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LINK TO ABSTRACT

Over the past several decades, the prevalence of smoking has declined in
much of the developed world (OECD 2012), including in the United States and
Canada. During this time, as certain health consequences of cigarette use have
become more well-known, governments have implemented policies that impose
disincentives or restrictions on the consumption of cigarettes in the form of taxes,
indoor smoking bans, and other policy measures. One approach is to require
manufacturers to place warning labels on tobacco products. The warning labels
traditionally have taken the form of black-and-white text boxes on packs of
cigarettes explaining the potential health consequences of smoking. More recently,
beginning in 2001 in Canada,” governments have begun mandating that warning
labels contain colorful, graphic depictions of those consequences, depictions that
can be gruesome, depressing, and often ghastly. As of October 2016, at least 105

1. This article reflects the views of the authors and should not be construed to represent the views or
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6. In 2012 Canada revised its policy to require new messages and new and larger graphics.
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countries have adopted such policies.”

Figure 1. Number of countries adopting graphic warning labels on cigarette packs
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While interest in graphic warning labels (GWLs) has grown around the
world, their effect on smoking rates is not well-established. Most studies have
focused on the impact of graphic warning labels on quit intentions rather than
actual behavioral changes. Although reported intent may be correlated with actual
behavior, in the context of addictive behavior such as smoking, the strength of the
correlation is unclear. Recent efforts by the U.S. Food and Drug Administration
(FDA) to implement graphic warning labels in the United States were blocked
by the courts for violation of First Amendment rights. The battle continues to
generate debate over the impact on actual smoking behavior. A lawsuit filed in
October 2016 against the FDA argues that, for its not issuing yet another rule
to require graphic warning labels, the FDA is in violation of the Family Smoking
Prevention and Tobacco Control Act’s mandate.”

A prominent 2014 study in the journal Tobacco Contro/ has attempted to
measure the effect of GWLs on smoking rates; it uses a difference-in-difference

7. See Appendix Table A1 for a full list of these countries (link to appendices), and see Figure 1 for an
illustration of the growth in policy implementation. For examples of package images by country, including
Canada, see the Tobacco Labelling Resource Centre website (link).

8. See Wilson (2011) for the cigarette package images that were selected but notimplemented in the United
States, and see CBS News (2011) for other images that were considered.
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methodology to estimate the impact of the 2001 Canadian GWL policy on smoking
rates. The authors are Jidong Huang, Frank Chaloupka, and Geoffrey Fong (Huang
etal. 2014), and their results have been cited widely, often in support of implemen-
tation of GWLs in the United States (e.g., New York Times 2013; Myers 2013;
Robert Wood Johnson Foundation 2017; Bach 2018). In a 2015 article also in
Tobacco Control, a select set of authors—the economists Frank Chaloupka, Kenneth
Warner, Daron Acemoglu, Jonathan Gruber, Fritz Laux, Wendy Max, Joseph
Newhouse, Thomas Schelling, and Jody Sindelar—strongly endorsed the Huang et
al. (2014) findings (Chaloupka et al. 2015). The Huang et al. (2014) estimates have
also been cited as existing evidence of the estimated impacts of GWLs on smoking
rates (e.g., Van Minh 2016; Jung 2016; Gibson et al. 2015) or as the yardstick for
comparing other estimates (e.g., Chaloupka et al. 2015; Starr and Drake 2017).
Other researchers have used the Huang et al. (2014) estimates as key inputs in
simulation models to make predictions about similar policies in different settings
(see, e.g., Levy etal. 2017; Kang 2017; Tauras et al. 2017), or to incorporate them in
meta-analyses (e.g., Noar et al. 2016). Since its publication, Huang et al. (2014) has
accumulated 66 Google Scholar citations.

In this paper, we elaborate three major reasons to discount the findings of
Huang et al. (2014). First, the magnitude of the effect found is simply implausible,
and prudence counsels skepticism. Second, after replicating the results of Huang
et al. (2014), we show that by improving the functional form the estimated effect
size shrinks by about half. Third, based on a battery of robustness checks we find
cause to believe that there is omitted-variable bias and also that a key assumption
underlying the analysis is not satisfied. We suggest that the study likely overstates
the impact of GWLs.

Implausibility of effect size
in Huang et al. (2014)

Immediate effects would equal the effect from the first
decade of tobacco policy in the United States

The release of the first report of the Surgeon General’s Advisory Committee
on Smoking and Health (“Surgeon General’s Report”) on January 11, 1964, marks
the beginning of modern tobacco control efforts. In 20006, the Centers for Disease
Control and Prevention (CDC) described the Surgeon General’s Report as “the
first in a series of steps, still being taken more than 40 years later, to diminish
the impact of tobacco use on the health of the American people” (CDC 20006).
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Lawrence Jin, Don Kenkel, Feng Liu, and Hua Wang (2015) study the cumulative
impact of tobacco control efforts from 1964, when the Surgeon General’s Report
was released, to 2010. They simulate how smoking prevalence would have evolved
over time in the absence of the Surgeon General’s Report and all the policy
measures that followed—the “‘no-policy’ counterfactual.” Comparing that to
observed smoking prevalence at any point in time provides a measure of the
cumulative impact of the post-Report anti-smoking movement, and the policies it
encompasses, on smoking prevalence. Comparing the magnitude of these results
to Huang et al.’s estimate of the effectiveness of the GWL policy is instructive.
Huang et al. (2014) estimate a 12.1 percent to 19.6 percent immediate reduction in
smoking prevalence in response to GWLs. Jin et al. (2015) estimate thatin 1980, 16
years after the Surgeon General’s report, observed smoking prevalence was 14.85
percent lower than the no-policy counterfactual. In other words, the cumulative
effect of the first 76 years of post-Report progress was within the range of the
immediate impact of GWLs as estimated by Huang et al. (2014).

