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ABSTRACT
Background There is strong evidence from many 
settings that tobacco tax rises which increase prices 
reduce tobacco consumption, but only limited evidence 
from Indigenous settings.
Methods We analysed 3 years (2016–2018) of 
weekly sales data from 32 stores in remote Aboriginal 
communities. We used interrupted time series analysis to 
estimate the immediate impact of the price rice following 
annual 12.5% tobacco tax rises on sales on (A) stick 
equivalents of tobacco and (B) fruit and vegetables (kg) 
per $A1000 of grocery sales, and on the trend in sales 
between price rises.
Results We detected 5.8% and 8.2% immediate 
declines in tobacco sales following the price rises 
associated with annual 12.5% tax rises in 2016 and 
2018, and a non- significant decline (1.6%) following 
the 2017 tax rise. Decreased sales were mainly driven 
by declines in mainstream and premium factory- made 
cigarettes. Fruit and vegetable sales did not change at 
the time of tobacco price rises.
Conclusion For the first time, we demonstrated 
evidence of price- sensitivity and the immediate impact 
of price rises from tobacco tax rises on tobacco sales in 
remote Aboriginal communities. We acknowledge that 
Australia already has very high tobacco taxation and 
prices, but recommend further increases to the taxation 
of roll- your- own (RYO) tobacco to prevent smokers and 
industry using cheaper RYO cigarettes to undermine this 
impact of high tobacco taxes and prices.

INTRODUCTION
Tobacco tax increases are an essential element of 
a comprehensive national approach to tobacco 
control.1 Tobacco tax rises which increase prices 
reduce tobacco consumption and reduce smoking 
prevalence, intensity and initiation and increase 
cessation, with greater impacts among young 
people.2 3 Several reviews have concluded that 
tobacco tax increases reduce tobacco- related dispar-
ities as they have a greater impact on lower socio-
economic populations, with their higher smoking 
prevalence, although the evidence is not entirely 
consistent.3–6

Recent tobacco tax rises have led to Australia now 
having the highest cigarette prices in the world.7 
Australia has both specific (per- unit) tobacco excise 
duty and an ad valorem (value- based) goods and 
services tax (GST) which applies to tobacco prod-
ucts. Excise duty increased by 25% on 30 April 
2010.8 Four annual 12.5% tobacco excise duty 

increases were announced in 2013, with the first 
on 1 December 2013 and the rest on 1 September 
each subsequent year. These annual increases were 
continued for another 4 years until 1 September 
2020.8 In 2016, duty per kilogram of roll- your- own 
(RYO) tobacco was equivalent to factory- made 
cigarettes (FMCs) assuming 0.8 g of RYO was used 
in each cigarette. This changed incrementally on 
1 September each year until it becomes 0.7 g in 
2020.8 On 1 September 2019, tobacco excise duty 
was 94 c per cigarette and $A1.29 per gram of loose 
tobacco.9 The tobacco excise duty is also indexed 
every 6 months to ensure tobacco does not become 
more affordable.8 9 In addition, a GST of 10% is 
added to the pre- GST price.8

The introduction of the sudden 25% tax rise 
and of the series of annual 12.5% tax rises were 
associated with immediate decreases and sustained 
downward trends in smoking prevalence in the 
five largest Australian cities.10 Immediate decreases 
were greater among those in lower socioeconomic 
position (based on income, education and occupa-
tion) and the tax changes were estimated to cause 
a small reduction in the difference in the smoking 
prevalence between high and low socioeconomic 
groups.10 11 There were differences between high 
and low socioeconomic groups in the smoking prev-
alence trends of FMCs and cheaper RYO tobacco; 
shifts to RYO did not entirely mitigate the declines 
in use of FMCs so that overall smoking prevalence 
declined.10 An earlier study found no socioeco-
nomic differences in quit attempts following the 
25% tax rise, but more smokers from low than high 
socioeconomic groups had cut down, changed to 
cheaper brands or started using RYO.12 The tobacco 
industry uses many strategies to enable smokers to 
mitigate the impact of tax rises, for example, intro-
ducing new cheaper products and new pack sizes, 
and temporarily absorbing the impact of tax rises 
on the prices of the cheapest brands.13

Australians are also supported by other advanced 
tobacco control policies and programmes, with 
mass media antitobacco campaigns, smoke- free 
regulation and legislation, graphical health warning 
labels on plain packaging, restrictions of tobacco 
industry activities and advertising, and access to 
cessation services. National adult smoking prev-
alence is low (14%), however, some groups still 
have much higher smoking prevalence.14 15 Adult 
daily smoking prevalence is 40% among Aboriginal 
and Torres Strait Islander peoples, the Indigenous 
peoples of Australia.16 While Aboriginal and Torres 
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Strait Islander smoking prevalence is falling in non- remote 
areas (from 49% in 2004/2005 to 37% in 2018/2019) it has 
not changed in remote areas (52%), warranting more research 
to understand how tobacco control activities are and are not 
supporting Aboriginal and Torres Strait Islander cessation in 
remote areas.16 Nineteen per cent of Aboriginal and Torres Strait 
Islander people live in remote areas, which include many very 
small towns referred to as ‘communities’.17

The Tackling Indigenous Smoking (TIS) programme is an 
Australian government initiative to reduce the prevalence 
of tobacco use among Aboriginal and Torres Strait Islander 
people.18 The largest element of this programme is the funding 
of 37 non- government organisations, mainly Aboriginal 
Community Controlled Health Services, to host regional teams 
to conduct population health tobacco control activities (not indi-
vidual cessation support) across all Australian states and territo-
ries, in cities, regional towns and remote areas. However, not 
all Aboriginal and Torres Strait Islander people live in a region 
served by one of these teams.

