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Introduction

Raising excise taxes on tobacco products is the most
effective tobacco control strategy among the policies advocated by the WHO Framework Convention on Tobacco Control (FCTC).1 However, the
effectiveness of increasing excise taxes as a tobacco
control means depends on the tax structure, that is,
on what basis taxes are levied (quantity vs value vs
both) and how tax rates are determined (a single
rate vs multiple rates).2–5 There are in total six
different types of tax structures: specific uniform
(quantity based, a single rate), specific tiered (quantity based, multiple rates), ad valorem uniform
(value based, a single rate), ad valorem tiered
(value based, multiple rates), mixed uniform (both
quantity based and value based, single rates) and
mixed tiered (both quantity based and value based,
multiple rates).4
Among the six tax structure types, a specific
uniform structure is the simplest from the tax
administration perspective, because this system
imposes one single tax rate based on quantities (eg,

a $1.006667 federal tax on a pack of 20 cigarettes
in the USA).6 The rest of tax structures are more
complicated because tax rates may significantly
vary across different products. For example, when
the bases are values or a mix of both values and
quantities, each different product bears a different
amount of taxes. In some counties, tax rates may
further vary by different characteristics of the
tobacco products (eg, length, price tiers, and so on,
the examples of these tax structures can be found
in the online supplementary appendix table).2 As a
result, manufacturers could exploit a complicated
tax structure to their advantage by strategically
bypassing taxes, setting prices or designing products.7 Tax structures that deviate from a uniform
specific structure are associated with an lower
average price and a greater price gap between
higher and lower priced products, and thus with
more opportunities for smokers to avoid taxes by
switching to cheaper products as taxes increase.4 5
In recent years, a growing body of literature
investigated how complicated tax structures—ad
valorem, tiered and mixed—are associated with
price distribution.2–5 8 A series of studies provided
descriptive evidence, showing that price variability
tends to be greater when tax structures deviate
from a specific uniform one.2 3 One study further
employed regression analyses to estimate that a
10% increase in the share of specific taxes among
total excises is associated with 2.8%–4.3% lower
price variability, whereas a tiered tax structure is
associated with a 61%–147% increase in price variability.4 Another study employed data from European Union (EU) countries to demonstrate that
more reliance on ad valorem taxes in a mixed tax
structure is associated with a lower average price
and greater price variability.5
Despite growing evidence documenting the association between complicated tax structures and the
price distribution with a lower mean and greater
price variablity,4 no studies have examined the
association between tax structures and tobacco use
behaviours to our knowledge. As a lower average
price along with greater price variability reflects
more tax avoidance opportunities, it implies that
complicated tax structures may be associated with
higher cigarette consumption as a result of less
effective taxation policies.5
The hypothesised association between complicated tax structures and higher cigarette consumption is also supported by the evidence that tax
avoidance inhibits quitting or reduction in
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consumption.9 Smokers who seek to minimise prices paid for
cigarettes (eg, buy in bulk) were found less likely to make quit
attempts or cut down their cigarette consumption.9 One recent
study shows that in Thailand where the tax structure is an ad
valorem uniform one, consumers switched down from more
expensive to less expensive cigarette brands in response to a
tax increase.10 Therefore, complicated tax structures may lead
to stagnant cigarette consumption through providing opportunities for smokers to avoid paying high taxes and maintain their
consumption level.
This study used regression analyses to examine the relationship between tax structures and cigarette consumption and
tested the hypothesis that complicated tax structures are associated with higher cigarette consumption. Results of this study add
to the evidence on how tax structures moderate the effectiveness
of tax policies in tobacco control and suggest tax structures that
maximise the effects of increasing taxes in reducing smoking and
related adverse consequences.

Data and measures
Cigarette consumption

Cigarette consumption is measured as the logarithm form of
the number of cigarettes smoked per day by an average smoker.
Consumption data were obtained from surveys conducted by
the International Tobacco Control Policy Evaluation Project (the
ITC project). The ITC project comprises parallel longitudinal
surveys of smokers and other tobacco users in many countries,
with an objective to systematically evaluate the psychosocial and behavioural impact of tobacco control policies under
the WHO FCTC.2 11 The longitudinal cohort survey, which is
conducted through telephone, face-to-face and online interviews, provides data on self-reported cigarette consumption of
the population over time. We used all waves of this survey from
2002 to 2013 in 17 countries, including ITC-4 (the USA, the
UK, Australia and Canada), the Netherlands, Germany, France,
Republic of Korea, Mexico, Brazil, Uruguay, Mauritius, India,
Bangladesh, China, Thailand and Malaysia, in order to compare
tobacco consumption by tax structure.