The risks conveyed by GWLs are largely widely known in countries such as
the United States and Canada. Furthermore, although the images are gruesome and
elicit emotions of disgust, there is evidence suggesting that smokers may respond
by covering up the label, keeping the pack out of sight, or transferring the cigarettes
to a different container to avoid viewing the images every time they reach for a
cigarette (e.g., Gibson et al. 2015; Guillaumier et al. 2014). In the study by Amy
McQueen etal. (2015), 30 percent of survey respondents reported keeping the label
out of sight some, most, or all of the time (while a low percentage reported using a
case or cover to hide the label). Similarly, David Hammond et al. (2004) find that at
least 30 percent of their study participants attempted to avoid the warnings. Rachel
McCloud et al. (2017) find that avoidance behavior is associated with reported
addiction to cigarettes, age, and the intensity of the reaction to the GWL.

While it may seem intuitive that shocking images should lead to a behavioral
change, there is evidence that adults’ smoking behavior in terms of actual quitting
is not even responsive to news of their own parent’s cardiovascular or cancer
diagnoses, which may be smoking-related (Darden and Gilleskie 2016).” Thus it is
surprising to see results that predict an immediate and sustained effectiveness that
is more than that achieved in the entire first decade of progress after the Surgeon
General’s Report, a time when knowledge of the major smoking risks was diffusing
throughout the general population.

9. Margolis et al. (2014) examine the impact of health shocks on individuals® health behavior and find
that smokers who undergo more invasive surgeries such as coronary artery bypass graft are more likely to
improve health behavior such as by quitting smoking.
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Effects would be larger than those estimated in settings
where GWLs are expected to have a relatively large impact

There are different ways to measure the effectiveness of graphic warning
labels. For example, the evidence from the literature unequivocally supports that
pictorial cigarette pack warnings in Canada and other countries are more effective
than text-only warnings as measured by cognitive and emotional reactions,
increased motivation to quit smoking, and greater awareness of risks and warnings
(see Fong, Hammond, and Hitchman 2009; Hammond 2011; Noar et al. 2010).
These associations have been confirmed in more recent studies (e.g., Partos et
al. 2013; Rousu et al. 2014; Cameron et al. 2015; Nagelhout et al. 2016; Yong
et al. 2016; Brewer et al. 2016; Gravely et al. 2016; Green et al. 2016), although
there is some evidence that their effectiveness declines over time (Hitchman et al.
2014). On the other hand, studies examining changes in smoking behavior that can
be interpreted as causal are more limited. A recent systematic review concludes
that existing evidence of pictorial warnings on behavioral change is inconclusive
(Monarrez-Espino et al. 2014), while other studies discuss some of the underlying
difficulties (e.g., Hammond 2011; Harris et al. 2015; Irvine 2015). As will be
discussed below, these studies provide a wide range of estimates of the potential
effect of GWLs on smoking behavior.

One of the earliest attempts to estimate the effect of GWLs on smoking
prevalence was that of Nikolay Gospodinov and Ian Irvine (2004). Although it was
one of the first published studies to use smoking rates as an outcome measure,
Gospodinov and Irvine (2004) has received much less attention (only 25 Google
Scholar citations as of March 3, 2018) than has Huang et al. (2014). Using Canadian
Tobacco Use Monitoring Survey data to compare smoking rates in the six months
before and after graphic warning labels were in effect, Gospodinov and Irvine
(2004) estimate a 0.34 percentage-point reduction in smoking rates in Canada that
is not statistically significant.

Using a longer time period (1998-2008, before and after implementation of
the policy) and longitudinal data, Sunday Azagba and Mesbah Sharaf (2013) find
that graphic warning labels in Canada decreased the odds of being a smoker and
increased the odds of quit attempts.'’ Azagba and Sharaf (2013) use a longitudinal
panel and control for a set of individual demographic characteristics as well as
tobacco prices and smoke-free policies.'' However, Azagba and Sharaf’s empirical

10. The estimated odds ratio cannot be directly interpreted as the marginal effect of GWLs on smoking
prevalence, although it appears that Chaloupka et al. (2015, 113) may have misinterpreted Azagba and
Sharaf’s results as such.

11. Azagba and Sharaf (2013) control for a set of variables including gender, age, education, household
income, marital status, household size, employment status, immigrant status, workplace smoking bans,

(O8]
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approach does not include a control group. Since the GWL policy was imple-
mented at a national level in Canada, there remains doubt as to whether one can
make causal inferences from those estimates.

One of the motivations for the Huang et al. (2014) study was to reassess
FDA’s analysis of the potential effect of graphic warning labels in the United States.
In FDA’s 2010 and 2011 prospective regulatory impact analyses of the GWLs
rule—which is not currently in effect—FDA extrapolated from Canada’s
experience to generate a prediction of the etfect of graphic warning labels if they
were to be implemented in the United States (75 FR 69523; 76 FR 36627). FDA’s
approach compared the difference between the actual 1994-2009 smoking rates
and rates predicted by pre-2001 trends in Canada and the United States, accounting
for changes in cigarette excise taxes, and calculated how the average difference for
2001-2009 compared with the average difference for 1994-2000. Extrapolating
from the resulting point estimate of the effect of GWLs in Canada, FDA predicted
that the rule would reduce U.S. smoking rates by 0.4 percent, or 0.088 percentage
points. Consistent with Gospodinov and Irvine’s findings, FDA’s estimate of the
effect of Canadian cigarette graphic warning labels on smoking rates, based on the
available evidence in 2011, was not statistically significant. By contrast, Huang et al.
(2014) analyze the same aggregate-level data on Canada and United States smoking
rates used in the FDA’s regulatory impact analysis and report that Canadian GWLs
led to a statistically significant 12.1 percent to 19.6 percent reduction in smoking
rates (which would be a 2.87 to 4.68 percentage point decrease using pre-2001 US
smoking rates of 23.9 percentage points as the baseline).'> Huang et al. (2014, i7)
indicate that their estimates would have translated into a reduction of 5.3 to 8.6
million smokers between 2012 and 2013 had the U.S. government implemented
the GWL policy in 2012. As mentioned above, these results would suggest an
immediate impact greater in magnitude than the reduction in U.S. smoking preva-
lence in the first ten years following the Surgeon General’s Report.

