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ABSTRACT

Background Tobacco price is an important determinant
of smoking behaviour. Using electronic point-of-sales
(EPOS) data, this study assesses purchase price of
factory-made cigarettes (FMC) and roll-your-own

(RYO) tobacco across neighbourhood deprivation and
urban/rural status in Britain. It considers price changes,
2016-2021 and brand price segmentation.

Methods The analysis uses EPOS data describing
10156 106 tobacco packs sold from 1012 convenience
stores, across 24 seasonally-distributed weeks (2016—
2021). Gross sales prices were adjusted for inflation and
presented per 20 cigarette sticks of FMC and equivalent
RYO. Tobacco brand variants were assigned to four price
segments (sub value, value, midprice and premium).
Results Between 2016-2021, the sales-weighted

price of tobacco (20 sticks or equivalent) reduced from
£8.72 t0 £8.10, reflecting a shift from FMC to RYO

(RYO increasing from 32-46% of tobacco sales). The
mean price of 20 sticks of FMC in the most deprived
neighbourhoods was 5% (£0.51-£0.59) lower compared
with the least deprived in all years; for RYO, this price
difference grew from 3% to 5% (£0.13—£0.28). The
greater likelihood that tobacco was from lower price
segments in more deprived areas largely accounted for
this price difference.

Conclusions Differences in average price paid

for tobacco between more and less deprived
neighbourhoods reflect variations in numbers of
purchases across price segments. Combined (FMC and
RYO) tobacco prices per stick have fallen, reflecting
increasing RYO sales. Innovative approaches are required
to respond to the tobacco industry’s price differentiation
by both price segment and product type and the growing
importance of lower price RYO products.

INTRODUCTION

Tobacco price is an important influence on tobacco
purchasing, and the maintenance of some rela-
tively cheap tobacco products is used by tobacco
manufacturers to support tobacco sales in the
face of ongoing tobacco tax rises.' * The tobacco
industry intends for lower cost tobacco brands to
support purchasing by low-income smokers, who
are an increasingly large proportion of the tobacco
market.> Tobacco manufacturers stratify tobacco
products by reducing tax ‘pass-though’ on lower
cost brands and raising prices of the most expensive
brands.' *°

2 Roberto Valiente @,
.2 Alan Brennan

3

,* Duncan Gillespie ® 2

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The pricing of tobacco products influences
tobacco purchasing and consumption with the
tobacco industry developing lower cost tobacco
brands to support purchasing by lower income
smokers.

= Previous work has shown that the price of
tobacco varies between neighbourhoods
with a tendency for lower prices in more
disadvantaged and rural areas.

= However, no previous studies have examined
tobacco pricing across Britain, and most studies
internationally have focused on a small number
of tobacco brands at a single point in time.

WHAT THIS STUDY ADDS

= This longitudinal study (2016-2021) uses
electronic point-of-sale (EPOS) data to examine
neighbourhood differences (deprivation, urban/
rural) in the price paid for purchases of factory-
made cigarettes (FMC) and roll-your-own (RYO)
tobacco, across the entire product range, in a
selection of small convenience stores in Britain.

= Over the study period, the mean, inflation-
adjusted, price paid for tobacco reduced, largely
as a result of a consumer shift from FMC to RYO
tobacco products.

= Across the UK, between 2016-2021, the mean
price of tobacco purchases was approximately
5% lower in the most disadvantaged
compared with least disadvantaged quintile of
neighbourhoods.

= Differences in the price of tobacco purchases
by neighbourhood deprivation were largely, but
not wholly, accounted for by greater sales of
tobacco from lower price segments.

= After adjustment, compared with large urban
areas, the mean price of tobacco purchases was
slightly lower in other urban, town rural and
village rural areas.

A recent systematic review of area-level differ-
ences in the price of tobacco® found that cigarette
shelf prices were lower in more deprived neigh-
bourhoods, although the differences were often
modest and not always statistically significant.®”
Other studies assessing geographical differences
in tobacco price have focused on urbanicity and
have generally found prices were higher in urban
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HOW THIS STUDY AFFECT RESEARCH, PRACTICE OR POLICY

= The increasing gap between prices of RYO price segments,
alongside the rising popularity of RYO products, suggests that
tobacco control policy should address the segmentation of
tobacco type and the role this plays in smoking behaviours.

