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Background

Current taxation on tobacco and alcohol in the UK

How the UK sets tobacco and alcohol taxation is limited by the European Union (EU) under the Tobacco Tax
Directive [1] and two Alcohol Tax Directives [2, 3]. These directives aim to harmonise how tax is applied
across the EU. The rules vary across the spectrum of tobacco and alcohol products and set boundaries in
terms of:

(1) structure, e.g., whether taxation is applied in proportion to pre-tax product value (ad valorem duty) or
content (specific duty);
(2) level, i.e. at what rate.

The Tobacco Tax Directive requires that taxation on manufactured cigarettes includes both an ad valorem
component and a specific component and sets minimum thresholds for the amount of duty on tobacco
products. The Alcohol Tax Directives set minimum rates for excise duty on a range of alcohol product
categories. The EU Tax Directives for Tobacco and Alcohol are currently under review.

In the last five years, UK levels of taxation on alcohol and tobacco have diverged significantly. In 2011 both
tobacco [4, 5] and alcohol [6] products were subject to a duty escalator which ensured an annual 2% rise
above inflation. In 2013/14, the duty escalator on alcohol (introduced in 2008) was ended [6] and duty on
most alcohol products was subsequently cut. The effect of this by 2016, was that UK alcohol prices were
lower than would have been the case under the duty escalator [7]. In contrast, the 2% p.a. above inflation
tobacco duty escalator is expected to continue until 2020 (the end of the current Parliament), and in 2016 the
duty rate for hand rolling tobacco (HRT) was set at 5% above inflation [8] in an attempt to narrow the duty
gap between cigarettes and HRT. On 20 May 2017, the government will introduce a Minimum Excise Tax for
cigarettes to target the cheapest tobacco [9], with the minimum tax £268.63 per 1000 cigarettes. The
government has consulted on introducing a new duty band for still cider just below 7.5% by volume to target
white ciders, and on a new duty band for still wine and made-wine between 5.5% and 8.5% by volume.

Individual variation in prices paid

Modelling tax interventions on tobacco and/or alcohol requires baseline information on social patterns of
spending. Social patterns in prices paid and consumption lead to differential exposure to tax interventions
[10]. However, to date the majority of research into patterns of consumer behaviour with respect to tobacco
and alcohol has treated smoking and drinking as separate behaviours and has paid little attention to the
relationship between behaviours. This relationship begins at the consumer’s decision on what to purchase,
which can be studied using data on product types and prices paid. There is wide variation in the prices at
which alcohol or tobacco can be purchased. This variation has been expanding over time as the tobacco and
alcohol industries seek to maintain cheap products in order to maintain their consumer base (there is
evidence that individuals with lower socio-economic status [11, 12] and individuals with higher levels of
consumption [13] buy cheaper products). For alcohol, prices have been reduced further by a shift in
availability from the on-trade to the off-trade due to the closure of pubs and nightclubs, which has happened
alongside an increase in shops and supermarkets that sell alcohol at significantly cheaper prices [14, 15]. In
addition to the products purchased and the prices paid it is essential to know the amounts of tobacco and
alcohol consumed by individuals with different socio-demographic characteristics. There is evidence that
heavier consumption of tobacco is more prevalent among individuals with lower socio-economic position [16].
For alcohol the situation is more complex, with lower socioeconomic groups having lower prevalence of
drinking overall [17], but higher rates of drinking at very heavy levels [18]. In addition there is evidence that
smoking/higher consumption of tobacco is associated with higher consumption of alcohol [19].

Industry modification of tax effects on retail price — Tax Pass-through

The product price seen by consumers is largely the result of an interaction between government taxation and
industry pricing strategies. Government sets taxation but industry can decide whether to meet the tax
demands through increasing products’ prices uniformly or by increasing prices on some products whilst
leaving the prices of other products unchanged or increasing i.e. modifying the tax ‘pass-through’ to product
prices. For tax pass-through on alcohol, there is a small body of recent literature [20]. Members of the
Sheffield team have analysed weekly data on supermarket prices over a 3 year period to quantify how alcohol
duty pass-through on off-trade beverages (beer, cider & RTDs, wine and spirits) varies across the price
spectrum (in deciles of price per unit of alcohol) [21]. This showed under-shifting for cheaper products (in
terms of price per unit of alcohol) and over-shifting for more expensive ones. For tobacco the literature is
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sparse. There is one recent US study of Nielsen store-level scanner data on cigarette prices over 2011-2012,
which found on average that cigarette taxes were over-shifted, and that pass-through rates were higher for
premium brands than for discount brands [22]. Members of the Bath team have had access to commercial
market data that provides prices on different tobacco products over several years, and have been undertaking
descriptive statistical analyses of price changes seen alongside specific tax events [11]. The findings suggest
that industry-initiated cigarette price changes in the UK are timed to maintain the low price of the cheapest
brands. However, these analyses do not include modelling equivalent to that for off-trade alcohol above.

Therefore, there is a need for an updated analysis of tax pass-through rates in the UK that uses a
methodology that is coherent across both tobacco and on- and off-trade alcohol products. This analysis is
critical to understanding the overall impact of taxation policies on health, as the extent to which taxation
changes are passed through to consumers of different products is the key driver of changes in consumption
and thus health. More importantly, establishing the ways in which pass-through differs between products and
across the price spectrum enables a fuller understanding of the ways in which taxation policies change the
shape of the retail landscape by, for example, changing the relative prices of beer in the pub and in the
supermarket, or between ultra-low price and premium cigarettes. When combined with an understanding of
the extent to which different socio-economic groups purchase these different products this will allow us to
guantify the extent to which different groups experience changes in taxation and the implications that tax
changes might have for socio-economic inequalities in spending, consumption and health.

Effects of changes in retail prices on demand for tobacco and alcohol — Price Elasticities

Changes in consumer purchasing when prices change are a combination of the decision to purchase the
product at all (participation), and how much to purchase. Estimates of consumer responses to price changes
take the form of ‘price elasticities of demand’, or the proportional change in consumption for a unit proportional
change in price. The ‘own-price’ elasticity tells us the response of demand for a product to a change in its
own price. The ‘cross-price’ elasticity tells us the response due to a change in another product’s price. Price
elasticities for alcohol have been studied extensively [23, 24]. Members of the Sheffield team have estimated
UK own and cross-prices elasticities for 10 categories of alcohol (beers, cider, wine, spirits, RTDs separating
on-trade and off-trade). Our analysis used data from the Living Costs and Food Survey for 2001 to 2009 and
grouped individuals into 72 defined subgroups for longitudinal fixed effects statistical modelling, a method
known as a pseudopanel approach [24]. These have been used for analyses of alcohol minimum pricing and
taxation for Public Health England and for the Scottish government [17, 25]. HMRC have undertaken a series
of price elasticity analyses over the last 15 years. Huang et al [26] estimated the price elasticities using
aggregate time series approaches. For tobacco, there is also a substantial literature on price elasticities
including studies which examine the price responsiveness of four different metrics: participation in smoking,
guantity purchased, money spent on tobacco and share of budget spent on tobacco [27]. In the UK, HMRC
has examined price elasticities for tobacco using quarterly aggregate time series analysis in 2010 [28]; with
updated analysis in 2015 [29]. This work did not examine three important issues however: it did not distinguish
between manufactured and hand-rolled tobacco, did not consider any relationship with alcohol purchasing
and did not examine participation elasticities i.e. the effects of price changes on individuals’ quitting tobacco.

Jointly estimated price elasticities for both tobacco and alcohol are rare and the findings show substantial
uncertainty around the effects of changes in the price of one substance on purchase of the other. The OECD
recently reviewed the international literature [30]. The evidence shows a complex relationship between
tobacco and alcohol consumption. Studies reviewed suggested that smokers who drink respond to changes
in alcohol prices by reducing both alcohol and tobacco consumption (complementary commodities), while
drinkers who smoke respond less (or not at all) to changes in cigarette prices. When analysing categories of
alcohol, one study found alcohol to be a substitute for cigarettes when the price of the latter changed, but
found a complementary relationship when the price of beer changed. This complexity requires further
research, and most importantly, there are no studies in the UK in which a single econometric modelling
approach is used to estimate joint price elasticities for participation in and consumption of both tobacco and
alcohol products simultaneously.