A study by Jeffrey E. Harris, Ana Ines Balsa, and Patricia Triunfo (2015)
provides estimates that are informative regarding the plausibility of the estimates
in Huang et al. (2014). Harris et al. (2015) find that a GWL policy in Uruguay was
associated with a 3 percentage-point increase in the cessation rate among pregnant
women. Considering the context in which Uruguay’s policy was implemented and
evaluated, it is surprising how large the implied effect of Huang et al. (2014)’s
estimate on cessation would be, as discussed later in this subsection. First, it is

providence of residence and cigarette prices.

12. Starr and Drake (2017) use an event study methodology to estimate abnormal stock rates of return
resulting from the stock market reaction to the publication of the FDA graphic warning label rule to infer
smokers’ demand for cigarettes. Starr and Drake then conclude that smokers’ demand for cigarettes would
decrease by a similar order of magnitude as Huang et al.(2014)’s estimates.
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important to note that Uruguay is an upper-middle-income country where the
mean number of cigarettes smoked per day among daily smokers is about the same
if not greater than the corresponding mean for smokers in the United States and
Canada (ITC 2014). Second, to the extent to which pregnant women in Uruguay
had little knowledge of the risks of smoking during pregnancy, one would expect to
see a large reduction in smoking behavior. The estimated effects found by Harris,
Balsa, and Triunfo (2015) also include the effects of other tobacco health measures
known to be important to all smokers (not just pregnant women) that could not be
separately estimated.

More recently, Ce Shang et al. (2017) examine cross-sectional data from sur-
veys in 18 countries that had adopted the World Health Organization Framework
Convention on Tobacco Control. Shang et al. (2017) report that GWLs were asso-
ciated with 10 percent lower smoking prevalence among low-education individuals
and 2.3 percent among all adults—a figure well below the Huang et al. (2014)
lower bound of 12.1 percent. The Shang et al. (2017) estimates are correlations that
cannot be interpreted as causal, but their study suggests that developing countries
might experience greater impacts from tobacco policies than developed countries.
In addition, the results of another cross-country study that compares trends before
and after a GWL policy among more than 60 unnamed countries shows that
smoking prevalence decreased by 0.40 percent after enacting a GWL policy, but
this change is not statistically significant (Ngo et al. 2018)."

Studies of the adoption of plain packaging in combination with enlarged
graphic health warnings in Australia are also instructive. One such study found that
adopting these policies in Australia was associated with a 0.55 percentage-point
reduction in smoking prevalence in a period of 34 months (AGDH 2016)."* That
study does not address certain confounding factors and only compares the impact
before and after the policy within Australia (i.e., there is no control group), which
leaves questions regarding the causal interpretation of the results. A study by Pascal
Diethelm and Timothy Farley (2015), seeking to refute that plain packaging had
no etfect in Australia, estimates that adopting plain packaging in combination with
enlarged graphic health warnings was associated with a statistically significant 3.7
percent reduction in smoking prevalence. Diethelm and Farley do not report the
exact smoking rate measured in their dataset prior to policy implementation, but
by using an approximate smoking rate of 19 percent as reported above, the 3.7

13. Huang and Chaloupka are among the authors of Ngo et al. (2018), yet that article does not reconcile, or
discuss the contrast of, its findings with those of Huang et al. (2014).

14. The model predicted that without the packaging changes, smoking prevalence would have been 17.77
percent rather than 17.21 percent. The average smoking prevalence 34 months preceding the policy was
19.4 percent, and the study concluded that the plain packaging accounted for about 25 percent of the 2.2
percentage-point decline between the pre- and post-policy periods.
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percent reduction would imply an approximately 0.7 percentage-point reduction
in smoking. The study controls for a linear time trend and certain other tobacco-
control policies selected by stepwise regression, but it does not use a control in
estimating the before-and-after impact, again leaving questions regarding causal
interpretation of the results. Still, the size of the reduction in smoking prevalence
associated with these joint policies in a high-income country such as Australia raises
doubts about the large and almost immediate impact attributed to only GWLs in
Huang etal. (2014).

When placed in context of the existing literature, the estimates of Huang et al.
(2014) appear unrealistic. Consider the upper-bound estimate of a 4.68 percentage-
point decrease and what this would mean if we apply the estimate given the current
rates of initiation, cessation, and smoking in the United States. Even if smoking
initiation was eradicated as a result of GWLs, the 4.68 percentage-point estimate
would still imply that cessation rates would have to at least double the current
U.S. cessation rate of about 6 percent in order to generate the predicted change
in the United States population smoking rate (see CDC 2011). That would require
an extraordinary change in population behavior given that cessation rates in the
United States have remained relatively unchanged since 2001. According to CDC,
there has been little progress made towards “increasing receipt for advice to quit,
use of counseling and/or medication” to meet one of the Healthy People 2020
objectives to increase U.S. cessation rates to 8.0 percent by 2020 (Babb et al.
2017)." Using the Current Population Survey Tobacco Use Supplement, Shu-
Hong Zhu et al. (2017) report that the U.S. overall population cessation rate was
about 4.5 percent throughout the period 2001-2010, and it increased to 5.6 percent
in 2014-2015. These data indicate a 1.1 percentage-point increase in a period
covering 15 years, or about a 0.08 percentage-point increase per year. Data show
that the implication of the estimates would be surprising for Canada, too. Data
show that quit rates among ‘ever’ smokers (i.e., current and former smokers) in
Canada went from 52.3 percent to 59.7 percent from 2001 to 2005 and that they
hovered around 60 percent until 2011; the quit rate in 2015 was 67.7 percent and
increased by 13 percentage points between 2004 and 2015, suggesting an average
annual increase of about 1.1 percentage points (Reid et al. 2017).

