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Fat tax or thin subsidy? How price increases and decr eases affect
the energy and nutrient content of food and beverage purchases

in Great Britain

1. Introduction

Poor diets are the second leading risk factor fortatity globally, accounting for nearly one
in five deaths (GBD 2016 Risk Factors Collaborgtdsets low in whole grains and fruits,
and high in sodium, are leading individual dietaigks to mortality. At the same time
consuming too much red meat and sugar-sweetenestdgms are individual factors seeing
the greatest increase in attributable deaths andY¥Asince 1990 (GBD 2016 Risk Factors

Collaborators).

Policies to change food price are increasingly moended to prevent diet-related diseases
at population level, particularly in middle- andghtincome countries (WHO, 2018). The
underlying idea behind these policies is simplainhealthy foods became more expensive
(e.g. via taxes), or healthy food became cheapgy. (@a subsidies), consumers would

decrease or increase their purchase, and consumatoordingly.

The reality, however, is more complicated as ttaeedifficulties in measuring the impacts
from individual food price changes on total dietcasisumers may change their demand for
many other foods in response to the policy, negatin exacerbating the intended effect.
Thus, the comparative effectiveness of either pmoeease or decreases in improving the

overall quality of diets, at population level, rangunknown.

Reviews of prospective modelling studies of taxesfoods, mostly on sugary drinks,

generally suggest that a 20% tax can increasertbe gufficiently to reduce purchases of the



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

taxed products (Afshin et al., 2017; Backholerlet2016; Thow et al., 2014; Wright et al.,
2017). Whether this translates to a reduction iesdlp prevalence and associated disease is
less clear (Bes-Rastrollo et al., 2016; Nakhimowskgl., 2016). Studies find nutrient-based
taxes (e.g. tax on sugar) to be comparatively neffective than product-based taxes
(Harding & Lovenheim, 2017). However, from policyerppective these are also more
complex to implement. Recent studies from coustmewhich taxes have been levied on
unhealthy foods or beverages confirm a small rédnidn their consumption (Bir6, 2015;
Badker et al., 2015; Colchero et al., 2017; Sikeal., 2017). Small positive health effects
have only been shown through modelling actual ceang purchases for the Danish tax on
saturated fats in 2011 (Smed & al., 2016) and F& tax on sugary drinks in Mexico

(Barrientos-Gutierrez et al., 2017).

For consumers, subsidies on healthy foods are stastelably more acceptable than taxes on
unhealthy foods (Mazzocchi et al., 2014) promptndiscussion on whether price subsidies
(on their own or together with taxes) are a morngrayriate solution (Caraher & Cowburn,
2015; Niebylski et al., 2015). Experimental studiesnonstrate the effectiveness of subsidies
to improve diets in specific contexts (e.g. amoingteéd population, geographical areas or
implemented in selected outlets), often in parallgh other interventions, such as provision
of information (Afshin et al., 2017; Epstein et, &012). Wider subsidy programs covering
large population shares (and evaluations of thiéacgveness) in the context of improving
dietary health, rather than addressing basic feammlirgy needs, are rare. Most evidence
comes from the recipients of Supplemental Nutrithssistance Programme (SNAP) in the
US, showing an increase in fruit and vegetable womdion when incentivised by a price

subsidy (Chang et al., 2015; Kaushal & Muchomb&a52®lerman et al., 2014).

This study contributes to the evidence on the imhpdicprice changes on the nutritional
quality of diets by exploiting a unique data-set fond purchases. Home-scan data from

2
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Kantar Worldpanel, for a large and representatimm@e of more than 26,000 British

households, opens the way to the estimation optiential outcomes of price increases and
decreases on energy, and nutrients purchased framga of healthier and less healthy foods
and beverages. These cover the whole food baskethas the full range of own- and cross-

price effects.

The novelty in our approach lies in two aspectsstFiwe measure the impact of price
changes on purchases of energy and nutrients ardbth explicitly measure changes in
dietary quality while maintaining modelling choicesnong food groups, rather than
nutrients. This is an important distinction becausen people shop they shop for specific
foods rather than energy and nutrients. By catsgwyiall foods based on their relative
healthiness using a nutrient profile model use®iaat Britain since 2004 (UK Department
of Health, 2011) we also indicate food groups fhick price changes may lead to the largest
gains, as well as potential trade-offs. For exa&anah increase in the price of foods high in
sugar might have a knock-on effect on fibre condiongf foods have relatively high levels

of both, as in many breakfast cereals.

Second, given the highly disaggregated nature efdata over time, our demand model
specification is generalised to allow elasticittesdepend on the difference with previous
shopping prices. Such generalisation is drivendmgistanding empirical marketing research
(including in food demand) that the same consumightireact with different intensity to

price increases and decreases (Bell & Lattin, 200 et al., 2001; Juhl & Jensen, 2014;
Kalyanaram & Winer, 1995; Krishnamurthi et al., 2908azumdar et al., 2005; Taludkar &

Lindsey, 2013). While it is difficult to summarisiee magnitude of such asymmetry in price
response, as the papers look at very differentymtsdusing different models, the conclusions

support the existence of asymmetry in price respéméncreasing and decreasing prices.
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The most credited explanation for asymmetry in daenes based on the reference-price
concept; where consumers compare current pricds avifreference) price that has been
formed from past shopping experiences. If theesurprice differs from this reference price
the consumer experiences gains or losses. Thisacansistent with Prospect Theory, which
predicts that consumers react more strongly toeb$lsan to gains (Tversky & Kahneman,
1991), such that the impact of price increases ywesl a more pronounced effect on
consumption in comparison to an equivalent pricereese Although traditional demand
models assume symmetric response, and we relaxassismption, the case of symmetric

response remains as an empirical restriction tortbdel applied.

2. Methods

2.1 Demand mod€

We follow the Almost Ideal Demand System (AIDS) @fieation with modification to allow

for inclusion of price variation relative to theiges observed in the previous shopping
occasion to identify price increases and price ekszs (Cornelsen et al., 2016). This allows
estimating price elasticities of both directiongate change. This specification is consistent
with the concept of reference prices, under tharapsion that the consumer reference prices
in current shopping occasion are those of the ptevoccasion they were in the same shop.
The use of reference price is intuitive as it i@s@nable to assume that in a weekly context

shoppers are very likely to consider a referenaeepn purchase decisions.

