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Shock and awe or incentive-compatible
harm reduction? Graphic health warnings
on tobacco packages
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Abstract

Background: Graphic Health Warnings (GHWs) on cigarette packages were first introduced in Canada in 2001 and
will become mandatory in the US as of January 2022. While previous studies have evaluated the impacts of GHWs, the
data used in these studies have several shortcomings. The objective of this paper was to investigate the likely impact
of such warnings in the US based upon the experience of Canada using hitherto unexplored monthly cigarette sales
data, and to explore if alternative approaches involving risk-reduced products might be more successful in reducing
smoking.

Methods: We used quasi-experimental segmented regression and difference-in-differences analyses. Data on
monthly sales (i.e, shipments) of cigarettes from Canadian manufacturers to Canadian retailers during 1995-2005
were obtained from Statistics Canada.

Results: We found that GHWs did not have a significant impact on the sales of cigarettes in Canada. We propose an
alternative type of graphical health messaging that actively combines information on how to quit with the legally
required messaging. The novelty of the proposal is that it is incentive compatible for the supply side of the market
and if adopted in several states, the measure could be tested by using a suitable treatment—control design.
Conclusions: Our findings imply that we should not expect any notable decline in sales or consumption as a result

of implementation of GHWs in the US. The main impact of GHWSs will be to add to the anti-smoking culture that has
grown steadily over several decades, and this may impact smoking in the longer term.
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Introduction under the Tobacco Control Act (TCA), recently required

The World Health Organization’s Framework Convention
on Tobacco Control requires its members to use Graphic
Health Warnings (GHWSs) on tobacco packaging. The
health policy community views them as an essential strat-
egy to reduce tobacco use. Canada was the first country
to introduce GHWs, in January of 2001. The US Food and
Drug Administration (FDA), with the power given to it
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that such warnings be put in place on US cigarette pack-
ages.! In response, the tobacco industry has filed lawsuits
seeking to invalidate this policy [2].

The purpose of this paper is to investigate the likely
impact of such warnings in the US based upon the experi-
ences of Canada, and to explore if alternative approaches
involving risk-reduced products (RRPs) might be more
successful in reducing smoking. The FDA proposed

! It was scheduled to start in June 2021 but has been postponed to January
2022 due to COVID-19 [1].
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graphic warnings as long ago as 2009; they were intended
to replace the existing text-only warnings. However, that
initiative was overturned in court, upon appeal by the
tobacco manufacturers. The Court ruled in August 2012,
following an injunction in November 2011, that the FDA’s
graphic warning requirements violated the tobacco com-
panies’ First Amendment rights and the FDA had not
provided sufficient evidence to demonstrate the efficacy
of the GHWs they were proposing [3].

The evidence originally proposed by the FDA was
based upon a comparison of Canadian and US smoking
prevalence patterns surrounding the time when GHWs
were introduced in Canada. The Court deemed the evi-
dence to be too weak to warrant implementing GHWs.
However, some recent papers, which we review below,
have claimed that the introduction of such warnings in
Canada did indeed reduce smoking prevalence—in one
case by as much as 19%.> We illustrate that these claims
are not tenable.

Claims of substantial smoking prevalence reduction
following GHW's suggest that there remains low-hanging
fruit yet unpicked in the area of tobacco-control policy.
But caution is in order. For example, the introduction of
plain packaging in the Australia tobacco market in 2012
had minor impacts on smoking. As described by the Aus-
tralian Government Department of Health, plain pack-
aging, combined with several other measures including
large tax-induced price increases, reduced sales mini-
mally [8].2

Another factor that casts doubt on a large GHW effect
in Canada is the coincidence of the implementation of
GHWs with a sizeable and prolonged increase in taxes
and prices. Between December 2000 and December
2003, the national aggregate real price index for ciga-
rettes in Canada rose by almost 70%. For the years 2004
and 2005 the real price index was essentially stable. A
standard price elasticity of demand for cigarettes esti-
mate from the literature for the period around 2001 falls
in the neighborhood of — 0.3, though more recent esti-
mates using store-level data suggest an estimate in the
neighborhood of —0.1 [12, 13]. Using, conservatively, an
estimate of — 0.2 suggests that quantity consumed might

2 These estimates have also been used by a notable set of researchers, to esti-
mate benefits that would accrue to a GHW requirement on cigarette packages
in the US [4]. A large literature on how to compute the costs and benefits of
tobacco control regulations has developed recently. It focuses upon whether
smoking initiation is a rational decision, and whether smokers know the real
health cost of smoking [4—6]. This debate is reviewed in Levy et al. [7].

3 Chipty, in research commissioned by the Australian government claimed
that plain packaging reduced smoking prevalence by one half of one per-
centage point [9]. This is the largest impact in the econometric literature,
and itself has come under criticism from Viscusi [10] and Dryden [11].
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have decreased by 14% during this 3-year period follow-
ing the price increase of 70%.

The policy part of the paper involves an exploration of
whether there exist more effective harm-reduction mes-
saging policies in the current era. The nicotine market-
place in 2020 bears very little resemblance to its form
in 2001. A host of RRPs, that are also termed alterna-
tive nicotine delivery systems (ANDs), are now available
that were not available then, and these products have
impacted cigarette sales in both the US and Canada®*. We
illustrate that positive ‘switching’ messaging (i.e., mes-
saging that nudges smokers to transition to RRPs) on
cigarette packages are incentive compatible for produc-
ers and may be more effective in reducing smoking than
GHWs purely of the shock-and-awe type that the FDA
has commissioned.

This paper first reviews earlier research. We then iden-
tify data sources that can be used in the analysis. We
then detail the econometric modeling using Canada and
US monthly data at the time GHW’s were introduced in
Canada. The results are then presented. In the final sec-
tions we propose an alternative program of action that
could be implemented to reduce smoking and improve
health.

Background

The theory underlying the introduction of GHWs has
two threads. In the first instance, warnings can consti-
tute a source of information on the negative and poten-
tially deadly outcomes that are associated with smoking.
But surveys indicate that few smokers are unaware of
adverse outcomes. Hence the potential for GHWs to
impact smoking prevalence and quantity smoked comes
primarily from ideas in behavioral economics. Bernheim
and Rangell [14] and Gul and Pessendorfer [15] propose
that individual decisions are frequently based on cues or
temptation. In their world, graphic health warnings are a
counter cue, or a countervailing message to the tempta-
tion to smoke. GHWSs may transfer individuals who have
been hit with a smoking cue into a ‘cold’ state from a ‘hot’
state. But the ultimate value of such behavioral nudges
must be empirically validated.

The first paper to evaluate the Canadian GHWs econo-
metrically was Gospodinov and Irvine [16]. Their analy-
sis used individual-level data from the Canadian Tobacco
Use Monitoring Surveys (CTUMS), merged with price
data by province and month. They did not detect any

* Electronic cigarettes are the most popular form of ANDs. Heat-not-burn
products (IQOS is the market leader) have made inroads particularly in Japan
and Korea and are now available in North America. Modern oral tobacco, in
the form of moist pasteurized tobacco or synthesized nicotine pouches (a.k.a.
‘snus’) are the third major component of the ANDs family.
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impact of the introduction of the warning labels on
smoking prevalence and found just some mild evidence
favoring an impact on daily consumption. The period
covering their analysis, however, was relatively short,
comparing smoking behavior six months prior to the
introduction of the warnings with smoking behavior in
the six months following their introduction.’