15. Studies have estimated a 15 percent successful quit rate without relapse among those who participate
in nicotine replacement therapy or participation in smoking cessation programs (Warner et al. 2004;
Cummings and Hyland 2005).
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Comparison of GWL estimates to other policy interventions
(tobacco and non-tobacco)

There are other tobacco control policies that have been implemented for
which comparisons of their relative effectiveness help to better understand the
implications of the purported effects estimated in Huang et al. (2014). Kevin
Callison and Robert Kaestner (2014) show that tobacco taxes, which would have
direct financial effects on smokers, have little impact on cigarette consumption,
and they estimate that a doubling of all tobacco taxes would be required to obtain
a 5 percent reduction in smoking.'® On the other hand, Christopher Carpenter
and Philip J. Cook’s study (2008) suggests that a one-dollar increase in the tax per
pack of cigarettes would reduce smoking participation by about 9-20 percent (or
2.7-5.9 percentage points). Carpenter and Cook acknowledge the limitations of
the self-reported nature of the data they utilize and indicate that “[p]erthaps the
best interpretation of our results is that they reflect a reduced form of direct and
indirect influences on youth decisions” (2008, 23). There are also mixed results
with respect to the impact of indoor smoking bans. Thomas Carton et al. (2016)
show that indoor smoking bans can reduce smoking between 2.35 percent and
3.29 percent, while Carpenter, Sabina Postolek, and Casey Warman (2011) find that
public smoking bans have no impact on smoking behavior.

A comparison to non-tobacco policies governing the provision of health
information about consumable products shows how large the Huang et al. (2014)
estimate is in this broader context. In a study that included 20 countries over a
period of 26 years, the authors conclude that a ban on alcohol advertising led to a
5-8 percent reduction in alcohol consumption (Saffer and Dave 2002). The results
of these studies differed from previous studies that found little to no effect of
alcohol advertising on its consumption. Another health policy is that of posting the
calorie count of foods to inform consumers of the caloric content. Bryan Bollinger
and colleagues (2011) found that calorie posting has been associated with a 6
percent reduction in average calories purchased per transaction. On the other hand,
another study found little evidence of the labeling on calorie purchases (Elbel et al.
2009).

The results of Bollinger et al. (2011) are consistent with a prominent study by
Pauline Ippolito and Alan Mathios (1990), who examined the impact of advertising
and labeling campaigns that for the first time cited the National Cancer Institute’s
statements on the link between fiber and cancer. The first such campaign was
launched in 1984 by the Kellogg Company and was followed by other companies

16. This size effect may in part be due to reduced responsiveness to taxes by youth (Hansen, Sabia, and
Rees 2015).
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in the industry. The setting in which that study occurred was important because
during that period of time only government and general nutrition sources provided
health information to the public. In the mid-1970s, research had already suggested
a link between the consumption of fiber and a lower incidence of colon cancer.
Although the information about the link had been known, this campaign
represented the first time consumers received this information from industry. In
other words, this case represents a similar setting in which knowledge about the
risk of consuming a certain product is known already but is first made available to
the consumer in a new and more visible format. In this case, Ippolito and Mathios
(1990) estimated that health warnings led to a 5 percent increase in consumption of
high-fiber cereal, at the expense of low-fiber cereal.

Most of the studies discussed here (tobacco and non-tobacco control)
provide a range of policy-effect estimates that goes from none to 10 percent, with
most estimates being around 5 percent. Thus, the results from these studies suggest
that the estimates in Huang et al. (2014) are implausibly large and call for further
investigation. In the next section we present additional reasons for doubt, focusing
on the empirical methods and data used in Huang et al. (2014).

Replication and assessment of
Huang et al. (2014) model and results

Data and methods

We begin by replicating the results of Huang et al. (2014) using their
preferred specification and data provided in their appendix. Our analysis also uses
data from other sources to conduct sensitivity and robustness checks. The data
provided in the Huang et al. (2014) appendix include information on smoking rates,
as well as measures of cigarette prices for Canada and the United States. Data on
Canada’s smoking rates for the population 15 years and older in the years 1994 to
2009 come from multiple sources, including the General Social Survey, Survey on
Smoking in Canada, National Population Health Survey, and Canadian Tobacco
Use Monitoring Survey. The data on the smoking rates for the U.S. population ages
18 years and older for years 1994 to 2009 come from the National Health Interview
Survey (NHIS).

The analysis draws data on cigarette prices and excise taxes for Canada and
the United States from several sources. U.S. cigarette price information is compiled
by the Bureau of Labor Statistics and is adjusted by the overall consumer price
index. Canada’s cigarette price index is drawn from the Canadian monthly
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consumer price index components for cigarettes and is also adjusted using
Canada’s overall consumer price index. The Canadian price index is constructed
as the average over the months covered by the Canadian smoking surveys while
the U.S. price index is defined as the average over the month specific to the NHIS
surveys. We also use data on actual prices paid by smokers, as constructed from
self-reported prices in the International Tobacco Control Policy Evaluation
Project (ITC) surveys. As described by Huang et al., the tax and price measures
were normalized and indexed to 1 in November 2002, and the U.S. tax and price
variables were normalized to a Canadian scale using the exchange rate between the
U.S. dollar and the Canadian dollar. We use data on vehicle car accidents made
available from Transport Canada (link), and the U.S. Department of
Transportation (link) to conduct a battery of robustness checks; these data were
not utilized in Huang et al. (2014).

