On Taxing Sugar-sweetened Beverages as a
Public-health Measure

John D Potter MBBS PhD

Centre for Public Health Research
Massey University

Wellington, NZ

Sugar, rum, and
tobacco are
commodities which are
nowhere necessaries
of life, which are
become objects of
almost universal
consumption, and
which are therefore
extremely proper

subjects of taxation.
CENTRE FOR
EEEEEREEIALTH Adam Smith, The Wealth of Nations, 1776

"' UNIVERSITY OF NEW ZEALAND

March 2018 ISBN 978-0-473-43261-4




Acknowledgements

I would like to give particular thanks to Tony Blakely, Cliona Ni Mhurchu, and Bronwyn Croxson
who were good enough to review this report and give constructive feedback.



Summary

1.

10.

Consumption of sugar-sweetened beverages (SSBs) has risen substantially over the past
25 years. Seventeen percent of the total sugar intake of adults in New Zealand is from
non-alcoholic beverages; this is higher among those aged 15-18.

SSBs cause dental caries and this is a particular problem among children.

Both added-sugar and SSBs are associated with a higher risk of disordered
cardiometabolic function (including in adolescents), obesity and weight gain, visceral
adiposity, cardiovascular disease, type 2 diabetes, and non-alcoholic fatty-liver disease.
There is extensive evidence from econometric studies of price elasticity (PE) of demand
— using real-world data over many decades and in many communities — that shows that
the own-PE of SSBs is around -1.0. i.e., an increase of, say, 10% in the price of SSBs leads
to an approximate 10% reduction in purchase. The recent Public Health England review
concluded that “evidence suggests that increasing prices of high sugar foods and non-
alcoholic drinks, potentially through taxation, may reduce purchases of these products
proportionate to the level of the price increase imposed”.

Experimental studies show that increases in the price of SSBs can result in: a reduction
of consumption of SSBs; a shift to non-SSBs; and a reduction even in non-taxed SSBs. A
very recent online shopping experiment — in which participants received the groceries
that they purchased — found that SSB taxes are an effective means of altering food
purchasing with a 20% rate being sufficient to make a significant impact.

Real-world taxation is the most informative of all. For instance, the Finnish tax on
confectionery, ice cream, and SSBs showed a continuing decline in consumption of high-
sugar products with the imposition of steadily increasing taxes over consecutive years.
There are similar data from other countries. A study followed the introduction of an SSB
tax in Mexico — involving an approximate 10% increase in price —and reported a steadily
increasing mean reduction of 6.1% over 2014: the average urban Mexican purchased
about seven fewer 600mL bottles of taxed beverages than expected based on pre-tax
trends. Over the following 2 years, purchases of taxed beverages decreased 5.5% in
2014 and 9.7% in 2015 - average 7.6%, whereas untaxed-beverage purchases increased
2.1%. These data confirm that the Mexican taxation policy has maintained its impact on
consumption of SSBs over the medium term. The recent Berkeley study showed that a
tax of one cent per ounce decreased consumption of SSBs in low-income communities
and increased water consumption.

Reduction of consumption via a tax will probably be greatest among the households
with the lowest disposable income. In New Zealand, Maori and Pacific will benefit
strongly.

Manufacturers are able to respond in rational ways, for instance, by systematic
reformulation of products that attract taxes to bring them below a relevant threshold —
resulting, again, in lower sugar consumption.

SSB taxes do not cause unemployment.

There is substantial evidence from taxation policies in relation to tobacco to show that
price increases change behaviour. Indeed, price is central in determining smoking
uptake and smoking cessation.
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Shifts in price are most effective in changing behaviour among young people — both for
tobacco and sugar.

Whether there is halo effect that arises as a result of a government signal and public
discussion about deleterious health effects remains to be clearly established. However,
existing data on real-world taxation are consistent with there being a signal separate
from the direct impact of the tax itself.

. There is sufficient evidence to show that any tax has to be sufficiently large to actually

motivate change. Twenty percent has been shown to be effective. As with tobacco,
steady increases are likely to be of additional benefit.

John Gibson (Waikato University) has made the point (as yet unpublished) that price-
elasticity-of-demand estimates from household-survey data conflate both quality and
quantity choices that an SSB tax forces on a purchaser; this, in turn, would overstate the
efficacy of price rises in reducing consumption. There are a number of responses to his
argument but the most telling is that this applies only to “added value” taxes (i.e., a %
tax on sales price). A tax based on sugar content (the UK solution) or a volumetric tax
(e.g., S0.40 tax per liter for all SSBs irrespective of price) results in cheap drinks having a
higher % tax and reducing the drive to consume SSBs of lower quality.

An SSB tax that results in lower consumption of empty calories — based on the
relationship, in both adults and children, between energy balance and obesity and
between SSBs and caries, obesity, cardiovascular disease, diabetes, etc. — will, in turn,
result in beneficial changes in average BMI, in overweight and obesity, and in the
associated burden of morbidity and mortality. Over time, there may be, in New Zealand,
50 deaths “saved” per year, especially deaths due to diabetes and cardiovascular
disease and it will save at least $6 million per year in health costs. More immediately, it
will raise about $40 million in revenue. Over time, an SSB tax is likely to be cost-saving
for the health system, as well as health improving.

An SSB tax is only one component of a comprehensive strategy to tackle obesity —
including healthy school-food policies, restrictions on marketing to children, increased
opportunities for physical activity, safer biking routes, clear policies and information for
the public (including social marketing), incentives, controls, and nudges.

An SSB tax has the virtue of being an evidence-based action that can anchor and
reinforce all other strategies.



Sugar-Sweetened Beverages and the Health of Adults and Children

Consumption of sugar-sweetened beverages (SSBs) has risen substantially over the past 25
years. Seventeen percent of the total sugar intake of adults in New Zealand is from non-
alcoholic beverages?!; among 15-18 year olds, that proportion is 27-29%, whereas in those over
71 years, it is 7-8%". In 5-14 year olds, it is 14%?2. In the US, of all food types, SSBs are the single
largest contributor to total energy intake, accounting for 7% of all energy consumed daily in
1999-2001 compared with 2.8% in 1977-1978%4.

There is a clear causal relationship between consumption of SSBs and dental caries>”’; this is a
substantial problem among children®, in whom there is a dose-response between SSB
consumption and caries®. A large randomised controlled trial conducted over 18 months has
established that consumption of SSBs leads to weight gain in children?®.

Glucose and fructose occur separately but the major source of sugar in many human diets,
sucrose, is one glucose molecule linked to one fructose molecule. After absorption, glucose is
widely transported into most tissues, importantly into skeletal muscles, liver, adipose, and
brain. In contrast, fructose (whether from sucrose, from fruit, or from fructose-dense
sweeteners, as in high-fructose corn syrup) is largely taken up and metabolized in the liver
where it induces lipogenesis®.

In the liver, fructose, uniquely, is phosphorylated immediately by fructokinase. This induces a
transient, but critical, decrease in intracellular adenosine triphosphate (ATP) and phosphate in
liver cells. This stimulates the activation of AMP deaminase (AMPD) and an enzymatic cascade
that terminates in elevated uric acid. Both AMPD and uric acid act to promote hepatic fat
accumulation via mitochondrial oxidative stress and this contributes to insulin resistance?. High
uric acid also raises blood pressure (perhaps via decreases in renal function or activation of the
renin—angiotensin system)®* and leptin levels*!4, Insulin resistance, fatty liver and elevated
blood pressure are all hallmarks of metabolic syndrome.

Furthermore, there is good evidence that consumption of both added-sugar and SSBs are
associated with a higher risk of disordered cardiometabolic function®>*° (including in
adolescents?%-23), obesity and weight gain?4?>, visceral adiposity?®, cardiovascular disease!”?’,
type 2 diabetes?#?8-3°, and non-alcoholic fatty-liver disease3'33, At least some of this association
may be due to high-fructose corn syrup, which is widely used in the USA (but not New Zealand)
as a sweetening agent. However, fructose is one half of the sucrose molecule and both more
disruptive of cardiometabolic function and under less metabolic regulation than glucose3*3.
There are data that suggest that, in many ways, fructose behaves metabolically like alcohol3¢37,

Luo and colleagues compared fructose and glucose ingestion in a double-blinded, random-
order cross-over study of 24 healthy volunteers Compared with glucose, ingestion of fructose
resulted in smaller increases in plasma insulin levels and, using functional magnetic resonance
imaging (fMRI), greater brain reactivity to food cues. Further, fructose produced greater hunger
and desire for food and a greater willingness to give up long-term monetary rewards to obtain



immediate high-calorie foods. The authors concluded that ingestion of fructose rather than
glucose results in greater activation of brain regions involved in attention and reward
processing and probably promotes feeding behavior3*.

