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Abstract: Although increasing taxes has been established as the most effective tobacco control policy,
it is not clear whether these policies reduce cigarette consumption equally among women and men.
In this study, we examine whether the association between taxation/taxation structure and cigarette
consumption differs by gender. The data is from the International Tobacco Control Policy Evaluation
(ITC) Projects in 17 countries. Cigarette consumption was measured by gender for each ITC country.
Generalized estimating equations (GEE) were employed to investigate gender differences in the
association between cigarette consumption and tax structures, while controlling for time-variant
demographic characteristics such as unemployment rates, proportions of adults, and percent of
female population. Tiered tax structures are associated with higher cigarette consumption among
both males and females. Female smokers are more responsive to an average tax increase than male
smokers. Among males, higher ad valorem share in excise taxes is associated with lower cigarette
consumption, but it is not the case for females. Females may not be as responsive to the prices raised
by ad valorem taxes, despite being responsive to average taxes, suggesting that smokers by gender
may face different prices.
Keywords: taxation; taxation structure; gender differences; cigarette consumption

1. Introduction
Tobacco use is one of the leading causes of non-communicable diseases worldwide [1]. According
to the World Health Organization, there are 1.1. billion smokers worldwide [2]. Globally, over 40%
of men are estimated to smoke while approximately 10% of women do [3,4]. While in high-income
countries, women smoke at almost the same rate as men, in low and middle income countries (LMICs),
they smoke at a much lower rate [4]. In 2016, 17.5% of US adult males and 13.5% of US adult females
smoked cigarettes [5]. On the other hand, in China (2015) and Thailand (2016), while approximately
48% and 39% of men smoked respectively, only 1.9% of women smoked (Table 1). The World Health
Organization (WHO) Framework Convention on Tobacco Control (FCTC) obligates 181 countries
to implement a comprehensive set of policy measures, such as excise taxes, warning labels, and
smoke-free policies, to curb tobacco use. As a result, tobacco control policies in many countries have
been strengthened and there is growing evidence that these policies are effective in reducing tobacco
use [6–8].
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Increasing taxes and prices is the most effective tobacco control measure [9]. It is estimated
that a 10% increase in the real price of cigarettes would decrease smoking by 4% in high income
countries and by 8% in LMICs [10]. While a set of ‘non-price’ measures would decrease the number of
smokers in 1995 by 23 million and prevent 5 million premature tobacco related deaths, raising cigarette
prices by 10% would potentially lead to 42 million smokers quitting and avert 10 million deaths [10].
In particular, recent studies have suggested that, beyond increasing average taxes, tax structures play
a role in price variability and thus tax avoidance opportunities [11–13]. To be specific, tax structure
is defined in the frame that raising taxes depends not only on what basis taxes are levied but also
on how the tax rates are determined [11–14]. Currently, there are six different types of tax structures:
(1) specific uniform (quantity based, a single rate), (2) specific tiered (quantity based, multiple rates),
(3) ad valorem uniform (value based, a single rate), (4) ad valorem tiered (value based, multiple rates),
(5) mixed uniform (both quantity based and value based, single rates), and (6) mixed tiered (both
quantity based and value based, multiple rates) [13]. While a specific uniform tax structure is the
simplest form with one single tax rate based on quantities, the others are more complicated with
different tax rates for different products. In some countries, since tax rates may vary by different
product characteristics such as stick length and price tiers, tobacco manufacturers could strategically
bypass taxes, set prices, or design products to take advantage of complicated tax structures [15].
Despite progress, it is uncertain whether tobacco control policies are equally effective among
populations with various sociodemographic characteristics, such as gender [16]. For example, although
increasing taxes has been established as the most effective tobacco control policy [9], it is not clear
whether these policies reduce cigarette consumption equally among women and men. In addition,
gender differences in exploring tax avoidance opportunities may further influence the effectiveness of
taxation policies. The limited evidence from high-come countries (HICs) is mixed regarding whether
female smokers are more or less responsive to taxes and prices compared to their male counterparts,
while being more likely to engage in tax avoidance behaviors [17,18]. Farrelly et al. (2001) [19]
investigated the impact of cigarette price increases by gender, income, race, and ethnicities in the US,
and documented that women were more responsive to increased prices than men, with a price elasticity
of −0.32 for women and −0.18 for men. Likewise, Stehr (2007) [17] found that US women were two
times more responsive to cigarette tax changes than men. On the other hand, Hersch (2000) [20],
Chaloupka (1990) [21], and Lewit and Coate (1981) [22] documented the opposite results. Cornelius
et al (2015) [18] investigated trends in cigarette prices and purchasing patterns among a group of US
adult smokers from 2002 to 2012 and further found that compared to males, females were more likely
to engage in tax avoidance behaviors by buying cigarettes by carton or in multipacks and in locations
associated with tax avoidance such as duty free shops and Indian reservations [18].
Previous studies have shown that weight-related concerns such as gaining weight after quitting
discourage smokers to quit and make quit attempts [23–26]. Compared to males, females are more
likely to express weight concerns and less likely to make a quit attempt in response to policies if they
believe smoking can help regulate weight [27]. These findings suggest that women may respond to
prices differently from men. Since women believe that smoking can help them to control weight, they
may be unresponsive to increases in cigarette prices and are more likely to initiate smoking or continue
to smoke than men when they experience a weight gain [28]. Women who hold such a belief have also
been found less responsive to increasing prices than those who do not [29]. Specifically, in LMICs,
tobacco use prevalence can differ significantly by gender and female users may prefer products other
than cigarettes (e.g., smokeless tobacco in India), which are understudied [1]. With smoking-related
burden disproportionately shifted to LMICs and lower socioeconomic (SES) populations in HICs,
understanding how tobacco control policies such as tax policies perform in reducing tobacco use
