222 - 3.038)
2.417 (2.084 - 2.781)
2.215 (1.866 - 2.611)
2.046 (1.724 - 2.388)
1.896 (1.596 - 2.229)
1.740 (1.445 - 2.087)
1.461 (1.207 - 1.762)
3.546 (2.300 - 5.227)
3.455 (2.500 - 4.692)
3.349 (2.801 - 3.918)
3.160 (2.689 - 3.700)
2.864 (2.450 - 3.318)
2.624 (2.222 - 3.038)
2.417 (2.084 - 2.781)
2.215 (1.866 - 2.611)
2.046 (1.724 - 2.388)
1.896 (1.596 - 2.229)
1.740 (1.445 - 2.087)
1.461 (1.207 - 1.762)

Osteoarthritis (knee
& hip combined)
1.570 (1.327 - 1.860)
1.573 (1.308 - 1.890)
1.573 (1.317 - 1.890)
1.577 (1.313 - 1.878)
1.575 (1.310 - 1.902)
1.561 (1.295 - 1.888)
1.562 (1.310 - 1.879)
1.566 (1.306 - 1.866)
1.566 (1.230 - 1.878)
1.568 (1.307 - 1.899)
1.571 (1.296 - 1.880)
1.571 (1.310 - 1.897)
1.570 (1.327 - 1.860)
1.573 (1.308 - 1.890)
1.573 (1.317 - 1.890)
1.577 (1.313 - 1.878)
1.575 (1.310 - 1.902)
1.561 (1.295 - 1.888)
1.562 (1.310 - 1.879)
1.566 (1.306 - 1.866)
1.566 (1.300 - 1.878)
1.568 (1.307 - 1.899)
1.571 (1.300 - 1.880)
1.571 (1.310 - 1.897)
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Supplementary Table 3. Relative risks of BMI-related cancers from the GBD study [45] (RR per 5 BMI unit increase, TMREL:
21-23)
Sex
Male

Age
group
All ages

Female

All ages

Kidney
cancer
1.240
(1.1711.313)
1.320
(1.2531.395)

Liver
cancer
1.289
(1.1081.492)
1.176
(1.031.335)

Oesophagus
cancer
1.391
(1.0751.763)
1.351
(1.0121.745)

Pancreas
cancer
1.071
(1.0001.154)
1.092
(1.0371.144)

Thyroid
cancer
1.221
(1.0671.384)
1.136
(1.0941.178)

Colorectal
cancer
1.177
(1.1451.208)
1.059
(1.0311.083)

Gallbladder
cancer
1.155
(1.0331.282)
1.344
(1.2231.478)

Endometrial
cancer
N/A

Breast
cancer
N/A

Ovarian
cancer
N/A

1.613
(1.5421.682)

1.023
(1.0201.026)

1.038
(1.0001.078)

Supplementary Table 4. Relative risks of diseases associated with low fruit intake in the GBD study [45] (per 100 grams
reduction in fruit intake, TMREL: 200-400g)
Sex
Male

Female

Age
group
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80+
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80+