There is still debate as to whether, in relation to cardiometabolic function, the effect of sugars
is direct, indirect or both4383% There is little debate, however, on the direction, strength, and
consistency of these relationships.

Price Elasticity of Demand

Data relevant to the impact of tax-related price changes on products are found both in the
epidemiologic/public health literature and in the economics literature. Price elasticity (PE) of
demand is the degree to which consumption changes (either up or down) as a result of changes
in price (down or up). Own price elasticity (own-PE) of demand is the impact of price changes
on consumption of the product under consideration. Cross price elasticity (cross-PE) of demand
is the impact of price changes on plausible substitutes for the product under consideration.
Studies of price elasticity of demand do not necessarily ask specifically about the impact of
taxes but rather ask a more neutral question about the impact of price variability from any
cause. All such studies are useful because those of the impact of fluctuations in the market
place provide data on real-world behaviour in the absence of any social/government signals
related to possible deleterious consequences of consumption. In contrast, studies of “sin” taxes
(e.g., such as we are used to seeing on tobacco and alcohol*®) and for which there are now real-
world data on sugar-sweetened beverages (see below) provide data on the impact of both tax
on own-PE as well as signals of such deleterious consequences. There is a possibility that
taxation produces a larger effect than market fluctuations because there is a clear message in
taxing something because it is unhealthy: a ‘halo’ effect, where increased taxation is associated
with media attention and increased public awareness*!. (Such taxes are also used, of course, to
raise revenue, which may or may not be used to mitigate those deleterious consequences on
society and individuals.) Here, we focus particularly on the own-PE of sugar-sweetened
beverages (SSBs) but canvass relevant data on PE of other commodities where these cast light
on the principal question.

Price Elasticity in the Real World

There have been many studies on the price elasticity of demand for foods in a variety of cultural
and geographic settings. A number of meta-analyses have been completed. Among the most
useful is that undertaken by Andreyeva et al.*?, which encompassed studies in English from
1938 to September 2007 done in the US and available in the peer-reviewed literature, in
government reports, and in the grey literature more generally. The price elasticity (measured as
the percentage change in consumption associated with a 1% change in price) ranged from -0.27
(eggs) to -0.81 (food away from home). The most elastic commodities (i.e., those for which
purchasing behaviour is most subject to price change) were “food away from home”, -0.81; soft
drinks, -0.79; juice, -0.76. The most inelastic were eggs, -0.27 and sweets/sugars, - 0.34. See
Table 1.



Table 1. Absolute price elasticity of demand for various foods in the US (1938-2007) from a
meta-analysis of a total of 160 studies

Food and Beverage Value of Mean Price Elasticityt | No. of
Category* Estimate (95% Cl) Estimates
Food away from home -0.81 (0.56-1.07) 13
Soft drinks -0.79 (0.33-1.24) 14
Juice -0.76 (0.55-0.98) 14
Milk -0.59 (0.40-0.79) 26
Cheese -0.44 (0.25-0.63) 20
Sweets/sugars -0.34 (0.14-0.53) 13
Eggs -0.27 (0.08-0.45) 14

*Includes restaurant meals and fast food
tThe price elasticity of demand measures the percentage change in purchased
quantity or demand with a 1% change in price.
Adapted from Andreyeva et al. (2010)*?

Interpreting these findings specifically for SSBs, the authors concluded®?, "Assuming no
substitution of soft drinks with other caloric beverages and no change in other factors affecting
purchasing behavior, our estimate of the price elasticity of soft drinks [-0.79] suggests that a
10% tax on soft drinks could lead to an 8% to 10% reduction in purchase of these beverages."
As can be seen below, the estimates from other meta-analyses are similar and, thus, have
similar implications for the impact of shifts in price.

The meta-analysis of Eyles et al.** was structured similarly to that of Andreyeva et al.*? but
included studies across the OECD from 1990 to October 2011. The price elasticity of carbonated
soft drinks was -0.93.

The meta-analysis of Green et al.** encompassed studies from 1990 onwards: 136 studies
undertaken in 162 countries. The focus of the study was the impact of rising food prices on
countries and individuals at different levels of wealth. Nonetheless, it also informs the
discussion here. The greatest impact of rising food prices was seen among poorer countries and
among poorer individuals within countries. The absolute price elasticity of demand for a
combined variable of sugar-sweetened beverages, sweets, and confectionery was, in low-
income countries, 0.74; in middle-income countries, 0.68 and, in high income countries 0.56,
paralleling differences in the flexibility of discretionary spending.

The study of Cabrera Escobar® involved a meta-analysis of studies from the United States,
France, Mexico, and Brazil from 2000 to 2013 and examined the effect of price of sugar-
sweetened beverages on their own sales (own-PE) and the effect of the price of SSBs on
BMI/overweight/obesity. In addition to own-PE, the meta-analysis reported on the impact on
sales of other beverages (cross-PE). The own-PE of SSBs was -1.299 and the cross-PE (i.e., the
change in consumption of another product in response to an increase in the price of SSBs) of
fruit juice was +0.388; of milk, +0.129; and of diet drinks, -0.423. The 95% confidence limits on
the first two estimates of cross-PE included zero, suggesting that there was only weak evidence



for substitution and the negative value for the diet drinks (and 95% confidence limits that
excluded zero) means that consumption of these actually fell in parallel with the fall in demand
for SSBs.

In a recent systematic review, Thow et al.*® explored the world literature on food taxes and
subsidies from January 2009 to March 2012 — largely econometric modelling studies that used
real-world data: on expenditure and consumption from household expenditure surveys; on
reported population dietary behaviour; on sales data; on data from longitudinal studies; on
studies of taxation; and on survey data regarding preferences rather than observed behaviour.
They reported on both the peer-reviewed literature and the grey literature and included 16
studies on sugar-sweetened beverages. All 16 showed that SSB taxes from 5% to 30% resulted
in reductions in consumption of between 5% and 48% and demonstrated that the reduction in
consumption was proportional to the tax applied. Four of these studies modelled the impact of
substitutions for SSBs (i.e., allowed for increase in consumption of other drinks in response to
an SSB tax: low-energy drinks, milk, tea, and coffee) and showed that a 5% to 20% tax was
associated with a 10% to 48% reduction in energy derived from SSBs in adults and a 5 to 8%
reduction among children. Further, three of these four studies showed a reduction in total
energy from beverages; the fourth showed a switch to milk in children with no reduction in
energy. Six studies that did not investigate substitution showed a reduction in SSBs of 10% to
25% in response to taxes of 10% to 30%. Thow et al.*¢ also specifically recapped the data from
two longitudinal epidemiologic studies: the US CARDIA study showed that a 10% tax resulted in
a 7% decline in consumption*” and Wang et al. used data from the Harvard Nurses’ Health
Study and the Coronary Heart Disease Policy Model to estimate that a 1-cent-per-ounce tax
would be associated with a 15% reduction in consumption®®.

Powell and colleagues*® examined the English-language peer-reviewed literature for empirical
evidence regarding the impact of restaurant prices — of a variety of foods — on body mass and
obesity between 1990 and September 2008. The literature search involved obesity/BMI crossed
with price(s)/tax(ation)/subsidy and focused particularly on US data. The authors concluded
that small taxes (such as are currently found in the US) are not likely to produce substantial
changes in BMI or obesity. However, Powell and Chaloupka’s review of the wider literature
concluded that “nontrivial pricing interventions may have some measurable effects on
Americans’ weight outcomes, particularly for children and adolescents, low-SES populations,
and those most at risk for overweight.”>°

Experimental Settings

Epstein et al.>! reviewed experimental studies involving direct price manipulation with
increases and subsidies in cafeteria settings and farmers’ markets. They concluded that, overall,
behaviour can be influenced by price in a direction consistent with the findings described above
and noted, specifically, the study of Block et al.>?, which showed that increases in the price of
SSBs resulted in a shift to non-SSBs and that there was a reduction even in non-taxed SSBs. For
most of the experimental studies, the exact effects that would best inform policy, including
effects on reduction of, or substitution for, SSBs were often not established. One intriguing and
important observation from the experimental studies is that taxes resulted in reduced energy



intake®3>° and that subsidies resulted in increased energy intake>® — again perhaps reflecting an
impact on capacity for discretionary spending, even in a simulated setting. There is also
evidence that less impulsive people are less influenced by price changes, whereas the more
impulsive adjusted their calories to prices; this is a rather surprising finding>*.