among vulnerable populations will provide important insights for improving the effectiveness of
policies [1].
A growing number of studies have documented an association between complicated tax structures
and a greater price gap between higher- and lower- priced products, and thus more opportunities
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for smokers to switch to cheaper products to avoid taxes in response to a tax increase [13,14].
Recent evidence from the International Tobacco Control (ITC) Policy Evaluation Project further
links complicated tax structures with higher cigarette consumption data from 17 ITC countries and
found that changing from a specific to an ad valorem structure was associated with higher cigarette
consumption in HICs, whereas a change from a uniform to tiered structure is associated with higher
cigarette consumption in LMICs [30].
Although previous studies have examined gender differences in the effect of cigarette taxes on
smoking, the evidence is mixed and mainly from high-income countries. In addition, to the best
of our knowledge, no studies have investigated gender differences in the impact of taxation and
taxation structure on cigarette consumption. Thus, more research is needed to better understand
gender differences in tobacco control policy effectiveness from a broader context, focusing on taxation.
Stronger evidence of taxation policy effectiveness among females, in comparison to males, will shed
light on how to enhance the overall impact of taxation policies. In this study, we expanded the existing
ITC analyses on taxation and taxation structure to examine whether their associations with cigarette
consumption in daily smokers differ by gender, and provided evidence of a broader scope with datasets
from multiple countries.
2. Materials and Methods
2.1. Cigarette Consumption
Cigarette consumption was measured by gender for each ITC country, using the logarithm
of the number of cigarettes that an average female (or male) smoker smoked per day. These data
were derived from self-reported consumption questions in the ITC longitudinal surveys from 17
countries. The surveys were designed to systematically evaluate the psychosocial and behavioral
impact of tobacco control policies under the WHO FCTC [11,31]. The surveys were conducted
through telephone, face-to-face, and online interviews, and provided the information on self-reported
cigarette consumption of the population over time. All waves of the surveys from 2002 to 2013 in
17 countries were used to examine gender differences in the association between tax structure and
cigarette consumption. The following countries were included in the study: US, UK, Australia, Canada,
the Netherlands, Germany, France, Republic of Korea, Mexico, Brazil, Uruguay, Mauritius, India,
Bangladesh, China, Thailand, and Malaysia.
2.2. Cigarette Excise Tax Structures
The data on cigarette excise tax structures were gathered for each country over time from various
sources. Table 9.1.0 of the 2013 WHO Report on the Global Tobacco Epidemic is the primary source.
The table summarizes the prices (per 20-cigarette pack) of the most popular brands and the shares of ad
valorem and/or specific tax in those prices [31,32]. 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 were also used as sources of the tax data.
The tax information from these data sources was described in details in a previous study [13].
Tax structures were measured using a dummy variable for any tiered rates and a continuous
variable ranging from 0 to 100 to indicate the components or shares of ad valorem bases [13].
While 0 represented the specific structure, 100 represented the ad valorem structure, and any number
in-between represented a mixed structure. A dummy variable indicating whether a country had excise
taxes imposed at the local level was constructed for India, the US, and Canada. To further control for
the constraint that the European Union (EU) imposed on member countries to implement a mixed tax
structure, a dummy variable is constructed.
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2.3. Cigarette Excise Taxes
We gathered the data on annual excise taxes in 2010 dollars using similar sources. Table 9.1.0
of the 2013 WHO Report on the Global Tobacco Epidemic provided the tax rate information from
2008 to 2012 for most countries except for the US, Canada, Australia, and EU countries [31]. Thus,
the excise tax information of EU countries from 2002 onwards was from the Excise Duty Tables by
the European Commission, and the information of Australia was from the Australian Taxation Office.
On the other hand, the information on federal and average state excise taxes in the US came from Tax
Burden on Tobacco by Orzechowski and Walker. Finance and Treasury Board of Canada published
Other Comparative Tax Rates, which was a population-weighted average of the federal and provincial
taxes. The tax rate data for the rest of countries came from the Euromonitor reports and WHO periodic
reports on global tobacco epidemic.
2.4. Demographic Characteristics
The information on country-year level demographic characteristics was from the World Bank’s
World Development Indicators Database [33]. The information gathered was gross domestic product
(GDP) per capita in international dollars, unemployment rates, the percentage of population aged
15 and over, and the percent of female population. A dummy variable indicating a high-income
country was also constructed using the World Bank’s income group classification when surveys were
conducted. No countries changed their income group classification during the study period.
All data sources were linked together using country and year identifiers to compile the final
analytical sample. Since some of the ITC survey waves were conducted across two calendar years [13],
the calendar year was randomly assigned to the wave in these cases. Cigarette consumption, excise
taxes, and GDP per capita were in log form to derive the tax and income elasticities.
2.5. Methodology
Following Shang et al. (2015) [13], generalized estimating equations (GEE) were employed to
investigate the association between cigarette consumption and tax structures, using an identity link,
inversed Guassian family and exchangeable correlation setting. By utilizing GEE, we accounted
for any intertemporal correlations. Previous studies have shown that tax structures are associated
with lower average prices and greater price variability [13,14]. Thus, we employed two different
specifications to better capture the association between tax structures and cigarette consumption.
In the first specification, we regressed cigarette consumption on tax structure measures and countries’
sociodemographic characteristics without controlling for average taxes. Alternatively, we controlled
for the same covariates and average taxes in the second specification. The equation employed in the
second specification—a more flexible approach is as follows.
Consumptionijt = a0 + a1 taxjt + a2 taxjt × Malei + a4 ad valoremjt + a5 ad valoremjt × Malei +
a6 tieredjt + a7 tieredjt × Malei + a8 Malei + a9 incomejt + other controljt + yeart