More recent studies used data for a longer time period
to evaluate the policy. Azagha and Sharaf [18] used
1998-2008 panel data from the National Population
Health Survey (NPHS). They concluded that the odds of
smoking declined by 13% as a result of the introduction
of GHWs. The FDA analysis [19] used annual data on
smoking rates and covariates for the period 1991-2009
for both Canada and the US. The FDA researchers esti-
mated a regression for Canada and the US separately
for the years prior to the introduction of the GHWs in
Canada. They then projected the regression relationship
for the post-GHWs period and computed a mean differ-
ence between the predicted smoking rates with the actual
smoking rates. The difference for Canada was substan-
tial, but the difference was also substantial for the US.
In other words, the behavior of the treatment group was
not very different from the behavior of the control group.
Hence, the FDA could not conclude that the GHWs
impacted smoking rates substantially.

Huang et al. [20] used essentially the same data as the
FDA but estimated a difference-in-differences (DD)
model using both the US and Canadian data in a single
regression. This has the advantage of having somewhat
greater statistical power: rather than having four sepa-
rate groups of observations, the DD approach conserves
on degrees of freedom by imposing common response
patterns on some of the parameters of the model. They
found a large, negative and statistically significant policy
coefficient. This is the basis for their strong conclusion
on the effectiveness of the GHWSs, namely, the GHWSs
reduced smoking prevalence by between 12% and 19%.

The data used in these three studies, however, have
shortcomings. While Azagba and Sharaf’s paper brings
longitudinal data to bear on the problem, even these
data are not ideal: the surveys run on a 2-year cycle, with
interviews in the months May, July and September of
even years (here 2000) and January of the odd year (here
2001). ‘Dropped’ cases are chased up in April of the une-
ven years. Given the sampling timetable, there appear to

> Hammond [17] suggested that, because not every pack of cigarettes in the
early part of 2001 carried the warnings, tests based on early-2001 data might
not be fruitful: the warning labels were required to be on all packs printed
from the start of 2001, and thus some inventory of packs without GHW's were
in circulation early in the year. However, the CTUMS begin in the month of
February each calendar year.
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be no observations between end-January 2001 and May
2002, with the exception of some ‘dropped’ interviews.
De facto, their specifications all seem to amount to turn-
ing on the dummy in May of 2002—16 months after the
introduction of the policy. They do not report estimates
based on a January 2001 switch-on date for the GHW
dummy—the date of their legal introduction.

The annual data used in both the FDA and the Huang
et al. studies come from several different sources—four
for the Canadian data and two for the US data. The Cana-
dian data come from the General Social Survey, the Sur-
vey of Smoking in Canada, the NPHS, and the CTUMS
[21]. These surveys, however, are not all implemented
in the same manner despite a similarity in the ques-
tions asked. Some are by telephone only, some are by tel-
ephone and in-person, and the NPHS interview method
varies with the year in which the survey is implemented.
Gilmore [22], in his detailed survey of Canadian data
sources, discusses the similarities and dissimilarities of
the questions posed to survey respondents, and indicates
that in some cases responses can be validly compared
across surveys and in other cases not.

Furthermore, surveys that focus solely upon tobacco
use may yield different reported smoking rates than
general health surveys that contain a module on smok-
ing. For example, the Canadian Community Health
Surveys (CCHS), which are repeated cross-section gen-
eral health surveys, similar in focus to the longitudinal
NPHS, report consistently higher smoking prevalence
rates than the CTUMS, which focus only upon smok-
ing. Table 1 indicates that, in addition to higher average
rates through time in the CCHS data, there is substantial
variation in the degree of understatement in the CTUMS
data. In particular, between 2001 and 2003, the smoking
prevalence rate reported by the CTUMS data declines by
0.8 points, whereas in the CCHS data it declines by 2.9
points—almost a four-fold difference. Between 2003 and
2005, the decline in the CTUMS smoking prevalence rate
is almost twice the decline in the CCHS. From that point
in time onwards, the differences are less dramatic. But the
very large discrepancies between 2001 and 2005 suggest
that alternative or additional data should be explored.
The CCHS series may be more reliable on account of its
greater number of interviews (135,000 vs 20,000) in these
years. The critical year 2001 is the year with the biggest
difference between the CCHS and CTUMS smoking
prevalence rates. The average difference for years exclud-
ing 2001 is 2.9 points but the CTUMS rate for 2001 is 4.3
points below the CCHS rate. These large differences indi-
cate that additional sources of data need to be explored.®

© We as authors have used the data from both sets of surveys in earlier work.
We have also replicated the results of HCF exactly, using the data posted as an
on-line annex to their paper.
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Table 1 Smoking Prevalence in Canada (% of population),
CTUMS versus CCHS. Source: Health Canada, CTUMS, and CCHS
(see references)

CTUMS CCHS (CTUMS-CCHS)
Total Daily Occasional Total
1999 252 209 43
2000 244 199 4.7
2001 21.7 18.1 3.7 26.0 —43
2002 214 176 39
2003 209 16.6 4.2 23.1 —22
2004 196 15.0 4.6
2005 18.7 15.0 3.7 218 —3.1
2006 186 144 43
2007 19.2 153 3.9 22.1 —29
2008 179 135 44 215 —36
2009 175 13.6 4.0 202 —27

Table 2 Annual sales and production of cigarettes, Canada
1998-2003. Source: CANSIM 303-0007

Sales in millions  Sales %A Production % of annual
in millions  production in Nov
and Dec
1998 45,579 48,730 16.4
1999 45,112 —-10 47,224 16.0
2000 43,033 —46 46,068 15.8
2001 42,295 —1.7 44,403 15.5
2002 38,155 —-79 41,267 14.7
2003 36,099 —54 37,929 17.2

Monthly data on sales, smoking prevalence

and production

In order to avoid the pitfall of multiple data sources,
our primary data series is the monthly quantity of sales
(i.e., shipments) from Canadian manufacturers to Cana-
dian retailers (CANSIM table 303-0062 and 303-0007).
Month-to-month sales data from retailers to smokers
do not exist. Sales predate consumption: Manufactur-
ers maintain about one month of sales in the form of
inventory (inventory data come from the same CANSIM
table). Annual sales, as described in Table 2, declined by
1.7% between 2000 and 2001, and by 14.6% between 2001
and 2003. This pattern differs strongly from the CTUMS
pattern, which sees smoking prevalence decline sub-
stantially in 2001, and by very little in the following two
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years. It is worth repeating that real prices increased by
70% in this short period. The US has similar monthly data
on sales [23]. As with the Canadian data, US inventories
equal about one month of such sales.

We generated a monthly series on smoking prevalence
based upon the CTUMS. There is no need to use the
CTUMS data in annual form; the online CTUMS data-
base at the Statistics Canada website can be quizzed to
yield a monthly smoking prevalence series, to which we
marry a matching monthly price series. It is surpris-
ing that there exist no econometric models to date that
exploit the monthly availability of the sales data and the
CTUMS smoking prevalence data. The use of monthly
data from the CTUMS alone provides additional degrees
of freedom before and after the GHW policy.

We focus on sales data for the period of 1995-2005
to avoid measurement error associated with smuggling
activity and illegal sales activity. A well-documented
smuggling period came to an abrupt end at the second
quarter of 1994 because of excise tax reductions by the
Canadian federal government, which were matched by
most provinces—tobacco is a shared tax jurisdiction
in Canada.” The post-2005 period is ruled out because
police reports indicate that the market for illegal tobacco
began to grow again about this time, reaching its peak in
the years 2007-2009.

In our robustness checks, we use Canadian monthly
production data and US monthly sales data to examine
specific aspects of the estimation. The production data
enable us to examine the possible impact of stocking by
producers prior to the GHW event.