= The tobacco industry uses price as a marketing tool because
current legislation permits a wide price differentiation
between tobacco products.

= In order to maximise the effectiveness of tobacco price rises,
policies could be introduced to limit price variation. However,
it is important to also support people who find it harder
to quit to do so, in order to avoid larger price penalties,
particularly among disadvantaged populations.

areas; """ however, one analysis in the USA found higher prices
in rural areas.®

Among the geographical studies of tobacco prices, few have
considered temporal changes,® despite this being important for
understanding impacts of price-related tobacco control interven-
tions. Most studies rely on data collected through field visits to
selected stores or self-reports of purchases by consumers.® Due
to these data collection constraints, this research has commonly
focused on the shelf price of cigarettes for a limited number of
brands, sold at a single time point.°®

This study addresses these concerns by using secondary elec-
tronic point-of-sale (EPOS) data to examine price paid for
purchases of factory-made cigarettes (FMC) and roll-your-own
(RYO) tobacco across the entire product range in a group of
convenience stores in Britain. The study considers patterns in
tobacco expenditure across all tobacco FMC and RYO purchases,
rather than the prices charged by retailers for individual tobacco
brands. It also examines temporal variations in price alongside
neighbourhood deprivation, urban/rural status and tobacco price
segment over a 6-year time period, 2016-2021. Convenience
stores in Britain are smaller stores selling groceries, alcohol and
lottery tickets'* and have accounted for 55-60% of total volume
of cigarettes sold." It is important to assess tobacco prices in
such retailers as they are a convenient, accessible option for
purchasing tobacco within local communities.

The study includes the time period of the COVID-19
pandemic, which resulted in significant changes in purchasing
patterns with greater sales in local convenience stores during
‘lockdown’ periods.'®"” We assess RYO as well as FMC tobacco
because of the growing importance of RYO sales, especially as a
source of low-priced tobacco.?’ In the UK, the price of RYO has
historically always been considerably cheaper than FMC, due in
part to the UK Government’s past strategy of a higher tax esca-
lator on FMC, although recent RYO tax rises have been larger, in
percentage terms, than those on FMC products.”' > The study
period covers the introduction of UK legislation (May 2017)
banning small cigarette packs below 20 sticks and RYO packs
below 30g, alongside plain packaging mandates eliminating
price-marked packs.*!

METHODS

Retail sales data

Retail sales data were provided by The Retail Data Partnership
(TRDP) collected from 1012 convenience stores across Britain
recorded on their EPOS system, ‘Shopmate’, during 2016-2021.
TRDP data include stores which are independent or members of
franchises. TRDP data describe the tobacco product type, name,

barcode, pack size (number of sticks or grams), units purchased,
gross sales price, date of sale and store neighbourhood.

TRDP EPOS data were selected from 1week in each quarter
of the study years (avoiding school holidays), from the dates
7-13 March, 7-13 June, 7-13 September and 7-13 December
in 2016-2021, totalling 24 weeks of sales. The stores included
in the study were selected from the 2187 TRDP stores that
recorded sales during the first study week. To qualify, stores
had to report sales in all 24 weeks of the study (n=1127) and
maintain regular sales activity (n=1060) and sales of tobacco
products (n=1012) across this time period. Tobacco transactions
were excluded if missing data describing price, units or pack size
or they had gross sales price outside the expected range (the top
and bottom 0.2% of prices across all study weeks for FMC and
RYO), 0.7% of transactions were excluded in total. The data set
included 10156 106 tobacco packs sold, 8 369 927 FMC and 1
786 179 RYO, within the study period.