(1)

Consumptionijt denotes the average number of cigarettes smoked per day by males and females
(i) in a country j at time t. The male dummy variable equals 1 if the average consumption was
aggregated based on males’ reports and 0 if based on females’ reports. To directly obtain the tax and
income elasticities, cigarette consumption, excise taxes, and income (GDP per capita) were in log
form. Other covariates included in the regression are time-variant demographic characteristics such as
unemployment rates, proportions of adults, and percent of female population. A dummy variable
indicating excise taxes imposed at the local level in India, the US, and Canada and a dummy variable
indicating EU member countries were also included in the regression. Year indicators were included
to account for time-invariant factors that may affect cigarette use.
The coefficients of interest are on the interaction terms. These interaction coefficients capture
the gender difference in individuals’ responses to taxes. For instance, in the context that taxes and
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consumption are negatively associated (a1 < 0), a positive significant sign of a2 indicates that females
are more responsive to taxes than males. On the other hand, in the context when a higher share of
ad valorem taxes and tiered rates are associated with more consumption (a4 and a6 > 0), a negative
significant sign of the coefficient on tax structure variables (a5 and a7) suggests that females are more
likely to take advantage of tax avoidance opportunities and thus less likely to reduce their cigarette
consumption. All analyses were conducted using the command XTGEE in Stata SE V.14.1 (StataCorp,
College Station, TX, USA).
3. Results
Table 1 presents the information on tax structure, share of ad valorem tax among total excise
taxes, average cigarette consumption per day, and smoking prevalence in 17 countries in the analytical
sample. As Table 1 indicates, six countries (35%) had specific uniform tax structures. Five countries
(29%) had mixed uniform tax structures. The rest (36%) had specific tiered tax structures, mixed tiered
tax structures, ad valorem, uniform, and ad valorem tiered tax structures. Two countries (Mexico
and Brazil) changed their tax structures during the study period. While Mexico changed from an ad
valorem uniform to a mixed uniform structure in 2009, Brazil switched to a mixed tiered system from
a specific tiered in 2012 [13].
In terms of cigarette consumption, the average number of cigarettes smoked per day in HICs
is quite high, with almost 17 cigarettes per day or even higher (more than four-fifths of a 20-stick
pack) for the US, Canada, UK, Republic of Korea, and Australia. While smokers in China, on average,
smoked around 17 sticks of cigarettes per day, smokers in India smoked around 6 sticks per day.
Noticeably, Mexico experienced a decrease of 1.2 sticks (~17%) per day after changing to a mixed
uniform structure. On the other hand, Brazil experienced a small increase of 0.31 sticks (~2%) per day
after its tax structure changed to a mixed tiered system in 2012.
Regarding smoking prevalence, in general, less than 20% of the population in HICs smoked,
except for France (36%) and Germany (25%). For instance, smoking prevalence is 14% in the US in
2017, 13% in Canada in 2015, 17% and 19% in UK and Netherlands in 2017 respectively. As Table 1
further indicates, there is a large difference in smoking prevalence between males and females in
LMICs. In 2015, while 47.6% of males in China smoked, smoking prevalence among women was only
1.8%. Likewise, in 2015, 43% of males in Malaysia smoked while smoking prevalence among females
was only 1.4%. Similar gender differences occur in Thailand, Mexico, and Bangladesh.
Table 2 presents the information on the log cigarette consumption by gender and income groups.
Overall, the log cigarette consumption of males and females in the whole sample are 2.603 and 2.547
respectively. There is no significant difference in the log consumption across gender (t = 1.01). In the
HICs sample, females experienced a slightly higher log cigarette consumption of 2.815 than males with
2.715. On the other hand, the log cigarette consumption for males and females in the LMICs sample
are 2.433 and 2.141 respectively.
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Table 1. Tax Structure and Average Daily Cigarette Consumption and Smoking Prevalence in 17
International Tobacco Control (ITC) countries.
Country