The demand function for theth item is specified as follows:
n n
Wine = @ + Z:l y,logp,, + ijl 8ijline (108D, — 108D 4,y

— X1 @i (1 = Ijne) (108 Pjne — 108 Pjne-1) + Bilog (i—:i) t Uine (1)
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Where:

wn: 1S expenditure share of group i (i=1,2,...,26) foukehold h in week t (t=1,2,...,104)

Py are prices across food groups j (j=1,2,...,26) fardehold h in week t (t=1,2,...,104)

I, 1s an indicator function which equals to lp'jht >p and 0 otherwise

jht—1
Xy 1S total household weekly expenditure on foodshmersehold member

P,:is a Laspeyers price indeu,; is the error term

This empirical specification is obtained from a B@5 cost function incorporating
reference prices, based on Putler (1992), whereefegence prices are equal to the prices
faced in the previous shopping trip(Putler, 1992%re intuitively, the price effect in (1) is
the combination of three dimensions: the averagee mffect is captured by the parameter

Vi the ‘loss’ dimension is embodied by the paraméteand the ‘gain’ dimension by the
parameterw;;. Depending on whether the individual consumer igivaen time period is
experiencing a IOSSO;M > pjh,t—l) or a gain K)jht < pjh,t—l)' the resulting price coefficient

that will feed into the elasticity equation will lp% +46 or Vit @i, respectively The sign
ij

beforew; is reverted relative to the specification in (Ecause when a gain is incurred we

have thap}.ht ~Pipg < 0.

To reduce possible endogeneity between expendghege w;,;) and total expenditure
(xn:) we regress household per capita food expenditurdnausehold socio-demographic
characteristics (tenure, income, income squaredsdtmwld size, presence of children) and 4-
weekly dummies for seasonality, and use predictéddes from the regression as instruments

for total expenditure (Blundell et al., 1993).

Our base unit is household-week and as we modeba humber of relatively disaggregated

food groups, we observe a significant proportionnofh-purchases as not all households
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purchase items in each food group on weekly bdsiscorrect for the potential bias which
may arise from including the zero-purchases we tadovo-step approach by Shonkwiler
and Yen (1999) (Shonkwiler & Yen, 1999) which igutarly used in food demand studies
(Caro et al., 2017; Ecker & Qaim, 2011). In thetfistep, the decision to purchase foods in
any food group in a given week by a household iglefled using a probit model. The
decision (a binary variable equal to one if exptmdiis positive) is modelled as a function of
household socio-demographic variables: househdd, siresence of children, age of the
main respondent, socio-economic status, tenur@mecand education level of the main
respondent, lagged volume of purchases to accaunpdssible stockpiling, and monthly
time dummies to take into account seasonal efféctan the probit model, we estimate the
probability density function ¢;) and cumulative density function®() of the linear
predictions of the fitted model. These are appliedhe second step (2) to estimate the
demand function in (1) which accounts for the ptolitges of purchase, on the full panel-

data set:
Wihe = Pine Wy) + @b + 221 p T +v, +ee  (2)

WhereT;; are dummy variables, added to capture any seasowdher time effects (n=26 4-
week periods) ana;, is a fixed household effecThese fixed effects act as shifter of the
“average” demand model intercept and the model is estimated with a fixed effects

estimator.

For each food group i=1, 2,...,26 we estimate (2hwatbust standard errors to allow for any
misspecification, particularly serial correlatiorf observations within the households.
Standard errors are further adjusted for clustetontpe geographical area used in estimating

prices (n=110).
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Marshallian demand elasticities (% response in dehta 1% change in price) unconditional

DOWN

of purchase, were calculated for price increa@#§)(and decrease$el.]. )(Yen et al.,

2002):

UP _ Yytoy _ Bw;
ej =®ix (== 4y

yl-];w

DOWN _ i BwiN _
e =@ x( W) Ay

Wi

2.2 Estimation of prices

The dataset includes ~75m individual item purch&sebouseholds over a two-year period.
For manageable estimation we divide products iBtadegories of foods and beverages and
aggregate individual item purchases to weekly edjperes and quantities in each group
from which we calculate weekly unit prices as @oraf the two. Such unit values are known
to suffer from quality and aggregation bias andusthmot be used directly (Deaton, 1988).
To address this we assume that in a relatively Isgealgraphical area households face the
same prices in the same time period (Deaton, 1888)estimate average weekly unit prices
for each of the 26 food and beverage groups incpdstareas (n=110) observed in the data.
A specific feature in the UK is that food retailensd the UK Competition Commission have
an agreement on national pricing policy (Griffithat, 2010; UK Competition Commission,
2008). The agreement implies that large chain sopeets apply same pricing (and
promotions) in same types of branches across ignchationally (i.e. price may vary
between different types of branches but not withme type of branches). Price variation in
food groups by geographical area could occur adtosgegions due to differences in the
distribution of shop types or product range in sheps, of which some could be due to local

demand shocks. However, given our time unit is week, we can safely assume that such
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demand shocks do not influence the concentratioshop types in the area or the product
range available within this short time unit. Thtiee geographical average weekly prices we

use are assumed to be exogenous to local demand.

Household-weeks where no expenditure on any footiewerages were made were excluded
and thus the difference in the current and prevmushase price for any single household is
based on the difference in the price between pseclacasions rather than calendar weeks.
Finally, to avoid introducing marginal price chaegtrough the process of estimating

average geographical prices, we limit price inogsasr decreases to only changes with

difference between current and previous purchase greater than 5%.