Tobacco purchase price

Tobacco purchase price is defined as the gross sales price paid
by customers in stores across all RYO and FMC tobacco prod-
ucts purchased. The distribution of this price measure, there-
fore, reflects the consumers’ selection of FMC and RYO brands.
FMC and RYO tobacco products accounted for over 95% of the
total tobacco products sold in the study stores. Tobacco purchase
price was represented by price paid per 20 cigarette sticks. 20
cigarette sticks were selected as a measure because 20 sticks of
FMC was the most popular tobacco pack size purchased during
the study time period. Based on the assumption that RYO ciga-
rettes weigh 0.5 g, 10 RYO g were considered equivalent to 20
cigarette sticks. In the UK, an average RYO cigarette weight of
0.5 g has been found in surveys of people who smoke* % and
has been used by the National Health Service in the development
of smoking cessation policies.”” %

Where TRDP data were missing pack size, online searches
for information were completed tracing the product barcode
using barcode look-up sites and general purpose search engines.
Following previous tobacco research, gross sales prices for all
data weeks were inflated to December 2021 levels based upon
monthly Retail Price Index Cigarettes & Tobacco figures.”’
Prices were not adjusted directly for tobacco tax changes or
other government policies affecting tobacco retail during the
time period of the study.

FMC brand variants were defined as belonging to one of
four price segments: sub value, value, mid-price and premium.
RYO brand variants were categorised as value, mid-price and
premium. For example, Carlton Red FMC was defined as sub
value and B&H Gold FMC as premium. Classification of brands
in TRDP data was based upon the brand price segment scheme
defined by Hiscock et al.>* We updated this categorisation using
the mode gross price of brand variants within TRDP data,
tobacco industry and wholesaler descriptions of price categories
and recommended sales price and retail industry literature.

In the results, we present the average price paid separately for
FMC and RYO and together as a ‘combined tobacco’ (CT) price.
CT was defined to indicate how shifts in the relative popularity
of FMC and RYO were affecting the overall price paid for ciga-
rettes of all types.

Geographic variables

The neighbourhoods of stores were defined by their lower super
output area (LSOA) (between 1000 and 3000 population) in
England and Wales and their data zone (between 500 and 1000
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population) in Scotland. The 1012 TRDP stores in our analysis
were located across 993 neighbourhood areas.

Measures of neighbourhood deprivation and urban/rural
status were linked to stores using their neighbourhood identi-
fiers. Neighbourhood deprivation was based upon the Composite
2020 GB Index of Multiple Deprivation quintiles,®® which are
derived from the English Indices of Deprivation and the Welsh
Index of Multiple Deprivation for LSOAs in England and Wales
and the Scottish Index of Multiple Deprivation for data zones
in Scotland, reweighted to create a Britain-wide deprivation
measure.’” Urban and rural areas were classified using catego-
ries from the Office for National Statistics (ONS) Rural Urban
Classification (RUC) 2011 for LSOAs in England and Wales®?
and the Scottish Government Urban Rural Classification (SGUR)
2020 for data zones in Scotland®*. This variable combines RUC
2011/SGUR 2020 categorises to define neighbourhoods within
four categories ‘large urban’ (‘conurbation’/‘large urban areas’),
‘other urban’ (‘city and town’/‘other urban areas’), ‘town rural’
(‘town and fringe’/*small towns’) and ‘village rural’ (‘village and
dispersed’/‘rural areas’). The country of the stores’ location was
also identified so that national differences could be considered.

Statistical analyses

Linear regression was used to analyse neighbourhood level differ-
ences in average price paid for tobacco purchases, how these
relationships changed over time and how they were affected by
price segmentation of tobacco products. Separate models were
used to assess tobacco products by type, FMC and RYO. The

dependent variable in the models was the gross sales price per 20
sticks of each tobacco product purchased in stores.

The modelling strategy utilised separate models to explore
the two neighbourhood variables, deprivation and urban/rural
status. For the analysis of neighbourhood deprivation, models
1a/b show the main effects of deprivation on prices paid, with
adjustment for the country in which the store was located. In
models 2a/b, year and the two-way interactions between the
country and year were also included as a covariate to further
account for potential confounding national-level effects. Next,
to test whether the relationship between neighbourhood depri-
vation and prices paid differed significantly between the years of
the study, two-way interactions between deprivation and time
were included (models 3a/b). In the subsequent models, urban/
rural status was included as a covariate (models 4a/b), testing
whether it explained variation beyond that explained by depri-
vation and its interactions with the other covariates. Finally,
models adjusting for the price segment of the tobacco products
purchased (models 5a/b) and price segment and year interactions
(models 6a/b) were examined. These models tested the extent to
which the relationship between deprivation and price paid was
affected by the selection of brands from different price levels.
A similar modelling strategy was then repeated, focused on the
effects of neighbourhood urban/rural location on price paid.
Statistical significance was defined at the 0.05 level.