A relevant report was recently released by the Centre for Health Economics at the University of
York; it described an online shopping experiment in which participants received the groceries
that they purchased. What they found was that SSB taxes are an effective means of altering
food purchasing with a 20% rate being sufficient to make a significant impact>®.

The most recent experimental approach was a collaborative study between Dutch researchers
and Cliona Ni Mhurchu from the University of Auckland®’; its aim was to examine the effects of
a price increase on SSBs on beverage and snack purchases using a randomized controlled design
within a three-dimensional web-based supermarket. There were two arms: the experimental
condition with a 19% tax on SSBs (to reflect an increase in Dutch VAT from 6% to 19%); and a
control condition with regular prices. One hundred and two participants were randomized and
purchased groceries on a single occasion. Participants in the experimental arm purchased
statistically significantly fewer SSBs than the control group (B = -0.90; 95% Cl = -1.70 to -0.10
litres per household per week). There were no effects on purchases of other beverages or snack
foods®’.

Taxation in the Real World

In studies undertaken directly in relation to taxation, the Danish food-tax studies stand out.
Jensen et al.>® undertook a panel study in Denmark of 2000 households and showed that the
introduced tax on fat produced a 10-15% reduction in consumption of butter, margarine, and
oils between January 2008 and July 2012. The Danish confectionery tax showed a fall in
demand following the tax imposition. The fall in demand (-11.2%) was greater for confectionery
on which there was a tax increase of 8.4% than for chocolate where the tax increase was 0.6%
and the consumption decline was 0.4%>°. Following the abolition of the Danish saturated fat
tax, demand did not return to pre-tax levels, suggesting that, at least over the short term, there
were some lasting changes in behaviour. Again, the question arises as to whether this is the
impact of some wider signal to the community, namely, that a tax on saturated fat means: “this
is deleterious for health” or simply inertia because people had adopted new behaviours*>°,

The imposition of sugar taxes in Hungary>>® are also informative. In 2011, Hungary increased
taxes on prepackaged sweetened products, SSBs, jams and preserves, flavoured beer with
added sugar(!), alcoholic soda drinks, alcoholic beverages, energy drinks, and excessively salty
snacks. There were several important consequences:
1) after the tax was imposed, 40% of unhealthy product manufacturers changed the
formulation (28% reducing the content of the deleterious ingredient and 12% eliminating
it);
2) sales declined by 27% and prices rose by 29%;
3) 7 to 16% of consumers switched to "cheaper often healthier"; 5 to 16% reduced
consumption of the taxed product; 5 to 11% changed to another brand or substituted an



"often healthier" choice;
4) changes were sustained in that 59 to 73% of people were consuming less in 2014 than
in previous years.
In its first four years, the tax raised more than US$200 million for public health spending. This
was equivalent to 1.2% of all health spending in 2013 in Hungary®.

One other lesson can be derived from the Hungarian experience: among those who stated that
awareness of the negative health impact was what influenced their change, energy drinks
declined 61%,; this decline was 38% among those who said price was the cause of their
behaviour change. For sugar sweetened beverages, the comparable estimates were 67% and
27%0. This argues that the impact of a tax on price and the signal that the product carries
deleterious consequences both motivate change.

The Finnish tax>® on confectionery, ice cream, and SSBs showed marked effects and is
informative. Table 2 (adapted from the ECSIP consortium report®®) shows the continuing
decline in consumption of high-sugar products associated with the imposition of steadily
increasing taxes over consecutive years. Note that ice-cream seems to be more inelastic than
confectionery and SSBs. Note, also, that smaller taxes have smaller effects, suggesting, again,
that the actual price increase is important even in the presence of clear signals about
deleterious consequences.

Table 2. Impact of the Finnish taxation policy on consumption of confectionery, ice cream, and
sugar-sweetened beverages

Tax Consumption
2011 2012 2013 2011 2012 2013
Confectionery +14.8 +6.0 +2.9 -2.6 -1.4 -0.1
Ice cream +15.7 +4.9 +2.9 -1.6 -0.9 +1.4
SSBs +7.3 +7.3 +2.7 -0.7 -3.1 -0.9

Adapted from the ECSIP consortium report (2014)%°

Fletcher et al.?! undertook a study of the correlation between US state taxes on SSBs and
obesity/overweight/BMI. They showed that soft-drink taxes are related to behaviour and
weight but that the magnitude is small. An increase of 1% in the tax rate results in a decline of:
0.01% in obesity; 0.02% in overweight; and 0.003 points of BMI. They noted a greater
association among lower-income individuals, such that the decline in obesity was 0.08% and in
overweight 0.10%. They showed a bigger influence on the behaviour of women, the middle-
aged, and older people.

Colchero et al. took a pre-post quasi-experimental approach to the first data available following
the introduction of the SSB tax in Mexico®2. They used difference-in-difference analyses along
with fixed-effects models. Their sample represents more than 16 million households (~90-100
million residents). They showed that, for taxed beverages, the absolute and relative differences
between the post-tax volume and its counterfactual (based on pre-tax trends) widened over
the 12 post-tax months from a reduction in consumption of 11 mL/capita/day (-5.6% relative to
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the counterfactual) in June to a reduction of 22 mL/capita/day (-12% relative to the
counterfactual) by December 2014. This represents a mean reduction of 6.1% over 2014.
During that year, the average urban Mexican purchased 4241 mL (~seven 600 mL bottles) fewer
taxed beverages than expected based on pre-tax trends. This was related to a 17% decrease in
purchases of non-carbonated sugar-sweetened beverages and a 1.2% decrease in taxed sodas.
For untaxed beverages, there was an average increase per person in the purchase of untaxed
beverages of 36 mL/capita/day.

Taxed beverages
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(4% relative to the counterfactual), which translates to the purchase of 12,827 mL (twenty-one
600 mL bottles) more untaxed beverages than expected. See Figure 1 from Colchero et al. The
reduction was greatest among the households with the lowest socioeconomic status®?. The
Colchero et al. findings, published in the BMJ, have been subject to the expected distortions
and misinformation that routinely characterizes industry response regarding tobacco, alcohol,
sugar, etc®,

In a follow-up study, Colchero et al. estimated changes in beverage purchases for 2014 and

2015, using Nielsen’s Mexico Consumer Panel Services data for 6,645 households in fifty-three
cities (populations 50,000 to 8.9 million) from January 2012 to December 2015. Changes in
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beverages — both taxed (carbonated sodas and noncarbonated sugar-sweetened beverages)
and untaxed (carbonated drinks such as diet sodas; bottled water; and all other untaxed drinks)
were estimated, comparing 2014/2015 purchases with predicted (counterfactual) purchases
based on the trends in 2012—-13. They summed the monthly household volume in each
beverage category, then calculated the volume per capita per day. Their models adjusted for
relevant economic factors and time trends. Purchases of taxed beverages decreased 5.5% in
2014 and 9.7% in 2015 - average 7.6%. Untaxed-beverage purchases increased 2.1%. Lowest
SES households showed the largest decreases in purchases of taxed beverages in both years®.
These data confirm that the Mexican taxation policy has maintained it impact on consumption
of SSBs over the medium term.

Berkeley, California instituted an excise tax of one cent per ounce on SSBs in March 2015. Falbe
et al.®> used a difference-in-differences approach to evaluate the impact on SSB consumption
using a repeated cross-sectional design that examined changes in consumption between pre-
and post-tax periods in low-income neighborhoods in Berkeley and compared these with
behaviour in Oakland and San Francisco. A questionnaire on frequency of beverage intake was
administered by interviewers to 990 participants before the tax and 1689 after the tax
(approximately 8 months after the vote that approved the tax and 4 months after
implementation) to examine relative changes in consumption. They found that consumption of
SSBs decreased 21% in Berkeley and increased 4% in comparison cities (p = 0.046). Water
consumption increased more in Berkeley (+63%) than in comparison cities (+19%; P < .01). This
is a real world before-and-after comparison across similar low-income communities in
Californian cities. The pre-tax data were collected in winter and post-tax data in summer when
increases in beverage consumption might reasonably be expected. In reality, however, this was
true only in the comparison communities and in water consumption in Berkeley, whereas SSBs
declined by 21% in Berkeley. Furthermore, the water-consumption increases in Berkeley were
in line with expectations associated with the seasonal differences and made up for the decline
in SSBs. The researchers’ conclusion that the excise tax caused a reduction in SSB consumption
in low-income neighborhoods in Berkeley seems appropriate.