Related Issues — lllicit Tobacco and E-cigarettes

Illicit tobacco use, by which we mean tobacco on which UK tax duty has not been paid, is estimated by HMRC
to have been falling over the last 10 years [31]. The government publication “From Leaf to Light” highlights
that the estimated proportion of manufactured cigarettes on which duty has not been paid has fallen from
22% to 10% between 2000 and 2013/14, while for hand rolled tobacco the fall has been from 61% to 39%.
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This is despite the fact that over this period tax has risen consistently. The reason for the fall is held to be the
increased enforcement and restriction of illicit trade over the years. One UK study has attempted to
understand the potential impact of illicit tobacco on price elasticities for tobacco finding that price elasticities
were slightly lower if adjustment for smuggling were undertaken, but this did not provide any cross-price
elasticity estimation between illicit and duty paid tobacco [32]. It is methodologically challenging to estimate
cross-price elasticities between duty paid tobacco products and illicit tobacco because one ideally needs
complete survey data on the quantity purchased and price paid for both kinds of product and to our knowledge
this is not available. The price of illicit products is understood to be around half of that of duty paid products
and it is unclear whether, for example, the LCFS contains data on illicit tobacco purchases. Because of these
data issues and the issue of enforcement as a determining and confounding factor, we cannot estimate cross-
price elasticities between duty paid and illicit tobacco in the LCFS.

E-cigarettes are an important issue in tobacco control. By 2018, there were three papers estimating price
elasticities of e-cigarettes [33-35]. The latest of these papers [33] used time-series data (from December
2011 to October 2014 for UK) on e-cigarette sales as well as e-cigarette and cigarette prices for six EU
markets including the UK, obtained from the Nielsen Company. Coverage of the e-cigarette market is low
(e.g. 34% in Ireland, 20-30% in Estonia, 1% in Sweden, and not provided for UK) because a significant
proportion of sales are online or in ‘vape shops’, and are not covered by Nielsen or any other consumer data
collection organisation. LCFS does not collect purchasing of e-cigarettes or the refills for them. For these
reasons, we cannot at this stage estimate cross-price elasticities using our proposed methods.

Mathematical population modelling to support decision-making on interventions

Models are in effect a method for synthesising the diverse range of quantitative evidence that pertains to an
intervention and presenting this evidence in the context of an intervention’s likely future effects. The Sheffield
Alcohol Policy Model (SAPM) was built and continues to be developed in consultation with a broad range of
stakeholders to provide decision support to local and national level policymakers in developing strategies for
alcohol harm reduction in the UK (for price interventions this includes duty changes, minimum thresholds for
the duty applied and minimum unit pricing) [36]. The Sheffield modelling has been successful because of the
close fit of the modelled outcomes and interventions with the information needs of a range of stakeholders
[37]. SAPM models a wide range of outcomes: cause-specific disease and death and the costs of treatment,
tax revenues, effects of ill-health on businesses through time off sick, change to the disposable income of
consumers [38]. This latter outcome is important because studies have shown that expenditure on tobacco
and alcohol can ‘crowd out’ expenditure on other purchases, including healthy food and housing, thus
potentially contributing to the negative effects of poverty [39, 40]. It also models realistic detail on the
mechanisms that link the implementation of price interventions to consumer behaviour, e.g., for specific
alcoholic products it models tax changes, subsequent industry modification of tax pass-through and
consumer responses through the price elasticities of demand [41]. SAPM provides detailed cause-specific
health outcomes for the range of alcohol attributable diseases. It also provides outcomes specific to socio-
demographic subgroups of the population, which allows conclusions on the potential effect of interventions
on health and economic inequalities [12, 13].

For tobacco modelling, within the range of models worldwide [42] the key models in the UK are: (1) the
modelling by Action on Smoking and Health that is used to provide evidence to government consultations on
changes to taxation [43], (2) the modelling by Brunel University that produced the NICE return on investment
tool for tobacco that appraises the health economic effects of a range of interventions [44], (3) the modelling
by Cancer Research UK and the UK Health Forum that extends the Foresight Obesity Project methods to
tobacco [45]. The ASH model is the closest in structure to SAPM and has been used to appraise the effects
of increasing the duty escalator at different rates for cigarettes and hand rolling tobacco. The submission of
the modelled findings to government ahead of the 2016 Budget supported the subsequent decision to
implement a faster duty escalator for HRT to reduce its use as a cheap option for smoking. Tax interventions
for tobacco that have not so far been appraised include the Minimum Excise Tax (MET) for cigarettes to be
implemented on 20 May 2017, and the Minimum Consumption Tax (MCT) for tobacco that was a proposed
alternative to MET that includes VAT in the calculation of the minimum tax applied and would therefore also
affect the price of HRT. None of these models have the ability of SAPM to model the mechanisms of price
interventions in detail and to show the socio-demographic differentials in outcomes.

The reason for modelling alcohol and tobacco together is to show the potential scale of effect that joint tax
changes on tobacco and alcohol could have on health and social inequalities in health. Funded by the UK
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Centre for Tobacco and Alcohol Studies, the research team have extended SAPM to the Sheffield Tobacco
and Alcohol Policy model (STAPM) [46, 47]. We will begin the proposed research with model components
that (1) project future individual consumption, and (2) translate changes in consumption to estimated effects
on deaths, hospital admissions and the associated NHS costs of those admissions. We have designed work
packages 1-3 to provide the essential inputs for us to use STAPM to appraise tax interventions. WP4 will
build the additional model components required to use this information (based on SAPM) and conduct the
appraisals.

Research objectives

In this project we will define a set of relevant new taxation options across tobacco and alcohol for the UK.
We will then examine the available evidence on how these changes to taxation are likely to affect consumer
behaviour, health and the wider economic implications.

Population The population covered by our proposed evidence synthesis is adults over 18 in the UK. The
setting for almost all of our study is the whole UK, because tax interventions are country wide. The data to
inform WP1 on policy options will come from UK wide stakeholder research. WP2 will focus on LCFS data
which includes England, Scotland and Wales, but with individual analysis relating to consumption for England.
WP3 joint price elasticities will be for the UK. WP4 model appraisal with focus on England.

Interventions From our stakeholder engagement and research in WP1, we will define the details of a set of
taxation interventions across tobacco and alcohol for appraisal in WP4.

Comparisons The ‘control treatment’ is current UK tobacco and alcohol tax. We will appraise effects up to 30
years from the baseline year.

Outcomes We will calculate the expected outcomes of changes to taxation for:
1) total and social differentials in cause-specific disease and death from 63 conditions;
2) the costs of treatment to the NHS;
3) Government tax receipts;
4) the effects of ill-health on businesses through time off sick;
5) social differentials in individual spending.

We will address the following specific objectives:

Work package 1: Qualitative research to define and understand relevant tax interventions

WP1 aims to define an evidence-based and stakeholder informed set of ‘candidate’ alcohol and tobacco tax
interventions relevant to the UK context that will be modelled, AND to provide a grounded understanding of
the policy effects valued by stakeholders, of mediating factors they perceive as affecting deliberation and
implementation, and of gaps they identify in the evidence base.

Objectives

1. To conduct a rapid review to provide each participant with background information on the range of
possible and implemented tax interventions.

2. To conduct semi-structured interviews with 5 sets of key stakeholders to elicit more detailed technical
descriptions of tax changes, grounded in an understanding of the policy effects valued by
stakeholders, of mediating factors they perceive as affecting deliberation and implementation, and of
gaps they identify in the evidence base.

Work package 2: Analysis of social patterns in spending on tobacco and alcohol
WP2 aims to describe the socio-demographic variation?® in patterns of spending (product type and price)
across the spectrum of tobacco and alcohol products and the impact on household budgets.

Objectives
1. To examine the relationship between household spending on alcohol and tobacco and overall
household budgets and how this varies by socio-demographic sub-groups.