The relative fit of each model was assessed using Akaike’s
Information Criterion (AIC)/R-squared, to determine the
degree of statistical support for the model structures. To check

Table 1 Mean price paid for 20 sticks FMC and 20 sticks/10 g RYO by area type, tobacco price segment and year, 20162021
Stores FMC RYO CT (FMC and RYO)
Mean sticks Mean sticks
Mean price  Mean sticks  Mean price  Mean grams  per store  Mean price  per store Percentage of
Area type, tobacco price Total stores per 20 per store and per 20 per store and and week  per 20 sticks and week  CT sticks that
segment and year (n) sticks (£) week (n) sticks (£) week (n) (n) (£) (n) were RYO (%)
Total 1012 10.46 6438 4.89 2049 4099 8.29 10536 38.9
IMD deprivation  1Q most dep. 336 10.31 7842 4.82 2329 4658 8.26 12501 373
quintile 2Q 227 10.42 6669 4.89 2378 4757 8.12 11426 41.6
3Q 186 10.54 5645 4.94 1965 3929 8.24 9574 41.0
4Q 154 10.66 5404 4.97 1529 3057 8.61 8461 36.1
5Q least dep. 109 10.85 4438 5.04 1383 2765 8.62 7203 384
Urban/rural Large urban 214 10.46 8032 4.84 1567 3134 8.88 11165 28.1
status Other urban 538 10.42 6573 4.88 2373 4747 8.10 11320 41.9
Town rural 144 10.50 5718 4.95 2107 4214 8.14 9932 424
Village rural 116 10.64 3763 5.00 1365 2731 8.27 6494 42.1
Country England 742 10.51 6126 4.90 2052 4104 8.26 10229 40.1
Scotland 109 10.29 8306 4.82 1465 2931 8.86 11237 26.1
Wales 161 10.36 6609 4.90 2434 4868 8.05 11478 424
Price segment Sub value - 9.73 3556 - - - - - -
Value - 10.63 1543 4.39 1815 3629 - - -
Mid-price - 11.69 910 5.28 1879 3758 - - -
Premium - 13.28 419 5.37 403 806 - - -
Unclassified - 10.39 9 4.68 2 4 - - -
Year 2016 = 10.53 7899 4.93 1897 3794 8.72 11693 324
2017 - 10.33 6991 4.87 1852 3704 8.44 10695 34.6
2018 = 10.27 6222 4.81 1793 3585 8.27 9807 36.6
2019 - 10.42 5595 4.76 1809 3618 8.20 9214 393
2020 - 10.53 6011 4.88 2467 4934 7.99 10945 45.1
2021 - 10.66 5908 5.04 2479 4957 8.10 10865 45.6
Full SD and Cls of the price means are presented within online supplemental material table S1.
CT, combined tobacco; FMC, factory-made cigarettes; IMD, Index of Multiple Deprivation; Q, quintile; RYO, roll-your-own.
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the robustness of the Britain-wide results and results for years
of purchase, additional (online supplemental file 1) regression
models were also completed separately for England, Scotland
and Wales and for each year. All models were completed using
Stata/SE V.14.2 and were adjusted for clustering of prices within
stores.

RESULTS

Tobacco price by area type (all years)

Inflation adjusted prices for all years (2016-2021) indicated
that the average purchase price for 20 cigarette sticks or equiv-
alent was £10.46 for FMC, £4.89 for RYO and £8.29 for CT
(table 1; online supplemental material table S1). For FMC and
RYO separately, there was a gradient in average price across the
deprivation quintiles with the lowest price in the most deprived
quintile 1 (£10.31 for FMC and £4.82 RYO) and a difference
between the least and most deprived quintiles of £0.55 and
£0.22, respectively. For CT, although the average price was

FMC
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Figure 1  Mean price paid for 20 sticks FMC/RYO/CT by

neighbourhood deprivation quintile and year, 2016-2021. CT, combined
tobacco; FMC, factory-made cigarettes; Q, quintile; RYO, roll-your-own.

highest in the least deprived quintile 5 (£8.62), there was not a
clear gradient with the lowest prices occurring in quintiles 2 and
3 (£8.12 and £8.24). The absence of a gradient for CT is likely
due to the lower percentage of CT sticks that were RYO in the
most deprived areas (37%) compared with less deprived areas
(42% and 41% in the second and third most deprived quintiles,
respectively). FMCs are more expensive per stick and, as such,
the balance of FMC to RYO shifts the CT price gradient (table 1).