Cawley has shown that the actual pass-through of the Berkeley tax to consumers was, on
average, 43.1% (95% confidence interval: 27.7-58.4%)°®, suggesting that the impact of the tax
on price is not as great as is often modelled. Nonetheless, the impact on consumption, even via
this somewhat weaker agency, is clear and robust.

Although it is not yet part of the real world of experience, the UK Government in 2016
proposed a tax on SSBs that is structured as high on drinks with >8 grams of sugar per 100 mL,
moderate on 5-8 g, and none on <5 g. Briggs et al.®” modelled the plausible effect — on obesity,
diabetes, and dental caries — of responses likely to be made by industry to this tax. This is
informative and useful because it provides some directions both for policy makers and for
industry. They modelled three responses: a) reformulation by manufacturers to reduce sugar
content (a response seen clearly in Hungary as reported above); b) increasing price; and c)
inducing a change in the market shares of each class of SSB: high-sugar, mid-sugar, and low-
sugar. For each, they defined better and worse outcomes for health, producing assessments of
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the impact in the UK on the prevalence of obesity and the incidence of dental caries and type 2
diabetes. The underlying model combined data on sales and consumption of SSBs, disease
incidence and prevalence, estimates of price elasticity, and estimates of the association
between SSB consumption and disease outcomes. The strengths of association between SSB
consumption and disease outcomes were drawn from the literature.

They found that, for health, the best outcome was derived from reformulating SSBs (assuming a
best-case scenario of 30% reduction in sugar concentration in high-sugar drinks and 15% for
mid-sugar drinks). This would reduce: a) the prevalence of obesity by about 0.9% (95%
uncertainty interval: 0.03-1.9%) overall but an approximately 10% reduction in obesity
prevalence in 4-10 year olds; b) the incidence of type 2 diabetes by 31.1 per 100 000 person-
years annually; and c) decayed, missing, or filled teeth by 4.4 per 1000 person-years) annually.
The impact of increasing the price of SSBs in the better-case scenario would be less marked as
would changes in market shares that increased the proportion of low-sugar drinks sold. The
largest impact on obesity and oral health would be among those younger than 18 years; the
largest absolute decrease in diabetes incidence would be in those older than 65 years®”.

The researchers noted that the health impact of a tax on SSBs is dependent on how industry
responds. They conclude that the impact on health would be “maximised by substantial
product reformulation, with additional benefits possible if the levy is passed on to purchasers
through raising of the price of high-sugar and mid-sugar drinks and activities to increase the
market share of low-sugar products.”®’

A Lancet Public Health editorial by Lennert Veerman that accompanied the paper noted that
the most likely response from industry would be some as-yet-undefinable mix of the three
responses modelled in the study. The editorial concluded, optimistically but for less than
entirely clear reasons, that “the health impact of the UK SSB tax is likely to be considerably
greater than Briggs and colleagues’ results suggest.”%8

Impact on Those with Low Income

The study of Smed et al.®® showed that there is a greater impact on those with low versus
higher incomes when studying the Danish household panel data. These findings are consistent
with those from the US®%7° as well as more generally in the world*3. Food pricing also affects
the young more markedly than older adults (see below), an outcome that, in part at least, is
also related to income. In New Zealand, there are specific benefits among Maori and Pacific’*72.
The Berkeley study was undertaken specifically in low-income US communities®®.

The impact of any consumption tax is regressive’? even when the tax is not being imposed to
raise revenue (though it does) but rather to change behaviour. However, although it is
economically regressive, the impact is greater — and therefore the health benefit is greater —in
low SES groups?®.

Impact on Manufacturers
Manufacturers are able to respond in rational ways over and above just passing the additional
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cost to consumers — although they often do that also. In Hungary, for instance, there was
systematic reformulation of products that had attracted taxes to bring them below the relevant
threshold — resulting, again, in lower consumption®°.

Impact on Employment

A recent modelling study of the 20% SSB tax in two US states, California and lllinois, found that,
rather than causing unemployment, there would be increases in employment of more than
4000 (+0.06%) jobs in Illinois and more than 6000 (0.03%) jobs in California’4. There were,
indeed, declines in employment within the beverage industry but these were offset by new
employment in other industries and in government. They conclude that claims by the beverage
industry of employment losses due to proposed SSB taxes are over-stated and potentially
misleading to lawmakers and voters’4.

Relevant Tobacco-taxation Data

There is substantial evidence from taxation policies in relation to tobacco to show that price
increases change behaviour’>’®. Indeed, price is central in determining whether an individual
starts smoking and in cessation’>. Worldwide consumption of tobacco could be reduced by
more than 30% by doubling the price of cigarettes’®”’. Past, current, and future smoking
behaviour are markedly malleable to price shifts, despite the fact that tobacco is highly
addictive. The US’® and the UK”® took more than 30 years to halve cigarette consumption. In
contrast, by aggressive taxation policies, South Africa®® and France®! each managed this change
in less than 15 years.

Data on the Young

Shifts in price are most effective in changing behaviour among young people — both for
tobacco’>®2 and sugar®®7°. It has been suggested that this is the result of the young being less
committed in their behaviours and life choices. As the young generally have lower incomes and
wealth than older adults and as those adults who have fewer resources are also more sensitive
to price**% — and perhaps receive greater benefit*® — this may simply be a matter of
disposable income. In either case, the empirical observation is encouraging in relation to the
potential for limiting both the uptake and the continuation of deleterious behaviours. It also
suggests however, as we have seen with tobacco, the sooner we get started the better.

Impact of Taxes Versus Market Fluctuations — is There a Halo Effect?

At present, there are too few data on real-world taxation to determine whether there is a
difference between the impact of price changes due to market fluctuations and the impact of
direct taxation and whether, therefore there is a halo effect (i.e., the tax also sends a ‘signal’ to
society regarding deleterious consequences). The recent Public Health England review*!
concluded that “evidence suggests that increasing prices of high sugar foods and non-alcoholic
drinks, potentially through taxation, may reduce purchases of these products proportionate to
the level of the price increase imposed”, a conclusion also consistent with the data presented
above®46°0 Whether there is halo effect that arises as a result of a government signal and
public discussion®! remains to be established but, as noted above, data both from Denmark>°
and Hungary®® are consistent with there being a signal separate from the direct impact of the
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tax itself.

Size of the Tax

There is sufficient evidence to show that any change in price brought about by taxation (or
other causes) has to be sufficiently large to actually motivate change>®#3-8>, Although the exact
level is hard to specify, there are both data and a general consensus that it has to be at least
10% and probably 20% to be effective®®; it would probably be a good place to start both in New
Zealand’! and elsewhere® and, clearly, we have not stinted, particularly lately, on the size of a
tobacco tax.

SSB Taxes Elsewhere

At the present time, there are at least 13 countries with taxes on SSBs, not all of which are for
the purposes of changing behaviour®®, In addition, five Pacific countries have import duties on
sugar or SSBs, including Cook Islands, Fiji, French Polynesia, Nauru, and Samoa®. Further, there
are parts of both the US and the UK where local SSB taxes are in place®. As already discussed,
the UK government has announced that there will be a two-tier tax on SSBs beginning in
2018%,

The impact of a 20% tax on $SBs in New Zealand

Ni Mhurchu et al. have estimated that a 20% tax on carbonated drinks would reduce daily
energy intakes by 0.2% (20kJ/day) (because there tends to be no one-for-one energy
substitution with a reduction in empty calories) and avert or postpone 67 (95% Ul = 60-73)
deaths per year from cardiovascular disease, diabetes, and diet-related cancers. This equates to
0.2% of all deaths in New Zealand per year, comparable to the number of annual deaths from
cervical cancer’t. The impact would probably be larger among Maori and Pacific because of the
greater price elasticity among these members of the New Zealand population’?.

Obesity and overweight account for about 9% of all illness, disability, and premature mortality
in New Zealand®. Approximately 66% of New Zealanders are overweight (35%) or obese
(31%)88. New Zealand expenditure directly on health care is around $12.8 billion. Expenditure
for the obese and overweight equals 9% of $12.8 billion, which is $1.152 billion. A 20% tax on
sugar would reduce obesity by 1.3% (n="14,000) and overweight by a further 0.9%
(n=~11.000)%. A reduction of the overweight and obese population by about 1% represents a
saving in health costs of around $6-11 million per year, depending on how many of the formerly
obese will still be in the overweight category.

