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Abstract

Background—Weight concerns are widely documented as one of the major barriers for girls and
young adult women to quit smoking. Therefore, it is important to investigate whether smokers
who have weight concerns respond to tobacco control policies differently than smokers who do
not in terms of quit attempts, and how this difference varies by gender and country.

Objective—This study aims to investigate, by gender and country, whether smokers who believe
that smoking helps control weight are less responsive to tobacco control policies with regards to
quit attempts than those who do not.

Methods—We use longitudinal data from the International Tobacco Control Policy (ITC)
Evaluation Project in the US, Canada, the UK, and Australia to conduct the analysis. We first
constructed a dichotomous indicator for smokers who have the weight control belief and then the
disparity in policy responsiveness in terms of quit attempts by directly estimating the interaction
terms of policies and the weight control belief indicator using generalized estimating equations.
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Findings—We find that weight control belief significantly attenuates the policy impact of
tobacco control measures on quit attempts among US female smokers and among UK smokers.
This pattern was not found among smokers in Canada and Australia.

Conclusions—Although our results vary by gender and country, the findings suggest that
weight concerns do alter policy responsiveness in quit attempts in certain populations. Policy
makers should take this into account and alleviate weight concerns to enhance the effectiveness of
existing tobacco control policies on promoting quitting smoking.

Introduction

Weight-related concerns such as weight gain after quitting have been shown to discourage
quitting and quit attempts among smokers.[1-5] Nevertheless, the health benefits of quitting
remain substantial even after taking account of the adverse health impact of the post-
cessation weight gain.[6] In addition, for those smokers who use smoking as a weight
control method, it may not be an efficient tool to control weight.[7] Existing studies indicate
that heavy smokers, compared with light smokers, tend to be heavier, and ever-smokers,
compared with never-smokers, do not experience less weight gain over time.[8] Moreover,
smoking is found to be associated with less physical activity and unhealthy diets that may in
fact contribute to a weight gain.[9-11] Despite lack of scientific evidence that smoking is an
effective weight control method, it is often regarded as a means of losing weight. Using US
data, Cawley et al. (2004, 2006) found that weight gain is significantly associated with
smoking initiation among girls, [12,13] and 46% of girls and 30% of boys who are currently
smoking, use cigarettes to control weight. [14]

While it is important to inform the public that smoking as a weight control method is indeed
ineffective [16-21], little is known about whether weight concerns may attenuate the
effectiveness of tobacco control policies in reducing smoking, that is, whether it results in an
insignificant or reduced impact among population groups who have these concerns. Some
indirect evidence suggests that they do; a high prevalence of weight concerns and low
responsiveness to tobacco control policies often are observed together in certain populations
[22-28]. Studies using US data show that while weight concerns are higher among females
than among males [1-3, 5, 14, 15, 29], the price impact on smoking is either insignificant or
lower for females than for males.[23, 25-27] US girls have also been found unresponsive to
rising cigarette prices and are more likely to initiate smoking once experiencing a weight
gain.[12] Similar patterns are also found in racial comparisons. Compared with minority
groups such as African Americans, Caucasians in the US are more likely to report using
cigarettes for weight control and are less price-responsive. [14, 22-25, 29] In addition to the
above evidence, Shang et al. (2013) investigated the impact of the belief that smoking helps
control weight on smokers’ price responsiveness to reduce cigarette consumption and found
that female smokers in the US who hold such a belief are less price-responsive than those
who do not. [15]

In sum, very little evidence exists for the role of weight concerns in people’s response to
tobacco control policies. Although studies indicate that weight concerns inhibit quit
attempts, it remains unclear whether weight concerns lower quit attempts through lowering
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smokers’ response to tobacco control policies such as increasing cigarette prices. Therefore,
it is important to extend the research to examine such mechanisms and elucidate whether
policies that address weight concerns are needed to improve the effectiveness of other
tobacco control policies. In this study, we employ the International Tobacco Control Policy
Evaluation Project data from the US, the UK, Canada, and Australia (ITC-4 country) to
investigate the interaction effect of weight control belief and a variety of tobacco control
policies (cigarette prices, anti-smoking messaging, work-site smoking bans, bar/pub
smoking bans, and restaurant smoking bans) on quit attempts. Based on the existing
literature that show women are more likely to have weight concerns [1-3, 5, 12-15, 29], all
analyses are conducted by gender.