Comparing urban and rural areas over the full study period
shows that when considering FMC and RYO separately, the
average prices were highest in village rural areas (£10.64 and
£5.00, respectively) and lowest in the urban categories (table 1).
However, for CT, tobacco prices were highest in large urban
areas, reflecting the lower numbers of RYO sticks sold in these
areas. The average price of both FMC and RYO sticks was lower
in Scotland than in England and Wales, but the CT price was
highest in Scotland, again reflecting the lower number of RYO
sticks sold (table 1).

When we switched from looking at the average price of all
FMC and RYO to looking at the average price in different
product segments, there was a large variation in the average
price of tobacco purchases from different price segments across
2016-2021. There was a difference of £3.55 between sub value
and premium FMC 20 sticks (sub value 27% lower) and £0.99
between value and premium RYO 20 sticks (value 18% lower)
(table 1).

The greatest variation in average tobacco price among the
categories assessed was between tobacco types, with the average
price of 20 sticks of FMC more than double the price of RYO
and the lowest priced FMC price segment 81% more expensive
than the highest priced RYO segment (table 1).

Time trends in tobacco price
There was a consistent gradient in average price paid for FMC
across deprivation in all years. The average price paid for
FMC in the most deprived quintile of areas was 5% less than
in the least deprived areas in each year (figure 1). For RYO, a
similar trend was found with a lower average price paid in more
deprived areas, with the price difference between the least and
most deprived areas widening from 3% in 2016 to 5% in 2021.
Analysis of the average CT price indicates an overall decline
in price paid from £8.72 in 2016 to £8.10 in 2021 and a non-
linear relationship with neighbourhood deprivation (table 1).
The decline in CT price reflects the shift between RYO and FMC
over time, rather than prices falling for either FMC or RYO. The
proportion of sticks purchased that were RYO across all stores
increased from 32% in 2016 to 46% in 2021. The difference in
gradient for CT price between areas reflects the balance of sales
between RYO and FMC. In both 2016 and 2021, RYO accounted
for the greatest proportion of CT sticks sold in the second and
third most deprived quintiles of neighbourhoods and the least
in the most deprived and fourth most deprived quintiles (online
supplemental figure S1). However, the proportion of sticks
that were RYO increased substantially over the study period in
both the second most deprived quintile (34-49%) and the most
deprived quintile (31-449%) (online supplemental figure S1).
Analysis of urbanicity and purchase price over time indicates
that differences in price between urban and rural categories
narrowed for FMC (from 3% to 1% less in the lowest priced
relative to the highest priced area, other urban and village rural,
respectively) but widened for RYO (from 3% to 4% less in the
lowest priced relative to highest prices areas, large urban and
village rural, respectively) between 2016 and 2021 (online
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Figure 2 Mean price paid for 20 sticks FMC/RYO by brand price
segment and year, 2016-2021. FMC, factory-made cigarettes; RYO, roll-
your-own.

supplemental figure S2). Trends in national prices indicate that
average tobacco price for both FMC and RYO became relatively
cheaper in Scotland compared with England between 2016—
2021 (online supplemental figure S3). The CT price is, however,
more expensive in large urban areas and in Scotland across all
years, again reflecting the balance of sales between RYO and
FMC (table 1; online supplemental figure S4-S5).

Analysis of time trends in tobacco product price segments
suggests that differences in average price among FMC segments
have decreased between 2016-2021, narrowing between sub
value and premium from 30% to 24% less, while differences
among RYO segments have widened between value and premium
from 17% to 22% less (figure 2). The proportion of purchases
from the lowest brand price segments increased notably during
the study period in all areas, with sub value sales growing from
41% of all FMC sticks sold in 2016 to 66% in 2021, and value
RYO grams increasing from 26% to 56% of all RYO sales
(figure 3). Purchases from cheaper price segments grew faster in
more deprived areas.