Cigarette excise tax structures

Detailed information on tax structure was collected from various
sources for each country over time from multiple sources. The
primary source is the Table 9.1.0 of the 2013 WHO Report on
the Global Tobacco Epidemic, which provides a summary on the
prices (per 20-cigarette pack) of the most popular brands and the
share of ad valorem and/or specific tax in those prices.12 13 Other
sources include Excise Duty Tables by the European Commission, the WHO country reports, the Technical Manual on
Tobacco Tax Administration, Global data’s country reports and
Euromonitor International’s country reports. Details about tax
structure information from these data sources were described
in a previous study.4 Throughout the study period, two countries had changed their tax structures. Mexico switched from an
ad valorem uniform to a mixed uniform structure in 2009 and
Brazil changed from a specific tiered to a mixed tiered system
in 2012.4
Following one previous study,4 tax structure measures consist
of a continuous measure of the percentage of ad valorem taxes
among the total excise taxes and a dummy for a tiered structure.
The continuous measure ranges from 0 to 100, with 0 representing the specific structure, 100 representing the ad valorem
structure and any number in-between representing a mixed
structure. This continuous variable also measures the weights
2

that a mixed structure puts on specific versus ad valorem taxes.
Because excise taxes can also be imposed at the local level in
India, USA and Canada, we further constructed an indicator
for these countries and controlled for the existences of local
taxes. We also constructed a dummy variable to control for the
constraint that EU imposes on member countries to implement
a mixed tax structure.

Cigarette excise taxes

We compiled annual excise taxes in 2010 dollars levied on a
20-cigarette pack using similar sources. Tax rates from 2008 to
2012 for countries other than the USA, Canada, Australia and
EU countries were obtained from 2013 WHO report on the
Global Tobacco Epidemics Table 9.1.0, imputed using the price
of a 20-cigarette pack of the most popular brands and ad valorem
and/or specific taxes as a per cent of the price of most popular
brand. Cigarette excise tax rates for the USA, Canada, Australia
and EU from 2002 onwards came from a variety of sources. For
EU countries, the excise information came from the Excise Duty
Tables constructed by the European Commission; for Australia,
it came from the Australian Taxation Office; for the USA, it
came from Tax Burden on Tobacco by Orzechowski and Walker
and was inclusive of federal and average state excise taxes; for
Canada, it came from Other Comparative Tax Rates published
by Finance and Treasury Board and was a population-weighted
average of the federal and provincial taxes. For other countries
with data collection before 2008, the tax rate information came
from the Euromonitor reports and WHO periodic reports on the
global tobacco epidemic.

Demographic characteristics

Demographic characteristics at the country-year level came
from World Bank's World Development Indicators database.
The demographic characteristics adjusted for as confounders
are gross domestic product (GDP) per capita in international
dollars (income), the percentage of women among total population (gender), unemployment rate (economic condition) and
the percentage of population aged 15 or over (age). We also
constructed a dummy for high-income countries (HIC) versus
low/middle-income countries (LMIC) using World Bank’s income
group classification. During study period, none of the countries
changed their income group classification. Specifically, Australia,
Canada, USA, UK, the Netherlands, France, Germany and South
Korea were HICs. Malaysia, Thailand, Mexico, Uruguay, China,
Mauritius, Brazil, Bangladesh and India were LMICs.

Methodology
Data linkage

Cigarette consumption, tax structure measures, cigarettes excise
taxes and sociodemographic characteristics were linked together
using country and year identifiers. As described in a previous
study, some of the ITC survey waves were conducted across
two calendar years.4 In those cases, we randomly assigned the
calendar year to the wave. Furthermore, in order to directly
estimate the tax and income elasticities, cigarette consumption,
excise taxes and GDP per capita are in log form.

Modelling

Following Shang et al (2016),4 we used generalised estimating equations (GEE) to examine the association between
tax structures and cigarette consumption using an identity link,
inversed Gaussian family and exchangeable correlation setting.
GEE is a panel data technique that accounts for intertemporal
Shang C, et al. Tob Control 2018;0:1–6. doi:10.1136/tobaccocontrol-2017-054160

Tob Control: first published as 10.1136/tobaccocontrol-2017-054160 on 24 May 2018. Downloaded from http://tobaccocontrol.bmj.com/ on 24 May 2018 by guest. Protected by copyright.

