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on US cigarette packs: a SimSmoke simulation
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ABSTRACT

Introduction While many countries have adopted
prominent pictorial warning labels (PWLs) for cigarette
packs, the USA still requires only small, text-only labels
located on one side of the cigarette pack that have little
effect on smoking-related outcomes. Tobacco industry
litigation blocked implementation of a 2011 Food and
Drug Administration’s (FDA) rule requiring large PWLs.
To inform FDA action on PWLs, this study provides
research-based estimates of their public health impacts.
Methods Literature was reviewed to identify the
impact of cigarette PWLs on smoking prevalence,
cessation and initiation. Based on this analysis, the
SimSmoke model was used to estimate the effect of
requiring PWLs in the USA on smoking prevalence and,
using standard attribution methods, on smoking-
attributable deaths (SADs) and key maternal and child
health outcomes.

Results Available research consistently shows a direct
association between PWLs and increased cessation and
reduced smoking initiation and prevalence. The
SimSmoke model projects that PWLs would reduce
smoking prevalence by 5% (2.5%—9%) relative to the
status quo over the short term and by 10% (4%—19%)
over the long term. Over the next 50 years, PWLs are
projected to avert 652 800 (327 000—1 190 500) SADs,
46 600 (17 500-92 300) low-birth-weight cases,

73 600 (27 800-145 100) preterm births and 1000
(400-2000) cases of sudden infant death syndrome.
Conclusions Requiring PWLs on all US cigarette packs
would be appropriate for the protection of the public
health, because it would substantially reduce smoking
prevalence and thereby reduce SADs and the morbidity
and medical costs associated with adverse smoking-
attributable birth outcomes.

INTRODUCTION
Despite recent declines in adult cigarette smoking
prevalence in the USA, an estimated 45 million
adults continue to smoke, and cigarette smoking
accounts for nearly half a million preventable
deaths and $300 billion annually in medical costs
and productivity losses.! Cigarette companies,
meanwhile, spend billions of dollars each year mar-
keting their products® and cigarette packs continue
to be an important marketing tool. The tobacco
industry’s brand imagery remains the most promin-
ent feature of cigarette packs seen by consumers,
since US regulations only require small, inconspicu-
ous text-only warning labels on the side of the
pack.® *

Evidence consistently indicates that these
text-only warnings are infrequently noticed by con-

reported noticing warning labels often or very
often in the past month.® Recognising the limited
effectiveness of text warnings, Article 11 of the
WHQO’s Framework Convention for Tobacco
Control has recommended pictorial warning labels
(PWLs) that cover 50% or more of the front and
back of the pack surface.”

Although globally more than 70 countries have
adopted or are considering adopting PWLs for cig-
arette packs,” ® US regulations requiring text-only
warnings have remained unchanged since 1985.” In
2009, the Family Smoking Prevention and Tobacco
Control Act (the Act) was signed into law, authoris-
ing the US Food and Drug Administration (FDA) to
regulate cigarettes and other tobacco products,
including their packaging and labelling. The Act
directed the FDA to issue a rule requiring new
PWLs that cover 50% of cigarette packs.'® The
FDA issued a final rule to require the PWLs on all
cigarettes on 22 June 2011,"" but, pursuant to law-
suits by the tobacco industry, the D.C. Circuit
Court of Appeals struck down the rule as violating
the cigarette companies’ First Amendment commer-
cial speech rights.'?

The US court decision to strike down FDA’s
PWL rule hinged in part on a concern that the
PWLs might not produce any significant reduction
in smoking.'? ' Accumulating research, however,
indicates that compared with text-only warnings,
PWLs are more effective for capturing smokers’
attention,'*'® influencing perceived risks of
smoking and attitudes towards smoking'” and
motivating quit attempts,’> 7' but also work
directly to reduce smoking prevalence.’” 2°
Moreover, FDA estimates of the likely impacts of
PWLs in the USA were based on their findings
that PWLs had little impact on smoking in
Canada.?’ However, a subsequent analysis found
that adopting PWLs in Canada actually led to
relative reductions in smoking prevalence of
12-20%.°