Regression modelling

Models 1-6 show the relationship between deprivation and
tobacco purchase price over time (table 2). In models of FMC
price, there is a gradient in price differentials across the depri-
vation quintiles with the average price 55 pence (£0.55) lower
in the most deprived relative to the least deprived quintile of
neighbourhoods, after adjusting for country, area level depriva-
tion, year, country-year interactions, neighbourhood urban/rural
status and deprivation-year interactions (model 4a). When the
price segment of FMC tobacco brand was added (model 5a),

there was a substantial improvement in model fit, as indicated by
AIC and R-squared values, and the coefficient for difference in
price between the most and least deprived quintile of neighbour-
hoods was attenuated to 10 pence. In the final model (model 6a),
the inclusion of an interaction variable of price segment and year
further reduced the coefficients of price difference between the
most deprived relative to the least deprived quintile of neigh-
bourhoods to four pence.

RYO models with the dependent variable as the equivalent
price of 20 sticks, adjusted for country, area level deprivation,
year and country-year interactions, again indicate a gradient
in average price across deprivation quintiles with prices 23
pence lower in the most deprived areas compared with the
least deprived areas (table 2; model 2b). However, inclusion of
deprivation-year interactions attenuated the size of these differ-
ences to a 13 pence difference (models 3b). The deprivation-
year interactions were significant for all years for RYO in the
most deprived quintile and indicated that between 2016 and
2021 prices had become lower compared with the least deprived
areas (online supplemental table S2b; model 3b). The inclu-
sion of the price segment and price segment-year interactions
(table 2; models 5b-6b) greatly improved model fit and further
reduced almost all differences in price between the most and
least deprived quintiles. The variables representing interactions
between price segment and year indicated that the prices of mid-
price and premium RYO brand increased significantly relative to
value RYO between 2016 and 2021 (online supplemental table
S2b; model 6b).

Year-specific models, adjusted for week of sale and area char-
acteristics, confirmed that in every study year there was a price
gradient across deprivation quintiles, which was substantially
attenuated by the further inclusion of price segment in the
models (results not shown).

FMC - Sub Value (SV) and Value (V)

2016 2017 2018 2019 2020 2021

Percentage of total FMC sticks in price segment (%)

S\ 1Q MOSt dep. emmSV 2Q —S\/ 30 SVaQ SV 5Q least dep.
a1/ 1Q MOSt dep. wm—V/ 2Q —/ 3Q —V 4Q V 5Q least dep.
RYO - Value (V)
2 40
&
30
o
=
E 20
e
L] 10
o
&
; o
g 2016 2017 2018 2019 2020 2021
5
&
—1QmOost dep. eV 2Q —V3Q e—V4Q V 5Q least dep.

Figure 3  Percentage of FMC sticks and RYO grams purchased in
deprivation quintile within sub value and value price segments by year,
2016-2021. FMC, factory-made cigarettes; Q, quintile; RYO, roll-your-
own.
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Table 2 Models 1-6. Linear regression models: tobacco price and neighbourhood deprivation

FMC 20 sticks price RYO 20 sticks price

Area type, year and Coefficients (£) Coefficients (£)
tobacco price segment Model 1a Model 2a Model 3a Model 4a Model 5a Model 6a Model 1b Model 2b Model 3b Model 4b Model 5b Model 6b
Constant 10.88 * 11.09 * 11.07 * 114 * 10.15 * 1030 * 5.04 * 5.20 * 5.24 * 5.21 4.67 * 462 *
Country England Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Scotland -0.21 * -0.13 * -0.13  * -0.15 * -0.10 * -0.10 * -0.07 * -0.06 * -0.07 * -0.07 0.00 -0.02 *

Wales -0.10 * -011  * -0.10 * -0.08 * -0.02 -0.02 * 0.02 * 0.00 -0.01 -0.02 -003 * 002 *
IMD 1Q most dep. -0.53 * -0.52 * -053 * -055 * -0.10 * -0.04 * -0.22 * -023 * -013  * -0.11 0.03 0.00
deprivation 2Q -0.41 * -0.41 * -043 * -045 * -0.07 * -0.03 -0.16 * -0.16  * -0.08 * -0.07 0.01 -0.01
quintile 3Q -0.30 * 2030 * -029 *  -031 *  -007 * -004 *  -0.10 * 010 Y -005 * -0.05 -0.01 -0.02