Most (83%) of a national sample of Aboriginal and Torres 
Strait Islander smokers and recent quitters reported that the price 
of cigarettes was a reason for them quitting or thinking about 
quitting, more than all other reasons except concern for personal 
health.19 The same study found only non- significant increases in 
the proportions of smokers who made a quit attempt and who 
sustained a quit attempt in the year following baseline if that year 
included the first 12.5% annual tax rise compared with those 
followed up before the tax rise. Similarly, only a non- significant 
2% average reduction in tobacco sales was found in 18 stores in 
remote Aboriginal communities in the 7 months after the 2010 
25% tax rise compared with the 7 months before.20 The price of 
leading brands increased by more than 20% after the tax rise. 
The 2% reduction in sales was much less than the 10% predicted 
from international estimates of price elasticity.20 21 This paper 
extends that research using more stores over 3 years to assess 
whether annual 12.5% tax rises reduced tobacco sales in remote 
Aboriginal communities.

METHODS
The authors recognise the importance of engaging with Indige-
nous communities when undertaking research on their experi-
ence of tobacco control interventions. The research question has 
been discussed for some years with Aboriginal researchers and 
representatives of Aboriginal and Torres Strait Islander commu-
nities (some of whom were involved in an unsuccessful grant 
application to answer this question). The impetus for the current 
project came from discussions at the Board of Outback Stores, 
which includes Aboriginal members (including the current 
Chair). Outback Stores is owned by the Australian government, 
and has an explicit mission to improve the health of those living 
in remote Aboriginal communities—including via the moni-
toring and reporting of food (and tobacco) sales.

Outback Stores managed 38 stores in remote Australia in 
2018.22 Most food and many household items in these commu-
nities are purchased from these stores. The company provided 
3 years (2016–2018) of weekly sales data to the researchers for 
the 35 stores it managed in 34 communities over this period. 
We excluded data from two stores which mainly served passing 
tourists rather than the nearby Aboriginal communities. The two 
stores from the same community were treated as a single store, 
as one was primarily a typical grocery store and the other was 
primarily a club open during the evening, selling meals, drinks 
and tobacco products. Therefore, data from 32 stores were 

analysed. We excluded the first week of sales in 2016 due to full 
sales not being available for one of the stores.

The 32 communities were small, with a median estimated resi-
dent population at the 2016 Census of 236, with three having 
fewer than 100 residents and two having more than 1000 (and 
another small community with no available Census data).23 
Twenty were in the Northern Territory, nine in Western Australia 
and three in South Australia. Seventeen of the communities were 
served by TIS teams, which we determined by review of the TIS 
website and the websites of the organisations hosting the teams.18

For each week at each store, Outback Stores provided elec-
tronic sales data for all tobacco items (each product’s descrip-
tion, quantity sold and value of sales), the total quantity (kg) of 
fruit and vegetables sold and the total dollar value of all grocery 
sales of dry or preserved food items (excluding tobacco). The 
latter was used as a proxy for the fluctuating population in each 
community. All prices are Consumer Price Index (CPI) adjusted 
to reflect April–June 2017 $A.

Each tobacco product was categorised as being either 
premium, mainstream, value or super value factory- made ciga-
rettes (FMCs) or loose RYO tobacco.24 Tobacco sales were 
converted to cigarette stick equivalents, with 0.525 g of RYO 
tobacco equivalent to one cigarette, based on the reported mean 
weight of tobacco in cigarettes rolled by 13 Aboriginal smokers 
from similar remote communities.25 Sensitivity analyses used the 
weight of tobacco in the most- sold FMC (Winfield Blue, 0.64 g) 
and the weight of tobacco assumed by the Australian Tax Office 
to align the tax paid on RYO tobacco and FMCs (0.7 g).8 26

Our primary outcome variable was weekly number of sticks 
or stick equivalents of tobacco sold per $A1000 grocery sales, 
summed across all stores (ie, total tobacco sold controlling for 
variation in the proxy for population size). We also separately 
examined stick equivalents of RYO, premium or mainstream 
FMCs, value or super value FMCs and kilograms of fruit and 
vegetables sold because 23% of Aboriginal and Torres Strait 
Islander smokers reported that money spent of cigarettes left not 
enough for food and other essentials.27

Statistical analysis
First, we described the weekly average price/stick over the 3- year 
period. Preliminary analyses, adjusted for grocery sales, exam-
ined the trend in total weekly sales of tobacco products, fruit and 
vegetables sales and grocery sales over the whole period using 
linear regression.

Our main analyses used interrupted time series analyses (ITSA) 
for each outcome variable. Checks for autocorrelation indicated 
using Prais- Winsten regression models would be appropriate to 
account for one lag of autocorrelation detected between total 
weekly sales, as in similar previous research.10 28 The three 
September tobacco tax rises split the period into four segments. 
As the impact of the tax rise was only fully realised in the actual 
price paid in the third week of each September, the cut- points 
used were 25 September 2016, 24 September 2017 and 23 
September 2018. The model estimated the immediate effect of 
each price rise and the trend (slope) within each segment. We also 
used the model estimated values immediately before and after 
each price rise, and at the beginning and end of each segment, 
to calculate the relative percentage change in sales. Interaction 
analyses examined if there were differences between the volume 
of product types sold (mainstream or premium FMCs, value or 
super value FMCs and RYO) and between communities served 
by a TIS team or not, at each price rise and in the trend (slope) 
between each price rise. Subsequent analyses then repeated the 
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overall ITSA separately for each tobacco product type and for 
the communities served by a TIS team or not.