2.3 Data

The household expenditure data comes from a lasgenercial home-scan panel (~32,000
households annually) operated by Kantar Worldpa@el. dataset covers the period from
January 2012 to December 2013. The panel is néifforegpresentative of the population in
Great Britain with respect to household size, nundfechildren, social class, geographical
region and age group. Participants to the paneteareliited by Kantar Worldpanel via postal
mail and e-mail and panel representativeness msasd by Kantar Worldpanel at 4-week
intervals. Households supply data on items purchamed brought home by scanning
barcodes of the bought products and by sendinggitatiimages of till receipts. Households
are additionally supplied with barcodes to recandchases of unpackaged products, such as
fruits and vegetables. Our dataset covers infoonatn purchases (volume and expenditure)
of food and drinks from large retailers, supermesk&utchers, greengrocers, and corner
shops. The data exclude all purchases of food akrhges not brought home (e.g.
consumed out of homes). Participants are offereachvers for retailers and for leisure

activities of an average value of less than £10thpasehold per year.
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Socio-demographic data are collected annually astribe household size and presence of
children, age, and highest qualification of the msthopper, geographical location (postcode
area), income group, occupational socio-econonaittist(SES) and tenure of the household.
For the analysis we divide households by SES inteet groups: high-SES (A&B: higher
managerial and professional workers), mid-SES (C2&@hite collar and skilled manual

workers), and low-SES (D&E: semi-skilled, unskilledd retired worker) households.

The data also include information on nutritionatngmsition of each of the foods purchased:
energy (kcal), carbohydrates (g), sugar (g), fa)s godium (g), fibre (g), and protein (Q).
These data are compiled by Kantar Worldpanel basedformation on product packaging.
Although Kantar Worldpanel does not collect fruitdavegetable content of products, they

have provided a score (low — 0, some — 1 and higHer content of fruit and vegetables.

2.4 Food groups

Food groups are first created following the marassifications in the dataset. In order to

classify foods and beverages into less healthy laathier products we use a nutrient

profiling model (see supplementary matefi®8bERT LINK TO ONLINE FILE A]) (UK Department

of Health, 2011). The underlying principle is tletergy, sugar, sodium and saturated fats
contribute to ‘positive’ points and fibre, proteand fruit and vegetable content contribute to
‘negative’ points, which are added together. Ttghar the score, the less healthy the product
is. We apply the cut-off point suggested in thedguice and consider a product to be less
healthy if it scores above four points or a drickres above one (UK Department of Health,

2011).

Based on the profiling model, eight food groupseélar & morning goods; cereal & cereal
bars; dairy; fresh & frozen red meat; processedtefish; ready meals & convenience

foods; sauces & condiments; non-alcoholic bevejagese divided into healthier and less
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healthy categories (see table 1 in supplementatgriabfor detailed descriptioiNSERT LINK

TO ONLINE FILE A]). For the remaining healthier (pasta, rice, grailng,pulses; eggs, fresh &

frozen fish & white meat; fruits; vegetables) ardd healthy food groups (fat & oil; savoury
shacks; sweet snacks; desserts & puddings; al@tbbther foods (including table salt and
sugar)) such differentiation was not made as mostlycts in each (>80%) were either

healthier or less healthy.
2.5 Simulations of changesin nutrient purchases

Assuming a linear price response, we apply an asg®f 20% on the price of all less healthy
food groups (where explicitly specified) and on &atoil, savoury snacks, sweet snacks,
desserts & puddings, other foods and alcohol. Aadee of 20% is applied on the price of
healthier food groups (where specified); pasta, rigains & dry pulses; fresh & frozen white
meat & fish, eggs; fruits; and vegetables. The @uies measured are changes in the energy
(kcal) and nutrient (sugar (g), saturated fats gg@lium (g), protein (g) and fibre (g)) content
of average per capita daily take-home purchases,taprice changes in individual food

groups and in all groups combined.

For each outcome measwrae estimate the change in purchaggslue to the change in the

price in food group:

26
d
Zy = z Xik *eij-p/ % Ap
(=1

i

Wheree;; is price elasticity (increasing or decreasing gyiandAp; is the price change of
20% (either increase or decrease). Baseline pursha$ energy or each nutrient (per
capita/day) in each food group;)) in 2013 were estimated by first aggregating indraid
purchases in 2013 dataset to weighted populatiochpses which we then divide by number

of days in the year (365) and population size. [Eiier is calculated from data provided by

10
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Kantar Worldpanel on the number of households angséhold size (including by SES) in
Great Britain. Kantar Worldpanel provided grosswgights that account for sampling and

non-response in the panel.

3. Reaults

3.1 Household demographics and food purchases

The final sample includes 2,057,204 weekly purclaservations from 26,799 households.
Due to missing values for income, we had to excl@ée,818 weekly observations. Even
with this deletion, the distribution of householager SES is broadly in line with national
figures (see table 1 for descriptive statisticd)e humber of weeks households had positive

expenditure ranged from 1 to 104, with on aver&ye/@eks over the two years.

Table1 here

Table 2 describes the share of non-zero obsensmtiweekly expenditure shares and average
prices. On average, 53% of expenditures was towheddthier foods. Across the food
groups, households spent most on vegetables (9% agey weekly expenditure £4.70),
healthier ready meals and convenience foods (8%0F4alcohol (7%, £5.01), sweet snacks

(7%, £3.30) and healthier dairy (7%, £2.90).

Table 2 here

Across the SES groups (table 2 in supplementargmadt[INSERT LINK TO ONLINE FILE A],

high-SES households spent relatively more of tak&dfood expenditure on healthier foods
(55% in comparison to 52% for low-SES), includingre on fruits and vegetables, and fresh
& frozen white meat, fish, eggs. Low-SES househalgsnt overall relatively more on less
healthy foods (48% in comparison to 45% for highsgHEncluding on sweet snacks but they

11
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also spent relatively more on healthier bread & mmgy goods and healthier ready meals &

convenience foods.

Highest average price (per Kg/L) was observed &moary snacks (£6.63), fresh and frozen
red meat (£6.34, £6.15), and less healthy readylsmaad convenience foods (£5.88).
Healthier dairy (£0.84), less healthy beveragesl@] healthier bread & morning goods
(E1.17), healthier beverages (£1.33) and vegetall2$H9) had the lowest average unit
prices. Average price difference between curredt @nevious price was £0.11 with average
increase and decrease only marginally differentgést price differences between purchases
occasions were among healthier sauces & condin{€ft$0-0.57), fresh & frozen white
meat, fish eggs (£0.10-0.11), less healthy breathdning goods (£0.10), and healthier

drinks (£0.07).