Econometric analysis of GHWs in Canada
Segmented regression
An ‘event’ such as the introduction of GHWs can influ-
ence smoking immediately, or may require time to impact
smokers, or with both an immediate and a lagged effect.
An immediate impact might be anticipated given that a
large percentage of smokers claim that they are interested
in quitting: the GHWSs might act as a tipping mechanism.
In contrast, addiction is difficult to overcome and GHWSs
may both prompt smokers to make more frequent quit
attempts (a small proportion of which may ultimately
result in success), and reinforce an anti-smoking culture.
We analyze the potential for both an immediate and
lagged impact using a segmented or piecewise regression

7 The smuggling took the form of domestically manufactured cigarettes being
exported free of taxes and imported illegally. This smuggling accounted for
perhaps one third of the cigarette market in some provinces in the early nine-
ties [24]. If we were to include the smuggling period in our analysis the price
index for cigarettes would be subject to error, because it is based only upon
the higher priced legal product.
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model, also termed ‘Interrupted Time Series’ analysis
(ITS) [25]. In this segmented regression, an immediate
impact can be modelled with a dummy shift in the rela-
tionship where the dummy is switched on at the time of
the event. The lagged effect can be modelled as a change
in the slope of a time trend. Hence, the specification of
this regression model is:

Y: = Bo + B1Trend + BaPolicyPeriod,
+ BsPolicyPeriod; x PostpolicyTrend;
+ BaXi + &1, 1)

where Y, are outcomes (sales, smoking prevalence or pro-
duction, in log) in month ¢ Trend is a linear time trend;
PolicyPeriod is a dummy variable equal to 1 if the policy
is in effect in month ¢, and equal to 0 otherwise; Policy-
Period x PostpolicyTrend is the interaction term between
PolicyPeriod and the post-policy time trend. 3, and ; are
the main parameters of interest: 3, estimates the change
in the level of the trend post-policy, while B, estimates
the change in its slope. X is a vector of aggregate controls
including cigarette prices (lagged one month), alcohol
prices, and seasonally adjusted unemployment rates. ¢, is
the error term. All data are in monthly form.

Difference-in-differences regression

A threat to the segmented model is that an intervention
or a shock happening in Canada at the same time as the
GHW may confound the estimated effect of the policy. If
that is the case, it is not possible to separate the effect of
the policy from that of confounding factors. To address
this potential confounding issue, we conduct a DD anal-
ysis that uses the US as a control country, following the
Huang et al. study. The US data are fruitful because their
price pattern differs from the price pattern experienced
in Canada. The cultural similarities between Canada and
the US, combined with similar economic cycles, mean
that the US data form a meaningful control group.

This type of analysis [26—28] computes the changes in
the outcomes in Canada following the introduction of
the GHW policy, and compares those with correspond-
ing changes estimated for the US. Our main DD regres-
sion model uses monthly country-level sales data from
Canada and the US for the same study period, i.e., 1995—
2005, and takes the form:

Y: = Bo + B1Canada + By (Canada x PolicyPeriod)

+ B3X; + D¢ + &4,
2)
where Y, are the outcomes in month ¢, and the right-
hand-side covariates are as described above. Canada is
an indicator variable equal to one for Canada, the treat-
ment country, and zero for the US, the control country.
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Dy is a vector of year dummies which account for secu-
lar and seasonal changes or shocks in outcomes that are
common to the treatment and control groups.

The coefficient of interest is 5, on the interaction term
between the Canada indicator and the PolicyPeriod indi-
cator. This coefficient captures the effects of the GHW
policy on outcomes for Canada relative to the associated
change in outcomes for the US. For ease of interpretation
of the marginal effects, all the regressions are estimated
using the linear probability model [29]. Robust standard
errors are reported.

We note that there is no difference in the ‘dosage’ of the
policy measure being considered here. Powell, Pacula,
and Jacobson [30] and Courtemanche et al. [31] analyze
federal policies that have differential impacts depending
on the state implementing them. No individual province
has the authority to dilute or enhance the graphic mes-
saging in Canada, and no individual state in the US has
that authority either.

Results

Descriptive analysis

Figures 1, 2 and 3 present monthly Canadian sales, US
sales, and Canadian smoking prevalence, respectively,
matched by corresponding Canadian and US monthly
real normalized price data for the period 1995-2005.
Sales are per capita and in log form and smoking preva-
lence is the percentage of the population that smoked
(either daily or occasionally) in the preceding 30 days.
The series are de-seasonalized using the ratio-to-moving-
average method. The vertical dashed line in each figure
indicates the date when the intervention came into effect,
i.e., January 2001.

In Fig. 1, the pre-policy trend in Canadian sales appears
negative, while the post-policy trend cannot be character-
ized so simply. The trend is similar to the pre-policy trend
for almost two years post January 2001, and then the level
of the series appears to drop. This pattern does not sug-
gest an obvious policy impact. Further, the introduction
of the GHWs in Canada coincided with the start of a
very substantial rise in real prices. In Fig. 2, the US sales
appear to decline faster than in Canada pre-GHW. This
may reflect stronger US price increases that occurred
prior to 2001. In fact, as shown later, once we control for
prices, there is no difference in the sales trends between
the US and Canada before the GHW introduction. Fig-
ure 3 shows that pre-policy smoking prevalence in Can-
ada trends downward and that trend appears to continue
through until 2002. At that point the series is not easily
interpretable: smoking prevalence rises substantially dur-
ing the months June-September 2002. We shall see from
the estimation that the smoking prevalence pattern is not
well-explained by any of the regression models.
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Regression results

Segmented regression—Canadian sales

Table 3 reports the regression estimates for the Canadian
sales and smoking prevalence series. For each outcome,
there are three columns of estimates. The first column
contains a basic specification, where the dependent vari-
able is a function of a constant, a trend, the price of retail
cigarettes and additional controls. The second column
reports the results after a dummy is included to capture
a potential shift in the level of the outcome. The third col-
umn allows for both a shift in the level and a change in
the slope of the relationship; it is the segmented regres-
sion specification.

Prevalence
Price (real, normalized)

Prevalence
Price

Fig. 3 Canada monthly smoking prevalence and prices, 1999-
2005. Sources: Canada monthly smoking prevalence of smoking
data are extracted from the Canadian Tobacco Use Monitoring
Surveys (CTUMS), using the ODESI access system (Ontario Data
Documentation Extraction Service Infrastructure). Canada monthly
cigarette prices are from CANSIM 326-0020

For the sales outcome, column 1 indicates that the
time trend and price coefficients are each significant.
The price elasticity of demand at the beginning of the
period, when the normalized price level takes a value of
1, is —0.436, and at the end of the period, when the price
variable takes a value of 1.9, is —0.828. The trend variable
is significant at the 1% level of significance. In column 2,
while small and negative, a dummy included for a poten-
tial shift in the level is insignificant. The price elasticity
and time trend retain their significance; price elasticity
changes very slightly in value, from —0.436 to —0.453 at
the start of the period. In column 3, after including both a
shift in the level and a change in the slope of the relation-
ship, the price elasticity increases further to —0.530, the
time trend loses its significance and is smaller in magni-
tude. The level coefficient is negative but small and not
statistically significant, indicating that we cannot reject
the null hypothesis of no impact of the policy on the level
of the outcomes. The slope coefficient is also insignifi-
cant and has a perverse sign —the trend is positive rather
than negative. Together, these results confirm expecta-
tions based on visualizing the data presented in Fig. 1,
namely, the raw data do not suggest a break in either the
level or trend in this series at the time the GHWs were
introduced.