Finally, we note that although more recent data are available, the period of
analysis ends in 2009 not only to be able to replicate Huang et al. (2014)’s study
but to minimize two confounding factors. First, the Family Smoking Prevention
and Tobacco Control Act was signed into law on June 22, 2009, granting FDA
the authority to regulate the manufacture, distribution, and marketing of tobacco
products. Second, in 2012 Canada completed implementation of a new policy
(link) that required all cigarette and little cigar packages to have health warnings
covering 75 percent of the front and 75 percent of the back of the package.

The difference-in-difference method is captured by equation (1) below.

In(SmokingRate) = o + p1Canada + p,PostGWL + psCanada* PostGW 1L + fu(inExcise Tax
ot lnPrice Index) + psla(MonthlyTrend) + error 1

The outcome variable of interest is the natural log of the annual smoking rate
in each country. In equation (1), a binary variable, Canada, is equal to 1 if the
observation is from Canada and equal to 0 if the observation is from the U.S. The
coefficient on this variable is interpreted as the difference in the average smoking
rates in Canada relative to the U.S. The binary variable PosstGIW1 is equal to 1 if the
smoking rate is for the post-2001 (post-treatment) period and equal to 0 otherwise.
The coefficient of this variable is interpreted as the difference in average smoking
rates before and after the treatment. The interaction between Canada and PostGWL
takes on a value of 1 if the observation comes from Canada in the post-treatment

period and 0 otherwise. The coefficient of Canada*PostGWL, f, is interpreted as
the difference in average smoking rates in Canada before and after policy adoption
minus the difference in average smoking rates in the U.S. before and after policy
adoption (the difference-in-difference estimator, henceforth referred to as the
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GWL policy effect). In other words, assuming that the required conditions hold, 5
represents the estimated impact of the GWL policy on smoking rates.

Following Huang et al.(2014)’s approach, the variable /nExcise Tax or /nPrice
Index is defined as the natural log of the tax or the natural log of a price index, and
is included to control for prices. Huang et al. use two separate price indices, one
that adjusts for prices captured in surveys conducted by the ITC (/zPrice Index w/
ITC) and one that does not (/nPrice Index w/o ITC). Thus thete are three separate
variations of the price or excise tax variable: szExcise Tax, InPricelndex w/ITC, and
InPricelndexc w/oITC." Equation (1) also includes the variable /u(MonthlyTrend),
which is the natural log of the monthly trend variable. In other specifications,
equation (1) includes country-specific linear trends, Canada*Monthly Trend.

Following Huang et al. (2014), equation (1) is estimated using ordinary least
squares and with non-robust standard errors. In total, there are six specifications
(referred to as Models 1-06) that vary in the inclusion of a measure of cigarette price,
excise tax, a monthly trend, and country-specific linear trends. In the sections that
follow, we describe our results in replicating Huang et al. (2014)’s estimates, as well
as our results from conducting a battery of tests and robustness checks to shed
further light on the sensitivity and validity of the results.

Replication of Huang et al. (2014) estimates

We replicate Huang et al. (2014)’s estimates within a small margin of error.
The results are presented in panel A of Table 1 for Models 1 through 6. In panel
B of Table 1 we also show the results using robust standard errors to correct for
heteroskedasticity. In subsequent corrections to Huang et al. (2014)’s estimation
procedure, we present robust standard errors but note that our findings are not
sensitive to this adjustment. Among the six specifications, Models 4 to 6 are the
preferred specifications as those control for country-specific trends (later we
discuss the importance of these variables). Consistent with Huang et al. (2014)’s
results for Models 4 to 6, the estimated coefficients in panel A and panel B of Table
1 are statistically significant and suggest a reduction of 12.1 percent to 19.6 percent
(or a 2.87 to 4.68 percentage point decrease using pre-2001 U.S. smoking rates of
23.9 percent as the baseline)

17. In the “Assessment of...model specification and assumptions” subsection below, we discuss some of
the issues that may arise when using an endogenous variable such as price as a control variable.
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TABLE 1. Replication of Huang et al. (2014)’s estimates

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Panel A. Huang et al.’s specification: logged trends, non-robust standard errors

—0.145" =063 —0.180 -0.128" -0.181" —0.219
(0.037) (0.042) (0.045) 0.064)  (0.072) (0.075)

R-squared 0.942 0.921 0.909 0.942 0.921 0.911

ok ek

CA*GWL

Panel B. Huang et al.’s specification: logged trends, robust standard errors

CA*GWIL -0.145""  —-0.163" -0.180"" —0.128" -0.181" 0219
’ 0.036)  (0.040)  (0.041)  (0.056)  (0.075)  (0.070)
R-squared 0.942 0.921 0.909 0.942 0.921 0911

Panel C. Huang et al.’s specification: non-logged monthly trends, robust standard errors

-0.203"  -0.202 -0.202"  —0.091

ek o

—0.099"  —0.098"

CATGWIL (0.028) (0.028) (0.029) (0.035) (0.037) (0.038)
R-squared 0.904 0.964 0.964 0.976 0.975 0.975
Controls:

Ln(Monthly Trend) or Monthly Trend Yes Yes Yes Yes Yes Yes

Ln(Index Excise Tax) Yes Yes

Ln(Price Index w/o ITC Price) Yes Yes

Ln(Price Index w I'TC Price) Yes Yes

Canada & Trend Interaction Yes Yes Yes

Observations 29 29 29 29 29 29

ok

Notes: Unless specified, robust standard errors are reported in parentheses. p<0.10, “p<0.05, “"p<0.01. The list
of Controls applies to panels A to C. Panels A and B control for logged monthly trends. Panel C controls for
non-logged monthly trends.

Assessment of Huang et al. (2014) model specification and
assumptions

Difference-in-difference estimates only produce valid estimates under
certain assumptions, ie., parallel trends, correct model specification, and no
omitted variables. If any of these assumptions does not hold, the estimated effect is
biased. In some cases, the validity of certain assumptions cannot be directly verified
because the assumptions are made about unobservable data. But in general one can
test the plausibility of the causal identification assumptions. In this subsection, we
discuss the results from a battery of tests to assess the validity and robustness of the
estimates.