All analyses were conducted with Stata V.14.

RESULTS
The average price of all tobacco products sold in remote stores 
increased steeply between the week prior to and the third full 
week following each tax rise on 1 September (CPI adjusted 
price increases: 9.63% in 2016; 11.33% in 2017; 14.23% in 
2018) (figure 1). The CPI adjusted average price per stick sold 
increased by 42.8% ($A0.98–$A1.39) from the first quarter in 
2016 to the fourth quarter in 2018.

The 32 stores sold 27.333 (95% CI 26.976 to 27.691) million 
cigarette stick equivalents from week 2 of 2016 to week 51 
of 2018. Linear regression estimated total sales decreased on 
average by 197.9 (95% CI 171.6 to 224.1, p<0.001) sticks 
each week across the 3 years. This is equivalent to 30 872 fewer 
sticks sold over the 156 weeks, or 48.2 (95% CI 41.8 to 54.6) 
fewer packs of 20 being sold weekly in each store at the end of 
2018 compared with the start of 2016. Sales of mainstream or 

premium FMCs decreased by 202.9 (95% CI 190.55 to 215.2, 
p<0.001) sticks each week, and sales of value or super value 
FMCs decreased by 48.1 (95% CI 36.8 to 59.4, p<0.001) 
sticks each week. RYO increased by 35.0 (95% CI 17.8 to 52.3, 
p<0.001) sticks each week, or 28.7 (95% CI 14.6 to 42.9, 
p<0.001) and 26.3 (95% CI 13.4 to 39.2, p<0.001) each week, 
if we assumed 0.64 g or 0.7 g of RYO tobacco per stick.

Linear regression found a non- significant increase in sales of 
fruit and vegetables of 2.0 kg (95% CI −0.5 to 4.5, p=0.123) 
each week, with 1.209 million kg of fruit and vegetables sold 
over the 3 years. Grocery sales showed a non- significant increase 
each week when adjusted for CPI ($A102.70, 95% CI −$A27.30 
to $A232.69, p=0.12), with $A77.031 (unadjusted $A77.023) 
million total grocery sales over the 3 years.

The ITSA indicated the ratio of cigarette stick equivalents 
sold for each $A1000 of grocery sales increased with borderline 
significance in the 8 months before the 2016 price rise (table 1 
and figure 2, p=0.053) equating to +6.66% change from 
January 2016 to early September 2016. There was a significant 
immediate drop of 23.04 sticks sold per $A1000 grocery sales 
associated with the 2016 price rise (representing a relative drop 
of −5.84%), then an ongoing decline in the 12 months between 
the 2016 and 2017 price rises (−5.63%). We did not detect any 
significant immediate effect of the 2017 price rise (−1.55%), 
nor any significant ongoing declines in the 12 months between 
the 2017 and 2018 price rises (−2.35%). There was a large 
immediate drop of 27.47 sticks sold per $A1000 grocery sales 
associated with the 2018 price rise (a relative drop of −8.20%), 
and an apparent ongoing increase in the 3 months thereafter was 
not significant (+7.91%; table 1 and figure 2).

The ITSA was also conducted separately for each cigarette 
type given significant interactions between product types and the 
immediate and ongoing trend effects of each price rise (online 
supplemental table 1). The borderline increase in stick equiv-
alents sold for each $A1000 of grocery sales in the 9 months 
before the 2016 price rise was driven by increases in sales of 
RYO and value or super value FMCs (table 1 and figure 3). 
The immediate drop in sticks sold after the 2016 price rise was 
driven by drops in both types of FMC sales. The ongoing weekly 

Figure 1 Average weekly price per stick (2017 $A). Assumes 0.525 g 
RYO tobacco per stick. RYO, roll- your- own tobacco.

Table 1 Interrupted time series analysis of changes in weekly sales of cigarette stick equivalents (0.525 g RYO per stick) and fruit and vegetables 
(kg) per $A1000 grocery sales (2017 $A)

Trend January 
2016
to August 2016

Change at 
September 2016

Trend September 
2016 to
August 2017

Change at 
September 2017

Trend September 
2017 to
August 2018

Change at 
September 2018

Trend September 
2018 to
December 2018

Cigarette sticks equivalents
Coefficient
(95% CI)

Coefficient
(95% CI)

Coefficient
(95% CI)

Coefficient
(95% CI)

Coefficient
(95% CI)

Coefficient
(95% CI)

Coefficient
(95% CI)

Total sticks 0.68
(−0.01 to 1.38)

−23.73
(-37.09, to 10.36)**

−0.41
(−0.66 to to -0.16)**

−5.03
(−18.17 to 8.11)

−0.16
(−0.59 to 0.28)

−27.47
(-53.40, to -1.54)*

1.75
(−0.55 to 4.04)

Total FMCs 0.26
(−0.28 to 0.79)

−19.27
(-30.60 to -7.95)**

−0.36
(−0.60 to to -0.13)**

−4.40
(−14.41 to 5.61)

−0.46
(−0.72 to -0.20)*

8.44
(−0.52 to 17.39)

−1.19
(−2.49 to 0.11)

Mainstream- premium FMCs −0.17
(−0.52 to 0.17)

−8.34
(−14.57 to -2.11)**

−0.49
(−0.60 to -0.37)*

−2.02
(−6.98 to 2.94)

−0.25
(−0.38 to to -0.13)*

4.87
(−0.28 to 10.02)

−0.39
(−1.28 to 0.50)