Research paper

correlations. The analyses were conducted using the XTGEE
command in Stata SE V.14.1.
Tax structures have been shown to be associated with a lower
average price and greater price variability.5 Therefore, we used
different specifications to model the association between tax
structures and cigarette consumption. First, we employed a
reduced form approach by regressing cigarette consumption
on tax structure measures and sociodemographic characteristics without controlling for average taxes. This is because tax
structures may affect how taxes are passed to price and price
distribution. Next, we modelled a more flexible approach by
regressing consumption on average taxes and tax structures to
examine the association between tax structures and consumption while holding average taxes constant. In addition, to adjust
for the potential correlation between tax structure choices and
countries’ income groups (eg, tiered structures in the sample
were only seen for LMICs), we controlled for a dummy for HICs
(LMICs=0) for a sensitivity analysis. In total, four different
specifications (with and without average taxes and with and
without the HIC dummy as a confounder) were analysed after
controlling for sociodemographic characteristics (age, gender,
income and unemployment rate). Stratified analyses by HICs
versus LMICs were also analysed because none of the HICs in
the sample had a tiered structure. As a result, the analyses for
HICs (n=47) examined the association between the share of
ad valorem taxes and cigarette consumption, whereas the analyses for LMICs (n=31) examined the association between all
types of tax structures (tiered and the share of ad valorem taxes)
and cigarette consumption. Due to the sample size limitation,
logistic regressions were used for the LMIC analyses to achieve
a convergence.

Results

In table 1, we present an overview of the data and measures,
including country names, tax structure types, share of ad valorem
taxes among total excise taxes, average cigarette consumption

Table 1

Data description—17 countries (n=78)

Country

Tax structure

Share
of ad
valorem
tax

Australia

Specific uniform

Average
consumption Number
per day
of waves

0

17.32

Canada

0

16.45

8

Mauritius

0

9.25

3

South Korea

0

17.41

3

USA

0

17.43

8

Uruguay

0

15.53

4

0

5.68

1

0

15.40

1

89.0%

12.38

3

Germany

41.6%

14.67

3

Malaysia

25.1%

12.82

5

Mexico 2010–2012

76.0%

5.97

3

Netherlands

26.3%

14.69

6

UK

43.2%

16.20

8

22.1%

15.71

1

94.1%

17.11

3

100%

11.16

5

India

Specific tiered

Brazil 2009
France

Brazil 2012

Mixed uniform

Mixed tiered

China
Thailand

8

Mexico 2006–2008

Ad valorem
uniform

100%

7.17

3

Bangladesh

Ad valorem tiered

100%

10.11

2
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Table 2

Summary statistics, n=78

Dependent variable

Mean

SE

Number of cigarettes per day

13.560

0.919

2.559

0.073

 Log form consumption
Independent dummy variables
Tiered

Number of country-years (%)
8 (10)

If USA, Canada or India

17 (22)

If in European Union

20 (26)

If HICs

47 (60)

Independent variable, continuous

Mean

SE

% of ad valorem among excises

36.431

0.099

Taxes

2.978

0.578

 Log form taxes

0.627

0.184

GDP per capita in 10 thousands

2.795

0.340

 Log form GDP

9.834

0.164

% Unemployment

5.399

0.488

% Female

50.242

0.229

% Population 15+

78.130

1.317

Statistics were adjusted for correlations within country over years. Tax structure
shares in this sample are as the following: 44% had a specific uniform structure, 3%
had a specific tiered structure, 36% had a mixed uniform structure, 5% had a mixed
tiered structure, 10% had an ad valorem tax structure and 3% had an ad valorem
tiered structure.
GDP, gross domestic product; HIC, high-income country.

per day and the number of ITC survey waves used in the analyses. This table further illustrates that cigarette consumption in
Mexico decreased from 7.17 sticks per day under an ad valorem
uniform structure to 5.97 sticks per day under a mixed uniform
structure, suggesting that a switch to more reliance on specific
taxes may be associated with decreased cigarette consumption.
In Brazil, cigarette consumption slightly increased from 15.4 per
day to 15.71 per day after a change from a specific tiered to a
mixed tiered structure.
Summary statistics after adjusting intertemporal correlations
are reported in table 2. The analytical sample consists of 78
country-year observations. On average, smokers smoked 14
cigarettes (around two-thirds of a 20-stick pack) per day. Tiered
structures represent 10% of the entire sample. The average share
of ad valorem taxes among total excise tax was 36.4%. Countries that allow local governments to differentiate taxes (ie, USA,
Canada and India) account for 22% of the sample. EU countries that had a mixed structure under EU law took up 26% of
the sample. HICs in total account for 60% of the sample. The
average cigarette excise tax rates were $3 on a 20-stick pack.
Table 3 shows regression results from estimating the association between tax structure measures and cigarette consumption. Without controlling for the HIC dummy and average taxes
(column1), a change from a specific to an ad valorem structure
was associated with an 11% (p≤0.05) higher cigarette consumption, whereas a change from a uniform to a tiered structure was
associated with a 65.2% (p≤0.001) higher cigarette consumption. These association estimates became smaller when the HIC
dummy and average taxes were included as additional controls.
When controlling for both the HIC dummy and average taxes
(column 4), a change from a specific to an ad valorem structure
was associated with a 5.8% (p≤0.05) higher cigarette consumption, whereas a change from a uniform to a tiered structure was
associated with a 34.3% (p≤0.01) higher cigarette consumption.
The income elasticity estimates show that a 10% increase in GDP
3
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Table 3