3.2. Nutrient composition of purchases

A summary of average energy and nutrient conteikadf/ per capita purchases is shown in
table 3, and by food groups in table 4. On averhgeiseholds purchased 2,111 kcal of
energy per day per capita. Low-SES household pseshgielded to slightly more energy
(2,161 kcal) in comparison to mid- and high-SESdatwlds (2,078 kcal and 2,119 kcal per

capita/day, respectively).

Table 3 here

When comparing purchases to reference daily inakad (RDI) across the SES, purchases of
sugar, sodium, saturated fat and protein were almve the RDI while purchases of fibre

were close to reference level. On average, mid4s#Seholds were closest to the RDI level.

Across the food groups, sorted by the averageemitgrofile score (table 4 and tables 3-5 by

SES in supplementary mater{&iSERT LINK TO ONLINE FILE A]), purchases contributing most

12
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to energy were healthier bread & morning goods (RZ@al), desserts & puddings (205.5

kcal), sweet snacks (202.1 kcal) and fat & oil (83€cal).

Table4 here

Fat & oils were the biggest source of saturated falowed by sweet snacks, desserts &
puddings and less healthy dairy. Desserts & puddiagd sweet snacks were the largest
sources of sugar purchases, followed by other fdoasudes table sugar), healthier dairy
and fruits. Sodium purchases were largest in ditws (includes table salt), healthier bread
& morning goods, less healthy processed meat & fisid in ready meals & convenience

foods.

3.3. Demand éasticities and asymmetry

Figure 1 presents the own-price elasticities (fgoalps on the x-axis are sorted based on the
average nutrient profile score starting from heatthon the left hand side on both panels)
with a linear trend through the estimates. Ovetiad,own-price elasticities range from -0.380
to -1.074 (the full set of price elasticities witbhnfidence intervals, are in supplementary
material [INSERT LINK TO ONLINE FILE A] tables 6-9). On average, household response is
stronger to price increases, with mean own-priestlity for increasing prices of -0.847 in
comparison to that for decreasing prices of -0.7/@m the 26 food groups, ten have a
statistically significant difference (p<0.05) betwethe elasticity of price increases and
decreases with an average difference of 0.119. ifmdies that if price increases by 10%
there would be a 1.19 percentage point greateronsgpin demand compared to a price
decrease of 10% for the same food. The largestmsym (0.313) was in the demand for less
healthy fresh & frozen red meat. If comparing basedcealthiness of the foods, own-price
elasticities for healthier foods tended to haveaverage a smaller asymmetry (0.047) in

comparison to less healthy foods (0.084).

13
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High-SES households were less sensitive to priegagés in comparison to mid-SES and
low-SES households. Low-SES households also hadtggreasymmetry in own-price

elasticity (on average 0.183) in comparison to &8 (0.074).

Figurel here

Looking across the x-axis in both panels on Figumehere foods on the left are relatively
healthier and less healthy on the right, it carséen that the gap between the price response
of high-SES and low-SES households becomes widar.if€reasing prices, this gap is
driven more by low-SES group being more price rasp@ as foods become less healthy
(high-SES response stays relatively stable), wisef@adecreasing prices the gap is mainly
driven by high-SES group becoming relatively lessponsive as foods become less healthy

(low-SES household price response to decreasioggstays relatively stable).

Cross-price effects

The magnitudes of cross-price elasticities wereegdly small, with most within [0.2]| with a
mix of (complement) income and substitution effe(dse supplementary materigliISERT
LINK TO ONLINE FILE A] tables 6-9). Price changes of sweet shacks, aalthlez dairy affected
the demand for largest number of groups (20 andid®ificant cross-price effects, p<0.05,
respectively). Price changes in less healthy fi@sth frozen red meats, and in fat and oil

affected the least (3-4 significant cross-price@s, p<0.05).

Of the 650 pairs of cross-price elasticities, orrage 36-37% were significant at 5% level
(242 for increasing and 234 for decreasing price€d)these 45 (18%) had a statistically
significant difference in the elasticity of pricecrease and decrease (p<0.05). The majority
of the asymmetries were due to only one of thetielags (of either price increase or

decrease) being statistically different from zefbe average magnitude of the asymmetry
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was -0.1 where it was negative and 0.08 whereigesiConsidering the overall magnitudes

of cross-price effects being generally small, theagerelatively large differences.

3.4 Simulation of price changes

Figure 2 shows how energy and nutrient contentuntlase change following a 20% price
increase in each of the less healthy food groupsaa20% price decrease in each of the
healthier food groups individually. Full resultaciuding by SES with confidence intervals

are shown in table 10 in the supplementary matpKsdRT LINK TO ONLINE FILE A].

Combining own- and cross-price effects, we find ldrgest reduction in energy purchases
per capita/day when the price of sweet snacks ké&l®5%CI -55.3 to -36.7kcal), desserts
& puddings (38.8kcal 95%CI -47.3 to-30.4kcal), datl & oil (28.5kcal 95%CI -37.1 to -
20.0kcal) increases. Purchases of sugar decreasstiinthe price of desserts & puddings,
sweet snacks, and ‘other’ foods (including tablgasuincreases: -4.0g (95%CI -4.9 to -3.29),
-3.89 (95%CI -4.6 to -2.9g), and -2.4g (95%CI -80-1.8g), respectively. Reduction in
saturated fat purchases was greatest if pricet& fal increased (-1.0g 95%CI -1.2 to -0.7),
followed again by sweet snacks (-0.9g 95%CI -1:0.6p) and dessert & puddings (-0.7g
95%CI -0.8 to -0.59). In all of the above food gwsuthe reduction in purchases is relatively
larger among low-SES households. Sodium purchaskeed most through increased price
of ‘other’ foods (including table salt) (-0.08g 9&%-0.11 to -0.06g), processed meat & fish
(-0.05g 95%CI -0.06 to -0.03Q), less healthy reahals & convenience foods as well as less

healthy sauces and condiments (for both -0.04g 95%05 to -0.039).