Tax Structure

Australia
Canada

Specific Uniform

Share of ad
valorem tax
0
0

Average
Consumption
Per Day
17.32
16.45

Mauritius

0

9.25

Republic of Korea

0

17.41

USA

0

17.43

Uruguay

0

15.53

India

Specific tiered

0

5.68

Brazil 2009
France
Germany

Mixed uniform

0
89%
41.60%

15.4
12.38
14.67

25.10%

12.82

Malaysia
Mexico
2010–2012
Netherlands
UK
Brazil 2012
Mixed tiered
China

Smoking Prevalence
14% (2016)
13% (2015)
40.1% for male,
3.3% for female (2015)
49.8% for male,
4.2% for female (2015)
14% (2017)
26.7% for male,
19.4% for female (2015)
20.4% for male,
1.9% for female (2015)
10.1% (2017)
36% (2017)
25% (2017)
43% for male,
1.4% for female (2015)
20.8% for male,
6.6% for female (2015)
19% (2017)
17% (2017)
10.1% (2017)

76%

5.97

26.30%
43.20%
22.10%

14.69
16.2
15.71

94.10%

17.11

47.6% for male,
1.8% for female (2015)

Thailand

Ad valorem

100%

11.16

38.8% for male,
1.9% for female (2016)

Mexico 2006-2008

Uniform

100%

7.17

20.8% for male,
6.6% for female (2015)

Bangladesh

Ad valorem tiered

100%

10.11

39.8% for male,
0.7% for female (2015)

Note: Countries in the shadow have specific uniform and mixed uniform tax structures—the two most common tax
structures during the study period. Other countries have either specific tiered, mixed tiered, ad valorem, uniform,
or ad valorem tiered tax structure. Year that the data gathered in parentheses. The data on smoking prevalence
were gathered from various online sources such as Tobacco Atlas [1], CBS News (US) [34], the 2016 National Drug
Strategy Household Survey published by the Australian Institute of Health and Welfare [35], and Statista website
for EU countries [36]. The information on countries’ tax structure and average daily consumption was gathered
from Shang C, et al. (2018) [30].

Table 2. Cigarette consumption in daily smokers by gender and country income.
Samples
Gender

Whole Sample
(N = 156)
Male

HICs
(N = 47)

LMICs
(N = 31)

Female

Male

Female

Male

Female

a

Log
(cigarette consumption)

2.603
(0.258)

2.547
(0.421)

2.715
(0.11)

2.815
(0.111)

2.433
(0.421)

2.141
(0.392)

Number of observations

78

78

47

47

31

31

Note: a The t-test results indicate no significant difference in the mean of log cigarette consumptions across
gender (t = 1.010). Standard deviations in parentheses. HICs: high-income countries; LMICs: low and
middle-income countries.

Table 3 presents the gender difference in the association between tax structure and cigarette
consumption in daily smokers across specifications. Model 1 included no controls for average taxes
and HICs dummy. Model 2 further controlled for HICs dummy. Model 3 controlled for average taxes
but not HICs dummy, and model 4 controlled for both. The results suggest that cigarette consumption
elasticity was −0.2 to −0.3 (p < 0.05) for female smokers in the ITC countries, whereas male smokers
are less responsive to taxes. As the coefficients on the tax structure variables (ad valorem and tiered)
suggest, there is no significant association between female cigarette consumption and ad valorem
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tax structure. However, for males, there may be a negative association, given that the interaction
term between males and ad valorem taxes remain negative across specifications. In addition, a tiered
structure was associated with a 90–99% (p < 0.01) higher cigarette consumption among both genders,
and there is no significant difference by gender. The income elasticities are from 0.4 to 0.6 across models,
indicating that a 10% increase in GDP per capita was associated with a 4–6% increase (p < 0.01) in
cigarette consumption. We also conducted stratified analyses by LMICs vs. HICs, but most coefficients
become non-significant, which is likely due to the limited within country variation in a flexible model
with many interactions.
Table 3. Gender Differences in the Association between Tax Structure and Cigarette Consumption in
Daily Smokers (N = 156).
Models

Model 1
(N = 156)

Model 2
(N = 156)

Model 3
(N = 156)

Model 4
(N = 156)

Tax

-

-

Tax × Male

-

-

Ad valorem

0.056
(0.132)
−0.326 *
(0.146)
0.985 **
(0.304)
−0.047
(0.138)
0.515 ***
(0.134)

0.055
(0.141)
−0.319 *
(0.147)
0.901 ***
(0.258)
−0.055
(0.139)
0.413 **
(0.119)

−0.221 ***
(0.059)
0.167 *
(0.085)
0.039
(0.118)
0.281 *
(0.137)
0.737 *
(0.348)
0.192
(0.217)
0.564 ***
(0.138)

−0.281 ***
(0.061)
0.172 *
(0.083)
0.01
(0.129)
−0.263 +
(0.135)
0.504 +
(0.259)
0.19
(0.223)
0.404 ***
(0.107)

No

Yes

No

Yes

Ad valorem × Male
Tiered
Tired × Male
Income
HICs dummy

Percent change in cigarette consumption in daily smokers in response to tax structure changes
Changes to an ad valorem
Tax structure
Changes to a tiered one

0.016
(0.047)
0.293 *
(0.139)

Note: HICs: High-income countries. Model 1 did not control for average taxes and HICs dummy. Model 2 controlled
for HICs dummy. Model 3 controlled for average taxes, and model 4 controlled for both. All regressions controlled
for dummies for European Union (EU), dummies for having local taxes, a gender dummy, and proportion of adults,
percent of female population, year effects, and unemployment rates. The cigarette consumption, income, and
tax measures are in log forms. Standard errors adjusted for inter-temporal correlations in parentheses. + p < 0.1,
* p < 0.05, ** p < 0.01, *** p < 0.001. N: number of observations