The association between tax structure and cigarette consumption (n=78)
Model 1

Model 2

Model 3

Model 4

β (SE)

β (SE)

β (SE)

β (SE)

% of ad valorem among excises

0.111** (0.048)

0.096*(0.038)

0.085*(0.040)

0.058* (0.029)

Tiered

0.652*** (0.194)

0.575*** (0.136)

0.440*(0.185)

0.343** (0.117)

Income

0.430*** (0.105)

0.319***(0.093)

0.411***(0.097)

0.277** (0.092)

Average taxes

–

–

−0.119** (0.040)

−0.125** (0.043)

HIC dummy

No

Yes

No

Yes

Regressions also adjusted for dummies for European Union (EU) and for having local taxes, proportions of adults and gender, year fixed effects and unemployment rate.
*P≤0.05; **P≤0.01; ***P≤0.001.
HIC, high-income country.

per capita was associated with a 3%–4% increase (p≤0.001) in
cigarette consumption. The tax elasticity estimates suggest that
a 10% increase in taxes was associated with a 1% decrease
(p≤0.01) in cigarette consumption.
Table 4 shows results for HICs and LMICs, respectively. A
change from a specific to an ad valorem structure was associated
with a 3.8% (p≤0.05) higher cigarette consumption in HICs.
In addition, a change from a uniform to a tiered structure was
associated with a 43.7% (p≤0.05) higher cigarette consumption
in LMICs. However, the share of ad valorem taxes in total excise
was not significantly associated with cigarette consumption in
LMICs.

Discussion and conclusion

This study shows that complicated tax structures, particularly
tiered structures, are associated with a 6%–11% higher cigarette consumption among smokers. In addition, a greater share
of ad valorem component among total excise taxes is also positively associated with cigarette consumption (34%–65%). These
findings indicate that the effectiveness of increasing taxes in
decreasing cigarette demand may be undermined by complicated
tax structures that deviate from a specific uniform one. Given
the very limited evidence on the association between tax structures and cigarette consumption, findings of this study provide
much needed evidence to fill a knowledge gap.
During the study period, Mexico switched from an ad valorem
uniform to a mixed uniform structure in 2009 and Brazil
changed from a specific tiered to a mixed tiered system in 2012.4
The descriptive statistics showed that cigarette consumption in
Mexico decreased from 7.17 sticks per day under an ad valorem
uniform structure to 5.97 sticks per day under a mixed uniform
structure, while cigarette consumption in Brazil slightly increased
from 15.4 to 15.71 sticks per day after a change from a specific
tiered to a mixed tiered structure. These changes are consistent with existing evidence that more reliance on ad valorem
taxes (conversely less reliance on specific taxes) is associated
Table 4 The association between tax structure and cigarette
consumption, HIC versus LMICs, model 1
HICs (n=47)

LMICs (n=31)

β (SE)

β (SE)

% of ad valorem among excises

0.038* (0.017)

−0.338 (0.301)

Tiered

–

0.437* (0.194)

Income

0.052 (0.118)

0.137 (0.206)

Regressions also adjusted for proportions of adults and gender, year fixed effects
and unemployment rate. HIC regression additionally adjusted for the European
Union (EU) dummy.
*P≤0.05.
HIC, high-income country; LMIC, low/middle-income country.