1 sub-groups include age, sex, education, social class, employment status, family status, equivalised
household income, the household index of multiple deprivation score, and government office region.
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2. To describe the joint patterns in consumption and spending of tobacco and alcohol, and how these
vary by socio-demographic subgroups and by the level of smoking and drinking.

Work package 3: Analysis of industry and consumer responses to tax changes
WP3 aims to estimate the responses of industry and consumers to changes in taxation.

Objectives
1. To investigate the extent to which tax changes are likely to be passed on to consumers as retail price
changes across the product and price spectrum for tobacco and alcohol products (using a consistent
approach for tobacco and alcohol).
2. To harmonise estimates across tobacco and alcohol in terms of how retail price changes affect
participation in tobacco use, participation in alcohol use, quantity of tobacco products purchased and
guantity of alcohol products purchased including the interactions between these behaviours.

Work package 4: Population modelling to appraise the health and economic outcomes of tax
interventions

WP4 aims to conduct a prospective long-term health economic assessment of the taxation interventions for
tobacco and alcohol.

Objectives

1. To develop the model structure so that it can implement the taxation interventions from WP1.

2. To model further outcomes relevant to tax interventions

3. To appraise the interventions from WPL1.

4. To assess the uncertainty in estimated outcomes due to uncertainty around industry modification of
tax pass-through and consumer price elasticities of demand, from WP3.
To compare our model results with other model-based appraisals of tax changes to understand and
explain why the models give similar or different answers.

o

Research design

Work package 1: Qualitative research to define and understand relevant tax interventions and their
policy context

Objective 1: Conduct a rapid review to provide each participant with background information on the range of
possible and implemented tax interventions.

We will conduct a ‘rapid review’ [48, 49] of contemporary UK tobacco and alcohol taxation intervention
options, and associated evidence and debates. The review will expand on an academic and stakeholder
workshop that the research team organised which led to the conceptualisation of interventions across tobacco
and alcohol as acting on a common system that links consumer behaviour and social actors, including
government and industry [47]. The review will also make use of a policy document dataset collected during
a Cancer Research UK funded research project examining tobacco, alcohol and sugar tax policy networks.?

Inclusion criteria

Geography: UK. Methodologies: No methodological restrictions, quantitative and qualitative analyses to be
included. Search tools: PubMed, Scopus, Google, Existing policy document dataset, Project Management
Group. Dates: 1997-2017. Language: English language documents only.

Search strategy

Topic: Sources must include description and/or analysis of one or more taxation intervention for either or
both tobacco and alcohol. Search terms: ((Tobacco OR cig* OR alcohol OR drink OR beer OR wine OR cider
OR spirits) AND (tax* OR excise OR duty) AND (UK OR "United Kingdom" OR Scotland OR England OR

2 Hatchard, ], Voices in Fiscal Cancer Prevention: An investigation of non-governmental organisations engaged in
tobacco, alcohol and sugar taxation and price policy debates in the UK, Cancer Research UK Tobacco Advisory Group
Project Award C58487/A22731,2016-18.
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Wales OR "Northern Ireland" OR Britain)). Sources: Peer-reviewed research papers and grey literature
governmental and non-governmental reports.

Data extraction

We will use a standard form to extract data according to the PICO framework: Population: The geographical
context, population group and timeframe in which the tax intervention was posited or implemented
Intervention: The technical definition of the tax intervention, including the rationale for the change.
Comparator: The system, or aspect of the system, of taxation across tobacco and/or alcohol products that
was changed by the intervention. Outcome: Primary effects on consumer behaviour and secondary effects
on health, social and economic outcomes, mediating factors impacting effectiveness (e.g. subsequent
industry modification of effect), and differential effects among subgroups.

Synthesis

The data will be synthesised into a technical report to be shared with the SYNTAX team for use in WPs 2-4.
This report will be summarised in a briefing to be shared with stakeholders prior to interviews. The WP1 team
and subsequently the Project Management Group will critically appraise this document before use.

Review management

One reviewer only will select the literature and the WP1 team and subsequently the Project Management
Group will assess the selection for completeness and relevance [48]. One reviewer will extract the data and
the WP1 team will work collaboratively to produce the synthesis. Peer discussion will be used throughout to
ensure rigour within the review process. The review will not assess the quality of the papers.

Obijective 2: Conduct semi-structured interviews with key stakeholders to elicit thick descriptions of potential
tobacco and alcohol tax changes that are relevant for SYNTAX to model, grounded in an understanding of
the policy effects valued by stakeholders, of mediating factors they perceive as affecting deliberation and
implementation, and of gaps they identify in the evidence base.

We will conduct and analyse five rich semi-structured elite interviews [50] undertaken with 2-3 participants
each. Participants will be drawn from six key stakeholder organisations with an influence over and/or technical
expertise in tobacco and/or alcohol taxation interventions. Interviews will cover UK tobacco and alcohol tax
options, stakeholder views on priority effects, mediating factors and evidence gaps in relation to both separate
and joint tobacco and alcohol taxation intervention options. These interviews will enable the SYNTAX team
to gain a rich understanding of the complex policy space in which tobacco and alcohol taxation changes take
place, co-exist and interact.

Preparation

Informed by the rapid review synthesis, we will develop a topic guide for our interviews and a deductive
codebook to structure our analysis of the interview data. In the development of both resources, the WP1 team
will liaise with the WP4 modelling team to ensure that interviews and analysis will generate a candidate set
of tax changes for modelling in WP4, each accompanied by a thick description of rationale, barriers and
drivers to implementation and stakeholder priorities. These tax changes are likely to be both changes to the
level of taxation e.g. increase duty by 1% on beer and structural changes to how tax is applied e.g. remove
the current EU requirement that cigarettes be subject to a mixture of specific and ad valorem duty.

Sample

We aim to engage with Government (HMRC, HM Treasury, and Department of Health) and Government
arms-length knowledge brokers at the forefront of this process, and with health advocacy groups experienced
in submitting technical evidence on tax changes to public consultations.

These patrticipant organisations have been selected purposively on the basis of their influence over and/or
demonstrated expertise in tobacco and/or alcohol taxation and we aim to interview 2 or 3 people from each
of them (n=10). We will not interview representatives from the tobacco or alcohol industries.

Procedure
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Participants will be contacted by phone or email and invited to participate — a short summary of the project
will be shared with participants and written consent obtained where agreement to participate is given. Prior
to interview, the review briefing will be shared with participants.

Interviews will be semi-structured, based on the topic guide. Interviews will be conducted in person or by
telephone if a face-to-face meeting is not possible. Where consent is given, an audio recording will be made.
Notes will be taken by a second researcher if consent to record is not granted by participants.

Adopting a joint interview data collection methodology will stimulate an exchange of perspectives about
options for tax change. In governmental organisations where there are both tobacco and alcohol experts,
participants will be consulted in the same interview setting to enable this exchange. Substance-specific
organisation representatives will be brought together in a single joint interview.

Interviews will explore the options for tobacco and/or alcohol taxation interventions identified in the rapid
review and any new options identified by interviewees. Participants will be asked to reflect on their
perceptions of each taxation option for tobacco and/or alcohol. Discussions will encompass four key inter-
related aspects:

i.  Technical descriptions of tobacco, alcohol and co-ordinated taxation options —what is the intervention,
what will it achieve, how will it work?

ii. Stakeholders’ priorities regarding the effect(s) of each intervention — which effects, and in what order,
are regarded as important in taxation policy deliberation settings? For example, overall changes in
consumption (e.g. quitting vs. cutting down); consumption and socio-economic effects on population
subgroups (e.g. lower socio-economic groups, those with mental health needs, young people,
‘harmful users’); as well as effects on other socio-economic aspects of the system (e.g. industry or
government revenue, crime prevalence, societal value of consumption, costs and benefits to the
NHS).

iii. The specific factors that stakeholders suggest might mediate the anticipated effect of each
intervention — what specific factors do participants consider may increase (drive) or decrease (create
barriers) the feasibility of the intervention being successful in achieving its intended effect(s)? These
include pre-implementation factors. For example, the political salience or societal palatability of policy
options may affect their likelihood of being introduced as intended or at all. They also include post-
implementation factors that stakeholders perceive may mediate or interrupt the intended effects of
each taxation intervention option. For example, possible issues could include: how different industry
players might respond with novel pricing structures to circumvent a new tax; how consumers might
switch between types of alcohol/tobacco products as prices change; or how government might or
might not complement taxation changes with other interventions.

iv.  Gaps in the policy context and the evidence base which would be required to enable taxation policy
progression — what policy and societal changes and new research will be needed to facilitate joint or
co-ordinated tobacco and alcohol taxation in the future?