4. Discussion
This study examined the gender difference in the association between taxation/taxation structures
and cigarette consumption. We found that the tax elasticity of cigarette consumption is on average
−0.3 among female smokers, whereas male smokers are less likely to respond to increasing taxes.
This result is consistent with some of the existing studies, which find females to be more responsive to
increasing prices than males [17,19].
Tax structure results indicate that tiered structures are associated with higher cigarette
consumption with no significant gender difference. That is, both female and male smokers are
equally likely to smoke more when tax structures are tiered. Moreover, although ad valorem tax
shares are not significantly associated with female cigarette consumption, male consumption may be
negatively associated with a higher ad valorem share. The possible explanation is that ad valorem
taxes have the advantage over specific taxes in keeping up with inflation, particularly in areas with
significant income growth. Therefore, depending on the study sample, ad valorem taxes may be
negatively associated with cigarette consumption.
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The combined evidence suggests that gender differences in tax effectiveness are complex, and
likely dependent on which prices in the price distribution that different genders are facing. While
female smokers are on average more responsive to taxes than males, they are not as responsive to
ad valorem taxes as male smokers. The interpretation is subject to how we view and interpret ad
valorem taxes. If ad valorem compared to specific taxes are more complicated and thus related to
more consumption, this may suggest that there are more opportunities for females to engage in tax
avoidance by switching to lower-priced products. However, given the negative association between
ad valorem tax shares and male cigarette consumption, this is not likely the case. The more plausible
interpretation is that ad valorem taxes can keep pace with income growth and inflation, and thus are
linked with lower cigarette consumption among males. In this scenario, female smokers are not as
likely as male smokers to be associated with lower cigarette consumption in response to ad valorem
taxes. Lastly, a tiered structure has been identified as the least desirable structure since it cannot raise
prices to keep pace with inflation like ad valorem taxes do, while providing room for tax avoidance.
Female and male cigarette consumption are both higher under a tiered tax structure.
This study has some limitations. First, the data used in this study come from 17 countries and
thus the results are not representative of all countries. In addition, the first wave of the surveys used in
this study was collected in 2002, which is 17 years ago. This indicates the age of the data, which may
affect generalizability of our results. In other words, our results only reflect the association between
taxation/taxation structures and cigarette consumption during the study period 2002–2013. Second, due
to the lack of data, we cannot control for the time-varying tobacco control environment in the models. In
addition, other factors that can affect cigarette consumption may not be included in the models. Third, the
information on cigarette consumption was gathered from aggregated self-reports and thus may contain
self-report errors. Moreover, we measured cigarette consumption as the number of cigarette smoked per
day. Thus, non-daily smokers were not included in this analysis. Lastly, in the regressions, we restricted
the associations between GDP or unemployment rates and cigarette consumption to be the same by
gender. It is certainly possible that the associations of other covariates with consumption may differ
by gender. In the cases for income and unemployment rate, they also are highly correlated with tax
structures and rates, which may pick up the gender differences in the associations between taxes and
consumption. Therefore, we opted for a simple restricted model that allows us to more straightforwardly
test and interpret the gender difference in the associations between tax and consumption.
Despite these limitations, our study contributes to the literature by adding much-needed evidence
on the gender difference in tobacco control policy effectiveness, focusing on taxation. Our results
indicate that tiered tax structures are associated with higher cigarette consumption among both males
and females. Female smokers are more responsive to an average tax increase than male smokers.
This indicates that raising cigarette taxes may reduce cigarette consumption among females. With the
health risks related to smoking during pregnancy as well as its negative effects on infant health [37–39],
policymakers may want to reduce smoking among females [19]. Among males, higher ad valorem
share in excise taxes is associated with lower cigarette consumption. However, it is not the case for
females. Females may not be as responsive to the prices raised by ad valorem taxes, despite being
responsive to average taxes, suggesting that smokers by gender may face different prices. Thus, it
would be better to maintain a simple tax structure instead of a complicated one.
Our study further offers the foundation for future large-scale projects that comprehensively study
the effectiveness of tobacco control policies across different groups. Future research may link multiple
datasets (ITC, GATS, GYTS, etc.) to examine policy effectiveness among other vulnerable populations,
including females, youth, young adults, and low SES (LMIC) populations. In addition, future research
may benefit from expanding our policy impact outcomes to examine smokeless tobacco use and dissect
cigarettes into roll-your-own and manufactured products to test gender differences in tobacco use and
policy effectiveness. As the literature suggests, females, youth, and low SES populations may be more
likely to avoid taxes, switch products, or have barriers to behavioral changes (e.g., weight concerns),