Functional form of the time trends and potential serial correlation

An important assumption in statistical inference is that the model is correctly
specified. Misspecification of the functional form can result in biased estimates,
and in this subsection we discuss how these estimates are sensitive to the choice of
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certain model specifications. Log transformation is common when there is a non-
linear relationship between two variables, when there is an undetlying theory that
suggests a log form is needed (e.g., estimating elasticities), or when it is necessary to
change the scale of a variable because its distribution is skewed. Upon review of the
data, we do not find evidence to support use of the log monthly trend as specified
in equation (1). We therefore re-estimate the specifications presented by Huang et
al. (2014) replacing the logged monthly trends with the linear (non-logged) monthly
trends, and we present the results in panel C of Table 1. The results show that
the magnitude of the coefficient of interest in Models 4 to 6, which include the
country-specific trends, decreases significantly compared to panels A and B, while
the magnitude for Models 1 to 3 increases compared to panels A and B. The
estimated coefficients for Models 4 to 6 suggest a reduction of 9.5 to 10.3 percent
(or a 2.27 to 2.46 percentage-point decrease using pre-2001 U.S. smoking rates of
23.9 percent as the baseline). These estimates are about half of what Huang et al.
(2014) estimate, but are still suspect as will be discussed later in this subsection.

We provide further evidence against the use of logged trends with the
following two exercises. First, we illustrate how misspecification of the trend
variable affects the estimates by comparing a graph of the actual and the predicted
outcomes using the logged trends with an analogous graph produced using non-
logged trends for Models 4 to 6 (Figure 2, panels A to ). Second, we plot the
residuals (the difference between the predicted smoking rate and the actual
smoking rate) from the regression specifying logged trends and compare those to
the residuals obtained from the corresponding regression using non-logged trends
(Appendix Figure Al panels A to F; appendices are available here).

Figure 2 shows that specifying a log functional form for the time trend
variable causes the regression to fit a flatter trend with a much larger break at the
time of policy implementation, compared with the non-logged functional form.
Comparing the predicted trends for the U.S. and Canada in Model 6, we see that the
functional form of the unlogged time trend (panel F) results in a smaller difference
compared to the predicted values where logged trends are used (panel E). As a
result, using logged time trends produces a much larger estimate of the GWL
policy’s effect. These results illustrate the sensitivity of the estimates to the
functional form of the time trend included as an independent variable.

Similarly, Appendix Figure Al panels A to F show that the residuals from
the logged time trend models exhibit a downward trend, suggesting the presence
of serial correlation—a violation of a fundamental assumption required for correct
interpretation of the estimated parameters. Furthermore, the downward trend in
the residuals is steeper for Canada than for the U.S. Note that there should be no
pattern in the residuals if there is no serial correlation. In other words, no serial
correlation means that the error in a given time period should not influence the
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error in subsequent time periods. Therefore, the residuals should appear to be more

randomly distributed and their mean should be zero.

Figure 2. Predicted versus actual smoking rates: Models 46
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In a separate analysis presented in Appendix Table A2, we estimated Models
1 to 6 controlling for year fixed effects to account for annual trends that may
be common to both countries. Adding year fixed effects reduces the estimated
coefficients in magnitude further. However, we exercise caution in interpreting
these results given that the sample includes only 29 observations and adding year
fixed effects reduces the degrees of freedom significantly. Thus, although the
results from Appendix Table A2 suggest that year fixed effects matter, for the rest
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of the analysis we focus on the model without year fixed effects. Taken together,
the results show that controlling for monthly trends in levels reduces the serial
cotrelation; however, concerns about the unbiasedness of the estimates remain
given that the errors in some of the specifications do not seem to be randomly
distributed and symmetric around zero, and that there are other factors that we may
not be controlling for that may explain both smoking rates and policy adoption
tendencies.

We remain concerned about the estimated effects even after controlling for
linear rather than logged trends. The next subsections discuss the additional data
and empirical challenges in more detail.

Price is endogenous, and the coefficients go against established
empirical evidence of price effects

Huang et al. (2014) highlight the importance of controlling for cigarette
prices or cigarette excise taxes. Whether it is more appropriate to use the price of
cigarettes or the excise tax on cigarettes as an explanatory variable is an example
of one of the oldest problems in econometrics: the non-independence of market
price. Because price changes with shifts in demand caused by other market factors,
one cannot treat price as independent when estimating changes in quantity
demanded. In other words, the same market forces could be causing both the
change in price and the change in quantity. According to Jonathan Gruber and
Michael Frakes (2000), excise taxes are preferable to using cigarette prices because
cigarette prices may be linked to changes in cigarette demand. If changes in
cigarette demand are driven by factors that also influence the dependent variable,
it becomes difficult to untangle whether the results are caused by the change in
price or by factors that caused the change in demand. That is, the price of cigarettes
can change the amount that people smoke, but changes in people’s preferences for
the amount they want to smoke can also cause changes in prices; thus, standard
statistical and inferential analysis that does not use an appropriate methodological
approach cannot distinguish which is the cause and which the effect and in turn
leads to biased estimators. Moreover, generally the estimator is inconsistent, which
means that the problem does not go away by increasing the sample.

If the changes in the non-tax portion of prices in the U.S. and Canada
followed roughly the same pattern post-2001 as they did pre-2001, and if the
relationship between smoking status and cigarette prices was also relatively
constant between the two time periods, then smoking rate trends would adequately
control for the effect of non-tax price changes on smoking rates. In Appendix
Figure A2 (panels A to C), we observe that the trends for each of the (normalized)
price measures examined in Huang et al. (2004) are similar and that excise taxes
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exhibit more variation in the period 2003-2009. We would then expect the
coefficient on the GWL policy to vary little when either of the price measures is
used.