New Zealanders consume 48.2 kg of sugar per year which equals 33 teaspoons per person per
day®°. As noted above, approximately 17% of the total sugar intake of adults in New Zealand is
from non-alcoholic beverages!; among 15-18 year olds, that proportion is 27-29% whereas in
those over 71 years, it is 7-8%. In 5-14 year olds, it is 14%2. Expenditure on sugar-sweetened
beverages in New Zealand has been estimated at around $257 million per year’. Ni Mhurchu et
al. further estimated that a 20% tax on this would raise about $40 million (even allowing for
reductions in consumption following the introduction of the tax)’%72.
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Some modelling studies have explored cost-effectiveness of taxes, all of which find them to
have a favourable ratio. An Australian study compared a 10% tax on seven ‘junk food’
categories with mandatory ‘traffic-light’ labelling. Simulated steady-state policy scenarios were
compared with current practice and were found to be cost-saving, with predicted reductions in
health expenditures of SA5,550 (2003 prices) and SA455 million, respectively and DALY gains of
559,000 and 45,100°%. A US study comparing a sodium tax (assumed to produce a 6% reduction
in intake) with those of a voluntary sodium reduction programme by food manufacturers
(assumed to produce a 9.5% reduction) concluded that both strategies were cost-saving, with
reduced medical expenditures of $22 billion (2008 prices) and $32 billion, respectively, and
QALY gains of 1.3 and 2 million, over the lifetime of a cohort of individuals aged 40 to 85°2.

Recent Policy Reviews and Recommendations

A technical meeting of experts was convened by WHO on 5—-6 May 2015 in Geneva to address
member-country requests for guidance on the design of fiscal policies on diet; the purpose was
to review evidence and existing guidance, discuss case studies, and provide input on scope,
design, and implementation of fiscal policies on diet®3. The meeting concluded that there was
reasonable and increasing evidence that appropriately designed taxes on sugar-sweetened
beverages would result in proportional reductions in consumption, especially if aimed at raising
the retail price by 20% or more. They concluded that there was similar strong evidence for the
effectiveness of subsidies on vegetables and fruit (V and F) and that a greater impact on net
energy intake and weight may be accomplished by combining subsidies on V and F with taxes
on target foods and beverages. They note, as have others, that vulnerable populations are
“most price-responsive” and that their health benefits “most from changes in the relative prices
of foods and beverages.”*3

They concluded that taxes that are based on nutrient content have greater impact and noted
that advocacy should be included in the development and implementation of such policies.
Most crucially, they underlined the importance of actively rebutting industry arguments and
rebuffing efforts to oppose the development and implementation of tax measures. They might
have warned us also about the same behaviour among some of our colleagues who work
toward the same end, apparently without even having skin in the game. Nonetheless, the WHO
meeting did acknowledge that there are evidence gaps that need to be addressed, including
empirically by having more countries introduce relevant policies®3.

Beginning with the high and increasing prevalence of obesity among Australians, a recent
report from the Grattan Institute, presented data on personal and third-party costs®*. They
estimated that third-party (largely government) costs of adult obesity in 2014/15 were more
than AUSS billion. They argued that the primary cause of the obesity epidemic is excessive
consumption of unhealthy processed food, attributing this, in turn, to people: a) having a
limited understanding of processed foods and of behavioural factors that can limit self-control;
and b) “not bearing the full costs of over-consumption of unhealthy foods.”?*

Based on econometric modelling, they proposed that the Australian Government reduce third-
party costs by imposing an excise tax on the sugar content of sugar-sweetened beverages
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(SSBs) — specifically soft drinks, flavoured mineral waters, energy drinks, cordials, and fruit
juices with added sugar. From this model, they argued that, although taxation by itself will not
solve the obesity problem, a tax levied at a rate of about 40 cents per 100 grams of sugar in
SSBs, would: a) increase the price of two litres of soft drink by about 80 cents; b) generate
around AUS500 million per year; c) reduce consumption of SSBs by about 15 per cent; and d)
lead to a reduction of about 2 per cent in the prevalence of obesity. They went further, noting
that, as about 80 per cent of Australia’s sugar production is exported. Australia would need to
export an additional 1% of annual sugar production to make up for the reduced domestic
consumption, suggesting transition assistance for affected producers (making up for domestic
consumption by increasing export feels a bit like, “My jewels are weighing me down to hell; I'll
give them to my sister,” but, in the absence of international consensus and coordinated action,
what recourse does a national government have?) They proposed that the revenue could be
hypothecated for obesity-reduction programmes or used just as general revenue®*.

The equivalent return in New Zealand would be perhaps NZ$100 million and we do not have a
domestic sugar industry to nurture.

The Committee of Presidents of Medical Colleges is the peak body that represents specialist
medical practitioners in Australia. All of the specialist medical colleges support the following
recommendations to tackle obesity®:

1. All Australians be actively encouraged to regularly monitor their weight and know about
healthy limits;
Introduce a tax on sugar, and regulate fast food availability in schools;
Promote physical activity and better lifestyle behaviours;
Create better urban and regional plans which actively encourage daily exercise;
Enhance opportunities for health professionals to provide opportunistic advice and
support.

ke wnN

The need for more than legislation

Consistent with this broader approach from the Australian Medical Colleges, a recent
thoughtful discussion®® of why the Danish tax on saturated fat was abolished concludes that if a
tax is to survive it needs more than merely to be passed. Further, it probably needs to be
politically supported for health, rather than fiscal, reasons. It also needs to be supported, or at
least accepted, by prominent actors in the food arena, including researchers®®. And it needs to
be set within a broader set of policies, information (including social marketing), incentives,
controls, and nudges®®’. For instance, the 2014 WHO Comprehensive Implementation Plan on
Maternal, Infant and Young Child Nutrition®® notes, “Trade measures, taxes and subsidies are
an important means of guaranteeing access and enabling healthy dietary choices. They can be
powerful tools when associated with adequate information for consumers through nutrition
labelling and responsible food marketing, and with social marketing and promotion of healthy
diets and healthy lifestyles.”

Response to Gibson
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Prof John Gibson of Waikato University, made the point —in a July 13, 2016 presentation at the
Ministry of Health in Wellington that is currently still unpublished — that price-elasticity-of-
demand estimates from household-survey data have a problem, namely that the usual use of
budget-share data ignores the fact that these reflect, not just quantity, but both quantity and
quality.

Based on an insight from Prais and Houthakker®® that household surveys do not provide data on
expenditures on, and quantity consumed of, specific goods but rather on classes of goods (i.e.,
with no distinction between higher-cost and lower-cost versions of food that may represent
plausible alternates), Gibson argued that, because there are many different varieties, brands,
package sizes etc. within a commodity group, the purchaser faces choices both about quantity
and quality (at least as determined by price per unit) of items; therefore, if demand estimates
do not allow for both choices, there will be conflation of quality responses and quantity
responses to changes in price and this, in turn will overstate the efficacy of price rises in
reducing the quantity of the taxed item and therefore overstate the reduction in consumption
of, say, sugar-sweetened beverages.

He further showed that the assumptions underlying Deaton’s method!® to untangle quality
responses and quantity responses do not seem to hold in practice, although not everyone
agrees with that assessment. He argued that, because part of the budget-share response to
change in price is change in choice of quality, both prices and unit values are needed to get
unbiased quantity elasticities from budget-share equations. Therefore, he concluded, the
guantity of food and drink purchased is likely to be much less price-responsive than is
suggested by the studies that underpin the introduction of taxes on SSBs.