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even if policies are implemented. Thus, more research is needed to examine policy effectiveness by
accounting for these population differences in responses to policies.
5. Conclusions
To the best of our knowledge, our study is the first one to examine gender differences in the
impact of taxation and taxation structure on cigarette consumption. We find that tiered tax structures
are associated with higher cigarette consumption among both males and females. Female smokers are
more responsive to an average tax increase than male smokers, indicating higher cigarette taxes as
an important tool for decreasing cigarette consumption among females. Further, it may be better to
maintain a simple tax structure instead of a complicated one. Future research may link multiple datasets
to examine policy effectiveness among other vulnerable populations, including females, youth, young
adults, and low SES (LMIC) populations. In addition, future research may benefit from expanding our
policy impact outcomes to examine smokeless tobacco use and dissect cigarettes into roll-your-own
and manufactured products to test gender differences in tobacco use and policy effectiveness.
Author Contributions: A.N. wrote the first draft of the manuscript. C.S. led the analysis and revised the
manuscript. G.T.F. contributed to result interpretation and reviewed the manuscript. L.V.C contributed to result
interpretation and revised the manuscript.
Funding: CS is funded by 1K99AA024810 (NIAAA). The earlier data cleaning work was funded by
1P01CA138389-05 (RJOC). GTF was supported by a Senior Investigator Grant from the Ontario Institute for
Cancer Research. Additional support for the preparation of this article to GTF and LC was provided by the
Canadian Institutes of Health Research (FDN-148477). Waves 1–8 of the ITC 4 Country Survey were supported
by Roswell Park Transdisciplinary Tobacco Use Research Center (grants R01 CA 100362 and P50 CA111236), the
National Cancer Institute of the USA (R01 CA090955 and P01 CA138389), Robert Wood Johnson Foundation
(045734), Canadian Institutes of Health Research (57897, 79551 and 115016), Commonwealth Department of Health
and Aging, Canadian Tobacco Control Research Initiative (014578), National Health and Medical Research Council
of Australia (265903, 450110, 1005922), and Cancer Research UK (C312/A3726, C312/A6465, C321/A11039,
C25586/A19540). Waves 1–6 of the ITC Netherlands Surveys were supported by The Netherlands Organisation for
Health Research and Development (ZonMw; 70000001, 121010008). The SILNE Project is funded by the European
Commission through FP7 HEALTH-F3-2011-278273. The Waves 1–3 of the ITC Germany Survey were supported
by German Federal Ministry of Health, Dieter Mennekes-Umweltstiftung, and Germany Cancer Research Center
(DKFZ). Waves 1–3 of the ITC France Survey were supported by Observatoire français des drogues et des
toxicomanies (OFDT), Institut national de prevention et d’education pour la sante (INPES), and Institut nationale
du cancer (INCa). Waves 1–3 of the ITC Korea Survey were supported by grants from the US National Cancer
Institute (R01 CA125116), the Roswell Park Transdisciplinary Tobacco Use Research Center (P50 CA111236), the
Korean Ministry of Health and Welfare, and the Korean National Cancer Center (0731040-1). Waves 1–6 of the ITC
Mexico Survey were supported by the Mexican Consejo Nacional de Ciencia y Tecnología (Salud-2007-C01-70032),
Bloomberg Global Initiative–International Union Against Tuberculosis and Lung Disease (IUATLD), and the
Roswell Park Transdisciplinary Tobacco Use Research Center from the National Cancer Institute at the National
Institutes of Health (P50 CA111236). Waves 1 and 2 of the ITC Brazil Survey were supported by the Brazilian
Ministry of Health, National Cancer Institute José Alencar Gomes da Silva (INCA), Brazilian Ministry of Justice,
National Secretariat for Drug Policy (SENAD), and the Canadian Institutes of Health Research (115016). Waves
1–4 of the ITC Uruguay Survey were supported by Roswell Park Transdisciplinary Tobacco Use Research Center
(grant P50 CA111236) and the US National Cancer Institute (P01 CA138389), International Development Research
Centre (IDRC), and Canadian Institutes of Health Research (115016). Waves 1–3 of the ITC Mauritius Survey
were supported by the International Development Research Centre (Waves 1 and 2), the Canadian Institutes of
Health Research (115016), and partially supported by the World Lung Foundation (Wave 3). Waves 1 and 2 of
the Tobacco Control Project (TCP) India Survey were supported by grants from the US National Cancer Institute
(P50 CA111236, P01 CA138389) and Canadian Institute of Health Research (79551, 115016, 118096). Waves 1–3
of the ITC Bangladesh Survey were supported by the International Development Research Centre (IDRC grant
104831-003), the US National Cancer Institute (P01 CA138389), and Canadian Institutes for Health Research (79551,
115016). Waves 1–4 of the ITC China Project were supported by grants from the US National Cancer Institute
at the National Institutes of Health (R01 CA125116), the Roswell Park Transdisciplinary Tobacco Use Research
Center (P50 CA111236), Canadian Institutes for Health Research (79551, 115016), and Chinese Center for Disease
Control and Prevention. Waves 1–5 of the ITC Thailand Survey and Waves 1–5 of the ITC Malaysia Survey were
supported by Roswell Park Transdisciplinary Tobacco Use Research Center (grant P50 CA111236) and the US
National Cancer Institute (P01 CA138389), Canadian Institutes of Health Research (79551, 115016), ThaiHealth
Promotion Foundation, and the Malaysian Ministry of Health.
Acknowledgments: We would like to acknowledge the efforts of the following ITC principal investigators and
their respective country teams for leading the ITC surveys, which provided the data for the analyses of policy
impact and cross-country comparisons in the following countries: Australia (Ron Borland), Bangladesh (Nigar