CHD

Ischaemic stroke

Haemorrhagic
Head & neck
Lung cancer
Oesophagus cancer
stroke
cancer*
1.174 (1.075 - 1.270) 1.235 (1.123 - 1.355) 1.732 (1.309 - 2.294)
1.164 (1.067 - 1.255) 1.223 (1.123 - 1.338) 1.683 (1.273 - 2.211)
1.155 (1.079 - 1.244) 1.205 (1.104 - 1.316) 1.629 (1.265 - 2.064)
1.143 (1.068 - 1.223) 1.194 (1.099 - 1.295) 1.577 (1.241 - 1.969)
1.129 (1.054 - 1.203) 1.177 (1.098 - 1.259) 1.516 (1.216 - 1.844)
1.117 (1.052 - 1.184) 1.161 (1.089 - 1.240) 1.471 (1.213 - 1.783)
1.042 (1.000 - 1.092) 1.075 (1.028 - 1.124) 1.151 (1.031 - 1.286)
1.107 (1.052 - 1.163) 1.146 (1.079 - 1.214) 1.425 (1.186 - 1.700)
1.098 (1.047 - 1.149) 1.132 (1.073 - 1.195) 1.375 (1.171 - 1.608)
1.088 (1.041 - 1.142) 1.117 (1.063 - 1.175) 1.332 (1.150 - 1.538)
1.077 (1.035 - 1.118) 1.103 (1.057 - 1.156) 1.286 (1.131 - 1.449)
1.066 (1.031 - 1.103) 1.089 (1.049 - 1.127) 1.245 (1.106 - 1.384)
1.052 (1.040 - 1.062) 1.069 (1.057 - 1.082) 1.188 (1.145 - 1.233)
1.174 (1.075 - 1.270) 1.235 (1.123 - 1.355) 1.732 (1.309 - 2.294)
1.164 (1.067 - 1.255) 1.223 (1.123 - 1.338) 1.683 (1.273 - 2.211)
1.155 (1.079 - 1.244) 1.205 (1.104 - 1.316) 1.629 (1.265 - 2.064)
1.143 (1.068 - 1.223) 1.194 (1.099 - 1.295) 1.577 (1.241 - 1.969)
1.129 (1.054 - 1.203) 1.177 (1.098 - 1.259) 1.516 (1.216 - 1.844)
1.117 (1.052 - 1.184) 1.161 (1.089 - 1.240) 1.471 (1.213 - 1.783)
1.042 (1.000 - 1.092) 1.075 (1.028 - 1.124) 1.151 (1.031 - 1.286)
1.107 (1.052 - 1.163) 1.146 (1.079 - 1.214) 1.425 (1.186 - 1.700)
1.098 (1.047 - 1.149) 1.132 (1.073 - 1.195) 1.375 (1.171 - 1.608)
1.088 (1.041 - 1.142) 1.117 (1.063 - 1.175) 1.332 (1.150 - 1.538)
1.077 (1.035 - 1.118) 1.103 (1.057 - 1.156) 1.286 (1.131 - 1.449)
1.066 (1.031 - 1.103) 1.089 (1.049 - 1.127) 1.245 (1.106 - 1.384)
1.052 (1.040 - 1.062) 1.068 (1.056 - 1.081) 1.187 (1.145 - 1.231)
*The RRs used here were an average of the RRs in the GBD for cancers of the larynx, nasopharynx, and other pharynx and mouth.
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Supplementary Table 5. Relative risks of diseases associated with low vegetable intake and high SSB intake from the GBD
study [45]
Vegetables (decrease of 100g/day, TMREL: 350-450g)
Sex
Male

Female

Age
group
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80+
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80+

CHD

Ischaemic stroke

1.129 (1.068 - 1.190)
1.117 (1.062 - 1.171)
1.111 (1.056 - 1.162)
1.103 (1.052 - 1.157)
1.096 (1.051 - 1.141)
1.086 (1.046 - 1.129)
1.079 (1.043 - 1.117)
1.073 (1.040 - 1.108)
1.064 (1.035 - 1.093)
1.056 (1.030 - 1.083)
1.049 (1.028 - 1.073)
1.038 (1.031 - 1.045)
1.129 (1.068 - 1.190)
1.117 (1.062 - 1.171)
1.111 (1.056 - 1.162)
1.103 (1.052 - 1.157)
1.096 (1.051 - 1.141)
1.086 (1.046 - 1.129)
1.079 (1.043 - 1.117)
1.073 (1.040 - 1.108)
1.064 (1.035 - 1.093)
1.056 (1.030 - 1.083)
1.049 (1.028 - 1.073)
1.038 (1.031 - 1.045)

1.222 (1.047 - 1.429)
1.206 (1.048 - 1.375)
1.193 (1.051 - 1.341)
1.178 (1.038 - 1.338)
1.163 (1.036 - 1.302)
1.148 (1.031 - 1.269)
1.132 (1.025 - 1.249)
1.124 (1.030 - 1.221)
1.109 (1.026 - 1.194)
1.097 (1.024 - 1.177)
1.083 (1.018 - 1.150)
1.065 (1.045 - 1.085)
1.222 (1.047 - 1.429)
1.206 (1.048 - 1.375)
1.193 (1.051 - 1.341)
1.178 (1.038 - 1.338)
1.163 (1.036 - 1.302)
1.148 (1.031 - 1.269)
1.132 (1.025 - 1.249)
1.124 (1.030 - 1.221)
1.109 (1.026 - 1.194)
1.097 (1.024 - 1.177)
1.083 (1.018 - 1.150)
1.064 (1.044 - 1.086)