In terms of trade-offs with fibre and protein, grimcreases reduce purchases of fibore most
from sweet snacks and desserts & puddings (0.33¢C950.37 to -0.28g and -0.27g 95%ClI

-0.32 to -0.22g, respectively). Protein purchasesreduced most by increasing the price of
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less healthy dairy (1.1g 95%CI -1.3 to -0.9g) aesklhealthy processed meat & fish or less

healthy ready meals and convenience foods (1.0g295%2 to -0.7g in each).

Greatest changes in the purchases of fibre wererads if the price of vegetables and
healthier bread & morning goods decreases (by i0.@ach (95%CI 0.4 to 0.8g)). However,
a reduction in prices of healthier foods leads atstigher energy and purchases of other
nutrients. The largest effect in energy purchasedbserved when the price of healthier bread
& morning foods decreases (energy purchases ireteas84.8kcal 95%CI 23.7-45.9kcal). A
price decrease in this group would also contribregtive to other food groups, to a larger
increase in the purchases of sodium (0.05g 95%@3-0.07g). Sugar purchases would also
increase, particularly from the decrease of pricéwts (1.7g 95%CI 1.1-2.4g) and among
high-SES households who are relatively more regpert® changes in the price of fruits
(2.5g 95%CI 1.4-3.69). However, reduction in thegrof fruit would have an additional
benefit, through cross-price effects, of reducingchases of saturated fats (-0.13g 95%ClI -
0.06 to -0.2g), while for vegetables a price deseewould lead to greater purchases of
saturated fats through substitution effects (0.8%80Cl 0.11-0.55g). To understand the
impact on purchases of vegetables and fruit inydadrtions, we can use the estimated
increase in calories from own-price effects (18kaatl 9kcal, respectively). Assuming a
portion of 80g of fruits or vegetables has appratigly 50-60 kcal, the 20% price reduction

in both would increase purchases by approximatalfyehportion per day/person.

Finally, table 5 shows the extent of changes irtipases of energy and nutrients if prices of

all less healthy foods as defined above increaswsdl prices of all healthier foods decreased.

Table5 here

In the full sample such a scenario would lead metareduction of 67.6kcal purchased per day

per capita which increases to 91.3kcal in low-SB8skholds reflecting larger asymmetry in
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price response in that group as well as greatgyorssveness to price increases in less
healthy foods. Alongside energy, the sugar, sadrét and sodium content would also
decrease whereas protein and fibre content woutdease. With respect to household
expenditure, such price changes led to a smallctexduin the total expenditure (£1.37 per
day) with smallest saving (£0.95) for low-SES améagest saving for mid-SES households

(£0.145).

4. Robustness analysis

Given the modifications done in the AIDS modellmgproach, we carried out two analyses
of robustness of the simulation results. First,applied elasticities that are estimated from a
model applying two restrictions - adding-up and lbgeneity on the parameters in the
demand model in (1) which ensure theoretical ctomsty of the AIDS model. The panel
structure of the data, the consideration of fixédats, and the large number of food groups
in our model make it unfeasible to test or impoeesg-price symmetry across equations.
While this is certainly a limitation, the generalibn of the demand model, allowing
different response to cross-price increases andedses, also makes the requirement of
symmetric cross-price coefficients less straightBnd. Using elasticities from the model
with restrictions, there were marginal differendgesthe estimated changes in energy and
nutrient purchases (see table 11 in supplementatgral [INSERT LINK TO ONLINE FILE A]).
Assessing the confidence intervals, these diffexemnveere significant for protein purchases

from four food groups and sugar purchases fromfoed groups.

Second, we applied elasticities estimated fromnansgtric demand model in the simulation.
Using these would be expected to lead to smalliéerdnces between price increases and
decreases. Again, the differences in simulatiorultesare marginal, with significant

differences only in a handful of food groups (suparchases in five food groups, saturated
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fat and protein purchases in two groups and filorehree food groups). Summing the
differences across all food groups, as expectedsyinmetric model estimated higher effect

for price decreases and lower effect for priceeases.

5. Discussion

This paper contributes to the literature by expigrithe effects of price increases and
decreases on purchases of energy and nutrients drtarge number of healthier and less
healthy food groups. While taxes on SSBs in padichave received recent policy focus, it
is important to continue considering the whole ,dietluding how to increase consumption

of healthier foods.

We found, that on average, the energy and nutdentent of take-home food and beverage
purchases were generally above the reference daifke level, and this is without
considering any foods or beverages consumed ohtimies, which can count up to 28% of
total food and beverage expenditures (The Food drtion, 2018). Low-SES spent, on
average, a greater share of expenditures on legthhdoods (48%) in comparison to high-

SES (45%), who in turn spent relatively more onlthésr foods.

Based on simulations by individual food groups, recg increase of 20% would reduce
purchases of energy most among sweet snacks artse&spuddings (46kcal and 39kcal per
capita/day, respectively). In addition, sugar pasgs would drop by 3.7g and 4.0g per
capita/day respectively. This compares to the @eeod 3.2kcal and 1.1g sugar reduced from
increasing the price of less healthy beveragesateasubject to recent policies in Britain and
other countries. However, increasing the price wéet snacks and desserts also lead to a

reduction in fibre and protein purchases to a @reaktent, in comparison to less healthy
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beverages. An additional 2.2g of sugar could beiged by increasing the price of caloric

sweeteners (table sugar, honey, syrup).

Sodium purchases were reduced most through ingeadbe price of table salt (0.8g), but
even higher reductions (0.12g) could be achievednbyeasing the price of less healthy
processed meat, ready meals, and table saucethesk changes were found to be higher
among low-SES households, driven from greater psessitivity when foods are less

healthy, and also a slightly higher baseline cbation of less healthy foods.

The trade-offs were apparent when reducing theepdt healthier foods. For example
increasing fibre purchases via reduced price olttneabread and morning foods would also
lead to the greatest increase in energy and sogiurohases. Decreasing the price of
vegetables led to the greatest increase in saturatis purchases (through cross-price
effects). Purchases of fibre from fruits would e&se relatively less if its price reduced but
this would also lead to substitution effects tovgaldss saturated fats purchased. These
findings indicate a complex picture on how chanigeprices of different foods may affect

food and nutrient purchases and the need to cartsiedull range of cross-price effects.