For each aspect, where relevant, participants will be asked to consider the issues from three perspectives:
tobacco, alcohol and tobacco and alcohol.

This research design will facilitate the research team’s understanding of the complex context of each taxation
intervention option within its overarching tobacco and/or alcohol taxation policy space.

Ethics and consent

Ethics approval was received for ‘Workpackage 1 of Integrated evidence synthesis for joint appraisal of
tobacco and alcohol tax interventions for harm reduction in the UK’ on 09/03/2018 from the School of Health
and Related Research at the University of Sheffield with reference number 017409. An ethics amendment to
ensure compliance with GDPR was approved on 19/06/2018.

All participants will be provided with an information sheet outlining the study and steps taken to ensure
confidentiality. Prior to the interview we will ask participants to read this sheet and sign a consent form or,
those being interviewed by phone, to send an email confirming they have read the information and consent
to participate. Audio recordings will be made where consent is given. Participants will participate
anonymously. Hard copies will be destroyed. Data will be stored securely at both the Sheffield and Bath sites.
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Coding and analysis

Data will be coded and analysed using the ‘framework method’ [51] of qualitative content analysis. The
interview data will be transcribed and uploaded into the qualitative analysis software programme NVivo 10.
The WP1 team will use transcripts and audio recordings to become familiar with the data. Two coders will
code the data deductively using the codebook developed from the rapid review. We will first test the codebook
on a small sample of interview data and the WP1 team will then adapt the codebook where necessary prior
to full data coding. This revised codebook will form the ‘working analytical framework’ for the study [51], which
will then be used to code all transcripts in NVivo 10. In line with the framework method, coded data will be
‘charted’: placing cases (participants) and codes in a matrix and summarising the data by category from each
transcript. The matrix will then be used to undertake systematic comparison of characteristics and differences
between the data across the matrix [51] and to produce a summary of relevant taxation interventions for
tobacco and alcohol for the UK, possible combinations of tax changes across the two product types, and the
rationale for them as well as specific barriers and drivers to implementation, as described by research
participants. Participants’ perceptions of the hierarchy of systemic factors affecting tax policy preferences
and decisions will also be compared and synthesised. Maintaining an audit trail, systematic coding and peer
debriefing will ensure rigour and transparency in analysis [51, 52].

Data will be used to refine WPs 2 and 3, to inform the scenarios to be modelled in WP4 and to describe future
research needs. The thick qualitative description generated during the coding and analysis of the interview
data will give essential context to our modelled results. This will be used in SYNTAX’s pathway to impact
activities.

Outputs
1. A research paper presenting the results of our qualitative analysis to define the emergent space of
tax intervention options when tobacco and alcohol are considered both separately and jointly. The
appendix to this paper will constitute a technical report detailing the policy options to model in wp4
and information to support refinements to WPs 2-4 (e.g. population groups, outputs).

2. Aresearch paper on our rapid review findings.

3. A methods research paper focused on developing deductive analytical frameworks for qualitative
data analysis.

4. Public/stakeholder oriented dissemination materials: A suite of materials including a briefing to be

shared publicly and disseminated to research participants to coincide with the conclusion of the work
package.

Work package 2: Analysis of social patterns in spending on tobacco and alcohol

Data
In our study we will make full use of the samples sizes available for England in each of the datasets below.

Individual-level survey data

Living Cost and Food Survey. The LCFS is a cross-sectional survey of UK private households that collects
individual level diary data on purchasing of alcohol and tobacco products. We will examine 2006 to 2016 data
covering in excess of 12,000 individuals in 5,000 households each year (accessed via the UK Data Service’'s
secure lab). Alcohol data is collected via a confidential two-week personal diary. This provides product
volume and sales value (in pence) for 25 types of alcohol, which we group into 10 categories (off- and on-
trade separated for beer, cider, wine, spirits and RTDs). In our previous analysis of these data, we have
grouped the 25 types of alcohol into 10 categories (off- and on-trade separated for beer, cider, wine, spirits
and RTDs). These 10 categories are each subject to a different form of taxation (HMRC also use these 10
categories). For tobacco, data are collected only on the amounts spent (in pence) on two main product types:
manufactured cigarettes (in packs of approximately 10s or 20s) and HRT (in packs of 12.5g and 25g). The
data does not record amount of product bought, but our pilot work indicates they can be imputed because
the price distribution of 10 packs of manufactured cigarettes does not overlap with the price of larger packs.

Version 1.1



For HRT the price distributions overlap more but it is still possible to distinguish packs of 12.5g and 25g.
LCFS demographic data includes age, sex, 5-year birth cohort, marital status, and if children are in the
household, plus socio-economic characteristics - usual weekly income, total expenditure, socioeconomic
status in 3 categories, and employment status.

Ethics approval for our use of the LCFS data was received for ‘Investigation of the geographic and
socioeconomic variation in alcohol and tobacco purchasing to support models for policy in England’ on
03/03/2018 from the School of Health and Related Research at the University of Sheffield with reference
number 006733.

Health Survey for England. The HSE is a cross-sectional survey of approx. 5,000 households and 10,000
individuals. We will use data from 2011 (first detailed alcohol data) onwards. Data on alcohol consumption is
by beverage type (beer and cider, wine, spirits and RTDs) but does not specify whether the location of
purchase was the on- or off-trade. The main data on smoking is in terms of cigarette consumption, for which
it reports whether an individual smoked or not and how many manufactured hand rolled cigarettes they
consumed per day. There is also extensive demographic and socioeconomic information.

Ethics approval was not needed for the use of these data as they are not risk-bearing.

Population-level sales surveillance data

Nielsen UK prices for tobacco. We have access to AC Nielsen UK Scantrak data on monthly pricing and
volumes sold of 1505 manufactured and HRT products on the market in supermarkets and convenience
stores from November 2008. These data can be aggregated to produce an overall sales distribution at
category level (e.qg. for cigarettes or HRT).

Ethics approval was not needed for the use of these data as they are not risk-bearing.

Nielsen/CGA prices for alcohol. We have annual UK sales data for alcohol in the on-trade containing volume
and retail price of products sold by low-level beverage category for years 2008 and 2011. We also have
annual England and Wales combined sales data for alcohol in the off-trade (via NHS Health Scotland)
containing volume and retail price of products sold by low-level beverage category for 2009- 2015 (2016 to
follow). For the analysis of trade tax pass-through in WP3, we have negotiated a fee for access to commercial
market research data from CGA Ltd which contains the prices of 50 widely-distributed products in 2,000
outlets across the UK both before and after tax/duty changes between 2006-2016.

Ethics approval was not needed for the use of these data as they are not risk-bearing.

Objective 1: Examine the relationship between household spending on alcohol and tobacco and overall
household budgets and how this varies by socio-demographic sub-groups.

Task 1: Processing the LCFS data
The data will need some preparation before analysis:

Alcohol

The first task is to convert the number of drinks in the on-trade into millilitres of product. We will then convert
millilitres of products in the on- and off-trades to the units of pure ethanol that they contain. For the on-trade,
we use standard ‘drink sizes’ provided by the data owners, e.g., a pint of beer is 568ml, a glass of wine is
175ml etc. We then use evidence on the strength of the different types of alcohol to convert to units (e.g.
500ml of 4.5% ABV beer is therefore 2.25 units of pure alcohol). The second task is to combine the units of
alcohol purchased with the price paid in a transaction to give the price paid per unit of alcohol. Our experience
has shown some extreme values for prices paid per unit that we understand to be misreporting within the
data of either the numerator or denominator. We therefore remove transactions which are outside a plausible
defined range.