4Q -0.18 * —-0.18 * -0.16  * -019 * -0.03 -0.02 -0.07 * -0.07 * -0.03 -0.03 0.01 0.00

5Q least dep.  Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Urban/rural  Large urban Ref. Ref. Ref. Ref. Ref. Ref.
status Other urban -007 *  -004 *  -004 * 0.02 0.01 0.01

Town rural -012 * -0.09 * -0.09 * 0.04 -0.01 -0.01

Village rural 0.06 -0.10 * -0.09 * 0.10 -003 * -003 *
Year Included Included Included Included Included Included Included Included Included Included
Country x Year Included Included Included Included Included Included Included Included Included Included
Deprivation x Year Included Included Included Included Included Included Included Included
Price segment Included Included Included Included
Price segment x Year Included Included
Akaike's Information 25529428 25408760 25406833 25392539 10082697 9157067 2742695 2686478 2684741 2680965 —366654 -536799
Criteriont
Adjusted R-squaredt 0.026 0.040 0.040 0.042 0.846 0.862 0.019 0.049 0.050 0.052 0.828 0.844

Dependent variable a=price paid for 20 sticks of FMC.

Dependent variable b=price paid for 20 sticks of RYO.

Full coefficients for all variables are presented within online supplemental materail table S2a and S2b.
*p<0.05.

tSmaller values of Akaike's Information Criterion indicate a better model fit to the data.

tGreater values of Adjusted R-squared indicate a better model fit to the data.

FMC, factory-made cigarette; IMD, Index of Multiple Deprivation; RYO, roll-your-own.
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Models 7-12 show the relationship between urban/rural status
and tobacco purchase price over time (online supplemental table
S3a and S3b). After full adjustment, compared with large urban
areas, prices were slightly lower in other urban, town rural and
village rural for FMC and RYO products (model 12), ranging
from 1 pence to 8 pence.

All models assessing FMC 20 stick price indicate that average
price was lower in Scotland relative to England, and while the
inclusion of deprivation and price segment attenuated these
differences, the prices in Scotland remained 10 pence lower
relative to England in the fully adjusted models (table 2; model
6a). Separate models for England, Scotland and Wales are also
presented in online supplemental tables S4a and S4b.

DISCUSSION

This national-level analysis used EPOS data to examine differ-
ences in price paid for FMC, RYO and CT purchases and
assessed how the geographical distribution of these expenditures
has changed over time. We find that between 2016-2021, RYO
represented an increasing share of the tobacco sales in conve-
nience stores (from 32% to 46% of sticks sold). Further, over the
study period, the average price paid for FMC and RYO tobacco
products was related to neighbourhood socioeconomic status,
with lower prices in more deprived areas. These neighbourhood
differences in average expenditure, as in a previous study in
Scotland," were found to be largely accounted for by higher
purchasing in less expensive price segments.

The findings show that differences in price paid between more
and less deprived neighbourhoods remained stable for FMC but
widened for RYO tobacco. Sales of the least expensive FMC and
RYO products rose across all areas, with the largest increases in
more deprived neighbourhoods. While lower-priced FMC brands
became more dominant in these areas, the price gap between sub
value and higher-priced FMC categories narrowed from 2016
to 2021. Conversely, the gap in purchase price between value
and premium RYO products grew. Relative declines in the price
of lower-priced RYO brands may have pushed down overall
RYO prices in more deprived areas where sales of these products
increased substantially. Additionally, deprived areas saw large
drops in mid-priced RYO sales, while FMC sales shifted away
from fairly low-priced value brands. The growing price stratifi-
cation in RYO is particularly significant since RYO, priced at half
the cost of FMC, accounts for a growing share of tobacco sales.*

The relative sales of FMC and RYO products are important
when assessing price differentials between areas. In areas where
RYO products are more dominant, the average price of CT is
driven down. Although people who consume RYO products are
more likely to be from lower social grades,® we found RYO, as
a proportion of overall tobacco sales, was higher in the second
and third most deprived quintiles compared with most deprived
neighbourhoods across the study period. This relationship
between RYO sales and deprivation could reflect the low sales of
RYO found in large urban areas compared with other neighbour-
hoods. Notably, while RYO sales were greatest relative to FMC
in the second and third most deprived quintiles, they increased
at a high rate in the two most deprived quintiles over time. This
rise of RYO sales is concerning as, along with lower price, there
is a perception among people who smoke that RYO may be less
harmful than FMC.?