Combining price increases on all less healthy fg@iips with a price decrease on all healthy
groups showed that diet overall is likely to impedvom such changes, with a reduction in
energy purchases by 55-91kcal, and sugar purchgsg®g, with the higher values seen for
low-SES group. Fibre purchases would increase 81.(.g (4-5% of RDI), with the largest
effect in the mid-SES group, as well as proteirchases by 3-4g. Protein purchases however
are already well above (by 20g on average) the Rixl (50g), which suggest that this
change is not necessarily positive. Combined pi@nges would lead to an average of £1.37

saved per day per household, with the greatestigaabserved among mid-SES households.
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When looking at how much households spend on aeeglagd how frequently, it is striking
that sweet snacks (i.e. biscuits, confectionargcolate) have a relatively high expenditure
share (7%) and households buy these frequently (@O%eek) even though its shelf-life is
relatively long. As a comparison, 6% was spentraitd, which were bought in 67% of the
weeks. High-SES households purchased more fruis migher expenditure share (7% vs
5%) and energy purchased (76kcal vs 58kcal) peitatdpy in comparison to low-SES
households. To the contrary, low-SES householdstspéatively more on sweet snacks (8%
vs 6%) and purchased more energy from these (2R6lkcal82kcal). These findings,
however, do not mean that low-SES households natlgshave a worse diet, as the data
exclude purchases for consumption outside of hombgh are likely to be higher among

mid- and high SES households due to higher avesagengs(The Food Foundation, 2018).

Our estimates are consistent with existing litexatmodelling the demand for foods and
beverages in the UK (Green et al., 2013). For exarbpsed on data from 2009, own-price
elasticity for dairy & egg was reported -0.505, mé&a804, fish -0.441, fruits & nuts -0.698,
vegetables -0.633, and fats & starches -0.847 ifTifft al., 2011). In comparison to
simulation studies of price changes we find the esagsults as Briggs et al. (2013) who
modelled a 3kcal reduction per capita/day reducfiom a 20% tax on sugar-sweetened
beverages (Briggs et al., 2013). Another studyngisxpenditure data from 2002-2006
applied as one of the strategies a VAT style tat ©6% on less healthy foods based on a
‘WXYfm’ nutrient profile index, finding a reductiom energy intake on average by 2.4% and
of saturated fats by 3.1% (Nnoaham et al., 2009eiive sum the effect of price increases
across the less healthy foods, we see an 11% decrealaily energy and 13% in saturated
fats purchases, which considering different dag@ary under study and greater price change,

are relatively consistent.
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With respect to asymmetry, the results agree wilnketing research that consumer response
is generally stronger to price increases (Hardi@.etl993; Koszegi & Rabin, 2006; Pauwels
et al., 2007; Putler, 1992). For individual fooagps the difference between the impact of
price change when using symmetric demand modelefasticities in comparison the
asymmetric model, was small and generally towasssnsetric model providing a greater
effect for price decreases and smaller effect farepincreases. This result is intuitive as it
can be thought of providing an average responseingeasing and decreasing prices. Such
asymmetry has implications for policy suggestingt gubsidies need to be relatively larger in

magnitude in comparison to taxes to achieve arvatgnt change in demand.

Our analysis has a number of strengths. First, weevable to analyse the demand through
food groups but apply simulations directly to nemiti purchases, which is more relevant when
considering potential health impacts of changingdfprices and thus fiscal policy. Second,

we take into account household fixed effects cdimigp for heterogeneous and diverse

consumption patterns for each specific food. Byoiporating price differences across

purchase occasions we allow for greater flexibilityconsumers response to decreasing and
increasing prices. The nutrient profile model we dsms been used in existing policies

(Mayor of London, 2018; Office of Communication€)0Z) and continues to be used in

health-related food policies put forward (Departmeh Health & Social Care, 2019),

strengthening its applicability in real settings.

Some limitations to the analysis need to be comstdeWe do not impose restrictions
assumed in the traditional AIDS framework and eatenthe model equation-by-equation,
rather than as a system. We do this to be ableclade fixed-effects in a relatively simple
framework, as household heterogeneity in the meteiterature has been argued as a
potential driver of asymmetry and we considered tirucial to control for. We tested the
robustness of simulation results by using elagtiegtimates from a model with adding-up
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and homogeneity restrictions applied and found osiyall changes in the simulation
estimates. The impact of not imposing the symmedsgriction on cross-price elasticities is
more difficult to disentangle, as we cannot runoaustness model with this restriction
imposed without formidable estimation difficultiaad thus this should be considered in the
interpretation of cross-price elasticities. To thest of our knowledge, all previous studies
allowing for a different response to price increased decreases were estimated on an
equation-by-equation basis, and without imposingiegtry on cross-price coefficients.
Given our adjustment to the standard modelling a@gr to allow for asymmetric price
response, it remains an open research questiorharhabhd how symmetry should be tested
and imposed. We also estimate separately, ratharjtintly, the first step probit equations to
address biases related to zero expenditures. Tdes dot affect the consistency of our
estimated parameters, and makes our estimategffesent, but given the large sample we

do not believe this limitation to question our fimgis.

We excluded ~15% of observations due to missingéloold income value. Regardless, the
sample distribution across SES remains relativetilar to the distribution of households
across SES in the population. We did not have méhion on the age and sex of all
household members and therefore could not adjusthpses to household composition.
Finally, as we do not have food waste estimatesresults are more likely to be biased

upwards for actual consumption.