Tobacco
The first task is to estimate the volume of tobacco purchased in each transaction as these data are missing.
To do so we will use external information from the Nielsen data on price distributions for each year. Whilst
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there is wide variation in prices, there is a clear bimodality to the distribution, with little overlap between major
pack sizes (e.g. a pack of 10 cigarettes is always cheaper than a pack of 20). For every price point, the
Nielsen data implies a probability distribution for the volume of cigarettes, or hand rolling tobacco purchased.
For every transaction we will assign the volume which corresponds to the highest probability in this
distribution. The second task is to convert the data on number of cigarettes purchased to a price per gram of
tobacco. The particular rate of conversion used is subject to some debate, e.g., 1 cigarette might be said to
equal 1g, 0.7g or 0.5g of tobacco. We will create separate variables that have converted at different rates.

Outcomes

The result of this process will be a version of the LCFS with sales value and product volume attached to
every transaction for both alcohol and tobacco. This data, which describes the joint price distributions and
purchase volumes across 12 product types (on- and off-trade beer, cider, wine, spirits and RTDs, cigarettes
and hand-rolled tobacco), will feed into WP3 and WPA4.

Task 2: Calibrate LCFS price distributions against Nielsen/CGA data

For analysis in this WP, two further data processing steps are required. First, using aggregate price
distributions from Nielsen (for tobacco and off-trade alcohol) and CGA (for on-trade alcohol) we will adjust
the transaction-level prices paid to match empirical sales data. We do this by partitioning each of the 12
product types into deciles of the distribution, mapping the decile cutpoints from the LCFS distribution onto
the equivalent decile cutpoints in the Nielsen/CGA data and interpolating the points in between. Second, we
will sum the volume and value of all transactions for each product type for each LCFS respondent to give
individual-level information on total expenditure, quantity purchased and average price paid per unit (either
per unit of alcohol or per gram of tobacco) for each product. The outcome of this data processing is a version
of the LCFS which is calibrated to external data and includes individual level purchasing patterns alongside
demographic data (age, sex, 5-year birth cohort, marital status and whether there are children in the
household) and socioeconomic data (usual weekly income, total household expenditure, socioeconomic
status (using the NS-SEC occupation-based classification) and employment status). Missing data on key
demographic and socio-economic variables will be imputed using appropriate Multiple Imputation techniques.

Task 3: Analyse household spending on alcohol and tobacco and the relationship to household budgets

In order to understand the potential impacts across the socio-economic spectrum of changes in taxation level
and structure for alcohol and tobacco, it is vital to understand how spending on these products relates to
overall household budgets. We will examine this jointly for tobacco and alcohol by first, calculating the total
amount spent within each household represented in the LCFS on alcohol and tobacco (separately and
together) and presenting the distribution of these figures across the socio-economic spectrum. Secondly we
will calculate, for every LCFS household, the proportion of disposable household income that is accounted
for by spending on alcohol and tobacco. These figures will be presented descriptively to illustrate how the
proportion of household budget allocated to alcohol and tobacco varies across the socioeconomic spectrum.
Finally, we will fit statistical models relating these proportions of expenditure to household-level
characteristics, including socioeconomic status, region, household composition and volumes of alcohol and
tobacco purchased. These models will provide insight into which groups are the most ‘exposed’ to alcohol or
tobacco taxation increases by virtue of spending on these products representing a large proportion of their
income.

Objective 2: Describe the joint patterns in consumption and spending of tobacco and alcohol, and how these
vary by socio-demographic subgroups and by the level of smoking and drinking.

Task 1: Map the LCFS prices onto the HSE

To examine individual level patterns of consumption and spending on alcohol and tobacco and how these
co-vary, we need to integrate spending data from the LCFS with consumption data from the HSE. This
process mirrors that used in the Sheffield Alcohol Policy Model [38] and which will underpin the WP4
modelling. Taking the HSE respondents as our baseline population, we will define subgroups based on sex,
age (18-24, 25-34, 35-54, 55+), socio-economic status (income quintiles), drinker group (abstainer,
moderate, increasing risk, high risk) and smoking status (smoker, non-smoker). Equivalent subgroups are
defined in the LCFS. For each individual in the HSE, we will partition their beer consumption into beer and
cider consumption based on the average beer/cider purchasing volume ratio for individuals in the same
subgroup in the LCFS. We will then use a similar technique to partition beer, cider, wine, spirits and RTD
consumption for the HSE individuals into on- and off-trade. For each HSE individual we will take the price
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distributions made up of purchases by the same subgroup in the LCFS and apply them to the HSE, to give
us price distributions for every individual. The outcome of this step is a combined HSE/LCFS dataset which
includes demographics, consumption levels for 10 alcohol and 2 tobacco categories and the distribution of
prices paid for both tobacco and alcohol for each individual.

Task 2: Analysis of joint patterns in prices paid at the individual level

In several pieces of past work we have described typologies of drinking behaviour [53, 54] and in pilot work
have investigated the joint typology of smoking and drinking behaviour in the HSE. This analysis first used
multiple correspondence analysis to reduce the dimensionality of variables and then defined joint smoking
and drinking behaviour using hierarchical clustering. The results identified 15 clusters defined by a mixture
of smoking and drinking level and product preferences. We will build on this typology to understand how
patterns in prices paid also vary at the individual level across different consumer groups. This analysis will
be undertaken in two stages. First, we will conduct a descriptive analysis of average prices paid for alcohol
(per unit) and tobacco (per gram) by the subgroups described above (i.e. those defined by socio-demographic
variation, drinker group and smoking status). Second, we will map the HSE/LCFS price distributions onto the
existing typology of smokers and drinkers by including additional price-band variables our pilot analysis. The
result is likely to be an expanded set of typologies that describes further joint variation in the prices paid for
tobacco and alcohol. These findings will highlight which groups of individuals — defined in terms of their
smoking and drinking behaviour and socio-demographic characteristics - are most exposed to taxation
changes across different product types.

Outputs

1) A paper presenting the outcomes of the analysis described under Objective 1 on the relationship
between household characteristics and budget share accounted for by alcohol and tobacco
purchases.

2) A decision-maker oriented paper presenting the outcomes of the analysis described under Objective
2 which shows the potential implications of social patterns in spending for how changes to taxation
on tobacco and alcohol might affect inequalities / negative side effects on the poorest

3) A linked HSE/LCFS dataset to input as baseline data on spending and consumption into the WP4
modelling.

Work package 3: Analysis of industry and consumer responses to tax changes
Objective 1: Investigate the extent to which tax changes are likely to be passed on to consumers as retail

price changes across the product and price spectrum for tobacco and alcohol products (using a consistent
approach for tobacco and alcohol).