Value- super value FMCs 0.32
(0.10 to 0.54)**

−10.46
(−16.20 to -4.72)*

0.01
(−0.11 to 0.13)

−4.45
(−11.42 to 2.51)

−0.15
(−0.33 to 0.04)

0.17
(−8.12 to 8.47)

−0.33
(−1.02 to 0.37)

RYO 0.45
(0.14 to 0.76)**

−3.30
(−10.88 to 4.29)

−0.07
(−0.22 to 0.08)

−0.43
(−8.49 to 7.64)

0.30
(0.03 to 0.58)*

−35.48
(-54.36, to -16.60)*

2.79
(0.88 to 4.70)**

Total sticks where TIS team 0.78
(−0.04 to 1.60)

−28.93
(−47.63 to -10.24)**

−0.24
(−0.54 to 0.61)

−11.87
(−27.30 to 3.56)

0.22
(−0.15 to 0.58)

−25.80
(−0.50 to 2.47)

1.20
(−0.21 to 2.61)

Total sticks where no TIS team 0.63
(−0.18 to 1.43)

−18.72
(−35.78 to -1.67)*

−0.60
(−0.92 to -0.27)*

−1.96
(−15.70 to 19.62)

−0.58
(−1.16 to 0.00)

−31.93
(-61.53 to -2.34)*

2.50
(−0.04 to 5.04)

Fruit and vegetable (kg) 0.02
(−0.46 to 0.09)

−1.40
(−3.07 to 0.28)

−0.03
(−0.01 to -0.08)

−0.68
(−2.29 to 0.93)

0.01
(−0.03 to 0.05)

−0.15
(−1.29 to 1.59)

0.03
(−0.01 to 0.80)

*P<0.05, **P<0.01, ***P<0.001.
FMCs, factory- made cigarettes; RYO, roll- your- own tobacco; TIS, Tackling Indigenous Smoking.
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decline between the 2016 and 2017 price rises was driven by 
declining mainstream and premium FMC sales. There were non- 
significant immediate drops in sales of all tobacco types after the 
2017 price rise. The ongoing weekly decline in sales of main-
stream and premium FMCs between the 2017 and 2018 price 
rises was counteracted by increasing RYO sales over this period. 
The immediate decline after the 2018 price rise was driven by 
a large drop in RYO sales which was somewhat mitigated by 
non- significant increases in sales of all FMCs. In the 3 months 
following the 2018 price rise, RYO sales increased but these were 
somewhat counteracted by non- significant ongoing declines in 
sales of all FMCs.

We did not detect any effect modification of the imme-
diate impact of the 2016 and 2018 price rise by the presence 
or absence of TIS teams (table 1, online supplemental table 1, 
online supplemental figure 1). However, the 2017 price rise 
resulted in a borderline non- significant interaction (p=0.073), 
with a larger drop in sticks sold per $A1000 grocery sales in 

stores in communities with teams than in communities without 
teams. In contrast, ongoing declines were only evident in 
communities without teams between the 2016 and 2017 price 
rises (interaction p=0.028), and between 2017 and 2018 price 
rises (interaction p=0.012).

The pattern of effects was the same when we assumed 0.64 g 
or 0.7 g of RYO tobacco per stick. We found no change in the 
volume of fruit and vegetable sales per $A1000 of grocery sales 
between tobacco tax rises nor immediately at the time of any of 
the tax rises (table 1).

DISCUSSION
Three annual 12.5% tax rises were fully passed on in 32 remote 
Aboriginal community stores as price rises of similar magni-
tude. The slightly different increases in the average price each 
year could be explained by the increased taxation of RYO. 
We detected a 5.8% and 8.2% immediate decline in tobacco 
sales in 32 remote Aboriginal community stores following the 
price rises associated with annual 12.5% tax rises in 2016 and 
2018, but no significant immediate decline (−1.6%) with the 
2017 tax rise. This equates to an average immediate decline of 
5.2% following each price rise. This is broadly consistent with 
estimates of the impact of price rises in high- income countries 
which now converge around price elasticities of 0.4, or a 4.7% 
drop in consumption from the average 11.7% price rise associ-
ated with the three tax rises, and could even be consistent with 
the observation that elasticity tends to be higher in low- income 
populations.3

Foreshadowed annual tax rises might also be contributing 
to downward trends between tax rises with smokers quitting 
in anticipation of these tax rises, not just after the rises.10 We 
detected a significant and non- significant downward trend in 
the second and third period, respectively. The non- significant 
trends in the first and last periods must be interpreted with more 
caution as these periods do not include a full year; they may just 
reflect seasonal changes at the beginning and end of the calendar 
year.

Our finding of an immediate impact of the price rises contrasts 
with previous research which found only a much smaller non- 
significant impact following the 2010 25% tax rise in this 
setting.20 Our larger number of stores increased study power 
and use of grocery sales as a proxy for population allowed us to 
separate out changes due to tax rises from those due to popu-
lation changes. However, our proxy may not fully account for 
changes in population size which would reduce the precision 
of each of our estimates and so could explain the variation in 
the magnitude of the estimates of the impact of the three tax 
rises. The previous research suggested increased requests to 
share cigarettes may have mitigated the impact of the 2010 
tax rise. It is possible that cigarettes are now so much more 
expensive due to annual tax rises since 2013 that this sharing 
of cigarettes can no longer effectively mitigate the impact of 
the tax as median incomes in these very remote areas have not 
significantly increased since 2002.29 There is some supporting 
evidence from New Zealand, where most research on the effects 
of annual 10% tobacco tax rises since 2010 has demonstrated 
significant reductions in Māori and Pacific Islander cigarette 
consumption.30–33

We found that decreased sales were largely driven by declines 
in the most expensive form of tobacco, mainstream and 
premium FMCs, suggesting these decreases were a response to 
higher prices, rather than some other cause. Price sensitivity is 
more apparent now with the availability of cheaper FMCs than 

Figure 2 Total weekly sticks sold per $A1000 grocery sales (2017 
$A). Assumes 0.525 g RYO tobacco per stick. Vertical lines represent 
the third week in September when price rises from annual 12.5% tax 
rise were observed. Dots represent observed values and lines represent 
values predicted by Interrupted Time Series Analysis. RYO, roll- your- own 
tobacco.