The International Tobacco Control Policy Evaluation Project (ITC Project) conducts parallel
longitudinal surveys of smokers and other tobacco users across 22 countries. The ITC
surveys are designed to evaluate the policies of the WHO Framework Convention on
Tobacco Control (Fong, et al. 2006) and their longitudinal properties allow us to follow
smokers over years while observing their quitting and quit attempt behavior since the initial
wave. [30] Compared with cross-sectional data, in the longitudinal data quit attempts are
observed and less likely to contain measurement errors, and, when studying how tobacco
control policies or cigarette prices are associated with quit attempts, longitudinal data allow
a more precise match of locations where the policies are implemented to the smokers who
are exposed to these policies.

We utilize ITC-4 Country data (US, UK, Canada, and Australia) waves 1-5 (2002—-2007)
that contain responses from smokers on their level of agreement with the statement that
smoking helps control weight. The ITC project also contains rich information on tobacco-
use related factors including cigarette prices, exposure to tobacco control policies, and
individual-level demographic characteristics that allow for testing the policy responsiveness
by weight control belief while controlling for other factors.

In order to identify weight concerns related to smoking, we exploit a question that measures
smokers’ level of agreement with the following statement using a 5-point scale (strongly
agree, agree, neither agree nor disagree, disagree, and strongly disagree):

“Smoking helps weight control.”

The answers are employed to construct a dichotomous measure of the belief by coding those
who answered strongly agree or agree with 1 and the rest with 0. This indicator explicitly
shows if a smoker may use smoking as a potential means to control weight, regardless of his
or her actual body weight or body image. [12,31] We consider this indicator to be a
rudimentary measure of smoking related weight concerns.

Table 1 contains the description and definition of weight control belief indicator, policy
measures, and other correlates that are estimated in our analyses. The baseline period to start
tracking quit attempt behavior is the first wave of the survey when all participants were
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smoking. Thus the analyzed sample consists of the second and later waves of each country.
Smokers who have made a quit attempt since the last survey were assigned a value of 1 and
smokers who have not were assigned a value of 0. This quit attempt indicator is also
equivalent to the percentage of smokers who quit or ever tried to quit since the last survey.
The individual characteristic confounders that are controlled include respondents’ age in the
survey year (in both linear and quadratic forms), marital status, employment status,
education (indicators for three categories: low, middle, and high education levels), and
income (indicators for three categories: low, middle, high income levels). Respondents with
missing education, income or employment status were dropped from the sample.

The ITC surveys asked respondents to report their recent exposure to tobacco control
policies. The last purchase information of cigarettes such as the unit of cigarettes and the
price per unit (per stick, pack, or carton) was also asked. These self-reported measures of
tobacco prices and control policies are crucial determinants of smoking behaviors yet highly
correlated with individual unobserved heterogeneity in such behaviors. For example, heavy
smokers are more likely to purchase cheaper cigarettes and thereafter report lower cigarette
prices. They may be more likely to notice tobacco advertisements and report more such
exposure as well. As a result, instead of directly using these self-reported measures in our
analyses, we aggregated them at the stratum level where strata correspond to regions in each
of the countries. We analyzed these stratum average measures, which are more likely to
reflect market prices and, as a result, less likely to be endogenous. Thus, to obtain stratum
cigarette prices, we first calculated individuals’ self-reported cigarette prices for a pack of
20 cigarettes and constructed the stratum aggregated cigarette prices as the median value of
prices that were reported by those who live in the stratum. We used aggregated median
prices instead of mean prices because they are more robust to extreme values [32]. These
prices were then converted into 2010 constant international dollars using Purchasing-Power
Parity (PPP) and Consumer Price Index (CPI) of the country. PPP conversion factor and CPI
of each country were obtained from the International Monetary Fund World Economic
Outlook database.

Likewise, individuals’ exposures to worksite smoking bans, anti-smoking messaging,
smoking restriction in bars, and smoking restriction in restaurants were calculated and
aggregated to stratum-level mean index measures (details are presented in Table 1).
Specifically, in ITC surveys, respondents were asked to report their recent exposure to anti-
smoking messaging in a list of venues (TV, radio, posters, etc.). To develop an anti-smoking
index, we first estimated, for each respondent, the fraction of venues at which the respondent
has been exposed to, then aggregated these individual-level indices to the stratum level
using mean indices, and rescaled the indices by multiplying them by 10 (the index ranges 1-
10). The worksite, bar, and restaurant indices were constructed at the stratum level using the
mean of reported policy restriction levels in these locations (1 no restriction, 2 some
restriction, 3 full restriction, indices range 1-3).