The finding that differences in the average price paid for
FMC in the cheaper price segments relative to more expensive
segments narrowed from 2016 to 2021 is perhaps unexpected.
Analysis of tobacco prices in the UK, 2013-2015, found price

rises were much smaller for sub value FMC and value RYO
segments in comparison to higher priced segments, as a result
of tobacco industry price strategies.’® However, more recent
work (2013-2017) found that for packs of 20 cigarettes, price
increases were greater in the lower price quintiles.®” Similarly,
an analysis of the UK’s 20 bestselling FMC brands before and
after standardised packaging legislation in May 2017 found the
largest increase in price in the value price segment, followed by
premium and mid-price.’®

Policymakers’ concerns about the price stratification of
tobacco brands by the tobacco industry to maintain tobacco
consumption among low-income smokers has led to consid-
eration of minimum unit pricing for tobacco products.’” *
However, in this study, increasing price stratification between
price segments was found for RYO, but not for FMC, suggesting
policies targeting lower-priced FMC products could have the
unintended effect of further increasing the price of lower-
priced FMC relative to lower-priced RYO products and there-
fore encouraging more people who smoke to switch to cheaper
RYO products. Differences in price per stick between FMC and
RYO in this study were markedly greater than differences among
price segments of either tobacco type. The growing price differ-
ence between RYO segments and the increasing popularity of
RYO are further evidence of the importance of tobacco control
pricing policies that seek to narrow the gap between RYO and
FMC. Recent UK Government policy has targeted this price gap
between RYO and FMC with a higher tax escalator on RYO. In
2023, the UK Government announced the duty on hand-rolled
tobacco escalator would rise by 129% above Retail Prices Index
(RPI) inflation, compared with 2% for FMC.** Subsequently,
in the Autumn Budget 2024, this policy has been continued.”
Tobacco control policies also need to understand smokers’
responses to tobacco costs, consider potential harms of higher
tobacco prices, particularly among disadvantaged populations,
and support people who find it harder to quit.*!

The study findings demonstrate that, after adjustment for
deprivation and price segment, average cigarette prices were
slightly higher in large urban areas, which is consistent with
previous research.® Higher prices in large urban areas could be
due to greater overheads associated with operating retail busi-
nesses in premium retail centres,'® although effects of urban
location on price have been found to vary between product
types.” '* There were also price differences across the countries
with lower average prices in Scotland than England and Wales,
which persisted for FMC after adjustment for neighbourhood
characteristics and tobacco price segment.

Strengths and limitations

Study strengths include national-level analyses, comprehensive
EPOS data describing all FMC and RYO sales linked to neigh-
bourhood characteristics, and one of the few analyses of areas’
differences in price to assess changes in price over time. There
were also limitations. Stores are an opportunity sample and may
not represent convenience stores across Britain. Sales patterns
among the selected stores were affected by the COVID-19
pandemic and government lockdown measures, although TRDP
convenience store businesses were relatively resilient during
this period."” Changes in sales patterns over time may also have
been influenced by changes in the characteristics of customers,
including movements of customers between retailer types. Esti-
mates from models which include the price segment variable
may be biased by endogeneity due to reverse causation in the
relationship between price segment and sales price. Finally, the
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calculation of RYO cigarette equivalents may not reflect percep-
tions of equivalence among people who smoke or the volume
of tobacco used in their RYO cigarettes. Tobacco weight in RYO
cigarettes may vary with product affordability and change over
time.

CONCLUSION

This study of 10156106 EPOS tobacco transactions in 1012
convenience stores across Britain shows significant geographical
variations in the average price paid for FMC and RYO tobacco,
with lower prices in more deprived and rural areas and in Scot-
land. These spatial differences in average price reflect geograph-
ically varying purchasing patterns across different tobacco price
segments. In addition, during 2016-2021 there has been a large
increase in the proportion of cigarettes purchased which are
RYO, with considerable growth in more deprived areas. Innova-
tive tobacco control approaches to tobacco pricing are required
to respond to the tobacco industry’s price differentiation of both
tobacco product types and price segments.
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