Haemorrhagic
stroke
1.392 (1.084 - 1.764)
1.353 (1.080 - 1.672)
1.344 (1.076 - 1.675)
1.310 (1.076 - 1.585)
1.289 (1.075 - 1.542)
1.257 (1.071 - 1.490)
1.235 (1.056 - 1.444)
1.212 (1.046 - 1.398)
1.187 (1.046 - 1.356)
1.166 (1.047 - 1.304)
1.140 (1.035 - 1.254)
1.109 (1.073 - 1.144)
1.392 (1.084 - 1.764)
1.353 (1.080 - 1.672)
1.344 (1.076 - 1.675)
1.310 (1.076 - 1.585)
1.289 (1.075 - 1.542)
1.257 (1.071 - 1.490)
1.235 (1.056 - 1.444)
1.212 (1.046 - 1.398)
1.187 (1.046 - 1.356)
1.166 (1.047 - 1.304)
1.140 (1.035 - 1.254)
1.110 (1.074 - 1.146)

SSBs (increase of 226.8 g/day, TMREL: 064.3g)
Type 2 diabetes
Ovarian cancer
1.462 (1.222 - 1.751)
1.426 (1.182 - 1.696)
1.392 (1.187 - 1.624)
1.360 (1.169 - 1.586)
1.332 (1.151 - 1.537)
1.297 (1.137 - 1.478)
1.271 (1.126 - 1.424)
1.238 (1.117 - 1.377)
1.214 (1.101 - 1.332)
1.188 (1.085 - 1.292)
1.160 (1.073 - 1.251)
1.123 (1.095 - 1.151)
1.462 (1.222 - 1.751)
1.426 (1.182 - 1.696)
1.392 (1.187 - 1.624)
1.360 (1.169 - 1.586)
1.332 (1.151 - 1.537)
1.297 (1.137 - 1.478)
1.271 (1.126 - 1.424)
1.238 (1.117 - 1.377)
1.214 (1.101 - 1.332)
1.188 (1.085 - 1.292)
1.160 (1.073 - 1.251)
1.122 (1.096 - 1.149)

N/A

1.001 (1.000 - 1.002)
1.001 (1.000 - 1.002)
1.001 (1.000 - 1.003)
1.001 (1.000 - 1.003)
1.001 (1.000 - 1.003)
1.001 (1.000 - 1.003)
1.001 (1.000 - 1.003)
1.001 (1.000 - 1.003)
1.001 (1.000 - 1.003)
1.001 (1.000 - 1.003)
1.001 (1.000 - 1.003)
1.001 (1.000 - 1.003)
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Supplementary Table 6. Relative risks of diseases associated with high sodium intake and low polyunsaturated fatty acids
(PUFA) intakes from the GBD study [45]
Sodium intake (increase of 1 gram/day, TMREL: 1-5g)

Sex
Male

Female

Age
group
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80+
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80+

CHD

Ischaemic stroke

1.044 (1.009 - 1.091)
1.054 (1.023 - 1.092)
1.060 (1.034 - 1.093)
1.067 (1.040 - 1.100)
1.077 (1.047 - 1.110)
1.084 (1.054 - 1.118)
1.089 (1.060 - 1.124)
1.091 (1.056 - 1.131)
1.092 (1.059 - 1.130)
1.083 (1.051 - 1.119)
1.073 (1.033 - 1.114)
1.057 (1.021 - 1.098)
1.040 (1.007 - 1.085)
1.050(1.019 - 1.090)
1.057 (1.029 - 1.091)
1.063 (1.036 - 1.096)
1.073 (1.044 - 1.108)
1.082 (1.050 - 1.118)
1.088 (1.057 - 1.123)
1.091 (1.056 - 1.132)
1.093 (1.059 - 1.130)
1.084 (1.050 - 1.120)
1.074 (1.034 - 1.117)
1.058 (1.022 - 1.098)