In light of previous studies where significant gender disparity in weight concerns was found,
and since tobacco control policies differ by countries [17], it is likely that the responses to
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tobacco control policies are manifested differently by gender and country. Hence, we
stratified our analyses by gender and country in addition to carrying out analyses by pooling
both genders. We restricted our studied sample to adult smokers aged 18-75. Our sample
consists of smokers who smoked in the last wave and our dependent variable, the quit
attempt indicator, measures both smokers who actually quit since the last wave and smokers
who attempted to quit but failed. In addition, given the high co-linearity between stratum-
level tobacco control policies and wave fixed effects, we analyzed each policy separately
while controlling for other policies using a single mean measure constructed using the mean
of all other policy indices (Appendix Table 1).

Logistic regressions are used to directly test whether policy impacts vary by the weight
control belief indicator for each tobacco control policy, respectively:

logit (Quit_ Attempet,,)
=Po+ P Policyy; x I(Belief=1);,_,
+B2 Policyy,+Psl(Belief=1);,_,
+840ther_ Policy_ Control;+ 05X+

@)

where Quit_Attempt;j; denotes the indicator of ever making a quit attempt since the last
survey for person i at wave t. Policyy; denotes one of the studied stratum-specific policies
which are cigarette price, work-site smoking bans, bar smoking bans, restaurant smoking
bans, and anti-smoking messaging. Other_Policy_Controly; denotes the constructed single
mean measure of all tobacco policies other than the Policyy. I(Belief = 1);; — 1 denotes the
dichotomous measure of the weight control belief in the last survey. Following Cawley et al.
(2004) [12], we use one lag of the belief indicator instead of the current one to reduce the
potential reverse causality between quit attempts and weight control belief. This is because
smokers who quit or attempted to quit may experience a post-cessation weight gain and are
more likely to agree that smoking helps weight control. Our main variable of interest is the
interaction terms of the policy variables and the weight-control belief indicator. A Wald test
of the estimate of the interaction term provides a direct test of whether policy responsiveness
differs by the weight control belief. Xj; is a vector of individual demographic characteristics
including education (low education as the omitted category, middle, and high education),
income (low, middle, with high income as the omitted category), marital status,
employment, age, a quadratic form of age, and wave fixed effects. In the regressions using
pooled samples of both genders, an indicator of being male is added to the model.

Given that the surveys for each country are longitudinal, to account for the correlation of the
same individual over time, we use weighted generalized estimating equations (GEE) to
estimate Equation (1). Logistic link, a binomial family, and exchangeable working
correlation are applied in estimating the method [33]. GEE extends generalized linear
models by adjusting for the correlated data, and yields consistent estimates even when the
covariate structure is mis-specified.[34] Additionally, the corresponding standard errors are
estimated using logistic regressions after accounting for the complicated survey designs of
each ITC country. All analyses were conducted using Stata SE version 13.1.
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We report weighted descriptive summary statistics of the quit attempt indicator and
covariates by country and gender in Table 2. These summary statistics are also adjusted for
correlations between the same individuals over years. The results show that in the studied
countries, quit attempt rates are 37-42% among male smokers and 39-42% among female
smokers. Consistent with the previous literature using the US data, we find that the
prevalence of weight control belief among female smokers is about 10 percentage points
higher than among male smokers. Namely, in the US and Canada, weight-control-belief
prevalence is 23% among male smokers and 38-39% among female smokers; in the UK, it
is 28% among male and 39% among female smokers; in Australia, it is 25% among male
and 32% among female smokers. The mean age of these smokers is about 42—43 years. In
addition, the stratum-level policy variables are similar between genders within a country.

Further, in Figure 1, we plot the attempt rates over years for each country and show that the
quit-attempt rates in the 4 countries are about 30-45%.