Members of the research team have already developed analysis of tax pass-through for off-trade alcohol
using data on 204 different alcohol products sold in supermarkets over 180 weeks [21]. We do not propose
to do further research on off-trade tax pass-through within this grant. We do propose to extend this work to
on-trade alcohol products. We will analyse tax pass-through by making use of commercial market research
data from CGA Market Research Ltd. The CGA data contains information and detailed sales value and
volume data on a large sample of pubs, bars, clubs and other outlets across England, Scotland and Wales.
This is important because unlike supermarkets there is no standard set national price for particular brands of
alcoholic drink in different on-trade settings and there can be substantial regional variation. We have
negotiated a fee for access to a sample of these data covering the prices of 50 widely-distributed products in
2,000 outlets across the country both before and after tax and duty changes over the period from 2006-2016.
This will allow us to examine the extent to which the price of individual products changed as alcohol taxation
changed, across the price spectrum and across a wide range of outlet types and locations. Adapting our
previously used quantile regression approach to this data-set, we will estimate the tax pass-through rate
across the price spectrum (in terms of price per unit of alcohol) for detailed product categories and summarise
this for the 5 on-trade product categories used in the Sheffield model i.e. beers, cider, wines, spirits and
RTDs. As a cross-check on these we will update the simple analyses undertaken previously by RAND in
2011 [20] which use HMRC data to enable a broad overall estimate (with no distinction by price per unit) of
tax pass-through for on-trade bitter and on-trade lager and compare with our more detailed CGA data based
results.
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For tobacco tax pass-through, we will develop a similar set of analyses. Members of the research team
already have access to a data-set from Nielsen Ltd which can be used within this grant. These data are
collected monthly from 2008 onwards for tobacco products in brands and pack sizes — technically known at
‘stock keeping units’ (SKUs). In all, the data has 1505 SKUs, but we plan to utilise the 776 SKUs in the data
which represent almost 90% of the market each month, because we will exclude some products that Nielsen
have advised are likely to have price distributions that are insufficiently sampled to be valid. The shape of
these data is broadly similar to that with which we developed the quantile regression based tax pass-through
estimates for off-trade alcohol except on this case there is monthly (rather than weekly) data, it includes the
sales volume for each product as well as the price, there is a longer time period available, but there are also
SKUs for which missing price data is an issue in some months or at the beginning or end of the period. We
will therefore adapt the methods of Ally et al, to this slightly different data-set but retain the principles of the
approach to estimate tobacco tax pass-through. This includes estimating the counterfactual price over the
period i.e. the price that would have been in existence if retailers/manufacturers passed the tax changes
through to retailers exactly rather than over- or under-shifting tax changes onto different products differently.
It also includes accounting for inflation on a monthly basis across the time series.

Objective 2: Harmonise estimates across tobacco and alcohol in terms of how retail price changes affect
participation in tobacco use, participation in alcohol use, quantity of tobacco products purchased and quantity
of alcohol products purchased including the interactions between these behaviours.

Two methods will be tested for 12 products (2 tobacco and 10 alcohol categories): Task 1. Longitudinal
pseudopanel elasticities for participation (i.e. purchase in 2-week window) and amount consumed; Task 2.
Cross-sectional Heckman model elasticities for participation and quantity. Finally, in Task 3 we will describe
differences between these estimates and other literature and develop guidance on how uncertainty in
elasticities should be accounted for in tax modelling.

Task 1: Estimate Pseudopanel elasticities using LCFS for 12 alcohol and tobacco products focussing on both
participation (i.e. purchase in two week window) and quantity purchased

The ideal dataset would have individual level longitudinal data over several years on prices paid and tobacco
and alcohol products purchased in order to model effect of changes in price on change in participation and
on quantities purchased. Unfortunately such a dataset does not exist in the UK. Instead we will re-analyse
the LCFS data-set from 2006 to 2016 as described in WP2. In particular we will analyse the data-set in terms
of 12 products — beers, cider, wine, spirits and RTDs (separated for off-trade and off-trade) together with
manufactured cigarettes and hand-rolled tobacco.

A pseudopanel is created by grouping individuals into defined subgroups with each of these subgroups then
treated as an individual pseudopanel member for longitudinal fixed effects statistical modelling. The
groupings are based on largely time-invariant criteria. In our proposed base case this will be sex, birth cohort
and socioeconomic status. Each respondent is assigned to a pseudopanel “cell”’. The data for the individuals
in each cell are then summed (using the survey weights) to give the total expenditure and quantity of product
purchased for each of the 12 proposed alcohol and tobacco product types. Dividing a cell’s total expenditure
by total quantity for each product type gives a “mean price-per-unit paid” for each product type. In the case
of alcohol; this is the pence per unit of alcohol; for cigarettes this will be pence per stick; for hand-rolled
tobacco this will be pence per gram. We will also calculate the proportion of people in the cell who are
unemployed, have children, are married, and the mean usual weekly income for the cell.

Price elasticities of participation will be examined by modelling how the proportion of each pseudopanel group
(cell) that uses tobacco or alcohol products changes over time as mean prices change. Price elasticities of
consumption will be estimated in a similar way. These will estimate the percentage change in quantity of
each of the 12 products purchased as a function of the mean prices.

There are some methodological issues and challenges in estimating and interpreting elasticities from the
pseudopanel approach. The key advantages of the pseudopanel are that it accounts for longitudinal trends
and fixed effects. By collapsing the individuals into the cells/groups there is a loss of sample size and thus
the confidence intervals for estimated elasticities are wider than with approaches which retain analysis of
each individual. It has the disadvantage that it produces one overall average elasticity estimate for the whole
population. Resolving the issue of whether population subgroups have different elasticities is problematic in
a pseudopanel approach e.g. is the drinking of non-smokers affected by the price of tobacco? It would be
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possible to construct a pseudopanel with just non-smokers, or e-cigarette smokers and compare the resulting
estimates of elasticities with those of the whole population, or indeed smokers alone. However, this has
technical implications in terms of adherence to the time invariant rule for defining cells in the pseudopanel.
Some of these disadvantages can be addressed by cross-sectional individualised analysis as described next.

Task 2: Estimate Heckman cross sectional elasticities using LCFS for 12 alcohol and tobacco products
incorporating both participation and quantity purchased.

We propose to extend the methods used by HMRC to estimate price elasticities for alcohol to include tobacco
[55]. HMRC chose to utilise a cross-sectional analysis of the LCFS data using a Heckman model. The
Heckman method provides an approach which accounts for the fact that many of the individuals do not
purchase any alcohol in the two week diary period (‘zero observations’), or do not purchase any of a specific
type of alcohol (‘zero observation for a category’). The key advantage of the Heckman model is that it
integrates the participation / quantity purchased elasticity estimation in a single model. We will first replicate
this analysis with our extended time period LCFS data-set for alcohol and secondly include in two additional
products — manufactured cigarettes and hand-rolled tobacco. This will generate an estimated 12 products
(i.e. 144 cells) elasticity matrix. Thirdly, we will investigate refining the population examined in the Heckman
model to consider whether it is possible to estimate elasticities differently for population subgroups. In
particular, we will investigate price elasticities for each category of alcohol e.g. off-trade beer in terms of
participation and quantity (modelled together in the Heckman) separately for non-smokers and for smokers
only. We will investigate whether non-smokers participation and consumption of say off trade beer is
unaffected by tobacco prices. We will also investigate whether it is possible to estimate elasticities for
smokers and non-smokers using interaction terms in in a single model rather than partitioning the data-set.
We will also use the Heckman model to investigate price elasticities for smokers versus a hon-smokers sub-
population.

It is worth emphasising why we do not plan to invest time in undertaking an aggregate time series approach
to estimating joint price elasticities for tobacco and alcohol products. HMRC does use aggregate time series
based elasticities for its tobacco tax impact assessments — in terms of monetary effects. However, for our
health economic impact modelling it is crucial to estimate the effects of price changes on quitting smoking.
An aggregate time series analysis does not easily enable analysis of the zero observations which are able to
be undertaken as we have planned here in both the pseudopanel (Task 1) and the Heckman (Task 2)
formulations.

Task 3: Assessment of uncertainty

We will undertake a series of exercises and engagements with stakeholders to establish how to incorporate
the uncertainty around the tax pass-through and price elasticity of demand evidence from Objectives 1 and
2 into the tax modelling in WP4.

Parameter uncertainty

Our standard approach to analysis of uncertainty in elasticity estimates would be to estimate the standard
errors on the regression model parameters and undertake Monte-Carlo (probabilistic) sampling from the
variance-covariance matrix produced from the statistical model. Essentially this would mean generating a
range of (say 100) different elasticity matrices and running the tax analysis model with each in turn to see
what the effects of the uncertainty are on the outcome estimates. We will do such for both the pseudopanel
and Heckman models, and will also develop a mechanism to do this for the uncertainty in the tax pass-
through quantile regression models.