The results of Models 4 to 6 (those including the country-specific trends) in
panel C of Table 1 confirm our prediction that the magnitude of the coefficient
remains relatively similar in Models 5 and 6 where the price index is used (—0.099
and —0.098, respectively), and smaller in Model 4 (—0.091) where excise taxes are
used. The results of Models 4 to 6 show that controlling for the price indices
rather than excise taxes does not drive substantial variation in the magnitude of
the estimated coefficient as Huang et al. assert. Moreover, the coefficients of the
price indices range from —0.03 to —0.02 and none of them is statistically significant
(these results are not shown but are available upon request).'® We are not saying
that the results are evidence that prices are not important in this context. On
the contrary, prices are important, and the lack of statistical significance on the
coefficient of price measures is concerning because it contradicts empirical
evidence of substantial price elasticities in both the U.S. and Canada (see, e.g.,
Gruber et al. 2003; Adda and Cornaglia 2000; 2010).19 There are economettric
techniques to address endogeneity of price (for example, finding an instrumental
variable). Addressing this issue empirically is beyond the scope of this paper, which
adds to the uncertainty regarding the unbiasedness of the estimates.

Parallel trends and pre-existing trends

Difference-in-difference estimation is a popular quasi-experimental ap-
proach for policy evaluation because of its simplicity and its potential to control for
secular trends that may confound simple pre-post comparisons. The idea behind
this method is that the unobserved counterfactual—what would have happened to
the outcome in the treatment group in the absence of the policy—would follow
the observed evolution of the outcome for the control group. Differences in the
evolution of the outcome between the treated and control group after the
intervention period would be attributed to the effect of the policy intervention. But
one of the critical assumptions, known as the parallel trends assumption, is that
trends in the outcome variable are similar for the control and treatment groups
before the policy intervention and that the only other differences between the two
groups are constant over time.

18. Huangetal. (2004) report negative coefficients but notall of them are statistically significant for Models
4t00.

19. Irvine (2015) raises the same concern about how the results of Huang et al. (2014) would suggest that
prices would have no effect, in contrast to well-established findings.
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While smoking rates can be different in absolute terms between the two
countries, the parallel trends assumption requires that their paths mimic each other
in such a way that the difference between the two paths remains constant over
the pre-treatment period. As seen in Figure 3, smoking rates in Canada and the
U.S. prior to 2001 were on different trajectories, suggesting that the parallel trends
assumption does not hold. Specifically, the smoking rate was decreasing faster in
Canada than in the U.S. from 1995 to 2001.% If the parallel trends assumption were
valid, the difference in smoking rates would remain constant in the pre-treatment

21
period.

Figure 3. Smoking rates in Canada and the United States, 1991-2009
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Another point that is salient from Figure 3 is that smoking rates are going
down in both the U.S. and Canada even before the GWL policy was implemented
in 2001. When applying difference-in-difference estimation methods,” it is stan-
dard practice to account for pre-existing trends that differ across countries by

20. This remains true even when examining the logged smoking rates; see Appendix Figure A3.

21. Notably, Models 1 to 3, which restrict the trend to be the same for Canada and the U.S., contradict the
evidence showing that the trends differ.

22. Tt is customary for difference-in-differences analyses to address pre-existing trends to convince the
reader that the estimated impact is due to the intervention rather than to pre-existing trends (see, e.g.,
Moser and Voena 2012; Gaynor et al. 2013; Bleakley 2010; Oreopoulos 2006; Carpenter 2006).
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including country-specific time trends in the estimating equation.” Failing to
account for differences in the evolution of the outcome variable in the pre-
intervention period would result in biased estimates of the impact of the treatment.
In other words, the differential decrease in the dependent variable may be falsely
attributed to the policy of interest because one would have observed a decrease
even without the policy. One can see the nature of the biasedness in the results
presented in Table 1 where the estimates are sensitive to the inclusion of country-
specific trends.

While controlling for country-specific trends reduces the bias in the
estimates presented in panel C of Table 1, there are still concerns based on the
results of an event history analysis (we refer to it as a dynamic specification and
discuss it in more detail in Appendix B). In the event history analysis, we estimated
a variation of equation (1) that includes lags (t + x years) and leads (t — x years) of
the GWL policy as independent variables. If the GWL policy caused a reduction
in smoking rates, then we should not expect to see an impact of the policy on
lead years, otherwise, it suggests that the parallel trend assumption is violated. The
results of Appendix B indicate that the policy affected smoking rates in the years
preceding the actual policy implementation.

These results provide evidence that the results are biased, given that the
parallel trends assumption is violated, and should not be interpreted as causal.

Estimating the effect of GWLs on an outcome that should not be
affected

A widely used falsification test to examine the validity of difference-in-
difference estimates is the use of an outcome that should not be affected by the
policy—a placebo (Gertler et al. 2011, 99-101). The idea behind this approach is
that by examining an outcome that is unrelated to GWLs, one should find zero
impact of the policy on the placebo outcome. In this section, we use the number of
fatal car accidents in both countries as the unrelated outcome and estimate Models
1 to 6 using unlogged trends in panel A of Table 2). Above, we discussed that in
this analysis, the more appropriate specifications are those in Models 4 to 6. The
associated coefficients of interest are negative but not statistically significant in
Models 4 to 6; the estimated coefficients range between —0.062 and —0.053. This
result of statistical insignificance is what one would expect. Appendix Table A3
panel A shows the results of this specification using the logged monthly trends, and

23. See, for example, Abouk and Adams (2013), Leive and Stratmann (2015), Fortson (2009), Di Tella et al.
(2003), and Ruhm (1998), all of which discuss the danger in not controlling for geographic differences in
their respective analyses that use a difference-in-differences approach.
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the results show a negative and statistically significant estimate for Models 5 and 6.
These results yield further evidence that the logged functional form yields biased
results.