Figure 3 Total weekly sticks sold per $A1000 grocery sales (2017 $A) 
by product type. Assumes 0.525 g RYO tobacco per stick. Vertical lines 
represent the third week in September when price rises from annual 
12.5% tax rise were observed. Dots represent observed values and lines 
represent values predicted by interrupted time series analysis. FMCs, 
factory- made cigarettes; RYO, roll- your- own.
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in research in this setting at the time of the 2010 tax rise when 
97% of FMCs sold were mainstream brands.20

While the immediate impact of the 2016 price rise was driven 
by decreases in FMC sales, the immediate impact of the 2018 
price rise was due to a fall in RYO sales, although this was 
preceded and followed by increases in RYO sales. The 2017 and 
2018 tax rises were associated with greater increases in taxation 
of RYO compared with FMCs, which may have contributed to 
the immediate fall in RYO sales at the time of the 2018 rise.8 
However, even the final conversion weight of 0.7 g is likely to 
be greater than the actual weight of tobacco in RYO cigarettes, 
resulting in comparably less taxation of RYO than of FMCs.

While we conducted sensitivity analyses with different conver-
sion factors, our conversion factor of 0.525 g of RYO for each 
stick equivalent is much less than the Australian Tax Office 
conversion factor and based on a small sample 20 years ago, it 
is consistent with recent Australian research, and may even be 
an overestimate as the amount of tobacco in each RYO cigarette 
is decreasing. The estimated average weight of tobacco in each 
Australian RYO cigarette declined from 0.59 g in 2006 to 0.48 g 
in 2014.34 This apparent use of less tobacco in RYO cigarettes is 
corroborated by the tobacco industry’s release of thinner filters 
and smaller papers.35 Further, the industry has released smaller 
pouch sizes to reduce the upfront purchase price of RYO tobacco 
to further attract price- sensitive smokers, used ‘natural’ terms to 
promote misconceptions about the relative harm of RYO ciga-
rettes, and released RYO versions of popular brands of FMCs to 
encourage switching to RYO.35 We are not aware of any recent 
research evidence of significant health benefits of smoking RYO 
cigarettes with less tobacco.

Our finding of a decline in sales of tobacco is welcome news 
when national surveys report no decline in Aboriginal and Torres 
Strait Islander smoking prevalence in remote areas.16 36 However, 
while this reflects promising changes in purchasing and smoking 
behaviour, it is not possible from sales data to determine how 
much of the decline is due to increased cessation, reduced inten-
sity or reduced initiation. While national surveys have found 
increasing proportions of Aboriginal and Torres Strait Islander 
smokers in remote areas report having made a quit attempt in the 
past year, there has been no increase in the proportion of ever- 
smokers who have successfully become ex- smokers.36 National 
surveys demonstrated declines in the numbers of Aboriginal and 
Torres Strait Islander people smoking more than 20 cigarettes 
per day from 1994 to 2008, in both remote and non- remote 
areas.37 Our results suggest these declines may have continued. 
Similarly, national surveys have reported declines in smoking 
initiation among Aboriginal and Torres Strait Islander young 
people, in both remote and non- remote areas, since 1994.16 36 38 
Even if the tax and price rises have only had a limited impact on 
cessation, there will still be health benefits of reducing smoking 
initiation and smokers never smoking heavily, although there are 
only limited benefits of smokers reducing the numbers of ciga-
rettes smoked per day beyond increasing the likelihood of future 
cessation success.39 40

The immediate declines at the time of the 2016 and 2018 
price rises cannot be merely attributed to the impact of the TIS 
teams operating in half the communities: we did not detect 
different impacts in communities with and without teams. Simi-
larly, a national Aboriginal and Torres Strait Islander mass media 
campaign ‘Don’t make smokes your story’ was only broadcast 
around May and June in each of the 3 years, not at the time of the 
price rises. While clarifying the independent impact of tax rises in 
this setting, this was a missed opportunity for campaigns to build 
on the impact of the tax rises. The teams could also increase their 

local campaigns at the time of tax rises. It is unlikely that the 
immediate impact of the price rises is due to smokers purchasing 
tobacco from other sources. The nearest alternative outlet may 
be long distances away over unsealed roads, an unrealistic option 
for a purchase made most days.

Finally, it is reassuring that tobacco price rises were not asso-
ciated with declines in fruit and vegetable sold, as has been 
reported anecdotally. In addition to reduced quantities of 
tobacco purchased, items other than fruit and vegetables must 
have been forgone to accommodate higher tobacco prices.