Segmented regression—smoking prevalence outcome

The last three columns of Table 3 contain coefficient esti-
mates for the smoking prevalence regressions. In con-
trast to the sales estimates, none of the specifications
contains a credible combination of estimates. In the base
specification, the price coefficient is significant but of the
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Table 3 Segmented regression estimates, sales and smoking prevalence outcomes, Canada
Canada sales Canada smoking prevalence
m @ @) ) (5) (6)
Cigarette price —0436*** —0.453%** —0.530%** 6.985** 4276 1.868
(0.109) 0.111) (0.099) (3.087) (3.490) (4.964)
Time trend — 0.009*** —0.007*** —0.004 —0.393*** —0.263* —0.205
(0.003) (0.003) (0.004) (0.119) (0.143) (0.169)
GHW effect (level change) —0.051 —0.045 —1.708 —0.824
(0.039) (0.031) (1.108) (1.615)
GHW effect (slope change) 0.002 0.127
(0.002) (0.124)
Unemployment rate —0.016 —0.000 0.007 —0.726 0.167 —0.012
(0.023) (0.025) (0.020) (0.699) (0.887) (1.077)
Alcohol price 0.024*** 0.023%** 0.012 0466 0.307 —0.033
(0.009) (0.009) (0.012) (0.294) (0.307) (0.430)
Constant 1492 1435 3421 —41.787 —22.719 32.680
(1.434) (1.419) (2.098) (48.496) (49.371) (81.225)
R? 073 073 0.84 0.64 0.65 0.65
N 131 131 131 66 66 66

Marginal effects from segmented regressions are reported. Columns 1-3 are based on deseasonalized monthly per capita sales data (in log) for the period of
1995-2005. Columns 4-6 are based on deseasonalized monthly smoking prevalence data for the period of 1999-2004. Robust standard errors are reported

*p<0.1; **p <0.05; ***p <0.01

wrong sign, while the time trend is unusually strong. The
coefficient estimate of —0.393 implies a trend decline of
above one third of a percentage point per month. Adding
dummies for the level in column 5 and for both the level
and the slope in column 6 does not lead to more credible
estimates, and increases the explained sum of squares
only marginally. The price coefficient stays positive and
the trend coefficient remains large. To get a sense of how
theoretically ‘wrong’ these coefficients are, note that the
trend variable alone would reduce smoking prevalence
from 25% to 0% within a decade. The regression says
that decreases in prices prevented this from happen-
ing, because the price variable has a positive impact. We
are forced to conclude that the use of higher frequency
monthly data for smoking prevalence does not overcome
the problems with the econometric estimates produced
by earlier researchers who sacrificed degrees of freedom
by using annual data from the CTUMS.

The regression estimates may be indicating that the
CTUMS smoking prevalence data in the GHWSs period
are subject to considerable randomness. We noted above
that the difference between the CTUMS and CCHS
unconditional estimates was unusually large at the time
the GHWs were introduced, in addition to the fact that
the recorded decline in CTUMS smoking prevalence data
was not mirrored in a decline in sales. We have examined
the data from the CTUMS on the number of cigarettes
smoked per day by continuing smokers, but we cannot

detect any increase in this variable that would align the
smoking prevalence data with the sales data.

Difference-in-differences regression—Canadian and US sales
We first examine if the time trends in sales for Canada
and the US prior to the introduction of the GHW's are
similar, an underlying assumption of the DD analysis. The
results in column 1 of Table 4 indicate that, after control-
ling for prices in the regression, there is no significant
difference in these pre-policy trends between Canada
and the US. The results from the DD regressions without
(with) a Canada-specific time trend are given in column
2 (column 3). The coefficients on the DD term are nega-
tive but small and not statistically significant. The Canada
indicator is positive but not significant, indicating no dif-
ference in sales per capita between Canada and the US.
The price coefficient is — 0.15 and statistically significant.
Thus, the result of the DD analysis is consistent with that
of the segmented regression analysis, namely, the null
hypothesis of no GHW impact cannot be rejected.

Robustness checks

Analysis of Canadian cigarette production data

It is possible that producers may have printed a dispro-
portionately large run of cigarette packs bearing the pre-
GHW labels prior to January 2001, leading to a false null
GHW finding. To test this hypothesis formally, we esti-
mated a regression of the log of production on a set of
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Table 4 Difference-in-differences regression estimates, sales
outcome, Canada and US
Parallel trend DD analysis
assumption
testing
@) ) ©)
GHW effect —0.038 —0.057
(0.037) (0.045)
Canada dummy 0177 0.156 0.089
(0.240) (0.132) (0.154)
Canada specific time trend ~ 0.001 0.001
(0.001) (0.001)
Cigarette price 0.003 —0.148**  —0.150**
(0.118) (0.058) (0.059)
Unemployment rate —0.005 —0013 —0.001
(0.033) (0.017) (0.022)
Alcohol price —0.004 —0.001 —0.001
(0.007) (0.005) (0.005)
R? 0.57 078 078
N 142 262 262

Analyses use deseasonalized monthly per capita sales data (in log) from Canada
(treatment) and the US (control). The regression for pre-policy trend comparison
uses 1995-2000 data. The difference-in-differences regression uses 1995-2005
data. Year fixed effects are included in regressions. Robust standard errors are
reported

*p<0.1; **p < 0.05; **p < 0.01

monthly dummies and a time trend. This regression pro-
duced predicted values of the dependent variable for each
month. The predicted values for end-of-year 2000 should
be significantly less than the actual values if producers
did in fact produce an unusually high level of cigarettes
bearing the ‘old’ label.

The regression indicated that the November actual
production value was less than the prediction and the
December actual value was greater than the prediction.
These negative and positive residuals almost cancelled
each other. In terms of the standard error of the depend-
ent variable, the November residual was less than one
standard error and the December residual was slightly
greater than one standard error of the dependent vari-
able. We also ran higher order polynomials in the trend,
but the result was unchanged. This indicates that produc-
ers did not game the system by producing additional ‘old-
label’ packs prior to January 2001.%

As another robustness check, we estimated a seg-
mented model for the production outcome, i.e., with
estimates for both the changes in level and slope. The
estimates (column 1 of Table 5) indicate that while the
price coefficient is negative and significant, the changes

8 These results are available from authors upon request.
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in level and slope are all insignificant. This suggests that
the GHW policy has no effect on the level or the growth
rate of production over time.

Use of cigarette taxes instead of cigarette prices The esti-
mates based on cigarette taxes’ in place of cigarette prices
are reported in columns 2-3 of Table 5. The coefficients
are negative for the level effect and positive for the slope
effect but not statistically significant for either sales or
smoking prevalence outcomes. These results indicate that
we cannot reject the null hypothesis of a zero impact of
the GHWs.

Placebo test We re-estimated the segmented regression
with US sales as an outcome. As the US did not adopt
GHWs, we expect the Canadian GHW policy has no
impact on the US sales. The estimates (column 4) confirm
this. Further, the US price is significant and negative, as
expected. This exercise further confirms the validity of
our use of the US as a control group in a difference-in-
differences analysis.

Dynamic effects of GHWSs The analyses thus far estimate
the average effect of the policy over the entire period after
the policy intervention, i.e., February 2001 to December
2005. It is possible that the policy had an effect during
some sub-periods and no effect in others, but overall,
had an insignificant effect when averaging over the entire
period. To address this possibility, we break the post-pol-
icy period into several sub-periods and examine whether
there are effects in any of these. For the interrupted time
series analysis, we experiment by turning on the level and
slope variables at 12-month intervals moving forward
in time. The results (columns 5-6) indicate no effect for
GHWs in years 1, 2 and 3-5 after the introduction of
GHWs.