Int. J. Environ. Res. Public Health 2019, 16, 1275

10 of 11

Nargis, AKM Ghulam Hussain), Brazil (Cristina De Abreu Perez), Canada (Geoffrey T. Fong), China (Yuan Jiang),
France (Raphael Andler, Romain Guignard), Germany (Ute Mons, Martina Pötschke-Langer), India (Prakash C.
Gupta, Mangesh S. Pednekar), Malaysia (Maizurah Omar, Rahmat Awang), Mauritius (Premduth Burhoo), Mexico
(James F. Thrasher, Tonatiuh Barrientos Gutierrez), The Netherlands (Marc Willemsen), Republic of Korea (Hong
Gwan Seo), Thailand (Buppha Sirirassamee, Aree Jampaklay), United Kingdom (Ann McNeill, Gerard Hasting),
United States (K. Michael Cummings, Andrew Hyland), and Uruguay (Eduardo Bianco, Marcelo Boado).
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.
11.

12.

13.

14.

15.
16.

17.
18.

Drope, J.; Cahn, Z.; Islami, F.; Hamill, S.; Liber, A.C.; Nargis, N.; Stoklosa, M. The Tobacco Atlas; American
Cancer Society and Vital Strategies: Atlanta, GA, USA, 2018.
WHO. Tobacco 2018; World Health Organization: Geneva, Switzerland, 2018; Available online: https:
//www.who.int/news-room/fact-sheets/detail/tobacco (accessed on 26 March 2019).
Guindon, G.E.; Boisclair, D. Past, Current and Future Trends in Tobacco Use; HNP Discussion Paper; World
Bank: Washington, DC, USA, 2003.
WHO. WHO Report on the Global Tobacco Epidemic, 2008: The MPOWER Package; World Health Organization:
Geneva, Switzerland, 2008.
Jamal, A.; Phillips, E.; Gentzke, A.S.; Homa, D.M.; Babb, S.D.; King, B.A.; Neff, L.J. Current Cigarette
Smoking Among Adults—United States, 2016. MMWR-Morb. Mortal. Wkly Rep. 2018, 67, 53–59. [CrossRef]
Ngo, A.; Cheng, K.W.; Chaloupka, F.J.; Shang, C. The effect of MPOWER scores on cigarette smoking
prevalence and consumption. Prev. Med. 2017, 105, S10–S14. [CrossRef]
Gravely, S.; Giovino, G.A.; Craig, L.; Commar, A.; D’Espaignet, E.T.; Schotte, K.; Fong, G.T. Implementation
of key demand-reduction measures of the WHO Framework Convention on Tobacco Control and change
in smoking prevalence in 126 countries: An association study. Lancet Public Health 2017, 2, E166–E174.
[CrossRef]
Chung-Hall, J.; Craig, L.; Gravely, S.; Sansone, N.; Fong, G.T. Impact of the WHO FCTC over the first decade: A
global evidence review prepared for the Impact Assessment Expert Group. Tob Control 2018. [CrossRef] [PubMed]
World Health Organization. WHO Report on the Global Tobacco Epidemic: Raising Taxes on Tobacco; World
Health Organization: Geneva, Switzerland, 2015.
Jha, P.; Chaloupka, F.J. The economics of global tobacco control. Br. Med. J. 2000, 321, 358–361. [CrossRef]
Shang, C.; Chaloupka, F.J.; Zahra, N.; Fong, G.T. The distribution of cigarette prices under different tax
structures: Findings from the International Tobacco Control Policy Evaluation (ITC) Project. Tob. Control
2014, 23 (Suppl. 1), i23–i29. [CrossRef] [PubMed]
Chaloupka, F.J.; Kostova, D.; Shang, C. Cigarette excise tax structure and cigarette prices: Evidence from the
global adult tobacco survey and the U.S. National Adult Tobacco Survey. Nicotine Tob. Res. 2014, 16 (Suppl.
1), S3–S9. [CrossRef]
Shang, C.; Chaloupka, F.J.; Fong, G.T.; Thompson, M.; O’Connor, R.J. The association between tax structure
and cigarette price variability: Findings from the ITC Project. Tob. Control 2015, 24, 88–93. [CrossRef]
[PubMed]
Chaloupka, F.J.; Peck, R.; Tauras, J.A.; Xu, X.; Yurekli, A. Cigarette Excise Taxation: The Impact of Tax Structure
on Prices, Revenues, and Cigarette Smoking; NBER Working Paper No. 16287; National Bureau of Economic
Research (NBER): Cambridge, MA, USA, 2010.
World Health Organization. WHO Technical Manual on Tobacco Tax Administration; World Health Organization:
Geneva, Switzerland, 2010.
Licht, A.S.; Hyland, A.J.; O’Connor, R.J.; Chaloupka, F.J.; Borland, R.; Fong, G.T.; Nargis, N.; Cummings, K.M.
Socio-economic variation in price minimizing behaviors: Findings from the International Tobacco Control
(ITC) Four Country Survey. Int. J. Environ. Res. Public Health 2011, 8, 234–252. [CrossRef]
Stehr, M. The effect of cigarette taxes on smoking among men and women. Health Econ. 2007, 16, 1333–1343.
[CrossRef]
Cornelius, M.E.; Driezen, P.; Hyland, A.; Fong, G.T.; Chaloupka, F.J.; Cummings, K.M. Trends in cigarette
pricing and purchasing patterns in a sample of US smokers: Findings from the ITC US Surveys (2002–2011).
Tob. Control 2015, 24, 4–10. [CrossRef]

Int. J. Environ. Res. Public Health 2019, 16, 1275

19.
20.
21.
22.
23.
24.
25.
26.