1.056 (1.014 - 1.106)
1.074 (1.037 - 1.117)
1.090 (1.053 - 1.126)
1.103 (1.065 - 1.140)
1.112 (1.075 - 1.149)
1.118 (1.082 - 1.156)
1.121 (1.086 - 1.157)
1.120 (1.087 - 1.156)
1.117 (1.083 - 1.152)
1.100 (1.072 - 1.130)
1.081 (1.056 - 1.109)
1.040 (1.021 - 1.063)
1.051 (1.010 - 1.101)
1.068 (1.030 - 1.112)
1.084 (1.046 - 1.124)
1.097 (1.058 - 1.135)
1.107 (1.069 - 1.146)
1.114 (1.076 - 1.154)
1.119 (1.083 - 1.156)
1.121 (1.085 - 1.157)
1.118 (1.083 - 1.152)
1.101 (1.074 - 1.130)
1.082 (1.058 - 1.110)
1.041 (1.022 - 1.064)

Haemorrhagic
stroke
1.058 (1.016 - 1.113)
1.079 (1.037 - 1.130)
1.097 (1.055 - 1.147)
1.112 (1.068 - 1.158)
1.121 (1.077 - 1.175)
1.127 (1.079 - 1.187)
1.128 (1.081 - 1.184)
1.126 (1.070 - 1.187)
1.122 (1.072 - 1.175)
1.103 (1.062 - 1.149)
1.083 (1.036 - 1.144)
1.043 (1.000 - 1.097)
1.053 (1.012 - 1.108)
1.072 (1.031 - 1.124)
1.091 (1.048 - 1.141)
1.106 (1.060 - 1.154)
1.116 (1.071 - 1.171)
1.123 (1.074 - 1.185)
1.127 (1.079 - 1.181)
1.126 (1.068 - 1.188)
1.123 (1.075 - 1.180)
1.105 (1.064 - 1.153)
1.084 (1.037 - 1.145)
1.044 (1.000 - 1.097)

Stomach cancer

PUFA intake
(decrease of 5% TE,
TMREL: 10-15% TE)
CHD

1.199 (1.000 - 1.444)
1.205 (1.007 - 1.430)
1.205 (1.000 - 1.462)
1.202 (1.000 - 1.443)
1.209 (1.000 - 1.448)
1.198 (1.000 - 1.431)
1.204 (1.006 - 1.430)
1.200 (1.000 - 1.459)
1.206 (1.003 - 1.432)
1.210 (1.000 - 1.446)
1.203 (1.000 - 1.435)
1.205 (1.000 - 1.460)
1.199 (1.000 - 1.444)
1.205 (1.007 - 1.430)
1.205 (1.000 - 1.462)
1.202 (1.000 - 1.443)
1.209 (1.000 - 1.448)
1.198 (1.000 - 1.431)
1.204 (1.006 - 1.430)
1.200 (1.000 - 1.459)
1.206 (1.003 - 1.432)
1.210 (1.000 - 1.446)
1.203 (1.000 - 1.435)
1.205 (1.000 - 1.460)

1.148 (1.059 - 1.241)
1.140 (1.057 - 1.231)
1.130 (1.050 - 1.214)
1.120 (1.045 - 1.194)
1.112 (1.044 - 1.180)
1.101 (1.042 - 1.166)
1.093 (1.035 - 1.155)
1.084 (1.034 - 1.134)
1.075 (1.030 - 1.123)
1.066 (1.026 - 1.108)
1.057 (1.023 - 1.094)
1.045 (1.034 - 1.056)
1.148 (1.059 - 1.241)
1.140 (1.057 - 1.231)
1.130 (1.050 - 1.214)
1.120 (1.045 - 1.194)
1.112 (1.044 - 1.180)
1.101 (1.042 - 1.166)
1.093 (1.035 - 1.155)
1.084 (1.034 - 1.134)
1.075 (1.030 - 1.123)
1.066 (1.026 - 1.108)
1.057 (1.023 - 1.094)
1.044 (1.033 - 1.055)
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Supplementary Table 7. Relative risks of the association between dental caries and SSB intake [12]
Sex
Male

Female

SSB dose (g)
0
4
36
71
89
98
125
128
143
161
250
277
300
428
500
600
750
1000
1200
1500
0
4
36
71
89
98
125
128
143
161
250
277
300
428
500
600
750
1000
1200
1500