Tables 3 shows the results from estimating equation (1). The estimates indicate that among
US female smokers, weight control belief significantly alters their responsiveness to most
studied tobacco control policies in terms of quit attempts. We find that weight control belief
reduces price-responsiveness among US female smokers (p<0.1) and responsiveness to anti-
smoking messaging (p<0.01) ; in other words, increases in price and exposure to anti-
smoking messaging lead to fewer quit attempts for those who have the weight control belief
than for those who do not. More specifically, while a 10% increase in cigarette prices is
associated with about 6% increase in quit attempts among female smokers who do not hold
the weight control belief, the associations between prices and quit attempts are insignificant
among smokers who have such a belief. Similarly, while a 10% increase in the exposure to
anti-smoking messaging is associated with a 12% increase in quit attempts among female
smokers who do not have weight control belief, it is not associated with an increase in quit
attempts among those who do have such a belief. In addition, although exposure to more
restrictive bar and restaurant tobacco control policies is positively but not significantly
associated with quit attempts among US female smokers who do not have the belief, the
interaction term of weight control belief and these policies are significantly negative. We do
not see any patterns for men.

Table 3 also shows that in Canada and Australia weight control belief does not seem to alter
policy responsiveness. In the UK, while a 10% increase in exposure to anti-smoking
messaging is significantly associated with a 13% increase in quit attempts in the pooled
sample of male and female smokers, weight control belief significantly reduces the
responsiveness to anti-smoking messaging in the sense that smokers who have such a belief
are not responsive to anti-smoking messaging. Although exposure to worksite smoking bans
and increasing prices are positively but not significantly associated with quit attempts
among UK smokers who do not have the belief, the interaction term of weight control belief
and these policies are significantly negative.
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In sum, the results presented above suggest very different policy responsiveness by the
weight control belief among US female smokers and among UK smokers. We do not find
positive and significant associations between some tobacco control policies and quit
attempts in some countries, which is likely due to the lack of subnational policies or policy
change during the study period. Nevertheless, our results pertaining to the US female
smokers illustrate that there is a heterogeneity in policy-responsiveness between those who
have the weight control belief and those who do not. Therefore, weight concerns may
contribute to the lack of responsiveness among US females found in the existing literature.
This is also consistent with a recent finding which suggests that US female smokers with
weight control belief tend to be less price-responsive in reducing cigarette consumption than
those without the belief as price increases [15].

Conclusions

This study marks the first effort to answer whether weight concerns alter smokers’
responsiveness to tobacco control policies in making a quit attempt. Using data taken from
ITC 4 country project in the U.S,, the U.K., Australia, and Canada, we analyzed the policy
impact by allowing it to differ by whether the smoker agrees that smoking helps weight
control. We find that weight control belief significantly attenuates policy impacts on
promoting quit attempts among US female smokers. Our findings in part explain why many
previous studies have found that female US smokers do not seem to respond to price
increases by reducing their smoking participation. In other words, weight concerns do
moderate these smokers’ responsiveness to tobacco control policies to discourage quit
attempts and keep them continuing to smoke. Similar patterns are also found in pooled
samples of both UK female and male smokers, but not among smokers in Australia and
Canada.

We acknowledge that there are some limitations to this study. First, we constructed our
weight control belief measure using self-reported answers which may contain some
measurement errors and errors from respondents who reported “neither agree nor disagree”.
However, we conducted some sensitivity analyses by categorizing “neither agree nor
disagree” as having the weight control belief and most of results remain similar. Second, our
weight control belief measure is not specific enough to answer whether it is a concern of
post-cessation weight gain or other weight related concerns and respondents’ weights or
BMIs are not available in the data. Third, for most countries there is not enough variation in
policy measures that can be employed to identify policy impacts. Therefore, although most
of our policy estimates are positive, they are not significant. Nevertheless, we were still able
to detect some difference in the policy impact by weight control belief among US female
smokers and UK smokers. Fourth, since we only have 4 waves of data and ITC is a
longitudinal survey, there is not sufficient variation of quitting over time for us to examine
the interaction effect of weight concerns and policy responsiveness by quitting.

Despite these limitations, our findings provide important empirical evidence that the
efficacy of tobacco control policies in certain sub-populations may be greatly reduced by
some unobserved smoking related factors such as weight concerns. The insignificant or
small price impact on female smokers in the US, to some extent, can be attributed to weight
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concerns that are very prevalent among females. Identifying these potential factors is crucial
to improving the effectiveness of tobacco control policies in certain sub-populations. Since
we found that weight concerns do in fact attenuate policy responsiveness in certain
populations, policy makers should take this into account and alleviate weight concerns to
enhance the effectiveness of existing tobacco control policies on promoting quit attempts
and reducing smoking.
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Refer to Web version on PubMed Central for supplementary material.
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