TABLE 2. Robustness checks

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Panel A. Falsification test of Huang et al.’s specification: outcome is fatal car accidents

0103  —0104"  —0.104"  —0062  —0.053  —0.054
0.041)  (0.039) (0.037) 0.063)  (0.064)  (0.065)

Panel B. Outcome is smoking rate, treatment is 1999-2000, control is 1995-1998

—0.093" —0.059 —0.059 -0.058 -0.079 —-0.079
(0.026) (0.052) (0.052) (0.025) (0.038) (0.038)

CA*GWL

CA*GWL

Panel C. Outcome is smoking rate, treatment is 1996-2000, control is 1991-1995
—0.093" -0.101" —-0.101" 0.031 0.056 0.056

CATGWIL (0.026) (0.033) (0.033) (0.044) (0.0406) (0.0406)
Controls:

Monthly Trend Yes Yes Yes Yes Yes Yes
Ln(Index Excise Tax) Yes Yes

Ln(Price Index w/o ITC Price) Yes Yes

Ln(Price Index w ITC Price) Yes Yes
Canada & Trend Interaction Yes Yes Yes

Sources: Canadian Council of Motor Transport Administrators (2011); National Highway Traffic Safety
Administration (1995; 2017). Nofes: Robust standard errors in parentheses. 'p<0.10, "p<0.05, "p<0.01.
Outcome is log of annual number of fatal car accidents.

Testing the effect of GWLs when the policy had not been implemented

Another commonly used method to test the validity of the estimated results
is to perform the difference-in-difference estimation restricting the analysis to a
period in which the program has not been implemented and therefore the policy
should have no effect on the outcome—a fake policy (Gertler et al. 2011, 99-101).
We conduct this exercise by simply examining the pre-intervention period and
redefining the pre-treatment and post-treatment periods in several ways. First, we
select only the period 1995-2000 and define the pre-treatment period as
1995-1998 and the post-treatment period as 1999-2000 (panel B of Table 2). Since
the Canadian GWL policy was enacted in 2001, we would expect to find no effect
of the policy on smoking rates in this timeframe. Panel B of Table 2 shows that the
coefficient on the GWL policy is negative and statistically insignificant for Models
4 to 6, which control for country-specific linear trends.

Next, in panel C of Table 2, we present results from limiting the analysis
period to 1991-2000 and defining the pre-treatment period as 1991-1995 and
post-treatment as 1996—2000. The estimated coefficients are positive albeit not
statistically significant for Models 4 to 6. While a negative coefficient in the pre-
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treatment period may lead to an upward bias, a positive coefficient on the placebo
policy may lead to bias in the opposite direction. Irrespective of the sign, however,
the idea behind this test is that we should find a zero or statistically insignificant
effect of the policy when it had not been implemented. The corresponding results
of panels B and C when the trend is logged in Appendix Table A3 show the
coefficients of interest being negative and statistically significant in panel B but
positive and marginally statistically significant in panel C.

In one set of specifications presented in Appendix Table A3, the estimated
coefficients suggest that during the fake-policy treatment, smoking rates decreased,
but in Table 2 (using unlogged trends), the results suggest there is no association.
These results again cast doubts on the unbiasedness of the specifications that use
logged trends.

Discussion and conclusion

In this study, we discuss reasons to be skeptical about the large estimates
found in Huang et al. (2014), and we show that their difference-in-difference
model, as implemented, leads to biased (and potentially inconsistent) estimates.
That casts doubt on whether their approach produces sufficient statistical evidence
to identify the causal effects of Canadian graphic warning labels on smoking rates.
In addition, we show that the estimated effects do not withstand a battery of
robustness checks.

While we are able to improve upon Huang et al. (2014)’s methodology, we
highlight the following limitations. First, we find that given the available data and
the results in Table 2 and Appendix B, we are still unable to address the important
assumptions that the parallel trends assumption is valid and that there is no omitted
variable bias or endogeneity bias. Omitted variable bias may be present when the
specification does not control for other factors that are correlated with the tobacco
control policy and smoking behavior that we are evaluating in this paper. Examples
of these factors, some of which are discussed by Huang et al. (2014), include
smoke-free air policies, marketing restrictions, anti-smoking media campaigns,
consumer attitudes towards smoking, and health shocks. Huang et al. (2014)
acknowledge that “the strength and implementation of these other policies in the
USA were as strong as, if not stronger than, those in Canada during the post-2000
period” (2014, i11). This difference in policy implementation could also violate
the assumptions of the difference-in-difference methodology and result in biased
estimates.

Similarly, the data do not permit us to examine participation in the black
market (e.g., cigarette packs smuggled from the U.S. into Canada that do not
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contain graphic warnings), which has been expanding since 2002 (Physicians for
a Smoke-Free Canada 2010). Furthermore, the methodology does not address the
issue of endogeneity of prices and simply assumes that prices are independent of
smoking rates. All of these factors suggest that there are other omitted time-varying
factors that confound the effect of the Canadian GWL policy as modeled. Besides
what we have examined here, Irvine (2015) suggests that the data patterns in the
period of analysis utilized in Huang et al. (2014)’s paper may be due to differences
in survey implementation. Thus, Huang et al. (2014)’s analysis and the revised
estimates we present in this study are insufficient to support a definitive conclusion
about causal effects or the magnitude of the policy effect.

Our commentary and assessment should not be interpreted as saying that
GWL polices have no impact. What the results indicate is that we cannot answer
with certainty what the magnitude of the impact is, if any, given the analytical
framework and the data utilized in this setting. Estimates could be improved with
additional data, better-specified instruments for problematic data, or alternative
methods that would address the known limitations. Lacking confidence that the
estimated effects of the GWL policy are unbiased, we caution users of these
estimates to avoid portraying results that may be sputious correlations as causal
effects.

Appendices, data, and code

Appendix A and Appendix B are available for download from the Econ
Journal Watch website (link), as are data and code used in our analysis (link).
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