Shorter time period The regressions for the sales out-
come in the above analyses used a longer time period (i.e.,
1995-2005) compared with regressions for the smoking
prevalence outcome (1999-2004). To enable comparison
with the smoking prevalence outcome, we re-estimated

9 Canadian cigarette taxes are composed of four elements: federal excises
(specific), provincial excises (specific), federal sales tax (uniform across-
provinces ad valorem), and provincial (ad valorem) sales tax of varying rates
(sometimes zero). The sales taxes account for a small fraction of total tax
revenues generated. Since the ad valorem taxes depend upon pricing by the
manufacturers, the tax wedge is endogenous to the process—in contrast to
the excise components. Hence, in the tax variable we use only the exogenous
excise components. The economy-wide index is aggregated from the month-
by-month provincial excise rates. We used provincial populations as weights,
rather than quantity of cigarettes, to avoid endogeneity.
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Table 5 Robustness checks, segmented regression
Canada Canada Sales, Canada US sales  Dynamic Dynamic Canada Canada Canada
Production Tax Smoking effects, effects, sales, sales, sales,
prevalence, Canada Sales  Canada 1999-2004  1999-2004  1999-2004
Tax Prevalence
M @) 3) 4) (5) (6) @) 8 ©)
GHW effect —0.037 —0.048 —0.823 0.011 —0.030 —0.009
(level)
(0.046) (0.030) (1.618) (0.018) (0.062) (0.053)
GHW effect 0.000 0.002 0.133 0.000 0.007
(Slope)
(0.003) (0.002) 0.117) (0.001) (0.005)
GHW effect —0018 0.553
(level, 1 year
post)
(0.046) (1.547)
GHW effect 0.077 3.502%
(Level,
2 years post)
(0.062) (1.860)
GHW effect 0.086 —0.106
(Level,
3 years post)
(0.054) (2.139)
GHW effect —0.004 —0.631*
(Slope, 1 year
post)
(0.008) (0.320)
GHW effect —0.012 0518
(Slope,
2 years post)
(0.011) (0.378)
GHW effect 0.018 0.208
(Slope,
3 years post)
(0.012) (0.426)
Cigarette tax —0.37177%** 0.935
(0.054) (2.500)
Cigarette price —0.356** —0.091* —0.264 6.720 —0435%**  —0484***  —(0.663***
(0.148) (0.049) (0.305) (10.808) (0.138) (0.174) (0.181)
Unemploy- —0.009 0.006 0.020 —0.009 0.005 1.897 —0.037 —0.021 —0.012
ment rate
(0.030) (0.020) (1.045) (0.007) (0.023) (1.306) (0.031) (0.040) (0.038)
Alcohol price 0.020 0011 —0.040 0.002 0.007 —0273 0.040%** 0.037%** 0.021
(0.016) (0.012) (0.426) (0.004) (0.013) (0.465) (0.013) (0.014) (0.019)
R? 0.68 0.85 0.65 094 0.85 0.69 0.60 0.60 0.81
N 131 131 66 191 131 66 71 71 71

the regressions for the sales outcome for the shorter
duration, namely 1999-2004 (columns 7-9, Table 5). The
results mirrored those for the longer duration.

Another test for pre-policy parallel trend assump-
tion underlying difference-in-differences analysis We
also tested the validity of the pre-policy common trend

assumption by conducting an event study for the sales
outcome. This analysis re-estimated the DD regressions
but replaced the event indicator with a series of indica-
tor variables representing the years relative to the first
post-GHW vyear. This event study allows a visual inspec-
tion of the parallel-trends assumption by examining any
systematic differences in outcomes between Canada and
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Fig. 4 Event study, sales outcome, Canada and the US. Notes:
Coefficients are displayed for 1995-1997, 1998 and 1999 (pre-policy)
and for 2001-2005 (post- policy), relative to the excluded year of 2000
just prior to the year of policy implementation. Vertical bars around
each point estimate represent the 95% confidence intervals

the US in the pre-GHW period which could suggest non-
parallel trends. Figure 4 shows that the coefficients for the
pre-policy period indicators are not significantly different
from zero, suggesting that there was no difference in sales
trends between Canada and the US prior to the GHWSs.

Estimations of cluster robust errors in difference-in-differ-
ences analysis  Standard errors are often underestimated,
and the null is overly rejected when the number of clusters
(G) is small (especially when G=2 in our case). Conse-
quently, the fact that we did not find any significant effect
even with these underestimated standard errors is reas-
suring and actually strengthens our null finding. However,
we conducted additional estimation of standard errors
using recently developed methods. Specifically, we used
Young’s procedure [32], which has been shown to work
well even for the case of G*=1 [33]. We also used Puste-
jovsky and Tipton’s method [34], which corrected some
issues with McCaffrey and Bell’s approach [35]. Apply-
ing these two procedures, we obtained p-values of 0.92
for Young’s procedure [32], and 0.54 for Pustejovsky and
Tipton (2018)’s procedure [34]; each well exceeds the 10%
significance level. These results confirm the robustness of
our null findings.'”

To summarize, we cannot find a specification that
yields a credible role either to a dummy variable that
shifts the intercept at the beginning of 2001, or to a
dummy that impacts the slope of the trend in a significant
and theoretically correct manner. Considered together,
these regressions fail to provide evidence favoring the

10 These results are available from authors upon request.
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hypothesis that the introduction of GHWSs in January
2001 reduced the level of sales. Nor do they indicate that
there was an increase in the rate at which sales declined
in periods following the introduction of GHWs.

Incentive compatible messaging for 2022:

a proposal

The failure of GHWSs to detectably impact cigarette sales
was influenced by three factors. One is that the mes-
sages were and are purely negative and they provided no
direction for smokers to transition to a less risky mode of
consumption. Second, the marketplace at that time had
no risk-reduced close substitutes for cigarettes, whereas
today it has. Third, in the current era all major global
cigarette producers are supplying a menu of risk-reduced
products and thus have less of an incentive to keep their
cigarette purchasers hooked on one particular element in
their product line.!

Psychologists have explored the role of stimuli in incen-
tivising behavior changes. One summary of this work is
Goldstein et al. [36], who explicitly include the case of
health warnings:

For the most part, research has demonstrated that
fear-arousing communications usually stimulate
recipients to take action to reduce the threat. This
general rule has one important exception, however:
when the fear-producing message describes danger
but the recipients are not told of clear, specific, effec-
tive means of reducing the danger, they may deal
with the fear by ‘blocking out’ the message or denying
that it applies to them. As a consequence, they may
indeed be paralyzed into taking no action at all.

Our proposal for a harm-reduction program is inspired
by the City of Leicester, UK, program which imple-
mented a graphic ‘switch’ campaign aimed at smokers
in 2014 (see Fig. 5). In contrast to the GHWs promoted
by the World Health Organization’s Framework Conven-
tion for Tobacco Control, Health Canada and the Food
and Drug Administration, our proposal aims to transition
smokers to a RRP rather than scare them into total nico-
tine abstinence.

We propose that, on one side of a cigarette pack,
manufacturers be permitted to post a switch message

11 We are not claiming that profitability on all products is the same at the pre-
sent time. Traditional cigarettes benefit from scale economies and a century
of automated production. But we can see no reason why the production of
a heat-stick, for example, should be more costly than a cigarette once scale
has been achieved. We are grateful to David Sweanor for pointing us to the
profitability issue. He also guided us to the Goldstein et al. reference in the
following paragraph.
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Time to Switch poster

If you don't think you'll ever want to stop
smoking, think about switching to vaping
Using an e-cigarette is 95% safer than
smoking, because you don’t breathe in
any tar or carbon monoxide

Switching completely brings health gains
Stop, the Leicester City Stop Smoking
Service, can help with this

Advisors will also tell you about the
licensed stop smoking products available

Call 0116 454 4000

For more information

stop smoking service ?_2_?