27.

28.
29.
30.

31.
32.

33.
34.
35.

36.
37.
38.

39.

11 of 11

Farrelly, M.C.; Bray, J.W.; Pechacek, T.; Woollery, T. Response by adults to increases in cigarette prices by
sociodemographic characteristics. South. Econ. J. 2001, 68, 156–165. [CrossRef]
Hersch, J. Gender, income levels, and the demand for cigarettes. J. Risk Uncertain. 2000, 21, 263–282.
[CrossRef]
Chaloupka, F.J. Men, Women, and Addiction: The Case of Cigarette Smoking; NBER Working Paper No. 3267;
NBER: Cambridge, MA, USA, 1990.
Lewit, E.M.; Coate, D. The Potential For Using Excise Taxes to Reduce Smoking; NBER Working Paper No. 764;
NBER: Cambridge, MA, USA, 1981.
Pisinger, C.; Jorgensen, T. Weight concerns and smoking in a general population: The Inter99 study. Prev.
Med. 2007, 44, 283–289. [CrossRef]
Pomerleau, C.S.; Zucker, A.N.; Stewart, A.J. Characterizing concerns about post-cessation weight gain:
Results from a national survey of women smokers. Nicotine Tob. Res. 2001, 3, 51–60. [CrossRef]
Mukhopadhyay, S.; Wendel, J. Is post-smoking-cessation weight-gain a significant trigger for relapse? Appl.
Econ. 2011, 43, 3449–3457. [CrossRef]
Aubin, H.J.; Berlin, I.; Smadja, E.; West, R. Factors Associated with Higher Body Mass Index, Weight Concern,
and Weight Gain in a Multinational Cohort Study of Smokers Intending to Quit. Int. J. Environ. Res. Public
Health 2009, 6, 943–957. [CrossRef]
Shang, C.; Chaloupka, F.J.; Fong, G.T.; Thompson, M.; Siahpush, M.; Ridgeway, W. Weight control belief and
its impact on the effectiveness of tobacco control policies on quit attempts: Findings from the ITC 4 Country
Survey. Tob. Control 2015, 24 (Suppl. 3), iii41–iii47. [CrossRef]
Cawley, J.; Markowitz, S.; Tauras, J. Lighting up and slimming down: The effects of body weight and
cigarette prices on adolescent smoking initiation. J. Health Econ. 2004, 23, 293–311. [CrossRef]
Shang, C.; Chaloupka, F.J.; Fong, G.T. The Impact of Weight Control Belief on Cigarette Consumption among
Adults: Findings from the ITC Project; American Economic Association: Philadelphia, PA, USA, 2013.
Shang, C.; Lee, H.M.; Chaloupka, F.J.; Fong, G.T.; Thompson, M.; O’Connor, R.J. Association between tax
structure and cigarette consumption: Findings from the International Tobacco Control Policy Evaluation
(ITC) Project. Tob. Control 2018. [CrossRef]
World Health Organization. WHO Report on the Global Tobacco Epidemic 2013; World Health Organization:
Geneva, Switzerland, 2013.
WHO. Relationship between Tax and Price and Global Evidence; World Health Organization: Geneva, Switzerland,
2013; Available online: https://www.who.int/tobacco/economics/2_3relationshipbetweentaxprice.pdf
(accessed on 1 October 2018).
World Bank Group. World Development Indicators; World Bank: Washington DC, USA, 2018; Available online:
https://data.worldbank.org/indicator (accessed on 1 October 2018).
Welch, A. Cigarette Smoking among U.S. Adults Lowest Ever Recorded; in CBS News; CBS News: New York, NY,
USA, 2018.
Australian Institute of Health and Welfare. National Drug Strategy Household Survey 2016: Detailed Findings;
in Drug Statistics series no. 31. Cat. no. PHE 214; Australian Institute of Health and Welfare: Canberra,
Australia, 2017.
Statista. Share of Individuals Who Currently Smoke Cigarettes, Cigars, Cigarillos or a Pipe in Selected European
Countries in 2017; Statista: Hamburg, Germany, 2017.
Buka, S.L.; Shenassa, E.D.; Niaura, R. Elevated risk of tobacco dependence among offspring of mothers who
smoked during pregnancy: A 30-year prospective study. Am. J. Psychiatry 2003, 160, 1978–1984. [CrossRef]
Lanting, C.I.; Buitendijk, S.E.; Crone, M.R.; Segaar, D.; Gravenhorst, J.B.; Van Wouwe, J.P. Clustering of
Socioeconomic, Behavioural, and Neonatal Risk Factors for Infant Health in Pregnant Smokers. PLoS ONE
2009, 4, e8363. [CrossRef]
DiFranza, J.R.; Aligne, C.A.; Weitzman, M. Prenatal and postnatal environmental tobacco smoke exposure
and children’s health. Pediatrics 2004, 113, 1007–1015.
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

© 2019. This work is licensed under
https://creativecommons.org/licenses/by/4.0/ (the “License”).
Notwithstanding the ProQuest Terms and Conditions, you may use this
content in accordance with the terms of the License.