CONCLUSIONS
Higher prices and tobacco taxes can be a useful strategy in 
reducing the harms caused by tobacco in Indigenous popula-
tions. For the first time, we demonstrated evidence of price- 
sensitivity and the immediate impact of price rises from tobacco 
tax rises on tobacco sales in remote Aboriginal and Torres Strait 
Islander communities. While qualitative research in similar 
remote Aboriginal communities after the 2010 25% tax rise 
found unanimous support for price rises as part of compre-
hensive approach to tobacco control, the last legislated rise on 
1 September 2020 will have been the eighth such annual tax 
rise since then.20 Australian cities now have world- leading high 
tobacco prices, higher still in remote Aboriginal community 
stores where tobacco accounts for 21% of all food and tobacco 
sales.41 While further tax increases may not be warranted in the 
immediate future, Australia could fix remaining anomalies in 
tobacco taxation. We recommend the Australian Tax Office first 
consider further changes to the conversion weight for taxation 
of loose tobacco to more closely reflect the weight of tobacco in 
RYO cigarettes, and to prevent smokers and the industry using 
RYO cigarettes to undermine the impact of tobacco price rises on 
smoking prevalence and health.

What this paper adds

 ► Tobacco tax rises which increase prices reduce tobacco 
consumption and reduce smoking prevalence, intensity and 
initiation and increase cessation, with greater impacts on 
young people and people in lower socioeconomic position.

 ► Smoking prevalence among Aboriginal and Torres Strait 
Islander people living in remote Australia is high and has not 
improved, unlike the improvements seen in non- remote areas.

 ► There was only limited empirical evidence of a negligible 
impact of tax rises in Aboriginal communities in Australia, but 
contrasting evidence of reduced consumption after tax rises 
by Māori and Pacific peoples in New Zealand.

 ► For the first time, we demonstrated evidence of price- 
sensitivity and the immediate impact of price rises from 
tobacco tax rises on tobacco sales in remote Aboriginal 
communities in Australia.

Acknowledgements The authors thank Outback Stores for collating and 
providing the data.

Contributors DPT drafted the manuscript, with contributions from all authors. 
SJD conducted the analyses. ZW advised on the statistical analyses. All authors 
contributed to research design and interpretation of findings, reviewed and approved 
the final manuscript.

Funding EM is supported by a cofunded National Heart and Medical Research 
Council (NHMRC) and Australian Heart Foundation Early Career Fellowship 
(100085).

Competing interests SD and MS are employed by a non- profit organisation that 
conducts public health interventions and advocacy aimed at reducing the harms of 
tobacco in the community, especially those pertaining to cancer.

U
niversity. P

rotected by copyright.
 on S

eptem
ber 23, 2020 at C

harles D
arw

in
http://tobaccocontrol.bm

j.com
/

T
ob C

ontrol: first published as 10.1136/tobaccocontrol-2020-055865 on 23 S
eptem

ber 2020. D
ow

nloaded from
 

http://tobaccocontrol.bmj.com/


6 Thomas DP, et al. Tob Control 2020;0:1–6. doi:10.1136/tobaccocontrol-2020-055865

Original research

Patient consent for publication Not required.

Ethics approval Human Research Ethics Committee of the Northern Territory 
Department of Health and Menzies School of Health Research (#2018-3210).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement No data are available.

ORCID iDs
David P Thomas http:// orcid. org/ 0000- 0002- 8653- 0621
Sarah J Durkin http:// orcid. org/ 0000- 0002- 2795- 6454

REFERENCES
 1 World Health Organization. Global progress report on implementation of the WHO 

Framework Convention on Tobacco Control. Geneva: World Health Organization, 
2018. https://www. who. int/ fctc/ reporting/ WHO- FCTC- 2018_ global_ progress_ report. 
pdf? ua=1

 2 Chaloupka FJ, Straif K, Leon ME, et al. Effectiveness of Tax and price policies in 
tobacco control. Tob Control 2011;20:235–8.

 3 International Agency for Research on Cancer. IARC handbooks of cancer prevention, 
tobacco control, vol. 14: effectiveness of Tax and price policies for tobacco control. 
Lyon, France: IARC, 2011.

 4 Thomas S, Fayter D, Misso K, et al. Population tobacco control interventions and 
their effects on social inequalities in smoking: systematic review. Tob Control 
2008;17:230–7.

 5 Hill S, Amos A, Clifford D, et al. Impact of tobacco control interventions on 
socioeconomic inequalities in smoking: review of the evidence. Tob Control 
2014;23:e89–97.

 6 U.S. National Cancer Institute and World Health Organization. The economics of 
tobacco and tobacco control. National Cancer Institute tobacco control monograph 
21. Bethesda, MD and Geneva, CH: NCI and WHO, 2016. https:// cancercontrol. cancer. 
gov/ brp/ tcrb/ monographs/ 21/ monograph21. html

 7 Numbeo. Prices by country of cigarettes 20 pack (Marlboro) (markets), 2019. 
Available: https://www. numbeo. com/ cost- of- living/ prices_ by_ country. jsp? 
displayCurrency= USD& itemId= 17 [Accessed Dec 2019].

 8 Scollo M, Bayley M. 13.2. Tobacco taxes in Australia. In: Scollo MM, Winstanley MH, 
eds. Tobacco in Australia: facts and issues. Melbourne: Cancer Council Victoria, 2019. 
http://www. tobaccoinaustralia. org. au/ chapter- 13- taxation/ 13- 2- tobacco- taxes- in- 
australia

 9 Australian Taxation Office. Tobacco excise, 2019. Available: https://www. ato. gov. au/ 
Business/ Excise- and- excise- equivalent- goods/ Tobacco- excise/# [Accessed Dec 2019].

 10 Wilkinson AL, Scollo MM, Wakefield MA, et al. Smoking prevalence following tobacco 
tax increases in Australia between 2001 and 2017: an interrupted time- series 
analysis. Lancet Public Health 2019;4:e618–27.