Source: Soutca: HEp./Mwww opsmokinghic. . ukl s/

Fig.5 A positive 'switch'graphic adopted by City of Leeds, UK

that would direct smokers to a corporation’s own risk-
reduced product line. Such messaging might direct users
to a modern oral product, to an electronic cigarette or to
a heated tobacco stick.

The new FDA regulations will require manufacturers
to print a graphic on both the front and back of cigarette
packs that occupies one half of the space. These graphic
images are to be rotated from a supplied set of 13. Our
proposal could take one of two forms: either producers
would be permitted at the federal level to replace the
mandated double negative warning with a combination
of a negative and a positive (FDA-approved) message, or
that individual states could petition for a positive mes-
sage on one side rather than a negative message on each
side. From an analytic standpoint, the latter would pro-
vide econometricians and biostatisticians with a quasi
clinical trial and thus facilitate an ex-post examination
of the efficacy of the positive/switch messaging. States
that were early to legalize recreational marijuana might
experiment.

This proposal is not without challenges. New product
producers under current law must make a pre-market
tobacco application (PMTA) to the FDA for product sale
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approval. In addition, in order to be able to claim a health
‘benefit, producers must apply for a ruling that classifies
the product as a modified risk tobacco product (MRTP).
If the FDA approves the PMTA, and a MRTP request
has been lodged, the FDA may rule (a) that the product
involves reduced exposure to toxins, or (b) that, in addi-
tion to reduced exposure, the product is demonstrably
less risky to health in the longer term. For example, the
heat-not-burn product IQOS was ruled as falling under
category (a) in July of 2020, but not under (b), because
studies of potential longer-term risk impacts of IQOS use
were not sufficiently convincing.

The approval process as of end-2020 appears to require
years rather than months or weeks. The FDA has put in
place very rigorous standards with the result that some
manufacturers submit hundreds of thousands of pages of
documentation in order to leave as little room for rejec-
tion as possible. This, in turn, demands many months of
review by a team of FDA scientists. The number of appli-
cations by manufacturers to the FDA as of end-2020 is
not publicly available.!” A solution to the timing issue
would come in the form of a temporary fast-track cat-
egorization by the FDA. The FDA could issue a reduced
exposure ruling (or not), within say one month of receiv-
ing a reduced-exposure application, that would be valid
for one or two years in a limited number of experiment-
ing states.

A key behavioral characteristic of such a program is
that it is substantially incentive compatible. It would not
have motivated or interested manufacturers when GHWs
were introduced in Canada in 2001. Today, every major
cigarette producer supplies risk-reduced tobacco or nic-
otine products to the market. Their websites universally
indicate that their research and development expendi-
tures are primarily directed to these products, and that
they have invested billions in the process. Our proposal
thus is incentive compatible for producers, because it
encourages cigarette manufacturers to more vigorously
promote a move towards a risk-reduced nicotine-delivery
device in their own product range.

From the regulatory side, 2020 also differs from 2001.
The new risk-reduced products currently on the market
have gained the unequivocal initial support of Public
Health England [37] and the Royal College of Physicians
[38] as quitting devices for severely habituated smokers.
Recent evidence indicates that vaping is a more success-
ful route to quitting smoking than either patch therapy or
nicotine gum treatment [39].

12 Small manufacturers of new products cannot afford to underwrite appli-
cations having the scope of those submitted by global corporations, and this
hinders both the introduction of new risk-reduced products and competition
in the marketplace.
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Corporate investment decisions are not attributable
to philanthropy; producer websites do not all indicate
that they wish to eradicate cigarettes, rather that they
are committed to a wider range of products, with an
emphasis on harm reduction. Profit reaped from sell-
ing risk-reduced products (including alcohol, gambling
and certain drugs) is more socially tolerable than profit
reaped from products that are cancer causing, that dam-
age the heart and cause stroke. Society tolerates the gen-
eration of profit from the production and sale of alcohol,
even though many thousands die each year in the US [40]
from alcohol-related causes. Similarly, society tolerates
the profit that results from both private and public gam-
ing, even though the odds that the public faces in most
state-owned lotteries are extraordinarily unfavorable.
Thus, profits from risk-reduced nicotine products should,
by some reasonable ethic, be viewed equally.

The corollary of permitting manufacturers to encour-
age switching to risk-reduced products via cigarette-pack
messaging is that such promotion might be encouraged
more widely. In particular, in jurisdictions that currently
blank out cigarette displays in what were once ‘power
walls, but simultaneously permit the sale of alcohol in
corner stores and gas stations, or in jurisdictions where
lottery terminals are placed directly above the candy sec-
tion at the check-out, society would have to confront the
question of whether messaging that encourages a switch
to risk-reduced nicotine products should be permitted,
or even encouraged.

While our messaging proposal is specific, it has wider
implications. Some nicotine markets have seen regulators
treat e-cigarettes as being not very different from com-
bustible tobacco products in that they levy similar excise
taxes on each product. British Columbia, for example,
imposes an excise rate on heat-not-burn products that
is identical to the rate on cigarettes. Such policies are
counter productive if harm reduction is the goal. Some
30 US states have now imposed taxes on e-cigarettesB,
and the variation in such rates is enormous [41]."* In
addition, there exists a high degree of ignorance on the
part of the consuming and non-consuming public in rela-
tion to risk-reduced products. In the US, Dave et al [43]
found that about one person in six correctly understands
their nature, and that such ignorance grew during the late
stages of the EVALI outbreak. EVALI is a misnomer for
the condition that killed almost 70 users of illegal mari-
juana in the US during 2020. Technically, the term stands
for ‘E-cigarette or Vaping Associated Lung Injury’ In fact,

13 The US also increased the minimum legal age of purchase for all tobacco
products to 21 as of December 2019.

4 An emerging literature evaluates effects of e-cigarette taxes in the US
[13,42].
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virtually all fatalities were found to involve the consump-
tion of illegal cannabis liquids contaminated with vita-
min E acetate. Similar rates of ignorance characterize the
Canadian market [44]. Hence a more general information
program is needed to counter misinformation.

Finally, media coverage of e-cigarettes has focused
almost completely upon teen use, while neglecting the
potential of ANDs to redirect adults who smoke to an
alternative risk-reduced product. The positive switch
messaging that we advocate targets only those who pur-
chase cigarette packs, not under-age youth. Hence it pro-
vides no incentive for youth to vape.

In summary, risk-reduced products exist in many
once smoking-only markets. Policies designed to reduce
smoking further could adopt a harm-reduction approach
through a judicious process that informs the public of the
relative risks associated with consuming nicotine in dif-
ferent forms.'

Conclusion

The relationship between health and smoking is unequiv-
ocal: smoking causes uncountable premature deaths each
year throughout the world. Policies that reduce smoking
are therefore valuable. But the interpretation of research
results is frequently ideologically driven. In this paper, we
have explored higher frequency data on cigarette sales,
smoking prevalence and production in Canada, which
have been long available but unused. No statistically sig-
nificant evidence is contained in these data that suggests
GHWs are effective in reducing combustible cigarette
consumption. Conventional models grounded in prices
and time trends, with no discernable breaks in the level
or trend of the outcomes, drive the series. In addition
to the results based upon monthly data, we have drawn
attention to several drawbacks of annual data based upon
surveys. That GHWSs on cigarette packages might reduce
smoking prevalence by almost 20%, as claimed by ear-
lier researchers, represents an excess of enthusiasm over
evidence.

In the United States, the FDA has labored for well
over a decade for negative GHWs to appear on cigarette
packs. Our econometric results indicate that we should
not expect any notable decline in sales or consumption
as a result of that measure. The main impact of GHWSs
will be to add to the anti-smoking culture that has grown

15 \We have analyzed data detailing cigarette shipments from bond for both
the US and Canada for the period 2011-2019. Significant declines are evident
for Canada since late 2018, and for the US since 2017. In a separate note we
illustrate that these declines cannot be explained by traditional factors such as
price and trend. They are attributable to the arrival of a disruptive technology
in the tobacco market—alternative nicotine delivery devices.
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steadily over several decades, and this may impact smok-
ing in the longer term.