Gibson’s argument, based on Indonesian and other studies, if it holds, would mean that our
traditional estimates of own-PE are overestimated by perhaps 5-fold (e.g., if we find an own-PE
of -1.0, then it really is -0.2 (and, thus, any tax would be 80% less effective in its impact on
purchase and consumption). However, there are a number of issues that Gibson failed to
consider:

i.  This 80% estimate is derived from low-income country data. The recent Sharma et al.
modelling study, using Australian data, puts it at more like 30% (own-PE of -0.63
allowing for the quality/quantity trade-off (endogeneity) v. -0.89 ignoring this
problem)1o,

ii.  The problem that Gibson is addressing is real but applies only to “valoric” or “added
value” taxes (i.e., a % tax on sales price) — and indeed, an analysis of the impact of the
added value sales taxes in Maine and Ohio showed that neither had a statistically
significant impact on the consumption of soft drinks%2. This difficulty can be easily
disposed of with tax based on sugar content (the UK solution) or a volumetric tax (e.g.,
$0.40 tax per liter for all drinks irrespective of price) which results in cheap drinks having
a higher % tax and reducing the drive to consume SSBs of lower quality°®.
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iii.  Gibson is (again, correctly) identifying a downward bias in the own-PE. However, he did
not speak to the bias that acts in the other direction. Specifically, econometric theory
states that each time you subdivide a food group (e.g., break soft drinks into diet and
sugary soft drinks) that the own-PE increases. This is because, if the price of sugary
drinks, but not diet drinks, increases, the purchaser has a substitute to which they can
move (i.e., diet instead of sugary beverage). It is highly likely that the own-PE of SSBs is
greater than soft drinks overall.

iv.  Even with a valoric rather than volumetric tax, the quality-response issue becomes
increasingly less important once SSB taxes are high enough so that non-SSB beverages
are typically cheaper per litre than SSBs. In the initial stages — when SSB taxes are still
low — setting minimum prices (by law) could help prevent a shift to lower-priced
products. Although such a policy may reduce the revenue gain (again, revenue gain is
not the primary aim), it may reduce industry opposition as supermarkets may increase
profit.

v. Itis true that none of the studies cited above explicitly addresses the brand/quality issue
that Gibson highlights but that could be addressed specifically in future experiments and
perhaps also by analysing Nielsen NZ Homescan data.

vi.  Further, however, we need to consider the totality of the evidence in this area and not
privilege one study or one study design over all others: a) the data on own-PE are widely
consistent across geography and time; b) there have been, as noted above, a number of
informative and, again consistent, experimental studies, using a virtual supermarket or
other settings; c) the results following the introduction of SSB taxes in various cities and
countries are arguably the strongest evidence available — these real-world data, again as
noted above, are entirely consistent with the modelling studies; d) the details within the
real-world findings (the persistence of behaviour after withdrawal; the shift by
manufacturers; the evidence that there is a halo effect just from instituting a tax; the
evidence from Berkeley that a decline can occur across a seasonal shift that should have
produced a rise) are all reassuring observations that make nit-picking at the edges of the
general argument hard to sustain.

vii.  Finally, it is worth considering, perhaps, how odd it is that, even though an SSB tax has
more evidence (albeit still not 100% certain) than any of the other interventions in the
current obesity-control plan, nonetheless, the idea of an SSB tax seems to be treated as
not being evidence-based — at least by Gibson.

Conclusions

There is good evidence of price elasticity of demand for sugar-sweetened beverages, with
observational data (from the real world) — involving both market fluctuations and taxation —
and experimental data. The greatest benefit is likely to be among those on low incomes, among
young people, and, in New Zealand, among Maori and Pacific. A small tax is likely to be less
beneficial than a larger one but, from about 10% and up, the impact on population
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consumption approximates the magnitude of the tax. There can be rational responses from
manufacturers, resulting in product reformulation to reduce levels of sugar. Thus, taxing — or
otherwise elevating the price of — SSBs results in market responses, a reduction in purchases,
and lower consumption.

An SSB tax that results in lower consumption of empty calories — based on the relationship, in
both adults and children, between energy balance and obesity and between SSBs and caries,
obesity, cardiovascular disease, diabetes, etc. — will, in turn, result in beneficial changes in
average BMI, in overweight and obesity, and in the associated burden of morbidity and
mortality. Over time, there may be, in New Zealand, 50 deaths “saved” per year, especially
deaths due to diabetes and cardiovascular disease and it will save at least $S6 million per year in
health costs. More immediately, it will raise about $40 million in revenue. Over time, an SSB tax
is likely to be cost-saving for the health system, as well as health improving.

Finally, it is worth noting that an SSB tax is only one component of a comprehensive strategy to
tackle obesity — including healthy school-food policies, restrictions on marketing to children,
increased opportunities for physical activity, safer biking routes, etc. — but it has the virtue of
being an evidence-based action that can anchor and reinforce those other steps.

References

1. University of Otago and Ministry of Health. A Focus on Nutrition: Key Findings of the
2008/09 New Zealand Adult Nutrition Survey. Wellington: Ministry of Health; 2011 September.
2. Parnell W, Scragg R, Wilson N, Schaaf D, Fitzgerald E. NZ Food NZ Children: Key results of
the 2002 National Children’s Nutrition Survey. Wellington: Ministry of Health; 2003.

3. Block G. Foods contributing to energy intake in the US: data from NHANES IIl and
NHANES 1999-2000. Journal of Food Composition and Analysis 2004;17:439-47.

4, Nielsen SJ, Popkin BM. Changes in beverage intake between 1977 and 2001. American
Journal of Preventive Medicine 2004;27:205-10.

5. Burt B, Pai S. Sugar consumption and caries risk: a systematic review. Journal of Dental
Education 2001;65:1017-23.

6. Moynihan PJ, Kelly SAM. Effect on Caries of Restricting Sugars Intake: Systematic Review
to Inform WHO Guidelines. Journal of Dental Research 2014;93:8-18.

7. Meyer BD, Lee JY. The Confluence of Sugar, Dental Caries, and Health Policy. Journal of
Dental Research 2015;94:1338-40.

8. Gussy MG, Waters EG, Walsh O, Kilpatrick NM. Early childhood caries: Current evidence
for aetiology and prevention. Journal of Paediatrics and Child Health 2006;42:37-43.

9. Ismail Al, Burt BA, Eklund SA. The cariogenicity of soft drinks in the United States. The

Journal of the American Dental Association 1984;109:241-5.

10. de Ruyter JC, Olthof MR, Seidell JC, Katan MB. A Trial of Sugar-free or Sugar-Sweetened
Beverages and Body Weight in Children. New England Journal of Medicine 2012;367:1397-406.
11. Parks EJ, Skokan LE, Timlin MT, Dingfelder CS. Dietary Sugars Stimulate Fatty Acid
Synthesis in Adults. The Journal of Nutrition 2008;138:1039-46.

20



12. Johnson RJ, Nakagawa T, Sanchez-Lozada LG, et al. Sugar, Uric Acid, and the Etiology of
Diabetes and Obesity. Diabetes 2013;62:3307.

13. DeMarco VG, Aroor AR, Sowers JR. The pathophysiology of hypertension in patients with
obesity. Nat Rev Endocrinol 2014;10:364-76.

14. Stanhope KL. Sugar consumption, metabolic disease and obesity: The state of the
controversy. Critical Reviews in Clinical Laboratory Sciences 2016;53:52-67.
15. Dhingra R, Sullivan L, Jacques PF, et al. Soft drink consumption and risk of developing

cardiometabolic risk factors and the metabolic syndrome in middle-aged adults in the
community. Circulation 2007;116:480-8.

16. Te Morenga LA, Howatson AJ, Jones RM, Mann J. Dietary sugars and cardiometabolic
risk: systematic review and meta-analyses of randomized controlled trials of the effects on
blood pressure and lipids. The American Journal of Clinical Nutrition 2014;100:65-79.

17. de Koning L, Malik VS, Kellogg MD, Rimm EB, Willett WC, Hu FB. Sweetened Beverage
Consumption, Incident Coronary Heart Disease, and Biomarkers of Risk in Men. Circulation
2012;125:1735-41.

18. Yoshida M, McKeown NM, Rogers G, et al. Surrogate Markers of Insulin Resistance Are
Associated with Consumption of Sugar-Sweetened Drinks and Fruit Juice in Middle and Older-
Aged Adults. The Journal of Nutrition 2007;137:2121-7.

19. Stanhope KL, Medici V, Bremer AA, et al. A dose-response study of consuming high-
fructose corn syrup—sweetened beverages on lipid/lipoprotein risk factors for cardiovascular
disease in young adults. The American Journal of Clinical Nutrition 2015;101:1144-54,

20. Rodriguez LA, Madsen KA, Cotterman C, Lustig RH. Added sugar intake and metabolic
syndrome in US adolescents: cross-sectional analysis of the National Health and Nutrition
Examination Survey 2005—2012. Public Health Nutrition 2016;FirstView:1-11.

21. Welsh JA, Sharma A, Cunningham SA, Vos MB. Consumption of Added Sugars and
Indicators of Cardiovascular Disease Risk Among US Adolescents. Circulation 2011;123:249-57.
22. Pollock NK, Bundy V, Kanto W, et al. Greater Fructose Consumption Is Associated with
Cardiometabolic Risk Markers and Visceral Adiposity in Adolescents. The Journal of Nutrition
2012;142:251-7.

23. Chan T-F, Lin W-T, Huang H-L, et al. Consumption of Sugar-Sweetened Beverages Is
Associated with Components of the Metabolic Syndrome in Adolescents. Nutrients
2014;6:2088-103.