4

with lower average prices and greater price variability that may
lead to tax avoidance behaviours and undermine the effects of
increasing taxes in reducing smoking.10
Regression results further provide evidence that complicated
tax structures departing from a specific uniform one are associated with higher cigarette consumption. These findings are
consistent with previous literature showing the associations
of complicated tax structures with greater price variability
and lower average prices.4 5 Greater price variability indicates that smokers have more opportunities to engage in tax
avoidance by switching to cheaper products as taxes increase.
Low average prices are a direct sign that taxes are not high
enough to promote smokers to quit or prevent non-users from
smoking cigarettes. Both scenarios could lead to higher cigarette consumption.
Furthermore, our results shed light on how tax structures
may ultimately influence cigarette consumption. First, we found
that tiered structures have the most pronounced positive association with cigarette consumption, regardless of the share of
the ad valorem or specific component in taxes. This finding is
consistent with our previous study where we found that tiered
structures have a sizeable association with increased price variability, compared with uniform ones. The association between
tiered structure and price variability was also greater than the
association between the shares of specific or ad valorem components and price variability. The combined evidence indicates that
tiered structures may pose the greatest threat to the effectiveness
of tax increases in reducing smoking.
We found that a larger share of ad valorem taxes was associated with higher cigarette consumption. However, this association was moderate and became smaller when average taxes
were controlled for. This may be because ad valorem taxes adjust
simultaneously with increasing prices or product values and thus
may offset their own influences on increasing price variability,
particularly in countries with high inflation. If the government
could not raise specific taxes frequent enough to keep pace with
inflation, ad valorem taxes may have the advantage through
automatically adjusting tax levels with inflation. As a result,
we only found a moderate association between ad valorem tax
shares and cigarette consumption.
Stratified analyses further support the above reasoning by
showing that ad valorem tax shares were not significantly associated with cigarette consumption in LMICs where inflation is
more common than in HICs. In LMICs, only a tiered structure
was significantly associated with higher cigarette consumption.
In HICs, although a greater share of ad valorem taxes was associated with higher cigarette consumption, we could not assess the
association between a tiered structure and cigarette consumption because none of the HICs in the sample imposed a tiered
structure.
Shang C, et al. Tob Control 2018;0:1–6. doi:10.1136/tobaccocontrol-2017-054160
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There are several limitations of this study. The data consist of
78 observations from 17 countries, and therefore cannot represent
all countries. Only two countries changed tax structures during the
study period, precluding an examination of the causal impact of
tax structures on consumption. Tiered structures were only seen for
LMICs in the study sample and thus the results pertaining to tiered
structures may not be generalisable. In addition, we could not assess
the six tax structures jointly because observations for certain structure types were limited. We also could not control for time-varying
tobacco control environment due to lack of data. Consumption was
measured using aggregated self-reports and may contain self-report
errors. The accuracy of cigarette consumption reports may also vary
by countries. Finally, as many factors may influence consumption,
our approach may not be free from omitted variable biases. Future
studies should also explore the association between tax structures
and smoking prevalence, which cannot be comprehensively studied
using the ITC project data.
Nonetheless, this study extends the existing literature on the consequences of complicated tax structures by offering the first evidence on
how these structures are associated with cigarette consumption using
regression analyses. Our findings have several policy implications.
The WHO FCTC’s recommendation of simplifying tax structures
may increase the effectiveness of taxes in reducing cigarette consumption. Tiered structures showed the most pronounced association with
higher price variability and consumption, and thus should be the focus
area to simplify a tax structure. Our results provide mixed recommendations for ad valorem structures. On the one hand, in LMICs where
inflation is high and mechanisms to raise specific taxes are lacking, ad
valorem tax structures may have advantages in raising taxes or prices.
On the other hand, in HICs where taxes can be frequently adjusted,
ad valorem taxes may be associated with higher price variability and
consumption. Thus, a switch to specific taxes may increase the effectiveness of increasing taxes in reducing smoking.

What this paper adds
►► Our study provides important empirical evidence of

►►

►►

►►
►►

►►

a relationship between tax structure and cigarette
consumption. We find that a change from a specific to an ad
valorem structure is associated with an 11% higher cigarette
consumption. In addition, a change from uniform to tiered
structure is associated with a 30%–45% higher cigarette
consumption.
Complicated tax structures are associated with greater price
variability and lower price levels, which may undermine the
effectiveness of increasing taxes in reducing smoking.
To the best of our knowledge, no existing studies have
analysed the association between complicated tax structures
and cigarette consumption using regression analyses.
Tiered structures are associated with higher cigarette
consumption in low/middle- income countries.
A higher reliance on ad valorem taxes is associated with
higher cigarette consumption, particularly in high-income
countries.
The WHO Framework Convention on Tobacco Control’s
recommendation of simplifying tax structures may increase
the effectiveness of taxes in reducing cigarette consumption.
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