In a recent open letter to health researchers, the edi-
tors of eight economics journals specializing in health
issued a statement in support of careful data-driven
research that did not necessarily arrive at the ‘right’
conclusions [45]. This statement was motivated by
a concern that too much research in the health area
is driven by a zeal to uncover ‘good news; and that
negative or inconclusive evidence on specific policy
measures or treatment measures attracts insufficient
attention. Studies that show GHWSs have an impact on
quit intentions frequently avoid asking if those height-
ened intentions translate into observable abstinence
from smoking.

Social scientists favor the provision of informa-
tion that facilitates accurate decision making. But that
information should be efficient: can the goal of smoking
reduction be attained with more effective messaging,
if commonly used negative messaging falls short? The
current nicotine market encompasses numerous alter-
native nicotine delivery devices that are likely an order
of magnitude less risky than combustible cigarettes.
Messaging on cigarette packs that directs smokers
to these products form positive signals that are at the
same time compatible with the goals of nicotine suppli-
ers—to earn revenue and profit. Research shows that
e-cigarettes are an effective method of reducing smok-
ing, primarily because they better mirror the smoking
experience than alternative quitting methods.

Acknowledgements

We are grateful to the Editor, two anonymous referees and Nikolay Gospodi-
nov for their helpful comments and suggestions. Dr. Nguyen acknowledges
funding support from the Canada Research Chair (Tier 2) in Health Policy
Evaluation and Health Care Sustainability.

Authors’ contributions
Both authors contributed equally to this study. Both authors read and
approved the final manuscript.

Availability of data and materials

Data used in this study are available from Statistics Canada (CANSIM table 303-
0062 and 303-0007) and the Canadian Tobacco Use Monitoring Surveys
(CTUMS).

Declarations

Ethics approval and consent to participate
This study used publicly available aggregated sales data and individual level
survey data. Hence, ethics approval was not required for this study.

Consent for publication
Not applicable.

Competing interests

Dr. Irvine has acted as a paid consultant on alcohol and tobacco policy to the
federal government of Canada and as a consultant on tobacco use for legal
advisors to private sector suppliers. Dr. Nguyen has no conflicts of interest to
disclose.

Page 13 of 14

Author details

! Department of Economics, Concordia University, S-H 1155-11, Henry F. Hall
Building, 1455 De Maisonneuve Blvd. W, Montreal, Canada. ? School of Phar-
macy, Memorial University of Newfoundland, St. John's, Canada.

Received: 16 June 2020 Accepted: 22 March 2021
Published online: 16 April 2021

References

1. US Food and Drug Administration. Cigarette Labeling and Health Warn-
ing Requirements [Internet]. FDA; 2020 [cited 2020 Dec 29]. https://www.
fda.gov/tobacco-products/labeling-and-warning-statements-tobacco-
products/cigarette-labeling-and-health-warning-requirements.

2. CSP Daily News. Lawsuits Filed to Overturn FDA Graphic Cigarette Warn-
ings [Internet]. 2020 [cited 2020 Dec 29]. https://www.cspdailynews.com/
tobacco/lawsuits-filed-overturn-fda-graphic-cigarette-warnings.

3. Public Health Law Center. Tobacco-Control-Legal-Consortium-Cigarette-
Graphic-Warnings-and-the-Divided-Federal-Courts.pdf [Internet]. 2015
[cited 2020 Dec 29]. https://www.publichealthlawcenter.org/sites/defau
[t/files/resources/Tobacco-Control-Legal-Consortium-Cigarette-Graph
ic-Warnings-and-the-Divided-Federal-Courts.pdf.

4. Chaloupka FJ, Gruber J, Warner KE. Accounting for “lost pleasure”in a cost-
benefit analysis of government regulation: the case of the food and drug
administration’s proposed cigarette labeling regulation. Ann Intern Med.
2015;162:64-5.

5. JinL Kenkel D, Liu F, Wang H. Retrospective and prospective benefit-cost
analyses of US anti-smoking policies 1. J Benefit-Cost Anal. 2015;6:154-86.

6. Cutler DM, Jessup A, Kenkel D, Starr MA. Valuing regulations affecting
addictive or habitual goods. J Benefit-Cost Anal. 2015;6:247-80.

7. Levy H, Norton EC, Smith JA. Tobacco regulation and cost-benefit analy-
sis: How should we value foregone consumer surplus? National Bureau of
Economic Research; 2016.

8. Australian Government Department of Health. Post-Implementation
Review Tobacco Plain Packaging 2016 [Internet]. 2016 [cited 2018 Nov 7].
https://ris.pmc.gov.au/sites/default/files/posts/2016/02/Tobacco-Plain-
Packaging-PIR.pdf.

9. Chipty T. Study of the impact of the tobacco plain packaging meas-
ure on smoking prevalence in Australia. Appendix A to the Australian
Government's Post-Implementation Review on Tobacco Plain Packaging.
2016;26.

10. Viscusi K. An assessment of the effect of australian plain packaging
regulation. Analysis of Roy Morgan Research Data CITTS Data and NTPPTS
Data. 2018.

11. Dryden N.The effects of standardized packaging: an empirical analysis.
Compass Lexington. 2017.

12. DeCicca P, Kenkel DS, Lovenheim MF. The economics of tobacco regula-
tion: a comprehensive review. National Bureau of Economic Research.
2020; w26923.

13. Pesko MF, Courtemanche CJ, Maclean JC. The Effects of Traditional
Cigarette and E-Cigarette Taxes on Adult Tobacco Product Use. National
Bureau of Economic Research w26017 [Internet]. 2019 [cited 2020 Dec
301. https://www.nber.org/papers/w26017.

14. Bernheim BD, Rangel A. Addiction and cue-triggered decision processes.
Am Econ Rev. 2004;94:1558-90.

15. Gul F, Pesendorfer W. Temptation and self-control. Econom Wiley Online
Library. 2001;69:1403-35.

16. Gospodinov N, Irvine 1. Global health warnings on tobacco packaging:
evidence from the Canadian experiment. Top Econ Anal Policy. 2004;4.

17. Hammond D. Health warning messages on tobacco products: a review.
Tob Control. 2011,20:327-37.

18. Azagba S, Sharaf MF. The effect of graphic cigarette warning labels on
smoking behavior: evidence from the Canadian experience. Nicotine Tob
Res. 2012;15:708-17.

19. Food and Drug Administration. Required warnings for cigarette packages
and advertisements. Final Rule Fed Regist. 2011;76:36628-777.