24, Schulze MB, Manson JE, Ludwig DS, et al. Sugar-sweetened beverages, weight gain, and
incidence of type 2 diabetes in young and middle-aged women. JAMA 2004;292:927-34.

25. Te Morenga L, Mallard S, Mann J. Dietary sugars and body weight: systematic review
and meta-analyses of randomised controlled trials and cohort studies. BMJ 2013;346:e7492.
26. Odegaard AO, Choh AC, Czerwinski SA, Towne B, Demerath EW. Sugar-sweetened and
diet beverages in relation to visceral adipose tissue. Obesity (Silver Spring, Md) 2012;20:689-91.
27. Fung TT, Malik V, Rexrode KM, Manson JE, Willett WC, Hu FB. Sweetened beverage
consumption and risk of coronary heart disease in women. The American Journal of Clinical
Nutrition 2009;89:1037-42.

28. Basu S, Yoffe P, Hills N, Lustig RH. The Relationship of Sugar to Population-Level
Diabetes Prevalence: An Econometric Analysis of Repeated Cross-Sectional Data. PLoS ONE
2013;8:e57873.

21



29. Montonen J, Jarvinen R, Knekt P, Heliovaara M, Reunanen A. Consumption of
Sweetened Beverages and Intakes of Fructose and Glucose Predict Type 2 Diabetes Occurrence.
The Journal of Nutrition 2007;137:1447-54.

30. The InterAct consortium. Consumption of sweet beverages and type 2 diabetes
incidence in European adults: results from EPIC-InterAct. Diabetologia 2013;56:1520-30.

31. Assy N, Nasser G, Kamayse |, et al. Soft Drink Consumption Linked with Fatty Liver in the
Absence of Traditional Risk Factors. Canadian Journal of Gastroenterology 2008;22:811-6.

32. Ouyang X, Cirillo P, Sautin Y, et al. Fructose consumption as a risk factor for non-
alcoholic fatty liver disease. Journal of Hepatology 2008;48:993-9.

33. Ishimoto T, Lanaspa MA, Rivard CJ, et al. High-fat and high-sucrose (western) diet
induces steatohepatitis that is dependent on fructokinase. Hepatology 2013;58:n/a-n/a.

34, Luo S, Monterosso JR, Sarpelleh K, Page KA. Differential effects of fructose versus
glucose on brain and appetitive responses to food cues and decisions for food rewards.
Proceedings of the National Academy of Sciences 2015;112:6509-14.

35. Sun S, Empie M. Fructose metabolism in humans - what isotopic tracer studies tell us.
Nutrition & Metabolism 2012;9:89.

36. Lustig RH, Schmidt LA, Brindis CD. Public health: The toxic truth about sugar. Nature
2012;482:27-9.

37. Lustig RH. Fructose: Metabolic, Hedonic, and Societal Parallels with Ethanol. Journal of
the American Dietetic Association 2010;110:1307-21.

38. Kahn R, Sievenpiper JL. Dietary Sugar and Body Weight: Have We Reached a Crisis in the
Epidemic of Obesity and Diabetes? Diabetes Care 2014;37:957-62.

39. Bray GA, Popkin BM. Dietary Sugar and Body Weight: Have We Reached a Crisis in the
Epidemic of Obesity and Diabetes? Diabetes Care 2014;37:950-6.

40. Blecher E. Taxes on tobacco, alcohol and sugar sweetened beverages: Linkages and
lessons learned. Social Science & Medicine 2015;136-137:175-9.

41. Public Health England. Sugar Reduction: The evidence for action. London: Public Health
England; 2015 Oct.

42. 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. American Journal of
Public Health 2010;100:216-22.

43, 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:e1001353.

44, Green R, Cornelsen L, Dangour AD, et al. The effect of rising food prices on food
consumption: systematic review with meta-regression. BMJ 2013;346:f3703.

45, Cabrera Escobar MA, Veerman JL, Tollman SM, Bertram MY, Hofman KJ. Evidence that a
tax on sugar sweetened beverages reduces the obesity rate: a meta-analysis. BMC Public Health
2013;13:1-10.

46. Thow AM, Downs S, Jan S. A systematic review of the effectiveness of food taxes and
subsidies to improve diets: Understanding the recent evidence. Nutrition Reviews 2014;72:551-
65.

22



47. Duffey KJ, Gordon-Larsen P, Shikany JM, Guilkey D, Jacobs DR, Jr., Popkin BM. Food price
and diet and health outcomes: 20 years of the CARDIA study. Archives of Internal Medicine
2010;170:420-6.

48. Wang YC, Coxson P, Shen Y-M, Goldman L, Bibbins-Domingo K. A Penny-Per-Ounce Tax
On Sugar-Sweetened Beverages Would Cut Health And Cost Burdens Of Diabetes. Health Affairs
2012;31:199-207.

49, Powell LM, Chriqui J, Chaloupka FJ. Associations between state-level soda taxes and
adolescent body mass index. J Adolesc Health 2009;45:557-63.
50. Powell LM, Chaloupka FJ. Food prices and obesity: evidence and policy implications for

taxes and subsidies. Milbank Q 2009;87:229-57.

51. 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. The American Journal of Clinical Nutrition 2012;95:789-809.

52. Block JP, Chandra A, McManus KD, Willett WC. Point-of-Purchase Price and Education
Intervention to Reduce Consumption of Sugary Soft Drinks. American Journal of Public Health
2010;100:1427-33.

53. Epstein LH, Dearing KK, Roba LG, Finkelstein E. The Influence of Taxes and Subsidies on
Energy Purchased in an Experimental Purchasing Study. Psychological Science 2010;21:406-14.
54, Giesen JCAH, Havermans RC, Nederkoorn C, Jansen A. Impulsivity in the supermarket.
Responses to calorie taxes and subsidies in healthy weight undergraduates. Appetite 2012;58:6-
10.

55. Nederkoorn C, Havermans RC, Giesen JCAH, Jansen A. High tax on high energy dense
foods and its effects on the purchase of calories in a supermarket. An experiment. Appetite
2011,56:760-5.

56. Zizzo DJ, Parravano M, Nakamura R, Forwood S, Suhrcke M. The Impact of Taxation and
Signposting on Diet: An Online Field Study with Breakfast Cereals and Soft Drinks. York: Centre
for Health Economics, University of York; 2016 June 2016.

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

58. Jensen JD, Smed S. The Danish tax on saturated fat — Short run effects on consumption,
substitution patterns and consumer prices of fats. Food Policy 2013;42:18-31.

59. ECSIP consortium. Food taxes and their impact on competitiveness in the agri-food
sector. Final Report. Rotterdam: ECSIP; 2014 12 July.

60. WHO. Public Health Product Tax in Hungary: An example of successful intersectoral
action using a fiscal tool to promote healthier food choices and raise revenues for public health.
Copenhagen: WHO Regional Office for Europe; 2015.

61. Fletcher MJ, Frisvold DE, Tefft N. Can soft drink taxes reduce population weight?
Contemp Econ Policy 2010;28:23-35.

62. 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.
63. The Nutritional Health Alliance. Uncapping the Truth: The Mexican Sugar Sweetened
Beverage Tax Works. http://www.sidint.net/sites/www.sidint.net/files/Fact sheet Uncapping
the truth Mexico SSB tax June2016.pdf: The Nutritional Health Alliance; 2016.

23


http://www.sidint.net/sites/www.sidint.net/files/Fact%20sheet_Uncapping%20the%20truth%20Mexico%20SSB%20tax_June2016.pdf
http://www.sidint.net/sites/www.sidint.net/files/Fact%20sheet_Uncapping%20the%20truth%20Mexico%20SSB%20tax_June2016.pdf

64. Colchero MA, Rivera-Dommarco J, Popkin BM, Ng SW. In Mexico, Evidence Of Sustained
Consumer Response Two Years After Implementing A Sugar-Sweetened Beverage Tax. Health
Affairs 2017;36:564-71.

65. Falbe J, Thompson HR, Becker CM, Rojas N, McCulloch CE, Madsen KA. Impact of the
Berkeley Excise Tax on Sugar-Sweetened Beverage Consumption. American Journal of Public
Health 2016;106:1865-71.

66. Cawley J, Frisvold DE. The Pass-Through of Taxes on Sugar-Sweetened Beverages to
Retail Prices: The Case of Berkeley, California. Journal of Policy Analysis and Management
2016;36:n/a-n/a.