In conclusion, the analysis demonstrates that @ma@e energy and nutrient content of take-
home food purchases is already higher that recordetkeror total daily intake, without
considering food consumed out-of-homes. Howevers ttan be improved, without
detrimental consequences on food expendituresgifptice of less healthy foods increased
and the price of healthy foods decreased, withtivelg bigger improvements seen in the
nutritional quality of purchases of low-SES houddho
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Table 1. Household demographics

Low-SES Mid-SES High-SES | Full sample
Population (2013 in Great Britain) 17,219,58430,508,779| 14,666,726| 62,395,091
(27%) (49%) (24%)
Number of households in sample (%) 6,200 (28%4)938 (56%) 5,661 (21%) 26,799
Average
Age of main shopper (SD) 51.4 (15.1) 48.6(14(8) .7485.0) | 49.3 (15.0
Household size (SD) 2.5(1.4) 2.7 (1.3 28(1.3) .7(2.3
Share (%) of households with children (SD) 0.3X0.5 0.4 (0.5) 0.4 (0.5) 0.4 (0.5)
Average number of children (if have) (SD) 1.9(0.9 1.8(0.8) 1.8 (0.8) 1.8 (0.8)
Single person households (%) 1,608 (2692)640 (18%)| 926 (16%) 5177
Income % by SES
up to 20,000 pa 71.3 30.12 10.3
20-49,000 pa 27.6 57.3 51.1
> 50,000 pa 1.3 125 38.6
Highest qualification
Degree or higher 9.3 25.1 60.7
Higher education 12.9 18.5 13.6
A Level 115 16.5 10.1
GCSE 31.3 24.0 9.6
Other 13.2 9.3 4.2
None 21.8 6.6 1.8
Tenure
Owned outright 22.4 27.2 31.7
Mortgaged 21.8 45.9 54.4
Rented 54.2 25.4 12.8
Other 1.6 15 1.1
Region
London 12.3 15.5 18.1
Midlands 15.1 14.4 15.9
North East 5.7 4.8 4.7
Yorkshire 14.6 13.8 12.7
Lancashire 11.2 10.5 10.0
South 10.4 10.8 115
Scotland 9.3 8.9 7.9
East of England 9.0 9.0 8.2
Wales and West England 8.8 8.6 8.3
South West 3.6 3.7 2.7




Table 2. Expenditure shares, prices and extent of censaritige data

n=2,057,204 Share of non-zer0 | EXpenditre | price (gy!

Mean | SD Mean D Mean | SD
Bread & morning goods (healthier) 0.77 0.42 0.05 0.07 1.17 1.06
Bread & morning goods (less healthy) 0.31 0.46 0.01 0.03 1.86 1.1%
Cereals & cereal bars (healthier) 0.22 0.41 0.01 0.03 2.99 1.11
Cereals & cereal bars (less healthy) 0.28 0.45 0.02 0.04 4.26 1.08
Pasta, rice, grains, dry pulses 0.34 0.48 0.01 0.03 1.93 1.12
Dairy (healthier) 0.80 0.40 0.07 0.09 0.84 1.07
Dairy (less healthy) 0.59 0.49 0.04 0.06 4.93 1.07
Fresh & frozen white meat & fish, eggs 0.56 0.50 0.06 0.08 1.39 1.19
Fresh & frozen red meat (healthier) 0.22 0.42 0.02 0.06 6.34 1.09
Fresh & frozen red meat (less healthy) 0.16 0.37 0.01 0.04 6.15 1.10
Processed meat & fish (healthier) 0.29 0.45 0.02 0.04 5.09 1.10
Processed meat & fish (less healthy) 0.43 0.50 0.03 0.06 4.90 1.08
Ready meals & convenience foods (healthjerd.71 0.45 0.08 0.10 3.32 1.08
rI?(;a:lttzlr)]/y;neals & convenience foods (less 0.66 0.47 0.05 0.07 5.88 1.07
Fruits 0.67 0.47 0.06 0.08 1.75 1.09
Vegetables 0.83 0.37 0.09 0.09 1.59 1.10
Sauces & condiments (healthier) 0.19 0.39 0.01 0.02 4.98 1.28
Sauces & condiments (less healthy) 0.35 0.48 0.01 0.03 3.63 1.11
Fat & oll 0.41 0.49 0.02 0.04 2.9 1.08
Non-alcoholic drinks (excl. dairy) (healthier) 0.64 0.48 0.06 0.08 1.33 1.16
r’:'gg&ﬁ'}g"ho“c drinks (excl. dairy) (less 0.33 0.47 0.02 | 005 112 112
Savoury snacks 0.49 0.50 0.03 0.05 6.63 105
Sweet snacks 0.69 0.46 0.07 0.10 1.40 117
Desserts & puddings 0.7@ 0.46 0.06 0.08 2.09 1|09
Other foods 0.24 0.43 0.01 0.04 1.75 1.14
Alcohol 0.30 0.46 0.07 0.15 4.6§ 1.15
Total/average 0.47 £52.4 £3.27

Notes:'Average geographical unit value



Table 3. Energy and nutrient content of daily per capitaetakme purchases

Energy/nutrient' Full sample Low-SES Mid-SES High-SES
(referencedaily intake) (D& E) (C1&C2) A&B
Energy (2,000kcal) 2,111 2,161 2,078 2,119
Sugars (909) 117.5 120.9 114.7 1195
Sodium (<2.3g; eqv. <6g of salt 2.8 29 2.7 2.7
Saturated fat (20g) 321 33.1 31.5 32.1
Fibre (18g)* 18.2 17.7 17.9 19.3
Protein (509) 70.2 70.5 69.3 71.6

* non-starch polysaccharides (NSP) fibre




Table 4. Energy and nutrient content of daily per capitaetakme purchases by food group

NPM | Energy | Sugar | Sod.” | Sat. Fibre’ | Prot.