Structural uncertainty

Once we have undertaken our new analyses we will work with the international academic and grey literature
and our stakeholder group to place our new estimates in the context of this other evidence. Our objective will
be to generate scenarios for structural sensitivity analysis in WP4 that show how our outcomes might have
changed had we used different data and modelling methods. For elasticity estimates we will look at the
international literature that uses cross-sectional data and pseudopanel methods. If there are studies that
estimate elasticities for categories of alcohol including on- and off- trade and categories of tobacco, and their
cross-price elasticities, then we will use them to design a sensitivity analysis (applying reasonable
assumptions where necessary). For example, one sensitivity analysis will be to repeat our modelling using
only published elasticities estimated by the HMRC. We will also look for genuine panel studies with a view to
developing a sensitivity analysis based on these estimates (however, because a genuine panel can suffer
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from the non-random attrition of members with respect to consumption, there are technical arguments for
why a pseudopanel approach might be better). Ideally, if we find a genuine panel study with the right features
then we will endeavour to ask the authors to re-analyse their data using our pseudopanel method. This would
allow a direct assessment of the difference between genuine panel estimated and a cross-sectional
pseudopanel estimated elasticities. We will also explore options to develop sensitivity analyses that address
the wider issues of consumers trying to avoid the impact of tax rises by switching to illicit non-duty paid
products and to e-cigarettes.

Outputs

1) Journal paper on tax pass-through for tobacco and alcohol

2) Journal paper (or possibly two papers) on consumer responses to price changes for tobacco and
alcohol using both pseudo panel and Heckman approaches

3) A technical report on the outputs to feed into WP4.

4) A briefing report for government / policymakers on the evidence for both tax pass-through and price
elasticities for tobacco and alcohol

5) A public facing media presentation of the key novel findings to get across their meaning and
importance to the public.

Work package 4: Population modelling to appraise the health and economic outcomes of tax
interventions

Existing model technology and the data this uses

The description of tobacco and alcohol consumption at baseline

Our STAPM prototype uses the HSE to inform the socio-demographic patterns in the consumption of tobacco
and alcohol in the baseline year. Each individual in the HSE is input into our model along with their
consumption and socio-demographic characteristics and survey weights. We then use the LCFS to inform
the socio-demographic patterns in the prices of product purchased based on transaction-level data. We
subsequently adjust these data for underreporting using population-level sales data (see WP2). In STAPM
we have added new Monte-Carlo methods that improve how we track consumption over the life course of
individuals. The main driver to do so was to allow our modelling to incorporate the natural rates of smoking
initiation, quit and relapse over the life course that are likely to modify any intervention effect applied in the
baseline year.

Linking behaviour to health harms

As with SAPM, STAPM links changes in consumption between years to changes in the relative risk of different
diseases carried by the individuals in our HSE sample. In STAPM we consider 63 diseases that are
attributable to tobacco and/or alcohol. This list is a combination of the diseases considered in SAPM and in
the NICE Tobacco Return on Investment Tool for England [44]. We estimate each individual's relative risk of
disease at baseline using published epidemiological evidence (risk functions) [56, 57]. For alcohol these are
dose-response relationships between current consumption level and the risk of developing a specific disease.
For tobacco these show how relative risk varies among never, current and former smokers. Although the
available evidence is sparse, where possible we also incorporate the interactive effects of combined tobacco
and alcohol consumption on the risk of disease. When we update the relative risk of disease following a
changes to consumption, we account for the estimated lag-time between a change in consumption and a
change in risk [58, 59]. For example, for cancers the risk can remain relatively high for a decade after
consumption reduces/stops. We then use the lagged change in risk to adjust the disease-specific rates of
hospital admission (estimated from the Hospital Episode Statistics) and death (from Office for National
Statistics death and population counts) for each socio-demographic group proportionally upwards or
downwards [60]. This means that the estimated change in relative risk for a disease in each year is used to
adjust the estimated prevalence of hospital admissions and deaths for that year. We have also added new
methods to STAPM that improve our estimation of the change in the NHS costs of hospital admissions by
linking the Healthcare Resource Group fields to standard NHS treatment costs.

New model technology to be added by the project and the new data this will use

Objective 1: Develop the model structure so that it can implement the taxation interventions from WPL1.
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SAPM models price intervention effects on an individual's mean weekly consumption of alcohol, stratified by
beverage type (see uploaded logic model). The logic goes as follows: (a) tax is changed on a specific product
type e.g. duty on beer rises by 1%, (b) industry might subsequently modify the effects on retail price for
specific price bands of products e.g. the price of cheap beer might change less than expected but the price
of premium beer might change more than expected), (c) changes in product price are linked to consumption
using the price elasticities of demand, with own and cross price elasticities for 10 beverage types in the on-
and off- trade [24], (d) we have a post-intervention population with a new level of consumption and spending.
For STAPM we need to build the model component that calculates the combined effect of taxation changes
on tobacco and alcohol consumption. We will use the existing SAPM method as the exemplar for this model
development. We will also tailor the new methods to fit with the WP1 definitions of the taxation interventions,
the WP2 baseline data on the amounts of tobacco and alcohol products consumed and the prices paid, and
the WP3 data on tax pass-through and price elasticities.

Objective 2: Model further outcomes relevant to tax interventions

Our modelling in STAPM already allows us to compute outcomes for (1) disease-specific mortality and the
consequent life years gained, (2) disease-specific hospital admissions and the consequent NHS treatment
costs saved. In the proposed work we will add the data and methods to compute the further outcomes detailed
below. These are already outcomes that we model for alcohol is SAPM. Our aim is to compute them for
tobacco such that a fair comparison of effects on the same outcomes can be compared fairly across alcohol
and tobacco. This need to ensure fair comparison across tobacco and alcohol means that we will focus on a
few core outcomes rather than trying to replicate the full range of outcomes present in other tobacco models
for England e.g. the modelling by ASH [43]. It also means that where possible we will limit ourselves to the
methodologies used to compute the outcomes that are already implemented in SAPM e.g. SAPM currently
uses a different method to calculate effects on work absenteeism to that used by the CRUK and UK Health
Forum modelling for tobacco [45]. We will endeavour to apply a method for tobacco that fits with our existing
method for alcohol. However, if we cannot find a way to a fair comparison, then we will explore new methods
for both tobacco and alcohol.

The further outcomes that we will compute will be:

e Time off sick due to ill-health (work absenteeism). Work absence effects will require some analytical
development because methods recently used are different for alcohol (where published evidence on
alcohol consumption caused absence is used [61]) than for smoking (where broader relationships on
diseases experienced and quality of life have been used to estimate productivity losses [45]). We will
review these and develop a consistent approach.

e Tax revenues to Government. Modelling the effect on revenues from alcohol sales have proven to be
central to the impact of our alcohol modelling [17, 41, 43]. We will also explore the potential to model the
tax lost due to consumers purchasing illicit products (e.g. from switching to illicit products to try to avoid
price rises).

o The differential impact on consumer finances. Modelling effects on personal budgets has also been key
to the impact of our alcohol modelling by allowing conclusions about the effects on social inequality and
potential unintended negative consequences of tax rises [13]. The results of WP2 will make us well-
positioned to discuss the social differentials.

Objective 3: Appraise tax interventions

For the population of England over the age of 18 years we will model the outcomes of the taxation
interventions defined in WP1. We will compute outcomes in each year from our baseline year to a 30 year
time-horizon. This 30 year period will give sufficient time for lagged effects on chronic diseases such as
cancers to manifest. For each outcome, we will estimate the total population effect and differential effects
across socio-demographic subgroups (following the subgroupings defined in WP2). Our comparator will be
the expected outcomes of a continuation of the current levels in real terms (rising with inflation) and structure
of taxation on tobacco and alcohol products. We will estimate the difference between the comparator and
intervention arms under alternative scenarios of the future trends in tobacco and alcohol consumption that
would have occurred anyway, independently of changes to taxation.

Objective 4: Assess the uncertainty in estimated outcomes due to uncertainty around industry modification
of tax pass-through and consumer price elasticities of demand, from WP3.