Dental caries
1.000 (1.000 – 1.000)
1.007 (1.005 - 1.009)
1.065 (1.046 - 1.084)
1.124 (1.088 - 1.161)
1.151 (1.108 - 1.195)
1.163 (1.118 - 1.210)
1.196 (1.144 - 1.250)
1.199 (1.147 - 1.254)
1.214 (1.160 - 1.271)
1.230 (1.175 - 1.289)
1.285 (1.227 - 1.347)
1.298 (1.238 - 1.361)
1.309 (1.247 - 1.375)
1.376 (1.296 - 1.461)
1.418 (1.328 - 1.513)
1.481 (1.381 - 1.588)
1.586 (1.476 - 1.705)
1.792 (1.659 - 1.935)
1.982 (1.805 - 2.175)
2.306 (2.015 - 2.640)
1.000 (1.000 – 1.000)
1.007 (1.005 - 1.009)
1.065 (1.046 - 1.084)
1.124 (1.088 - 1.161)
1.151 (1.108 - 1.195)
1.163 (1.118 - 1.210)
1.196 (1.144 - 1.250)
1.199 (1.147 - 1.254)
1.214 (1.160 - 1.271)
1.230 (1.175 - 1.289)
1.285 (1.227 - 1.347)
1.298 (1.238 - 1.361)
1.309 (1.247 - 1.375)
1.376 (1.296 - 1.461)
1.418 (1.328 - 1.513)
1.481 (1.381 - 1.588)
1.586 (1.476 - 1.705)
1.792 (1.659 - 1.935)
1.982 (1.805 - 2.175)
2.306 (2.015 - 2.640)
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Supplementary Table 8. Baseline input parameters used in modeling real-world junk food and SSB tax policies.
Key Parameter

Source and application to model

Uncertainty

Baseline population count
All-cause mortality rates
Disease-specific
incidence, prevalence,
case fatality rates, and
remission rates
Disease trends

Statistics New Zealand population estimates for 2011.
Statistics New Zealand mortality rates for 2011.
Coherent sets of incidence, prevalence, case fatality rate and remission rates
(zero for non-cancers) were estimated using DISMOD II for each disease,
using data from NZ Burden of Disease Study (NZBDS), the Ministry of
Health, and Health Tracker.
Trends are applied to incidence, case fatality, and remission and are
switched on until 2026 and then kept constant for the remainder of the
modelled population's lifetimes.
The per capita rate of years of life lived with disability (YLD) from the
NZBDS.
Each disease was assigned a disability rate (by sex and age) equal to YLDs
for that disease (scaled down to adjust for comorbidities) from the 2006
NZBDS projected forward to 2011, divided by the disease prevalence. The
disability rate was assigned to the proportion of the cohort in each disease
state.
Health system costs (NZ$2011) were estimated from linked health data
(hospitalizations, inpatient procedures, outpatients, pharmaceuticals,
laboratories, and expected primary care usage) for each individual in New
Zealand for the period 2006–2010, which had unit costs assigned to each
event.
It takes time for a change in body mass index (BMI) or other dietary risk
factors1 to impact on disease incidence, and as there are no precise data on
just how long it may take, we have used wide windows of time lags. The
time lag is assumed to range between 10 and 30 years for cancers and
between 0 and 5 years for CHD, stroke, diabetes, and osteoarthritis (the
noncancers). Wide uncertainty is included around these estimates.
The TMREL is the level of risk exposure that is theoretically possible and
minimizes overall risk. It is derived from the Global Burden of Disease 2013
study. The TMREL allows us to estimate how much of the disease burden
could be lowered by shifting the distribution of a risk factor to the level that
would lead to the greatest improvement in population health.
Mean and SD of height from the New Zealand Adult Nutrition Survey 2008
to 2009.