20. Huang J, Chaloupka FJ, Fong GT. Cigarette graphic warning labels and
smoking prevalence in Canada: a critical examination and reformulation
of the FDA regulatory impact analysis. Tob Control. 2014;23:i7-12.


https://www.fda.gov/tobacco-products/labeling-and-warning-statements-tobacco-products/cigarette-labeling-and-health-warning-requirements.
https://www.fda.gov/tobacco-products/labeling-and-warning-statements-tobacco-products/cigarette-labeling-and-health-warning-requirements.
https://www.fda.gov/tobacco-products/labeling-and-warning-statements-tobacco-products/cigarette-labeling-and-health-warning-requirements.
https://www.cspdailynews.com/tobacco/lawsuits-filed-overturn-fda-graphic-cigarette-warnings.
https://www.cspdailynews.com/tobacco/lawsuits-filed-overturn-fda-graphic-cigarette-warnings.
https://www.publichealthlawcenter.org/sites/default/files/resources/Tobacco-Control-Legal-Consortium-Cigarette-Graphic-Warnings-and-the-Divided-Federal-Courts.pdf.
https://www.publichealthlawcenter.org/sites/default/files/resources/Tobacco-Control-Legal-Consortium-Cigarette-Graphic-Warnings-and-the-Divided-Federal-Courts.pdf.
https://www.publichealthlawcenter.org/sites/default/files/resources/Tobacco-Control-Legal-Consortium-Cigarette-Graphic-Warnings-and-the-Divided-Federal-Courts.pdf.
https://ris.pmc.gov.au/sites/default/files/posts/2016/02/Tobacco-Plain-Packaging-PIR.pdf.
https://ris.pmc.gov.au/sites/default/files/posts/2016/02/Tobacco-Plain-Packaging-PIR.pdf.
https://www.nber.org/papers/w26017.

Irvine and Nguyen Harm Reduct J

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

(2021) 18:43

Government of Canada SC. Canadian Tobacco Use Monitoring Survey
(CTUMS) [Internet]. 2012 [cited 2017 Aug 20]. http://www23 statcan.gc.
ca/imdb/p2SV.pl?Function=getSurvey&ld=135461.

Gilmore J. Report on smoking prevalence in Canada, 1985 to 1999. Statis-
tics Canada, Ottawa, catalogue number 82F0077XIE. 2000.

United States Department of the Treasury, Alcohol and Tobacco Tax and
Trade Bureau. TTB | Tobacco Statistics [Internet]. 2018 [cited 2018 Nov 7].
https://www.ttb.gov/tobacco/tobacco-stats.shtml.

Gruber J, Sen A, Stabile M. Estimating price elasticities when there is
smuggling: the sensitivity of smoking to price in Canada. J Health Econ.
2003,22:821-42.

Kontopantelis E, Doran T, Springate DA, Buchan |, Reeves D. Regression
based quasi-experimental approach when randomisation is not an
option: interrupted time series analysis. BMJ. 2015;350:h2750.

Angrist JD, Pischke J-S. Mostly harmless econometrics: an empiricist’s
companion, Princeton University Press; 2008.

Currie J, Hanushek EA, Kahn EM, Neidell M, Rivkin SG. Does pollution
increase school absences? Rev Econ Stat. 2009;91:682-94.

Carpenter C, Postolek S, Warman CR. Public-place smoking laws and
exposure to environmental tobacco smoke (ETS) in public places. Am
Econ J Econ Policy. 2011;3(3):35-61.

Ai C, Norton EC. Interaction terms in logit and probit models. Econ Lett.
2003;80:123-9.

Powell D, Pacula RL, Jacobson M. Do medical marijuana laws

reduce addictions and deaths related to pain killers? J Health Econ.
2018;58:29-42.

Courtemanche C, Marton J, Ukert B, Yelowitz A, Zapata D. Early impacts of
the Affordable Care Act on health insurance coverage in Medicaid expan-
sion and non-expansion states. J Policy Anal Manage. 2017;36:178-210.
Young A. Improved, nearly exact, statistical inference with robust and
clustered covariance matrices using effective degrees of freedom correc-
tions Manuscript, London School of Economics; 2016.

MacKinnon JG, Webb MD. The wild bootstrap for few (treated) clusters.
Economet J. 2018;21:114-35.

Pustejovsky JE, Tipton E. Small-sample methods for cluster-robust vari-
ance estimation and hypothesis testing in fixed effects models. J Bus
Econ Stat. 2018;36:672-83.

McCaffrey DF, Bell RM. Bias reduction in standard Errors for linear and
generalized linear models with multi-stage samples. In: Proceedings of
statistics Canada ymposium. 2002. p. 1-10.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Page 14 of 14

Goldstein NJ, Martin SJ, Cialdini R. Yes! Profile Books Ltd Fifty secrets from
the science of persuasion; 2007.

McNeil A, Brose LS, Calder R, Hitchman SC, Hajek P, McRobbie H. E-cig-
arettes: an evidence update. A report commissioned by Public Health
England. Public Health England. 2015;111.

Royal College of Physicians. Nicotine without smoke: Tobacco harm
reduction [Internet]. RCP London. 2016 [cited 2018 Jun 19]. https://www.
rcplondon.ac.uk/projects/outputs/nicotine-without-smoke-tobacco-
harm-reduction-0.

Hajek P, Phillips-Waller A, Przulj D, Pesola F, Myers Smith K, Bisal N, et al. A
randomized trial of E-cigarettes versus nicotine-replacement therapy. N
EnglJ Med. 2019;380:629-37.

Case A, Deaton A. Deaths of despair and the future of capitalism. Prince-
ton University Press; 2020.

Tax Foundation. How High are Vapor Taxes in Your State? [Inter-

net]. 2020 [cited 2020 Dec 30]. https://taxfoundation.org/
vaping-taxes-by-state-2020/.

Cotti CD, Courtemanche CJ, Maclean JC, Nesson ET, Pesko MF, Tefft N. The
Effects of E-Cigarette Taxes on E-Cigarette Prices and Tobacco Product
Sales: Evidence from Retail Panel Data. National Bureau of Economic
Research w26724 [Internet]. 2020 [cited 2020 Dec 30]. https://www.nber.
org/papers/w26724.

Dave DM, Dench DL, Kenkel DS, Mathios AD, Wang H. News that Takes
Your Breath Away: Risk Perceptions During an Outbreak of Vaping-related
Lung Injuries. National Bureau of Economic Research; 2020.

Statistics Canada. Canadian Tobacco and Nicotine Survey, 2019 [Internet].
2020 [cited 2020 Jun 11]. Available from: https://www150.statcan.gc.ca/
n1/daily-quotidien/200305/dq200305a-eng.htm.

Editorial statement on negative findings. Health Economics. Policy and
Law. 2015;10:241-241.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=135461.
http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&Id=135461.
https://www.ttb.gov/tobacco/tobacco-stats.shtml.
https://www.rcplondon.ac.uk/projects/outputs/nicotine-without-smoke-tobacco-harm-reduction-0.
https://www.rcplondon.ac.uk/projects/outputs/nicotine-without-smoke-tobacco-harm-reduction-0.
https://www.rcplondon.ac.uk/projects/outputs/nicotine-without-smoke-tobacco-harm-reduction-0.
https://taxfoundation.org/vaping-taxes-by-state-2020/.
https://taxfoundation.org/vaping-taxes-by-state-2020/.
https://www.nber.org/papers/w26724.
https://www.nber.org/papers/w26724.
https://www150.statcan.gc.ca/n1/daily-quotidien/200305/dq200305a-eng.htm.
https://www150.statcan.gc.ca/n1/daily-quotidien/200305/dq200305a-eng.htm.

	Shock and awe or incentive-compatible harm reduction? Graphic health warnings on tobacco packages
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Background
	Monthly data on sales, smoking prevalence and production
	Econometric analysis of GHWs in Canada
	Segmented regression
	Difference-in-differences regression

	Results
	Descriptive analysis
	Regression results
	Segmented regression—Canadian sales
	Segmented regression—smoking prevalence outcome
	Difference-in-differences regression—Canadian and US sales

	Robustness checks
	Analysis of Canadian cigarette production data
	Use of cigarette taxes instead of cigarette prices 
	Placebo test 
	Dynamic effects of GHWs 
	Shorter time period 
	Another test for pre-policy parallel trend assumption underlying difference-in-differences analysis 
	Estimations of cluster robust errors in difference-in-differences analysis 



	Incentive compatible messaging for 2022: a proposal
	Conclusion
	Acknowledgements
	References