67. Briggs ADM, Mytton OT, Kehlbacher A, et al. Health impact assessment of the UK soft
drinks industry levy: a comparative risk assessment modelling study. The Lancet Public Health
2016;Published Online December 15, 2016 http://dx.doi.org/10.1016/S2468-2667(16)30037-
8:e15-e22.

68. Veerman L. The impact of sugared drink taxation and industry response. The Lancet
Public Health 2016;Published Online December 15, 2016 http://dx.doi.org/10.1016/S2468-
2667(16)30039-1:e2-e3.

69. Smed S, Jensen JD, Denver S. Socio-economic characteristics and the effect of taxation
as a health policy instrument. Food Policy 2007;32:624-39.

70. 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. Obesity Reviews 2013;14:110-
28.

71. Ni Mhurchu C, Eyles H. Twenty percent tax on fizzy drinks could save lives and generate
millions in revenue for health programmes in New Zealand. The New Zealand Medical Journal
2014;127:92-3.

72. Ni Mhurchu C, Eyles H, Schilling C, et al. Food Prices and Consumer Demand: Differences
across Income Levels and Ethnic Groups. PLoS ONE 2013;8:e75934.

73. Nnoaham KE, Sacks G, Rayner M, Mytton O, Gray A. Modelling income group differences
in the health and economic impacts of targeted food taxes and subsidies. International journal
of epidemiology 2009;38:1324-33.

74. Powell LM, Wada R, Persky JJ, Chaloupka FJ. Employment Impact of Sugar-Sweetened
Beverage Taxes. American Journal of Public Health 2014;104:672-7.

75. International Agency for Research on Cancer. Effectiveness of Tax and Price Policies for
Tobacco Control. Lyon: International Agency for Research on Cancer; 2011.

76. Jha P, Peto R. Global Effects of Smoking, of Quitting, and of Taxing Tobacco. New
England Journal of Medicine 2014;370:60-8.

77. Jha P. Avoidable global cancer deaths and total deaths from smoking. Nat Rev Cancer
2009;9:655-64.

78. Forey B, Hamling J, Hamling J, Thornton A, Lee P. USA. International Smoking Statistics
Web Edition A collection of worldwide historical data. http://www.pnlee.co.uk/ISS3.htm2015.
79. Forey B, Hamling J, Hamling J, Thornton A, Lee P. United Kingdom. International
Smoking Statistics Web Edition A collection of worldwide historical data.
http://www.pnlee.co.uk/ISS3.htm2016.

24


http://dx.doi.org/10.1016/S2468-2667(16)30037-8:e15-e22
http://dx.doi.org/10.1016/S2468-2667(16)30037-8:e15-e22
http://dx.doi.org/10.1016/S2468-2667(16)30039-1:e2-e3
http://dx.doi.org/10.1016/S2468-2667(16)30039-1:e2-e3
http://www.pnlee.co.uk/ISS3.htm2015
http://www.pnlee.co.uk/ISS3.htm2016

80. Van Walbeek C. Industry Responses to the Tobacco Excise Tax Increases in South Africa.
South African Journal of Economics 2006;74:110-22.

81. Hill C. Impact de 'augmentation des prix sur la consommation de tabac.
https://www.gustaveroussy.fr/sites/default/files/impact _prix consommation tabac 2014.pdf.:
Institut Gustave Roussy; 2014.

82. Kostova D, Ross H, Blecher E, Markowitz S. Is youth smoking responsive to cigarette
prices? Evidence from low- and middle-income countries. Tobacco Control 2011;20:419-24.

83. Brownell KD, Farley T, Willett WC, et al. The Public Health and Economic Benefits of
Taxing Sugar-Sweetened Beverages. New England Journal of Medicine 2009;361:1599-605.

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

85. Jacobson M, Brownell K. Small taxes on soft drinks and snack foods to promote health.
American Journal of Public Health 2000;90:854-7.

86. World Cancer Research Fund International. Use economic tools.
http://www.wcrf.org/int/policy/nourishing-framework/use-economic-tools: World Cancer
Research Fund International; 2016.

87. Stewart H. George Osborne backs sugar tax and £3.5bn of Whitehall cuts. The Guardian
2016 Thursday 17 March 2016.

88. Ministry of Health. Annual Update of Key Results 2014/15: New Zealand Health Survey.
Wellington: Ministry of Health; 2015 December 2015. Report No.: HP 6312.

89. Briggs ADM, Mytton OT, Kehlbacher A, Tiffin R, Rayner M, Scarborough P. Overall and
income specific effect on prevalence of overweight and obesity of 20% sugar sweetened drink
tax in UK: econometric and comparative risk assessment modelling study. BMJ 2013;347:f6189.
90. FAOSTAT. http://faostat3.fao.org/download/FB/*/E.: FAO; 2016.

91. Sacks G, Veerman JL, Moodie M, Swinburn B. "Traffic-light" nutrition labelling and "junk-
food" tax: a modelled comparison of cost-effectiveness for obesity prevention. Int J Obes
2011;35:1001-9.

92. Smith-Spangler CM, Juusola JL, Enns EA, Owens DK, Garber AM. Population Strategies to
Decrease Sodium Intake and the Burden of Cardiovascular Disease: A Cost-Effectiveness
Analysis. Annals of Internal Medicine 2010;152:481-7.

93. WHO. Fiscal Policies for Diet and Prevention of Noncommunicable Diseases. Technical
Meeting Report 5-6 May 2015, Geneva, Switzerland. Geneva: WHO; 2016.

94, Duckett S, Swerissen H. A sugary drinks tax: Recovering the community costs of obesity.
Melbourne: Grattan Institute; 2016 November.

95. Council of Presidents of Medical Colleges. Specialist Medical Colleges call for action to
tackle obesity crisis in Australia. http://cpmc.edu.au/: Council of Presidents of Medical Colleges;
2016.

96. Vallgarda S, Holm L, Jensen JD. The Danish tax on saturated fat: why it did not survive.
Eur J Clin Nutr 2015;69:223-6.

97. Bohannon J. Government ‘nudges’ prove their worth. Science 2016;352:1042-.

98. World Health Organization. The Comprehensive Implementation Plan on Maternal,
Infant and Young Child Nutrition. Geneva: World Health Organization; 2014. Report No.:
WHO/NMH/NHD/14.1.

25


https://www.gustaveroussy.fr/sites/default/files/impact_prix_consommation_tabac_2014.pdf
http://www.wcrf.org/int/policy/nourishing-framework/use-economic-tools
http://faostat3.fao.org/download/FB/*/E
http://cpmc.edu.au/

99. Prais S, Houthakker H. The Analysis of Family Budgets. Cambridge: Cambridge University
Press; 1955.

100. Deaton A. Quality, Quantity, and Spatial Variation of Price. The American Economic
Review 1988;78:418-30.

101. Sharma A, Hauck K, Hollingsworth B, Siciliani L. The effects of taxing sugar-sweetened
beverages across different income groups. Health Economics 2014;23:1159-84.

102. Colantuoni F, Rojas C. The Impact of Soda Sales Taxes on Consumption: Evidence from
Scanner Data. Contemporary Economic Policy 2015;33:714-34.

26



	Acknowledgements
	Summary
	Sugar-Sweetened Beverages and the Health of Adults and Children
	Price Elasticity of Demand
	Price Elasticity in the Real World
	Experimental Settings
	Taxation in the Real World
	Figure 1 from Reference 57
	Impact on Those with Low Income
	Impact on Manufacturers
	Impact on Employment
	Relevant Tobacco-taxation Data
	Data on the Young
	Impact of Taxes Versus Market Fluctuations – is There a Halo Effect?
	Size of the Tax
	SSB Taxes Elsewhere
	The impact of a 20% tax on SSBs in New Zealand
	Ni Mhurchu et al. have estimated that a 20% tax on carbonated drinks would reduce daily energy intakes by 0.2% (20kJ/day) (because there tends to be no one-for-one energy substitution with a reduction in empty calories) and avert or postpone 67 (95% U...
	Obesity and overweight account for about 9% of all illness, disability, and premature mortality in New Zealand88. Approximately 66% of New Zealanders are overweight (35%) or obese (31%)88. New Zealand expenditure directly on health care is around $12....
	Some modelling studies have explored cost-effectiveness of taxes, all of which find them to have a favourable ratio. An Australian study compared a 10% tax on seven ‘junk food’ categories with mandatory ‘traffic-light’ labelling. Simulated steady-stat...
	Recent Policy Reviews and Recommendations
	The need for more than legislation
	Response to Gibson
	Conclusions
	References