Nil uncertainty
Nil uncertainty
Uncertainty: rates all ± 5% SD

Total morbidity per capita
in 2011
Disease morbidity rate per
capita

Health system costs

Time lags for intervention
effect

Theoretical minimum risk
exposure level (TMREL)
for BMI and dietary risk
factors

Height of New Zealand
adult population (for BMI
calculation)
Intervention costs
The cost of the introduction of a law (NZ$3.5 million).[48]
1
For additional information on baseline dietary data and dietary risk factors see the Technical Report.[47]

Distribution and
heterogeneity
Sex; age; ethnicity
Sex; age; ethnicity
Log-normal; sex; age; ethnicity

Uncertainty ± 0.5% absolute
change; diabetes: uncertainty
± 1.5% absolute change
Uncertainty: ± 10% SD

Normal; sex; ethnicity

Uncertainty: ± 10% SD

Normal; sex; age

Estimated at SD ± 10% of the
point estimate

Gamma; sex; age

Uncertainty: ± 20% SD

Normal

Uncertainty: uniform
distribution between 0 and 1

Uniform

Uncertainty using reported SD

Normal; sex; ethnicity

95% UI: $2.0 to $6.2 million

Gamma

Log-normal; sex; age; ethnicity
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Supplementary Table 9 shows the results of a scenario analysis in which the model was run with total food expenditure (but not
beverages) constrained using a total food expenditure elasticity (TFEe) in order to avoid potential under- or over-estimation of postintervention food purchasing. The results of this scenario analysis are also shown in comparison with the results without a TFEe
adjustment in Supplementary Figure 1. In this scenario, the change in QALYs was smaller (ie, fewer QALYs gained) for taxes that
targeted foods (ie, Denmark, Dominica, Finland, Mexico, and Norway) than in the base case scenario. The results for Denmark and
Mexico's tax packages changed the most, with Denmark's tax package resulting in 25568,1300 QALYs gained using a TFEe for foods,
as compared to 62959,7200 QALYs without a TFEe (Table 4). Mexico's tax package resulted in 1389,2000 QALYs gained when
using a TFEe for foods, as compared to 23846,8000 QALYs without a TFEe (Table 4). However, this scenario analysis still supports
the overall conclusion that implementing the modelled tax policies is expected to yield substantial health gains and health system cost
savings.
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Supplementary Table 9. Change in dietary risk factors used for health and health system costs modelling for tax policies with
a total food expenditure elasticity (TFEe) adjustment for foods (not beverages)
Tax package

Change in
QALYs

Population
weighted
price
index after
tax1 2

Change in
expenditure
(%)2

∆
BMI

∆ Fruit
(g/day)

∆ Vegetables
(g/day)

∆SSB
(g/day)

American
12630,0400
0.0%
0.0%
-0.14
0.0
0.0
-18.9
Samoa
Barbados
612,1900
0.0%
0.0%
-0.06
0.0
0.0
-14.7
Bermuda
2899,8100
0.0%
0.0%
-0.31
0.0
0.0
-56.0
Denmark
25568,1300
3.0%
2.3%
-0.33
6.6
6.7
0.4
Dominica
568,1600
0.2%
0.2%
-0.05
0.4
0.4
-11.6
Finland
1148,0500
0.2%
0.2%
-0.12
0.3
0.3
-18.9
Gulf
27584,9400
0.0%
0.0%
-0.29
0.0
0.0
-64.2
Cooperation
3
Council
Mexico
1389,2000
1.0%
0.8%
-0.22
1.4
1.5
-13.9
Norway
1518,3500
0.2%
0.2%
-0.17
0.4
0.4
-12.8
Palau
535,9500
0.0%
0.0%
-0.05
0.0
0.0
-13.0
1
using Bayesian price elasticity and total food expenditure elasticity
2
beverages not included, only includes changes in food Price Index and change in food expenditure

∆
Sodium
(g/day)

∆ Polyunsaturated
fat intake
(% total
energy)

∆ Red
meat
(g/day)

∆
Processed
meat
(g/day)

∆ Nuts
and seeds
(g/day)

-0.01

0.0%

0.0

0.0

0.0

0.00
-0.02
0.03
0.00
0.00
-0.02

0.0%
0.1%
0.0%
0.0%
0.1%
0.1%

0.0
0.0
2.3
0.2
0.2
0.0

0.0
0.0
1.7
0.3
0.2
0.0

0.0
0.0
0.6
0.2
0.1
0.0

0.00
0.00
0.00

0.0%
0.1%
0.0%

0.7
0.2
0.0

0.8
0.3
0.0

-0.6
0.2
0.0
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Supplementary Figure 1. Comparison of quality-adjusted life years (QALYs) calculated
with a total food expenditure elasticity (TFEe) adjustment for foods and without a TFEe
for tax policies
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