 11 Blakely T, Gartner C. Tobacco taxes have mixed effects on socioeconomic disparities. 
Lancet Public Health 2019;4:e595–6.

 12 Dunlop SM, Perez D, Cotter T. Australian smokers’ and recent quitters’ responses to 
the increasing price of cigarettes in the context of a tobacco Tax increase. Addiction 
2011;106:1687–95.

 13 Hiscock R, Branston JR, McNeill A, et al. Tobacco industry strategies undermine 
government tax policy: evidence from commercial data. Tob Control 
2018;27:488–97.

 14 Australian Bureau of Statistics. National health survey: first results, 2017-18. cat. No. 
4364.0.55.001. Canberra: ABS, 2019.

 15 Bonevski B, Borland R, Paul CL, et al. No smoker left behind: it’s time to tackle 
tobacco in Australian priority populations. Med J Aust 2017;207:141–2.

 16 Australian Bureau of Statistics. National Aboriginal and Torres Strait Islander health 
survey, 2018-19 cat. No. 4715.0. Canberra: ABS, 2019.

 17 Australian Bureau of Statistics. Estimates of Aboriginal and Torres Strait Islander 
Australians, June 2016. cat. No. 3238.0.55.001. Canberra: Australian Bureau of 
Statistics, 2018.

 18 Australian Indigenous HealthInfoNet. Tackling Indigenous Smoking resource and 
information centre. Available: https:// tacklingsmoking. org. au [Accessed Aug 2020].

 19 Thomas DP, Lyons L, Borland R. Predictors and reasons for starting and sustaining quit 
attempts in a national cohort of Aboriginal and Torres Strait Islander smokers. Drug 
Alcohol Rev 2019;38:244–53.

 20 Thomas DP, Ferguson M, Johnston V, et al. Impact and perceptions of tobacco 
tax increase in remote Australian Aboriginal communities. Nicotine Tob Res 
2013;15:1099–106.

 21 Gallet CA, List JA. Cigarette demand: a meta- analysis of elasticities. Health Econ 
2003;12:821–35.

 22 Outback stores Pty Ltd. Annual report 2017-2018. Berrimah NT, Australia: Outback 
Stores, 2018. https:// outbackstores. com. au/ wp- content/ uploads/ 2018/ 10/ OS- Annual- 
Report- 18- fa- web- spread. pdf

 23 Australian Bureau of Statistics. Census. Advanced search by geography, 2020. 
Available: https://www. abs. gov. au/ websitedbs/ D3310114. nsf/ Home/ 2016% 
20search% 20by% 20geography [Accessed Apr 2020].

 24 Scollo M, Bayley M. Supplementary table 10.7. 10.7 Market share and brand share in 
Australia. 2019. In: Tobacco in Australia: facts and issues. Melbourne: Cancer Council 
Victoria, 2019. https://www. tobaccoinaustralia. org. au/ downloads/ chapters/ 10. 7_ 
Supplementary_ table_ Feb2019_ update. pdf

 25 Ivers R. The tobacco project. Darwin: Cooperative Research Centre for Aboriginal 
Health, 2005.

 26 Australian Government Department of Health. Australian cigarette ingredient 
information. Available: https://www. health. gov. au/ resources/ collections/ australian- 
cigarette- ingredient- information [Accessed Dec 2019].

 27 Thomas DP, Panaretto KS, Davey M, et al. The social determinants and starting and 
sustaining quit attempts in a national sample of Aboriginal and Torres Strait Islander 
smokers. Aust N Z J Public Health 2017;41:230–6.

 28 Linden A. Conducting interrupted time- series analysis for single- and multiple- group 
comparisons. Stata J 2015;15:480–500.

 29 Australian Institute of Health and Welfare. Aboriginal and Torres Strait Islander 
health performance framework 2017. Supplementary online tables. cat. No. web 170. 
Canberra: AIHW, 2017. https://www. aihw. gov. au/ reports/ indigenous- health- welfare/ 
health- performance- framework/ contents/ data- tables

 30 Cowie N, Glover M, Gentles D. Taxing times? Smoker response to tax increases. Ethn 
Inequal Health Soc Care 2014;7:36–48.

 31 Walton D, Li J, Newcombe R, et al. Smokers’ behavioural responses before and after 
the 2012 tobacco excise increase. Kotuitui: New Zealand Journal of Social Sciences 
Online 2013;8:27–39.

 32 Tucker MR, Kivell BM, Laugesen M, et al. Changes to smoking habits and addiction 
following tobacco excise tax increases: a comparison of Māori, Pacific and New 
Zealand European smokers. Aust N Z J Public Health 2017;41:92–8.

 33 Grace RC, Kivell BM, Laugesen M. Predicting decreases in smoking with a cigarette 
purchase task: evidence from an excise tax rise in New Zealand. Tob Control 
2015;24:582–7.

 34 Branston JR, McNeill A, Gilmore AB, et al. Keeping smoking affordable in higher 
tax environments via smoking thinner roll- your- own cigarettes: findings from the 
International tobacco control four country survey 2006-15. Drug Alcohol Depend 
2018;193:110–6.

 35 Bayly M, Scollo MM, Wakefield MA. Who uses rollies? Trends in product offerings, 
price and use of roll- your- own tobacco in Australia. Tob Control 2019;28:317–24.

 36 Australian Bureau of Statistics. Aboriginal and Torres Strait Islander peoples: smoking 
trends, Australia, 1994 to 2014-15. cat. No. 4737.0. Canberra: ABS, 2017.

 37 Thomas DP. Changes in smoking intensity among Aboriginal and Torres Strait Islander 
people, 1994-2008. Med J Aust 2012;197:503–6.