score’ | (keal) | (g) (9) fat (9) | (9) (9
Vegetables -7.3 116.1 5.51 0.07 0.37 4.24 4.56
Fruits -4.2 64.1 13.12| 0.00 0.06 151 0.89
Cereals & cereal bars (healthier) -2.9 40.4 1.10 010.| 0.10 1.00 1.14
Bread & morning goods (healthier) -1.6 229.1 3.63 .340 | 0.80 3.55 8.57
Non-alc. drinks (healthier) -1.3 26.7 5.50 0.0 50.0| 0.27 0.34
Pasta, rice, grains, dry pulses -1.1 67.4 0.38 0.030.14 0.67 2.08
Fresh & frozen red meat (healthier) -0.4 24.2 0.010.01 0.56 0.02 3.24
Ready meals & conv. foods (healthier) -0.4 105.9 851. | 0.18 1.11 1.42 4.36
Sauces & condiments (healthier) -0.3 3.7 0.24 0.020.03 0.08 0.09
Dairy (healthier) 0.1 87.2 0.12 0.09 1.32 0.11 40.0
Fresh & frozen white meat & fish, 0.1 141.1 13.83| 0.12 3.17 0.27 9.20
eggs
P?gcessed meat & fish (healthier) 0.4 20.1 0.1y 40.0 0.21 0.12 1.94
Alcohol 0.4 73.9 1.93 0.01 0.00 0.00 0.20
Non-alc. drinks (less healthy) 3.3 27.6 5.87 0.03 .070 | 0.05 0.11
Desserts & puddings 9.5 205.5 21.283 0.08 3.78 1.212.86
Fresh & frozen red meat (less healthy) 9.6 22.3 40.g 0.02 0.72 0.01 1.92
Cereals & cereal bars (less healthy) 10.1 49.2 3.260.04 0.29 0.68 0.93
Other foods (incl. table salt and table 10.2 63.3 1451| 0.57 0.02 0.15 0.31
sugar}
Savoury snacks 10.7 76.4 0.63 0.10 0.67 0.64 1.34
Bread & morning goods (less healthy) 10.8 51.2 1.0P0.06 0.94 0.35 1.21
Ready meals & conv. foods (less 10.9 70.4 1.05 0.19 1.54 0.48 3.13
healthy)
Sauces & condiments (less healthy) 12.8 29.0 1.98.18 0| 0.28 0.11 0.28
Proc. meat & fish (less healthy) 14.7 64.8 0.29 40.2| 1.69 0.21 454
Dairy (less healthy) 16.2 89.3 1.95 0.13 4.45 0.084.36
Sweet snacks 19.7 202.1 18.11  0.0¢ 4.60 0.93 2.46
Fat & oil 21.0 159.8 0.11 0.10 5.20 0.03 0.09

Notes:weighted to number of purchase®,3g of sodium equivalent to <6g of saltion-starch

polysaccharides (NSP) fibrétable salt accounts for 78% (0.44g) of sodium i@ sodium content
and table sugar accounts for 92% (13.3g) of sugiateat in ‘other foods'.



Table 5. Change in energy and nutrient purchases per ¢dgjtdoy SES if the price of all
healthier foods decreased by 20% and the pric# l&fsa healthy foods increased by 20%

Changein energy and nutrient content of daily Changein
per capita take-home purchases weekly
Energy | Sugar ?Z: Sod.' | Prot. | Fibre® expl%%??ﬂ?«lad(as
(kcal) (9 @ (9) (9 (9
Price
decrease of | 168.31 7.28 1.80, 0.15 8.83 2.2p 5.92
Eull healthy foods
sample | Price
ose oot of| 23504| -1361| -413 -036 -530 -1.30 -7.29
ess healthy
foods
Difference | -67.63 -6.33 | -234 | -021 | 344 0.92 +1.37
Low- Decrease 161.14 6.15 155 0.16 9.37 221 5.67
SES Increase -252.47 -1487 -4.21 -043 -6.14 -1/46 62-6.
Difference | -91.29 -872 | -265 | -027 | 3.23 0.75 +0.95
Mid- Decrease 172.24 7.36 1.85 0.14 849 227 5.77
SES Increase -227.0% -1258 -4.08 -0.84 -5.24 -1]15 22-7.
Difference -54.81 -523 | -223 | -019| 325 112 +1.45
High- Decrease 169.29 9.45 1.83 0.17 9.3 222 6.53
SES Increase -241.10 -1439 -4.29 -0B2 -5.17 -1/46 61-7.
Difference -71.80 -494 | -246 | -0.15| 3.96 0.76 +1.08

Notes:'2.3g of sodium equivalent to <6g of satipn-starch polysaccharides (NSP) fibraeighted
expenditure at population level.



Figure 1. Own-price easticity estimates by household SES, with food groups sorted by the

average nutrient profile score (from left - healthier to right - less healthy).
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Notes: Food groups on x-axis: 1 —vegetables (score -7.3); 2 — fruits (-4.2); 3 — cereal bars (healthier) (-2.9); 4 —
bread&morning goods (healthier) (-1.6); 5 — non-alc drinks (healthier) (-1.3); 6 — pasta, grains, rice, dry pulses (-
1.1); 7 — fresh&frozen read meat (healthier) (-0.4); 8 — ready meals&convenience (healthier) (-0.4); 9 —
sauces&condiments (healthier)(-0.3); 10 — fresh&frozen white meat&fish, eggs (0.1); 11 — dairy (healthier)(0.1);
12 — processed meaté&fish (healthier)(0.4); 13 — alcohol (0.4); 14 - non-alc drinks (less healthy) (3.3); 15 —
desserts&puddings (9.5); 16 — fresh&frozen red meat (less healthy) (9.6); 17 — cereals&cereal bars (less
healthy)(10.1); 18 — other foods (10.2); 19 — savoury snacks (10.7); 20 — bread&morning goods (less healthy)
(10.8); 21 — ready meals&convenience (less healthy) (10.9); 22 — sauces&condiments (less healthy) (12.8); 23 —
processed meat&fish (less healthy) (14.7); 24 — dairy (less healthy) (16.2); 25 — sweet snacks (19.7); 26 — fat&oil
(21.0).

Figure 2. Changesin energy and nutrient content of take-home per capita daily purchases
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*in "other' group 92% of sugar purchases are from table sugar and other caloric sweeteners
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Fig.2 continued



Changes in purchases of sodium per capita/day
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Notes: Each bar on the figure represents the total change in energy or nutrient content of purchases
due to price changein that particular food group only. See table 10 in supplementary material
[INSERT LINK TO ONLINE FILE A] for standard errors and confidence intervals for total, own- and
cross-price effects.



Fat tax or thin subsidy? How price increases and decr eases affect the energy and

nutrient content of food and beverage purchasesin Great Britain

Highlights

* Energy and nutrient content of take-home purchasesis above reference daily intake
» Demand for food is more responsive to price increases than to price decreases

» Price changes based on healthiness of food have a positive net effect on diet

» Price changesimprove dietary quality of low-SES household food purchases most

» Greatest impact seen if price of sweet snacks, desserts, and fats/oils increases