We will assess the uncertainty in our outcomes that derives from the evidence produced in WP3 on (1)
industry maodification of tax pass-through and (2) consumer responses to changes in retail price (price
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elasticities). First we will assess the impact of statistical uncertainty around our estimated parameters through
probabilistic Monte Carlo simulation. This will allow us to present uncertainty intervals around each point-
estimate of effect for each tax intervention, where the interval represents only the uncertainty contributed by
either our tax pass-through or price elasticity estimates. Second we will assess structural uncertainty by
estimating how our results might have been different had we used different data and methods. For tax pass-
through we will re-compute our results with alternative scenarios of how industry might modify tax pass-
through e.g. extreme under-shifting price rises to cheap products. For price elasticities we will re-compute
our results with alternative estimates of price elasticities that aim to (1) reflect variation in the international
literature, (2) test the implications of our choice of pseudopanel data and methods, and (3) show the
difference in our results from using the official price elasticities for tobacco and alcohol estimated by HM
Revenue and Customs. These scenario analyses will enable us to understand where the assumptions
underlying our modelling work are likely to have a substantive effect on our results and provide valuable
insights into where the greatest needs for future research may be.

Objective 5: Compare our model results with other model-based appraisals of tax changes to understand and
explain why the models give similar or different answers.

In preparing this proposal we have discussed our work with modellers of tobacco tax from ASH [43] and NICE
[44]. In these conversations it was emphasised that it is crucial for us to understand and explain how our
modelling methods and results sit alongside other models that aim to provide similar evidence for the effects
of tobacco taxation in the UK. We will therefore look to engage with modellers from other teams during the
project and once we have our preliminary findings to compare our methods and results to theirs e.g. in terms
of predicted changes in participation, consumption and health. We will also look for opportunities to appraise
the same intervention using different models so that we can assess how different methods affect the results.

Outputs
1) The main paper will present our modelling results to a general audience.
2) Technical modelling paper outlining the modelling methods used to combined tobacco and alcohol
into a common modelling framework
3) Full technical report
4) Set of media to communicate our findings to a lay audience

Summary of ethics approvals for quantitative data

Ethics approvals were obtained for the following datasets used for our quantitative modelling in
Workpackages 2-4 due to these datasets comprising data that is potentially disclosive of individual identities,
thereby requiring storage and analysis in secure environments and compliance with appropriate information
governance standards.

Hospital Episode Statistics data

Ethics approval was received for ‘Investigation of the geographic and socioeconomic variation in alcohol and
tobacco related hospital admissions to inform decision support models for policy in England’ on 03/03/2018
from the School of Health and Related Research at the University of Sheffield with reference number 018108.

Living Costs and Food Survey data

Ethics approval was received for ‘Investigation of the geographic and socioeconomic variation in alcohol and
tobacco purchasing to support models for policy in England’ on 03/03/2018 from the School of Health and
Related Research at the University of Sheffield with reference number 006733.

Office for National Statistics Mortality microdata

Ethics approval was received for ‘Investigation of the geographic and socioeconomic variation in alcohol and
tobacco related mortality to inform decision support models for policy’ on 25/09/2018 from the School of
Health and Related Research at the University of Sheffield with reference number 023092.

Public Involvement

We will engage with three PPI panels: the UKCTAS Smokers Panels (Nottingham), the UKCTAS Drinkers
panel (Stirling) and the Sheffield Addiction Recovery Research Panel.
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We will visit each of these panels in years 1 and 3 to discuss issues, plans, findings and think through the
complex social setting in which behaviour change induced by taxation sits. Year 3 meetings will involve panel
members in co-developing dissemination materials. If feedback on specific issues is required we will request
this ad hoc through the panel organisers.

We will also invite a panel member to attend our major project meetings (2 per year) in which we review
progress and plan the next steps for research and dissemination.

Project management

Roles and responsibilities of the project team
All staff will be involved throughout the 36 months of the project to ensure strong links between
workpackages, stakeholder engagement and dissemination.
o WP1: Hatchard will lead and Buykx will contribute to the qualitative methodological development, data
collection and analysis.
o WP2: Angus will lead and Hiscock will support data preparation tasks and methodological
development for the analysis.
o WRP3: Pryce will lead the methodological development and analysis with support from Brennan, Angus
and Hiscock.
o WP4: Gillespie will lead the methodological development and analysis with support from Angus and
Brennan.

Wilson will have responsibility for day-to-day project operations on WPs 2-4. Gillespie will be responsible for
the day-to-day project management and coordination. Brennan will be the Pl and Chair the Project
Management Group, comprising Hatchard, Angus, Pryce, Gillespie and Wilson. Holmes, Meier and Gilmore
will provide oversight on project management and coordination, expertise on all work packages with input on
methods and analysis, and contribute to stakeholder engagement and dissemination.

Project meeting structure
Agendas for each meeting will be circulated in advance. Minutes of each meeting will be taken and actions
assigned.

We will have the following types of meetings:
o Workpackage specific sessions: To be organised by workpackage leader as needed.

e Meetings of core project team: Approximately monthly, lasting 1-1.25 hours. Involving work package
leads (JH, CA, RP, DG), the project lead (AB) and LB. DG and AB will meet a week before to plan.

¢ Working meetings involving all project co-investigators: Approximately 3 monthly, lasting 90 minutes.
DG and AB will meet a week before to plan.

e Strategic review and planning meetings involving all project co-investigators: Approximately 6
monthly, lasting 3 hours. Planning will be done in the preceding meeting of the core project team. We
will endeavour to make this a face-to-face meeting that alternates location between Sheffield and
Bath. We will invite a PPI panel member to this meeting and will therefore schedule meetings at
convenient times, using jargon free language to assist participation.

Study Advisory Group
We have established a semi-formal Study Advisory Group comprised of 12 international experts in public
health and economics relating to tobacco and alcohol. As this group is international it will primarily meet

through teleconference, with opportunistic meetings (e.g. at conferences) held when feasible. Advice will also
be sought via email. We aim to consult the group 3-4 times during the project.
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Project timetable and milestones (as of 1%' August 2019)

Interview prep and interviews

Analysis and synthesis

Integrate review and analysis,
write and publish paper and
dissemination materials
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In chart: dark blue = original plan, grey = less than expected progress in this period, light blue = timetable slippage
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Version 1.1. August 2019

Updated milestones and timetable (as of 15t August 2019)

Reasons for timetable slippage

¢ One month delay to starting workpackage 1.

e Further delays to workpackage 1 due to reduced resource arising from changes in work
arrangements of team and from additional outputs — rapid review and methods papers.

o Delay to recruitment of our research associate — Dr Luke Wilson — who started on 02/07/18 (4
months after the project start date).

o Delays to workpackage 3 preparation of the manuscript for tobacco tax passthrough due to LW
unexpectedly having to travel to Bath to complete data analysis.

Milestones from project start: 15 March 2018

WP1

M1. Paper on interview findings & technical report to feed into WP4: 31st August 2019. The main
research paper will present the results of our qualitative analysis to define the emergent space of tax
intervention options when tobacco and alcohol are considered both separately and jointly. The appendix to
this paper will consitute a technical report detailing the policy options to model in WP4 and information to
support refinements to WPs 2-4. We have also prepared a research paper on our rapid review findings, and
a methods research paper focused on developing deductive analytical frameworks for qualitative data
analysis.

WP2
M2. Paper on household spending: 315 September 2019.
M3. Paper on individual spending & a linked HSE/LCFS dataset to feed into WP4: 315t April 2020.

WP3

M4. Papers on tax pass-through & technical report to feed into WP4: 15t May 2019. Paper on tax pass-
through for on-trade alcohol submitted 31t July 2019. Paper on tax pass-through for tobacco expected to
be submitted by 31 December 2020.

M5. Paper(s) on price elasticities & technical report to feed into WP4: expected 31 August 2020 (at
latest).

WP4 (Milestones remain unchanged)

M6. Preliminary model findings: 15t June 2020.

M7. Paper on modelling methods: 1% September 2020.
M8. Paper on final model findings: 15t March 2021.

We will disseminate findings through our ongoing contact with stakeholders. Dissemination materials will be
produced as findings become available. Final visits to stakeholders will take place in months 33-36.
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