 38 Heris CL, Eades SJ, Lyons L, et al. Changes in the age young Aboriginal and 
Torres Strait Islander people start smoking, 2002-2015. Public Health Res Pract 
2020;30:29121906.

 39 Tverdal A, Bjartveit K. Health consequences of reduced daily cigarette consumption. 
Tob Control 2006;15:472–80.

 40 Vangeli E, Stapleton J, Smit ES, et al. Predictors of attempts to stop smoking and 
their success in adult general population samples: a systematic review. Addiction 
2011;106:2110–21.

 41 Outback Stores Pty Ltd. Annual report 2018-2019. Berrimah NT, Australia: Outback 
Stores, 2019. https:// outbackstores. com. au/ wp- content/ uploads/ 2019/ 12/ OS- Annual- 
Report- 19- web- spread. pdf

U
niversity. P

rotected by copyright.
 on S

eptem
ber 23, 2020 at C

harles D
arw

in
http://tobaccocontrol.bm

j.com
/

T
ob C

ontrol: first published as 10.1136/tobaccocontrol-2020-055865 on 23 S
eptem

ber 2020. D
ow

nloaded from
 

http://orcid.org/0000-0002-8653-0621
http://orcid.org/0000-0002-2795-6454
https://www.who.int/fctc/reporting/WHO-FCTC-2018_global_progress_report.pdf?ua=1
https://www.who.int/fctc/reporting/WHO-FCTC-2018_global_progress_report.pdf?ua=1
http://dx.doi.org/10.1136/tc.2010.039982
http://dx.doi.org/10.1136/tc.2007.023911
http://dx.doi.org/10.1136/tobaccocontrol-2013-051110
https://cancercontrol.cancer.gov/brp/tcrb/monographs/21/monograph21.html
https://cancercontrol.cancer.gov/brp/tcrb/monographs/21/monograph21.html
https://www.numbeo.com/cost-of-living/prices_by_country.jsp?displayCurrency=USD&itemId=17
https://www.numbeo.com/cost-of-living/prices_by_country.jsp?displayCurrency=USD&itemId=17
http://www.tobaccoinaustralia.org.au/chapter-13-taxation/13-2-tobacco-taxes-in-australia
http://www.tobaccoinaustralia.org.au/chapter-13-taxation/13-2-tobacco-taxes-in-australia
https://www.ato.gov.au/Business/Excise-and-excise-equivalent-goods/Tobacco-excise/#
https://www.ato.gov.au/Business/Excise-and-excise-equivalent-goods/Tobacco-excise/#
http://dx.doi.org/10.1016/S2468-2667(19)30203-8
http://dx.doi.org/10.1016/S2468-2667(19)30223-3
http://dx.doi.org/10.1111/j.1360-0443.2011.03492.x
http://dx.doi.org/10.1136/tobaccocontrol-2017-053891
http://dx.doi.org/10.5694/mja16.01425
https://tacklingsmoking.org.au
http://dx.doi.org/10.1111/dar.12917
http://dx.doi.org/10.1111/dar.12917
http://dx.doi.org/10.1093/ntr/nts232
http://dx.doi.org/10.1002/hec.765
https://outbackstores.com.au/wp-content/uploads/2018/10/OS-Annual-Report-18-fa-web-spread.pdf
https://outbackstores.com.au/wp-content/uploads/2018/10/OS-Annual-Report-18-fa-web-spread.pdf
https://www.abs.gov.au/websitedbs/D3310114.nsf/Home/2016%20search%20by%20geography
https://www.abs.gov.au/websitedbs/D3310114.nsf/Home/2016%20search%20by%20geography
https://www.tobaccoinaustralia.org.au/downloads/chapters/10.7_Supplementary_table_Feb2019_update.pdf
https://www.tobaccoinaustralia.org.au/downloads/chapters/10.7_Supplementary_table_Feb2019_update.pdf
https://www.health.gov.au/resources/collections/australian-cigarette-ingredient-information
https://www.health.gov.au/resources/collections/australian-cigarette-ingredient-information
http://dx.doi.org/10.1111/1753-6405.12626
http://dx.doi.org/10.1177/1536867X1501500208
https://www.aihw.gov.au/reports/indigenous-health-welfare/health-performance-framework/contents/data-tables
https://www.aihw.gov.au/reports/indigenous-health-welfare/health-performance-framework/contents/data-tables
http://dx.doi.org/10.1108/EIHSC-08-2013-0014
http://dx.doi.org/10.1108/EIHSC-08-2013-0014
http://dx.doi.org/10.1080/1177083X.2013.833956
http://dx.doi.org/10.1080/1177083X.2013.833956
http://dx.doi.org/10.1111/1753-6405.12603
http://dx.doi.org/10.1136/tobaccocontrol-2014-051594
http://dx.doi.org/10.1016/j.drugalcdep.2018.07.047
http://dx.doi.org/10.1136/tobaccocontrol-2018-054334
http://dx.doi.org/10.5694/mja12.10558
http://dx.doi.org/10.17061/phrp29121906
http://dx.doi.org/10.1136/tc.2006.016246
http://dx.doi.org/10.1111/j.1360-0443.2011.03565.x
https://outbackstores.com.au/wp-content/uploads/2019/12/OS-Annual-Report-19-web-spread.pdf
https://outbackstores.com.au/wp-content/uploads/2019/12/OS-Annual-Report-19-web-spread.pdf
http://tobaccocontrol.bmj.com/

	Impact of three annual tobacco tax rises on tobacco sales in remote Australian Aboriginal community stores
	Abstract
	Introduction
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	References