Estimates of the impact of PWLs on smoking
prevalence over time and the resulting impact on
health outcomes would better inform FDA’s future
regulatory action relating to warning labels. To date,
however, no such analysis of the public health
impact of PWLs has been conducted. In light of this
gap, the goal of this study is apply the well-
established, peer-reviewed = SimSmoke tobacco
control policy model to estimate the impact of
implementing PWLs on US smoking prevalence and
smoking-attributable health outcomes. SimSmoke
has been validated for over 20 nations, including
the USA, and 6 states, and has been shown to

tobaccocontrol-2016- sumers.” A 2014-2015 survey of 2227 adult predict well over time for a wide range of different
053087 smokers in the USA found that only 11.8% policy changes.”*™°
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METHODS
The SimSmoke tobacco control policy model
The US SimSmoke model begins in 1965 with the number of
current, former and never smokers by age and gender, and pro-
jects forward through 2065.>° Population growth evolves
through births and deaths, adjusted each year to the actual
population from the Census.>! Smoking rates evolve through
smoking initiation, cessation and relapse rates. A discrete time,
first-order Markov process is employed to project future popula-
tion growth and smoking rates from 1965 to future years.
Smoking rates are from the 1965 National Health Interview
Survey (NHIS), as developed by Holford et al.>* Smoking
prevalence is defined in terms of those who have smoked 100
cigarettes during their lifetime and currently smoke. Initiation
rates are based on responses regarding initiation age. Cessation,
tracked from age 16, is defined in terms of having quit for
2 years, which reflects a trade-off between higher cessation rates
in the first year and relapse in later years, with relapse distin-
guished by years since quitting after the second year.>® 3
Initiation and cessation rates change over time as a result of
new policies (tax, smoke-free air laws, marketing restrictions,
health warnings, media campaigns, cessation interventions and
youth access policies). The original policy parameters are based
on literature reviews® and the advice of an expert panel.
Smoking rates are projected through 2014 allowing for actual
changes in policy.*°

Health warning effect sizes

US health warnings currently include only text covering ~50%
of one of the narrow sides of the cigarette pack. We consider
the effect of adopting rotating PWLs covering at least 50% of
the front and the back of the pack (as FDA is required by the
Act to implement). Consequently, we focus on studies that con-
sider PWLs.

Policies often have the largest effect in the first years after
implementation and then smaller effects in later years if the
policy is maintained. We apply a method used for other policies
and consistent with evidence that the marginal effects of PWLs
decline over time.>® Larger effects are often found when the
policy is first implemented, which are modelled through direct
reductions in prevalence. The effects may grow or decline over
time depending on the effects of the policy on future initiation
and cessation rates.

To inform the model, we used prior systematic reviews
and searched PubMed for additional studies using combinations
of key words: ‘graphic’, ‘pictorial’, ‘health’ and ‘warnings’ with
the word ‘cigarette’. We limited the studies considered to those
with at least one smoking behaviour outcome: smoking initi-
ation, cessation or prevalence. While we include experimental
studies, we emphasised population-level studies to inform the
model. In addition, we considered changes in smoking preva-
lence data for countries following the implementation of PWLs,
focusing on high-income nations, such as Australia, Canada and
the UK, which have implemented PWLs in recent years.

The effects of PWLs are separately considered in terms of the
effects on smoking prevalence, initiation and cessation. We
develop best estimates and lower and upper bounds based of the
range of credible outcomes.

37-40

Public health effects of pictorial health warnings

The public health impact of pictorial health warnings (PHWs)
depends on their effect on health outcomes. SimSmoke esti-
mates smoking-attributable deaths (SADs) and maternal and
child health outcomes.

SADs are defined in terms of the excess death rates of current
smokers (ie, current smoker mortality rate—never smoker mor-
tality rate) and of former smokers (ie, current smoker mortality
rate—never smoker mortality rate). Age-specific and gender-
specific current, former and never smoker mortality rates are
based on the Cancer Prevention Studies and the Nutrition
Follow-up Studies.*' Based on the Cancer Prevention Study II,**
mortality rates of former smokers decline with years quit. For
current and former smokers, SADs are calculated each year by
age and gender as the excess death riskXprevalence Xprojected
population and then summed over ages for each gender.

SimSmoke also estimates smoking-attributable low-birth-
weight (LBW), preterm births (PTBs) and sudden infant death
syndrome (SIDS) cases.*> The number of cases is determined by
their smoking-attributable fraction multiplied by the number of
each of the outcomes by age and gender.** The rates of LBW]
PTB and SIDSs were obtained from CDC WONDER"Y for
2012, and assumed constant over time. Rates of smoking while
pregnant are derived using birth certificate data and adjusted for
failure to report using recent estimates.*® Relative smoking risks
are based on the 2004 Surgeon General’s Report®” for LBW
(2.0) and SIDS (2.3) and on Anderka et al*® and Aliyu et al*’
for PTB (1.3).

Impact of PWLs on public health

To estimate the impact of implementing PWLs, the status quo
smoking rates are first projected from 2015 to 2065, assuming
that policies remain at their 2014 levels. The model is then esti-
mated for best, lower and upper estimates of prevalence, cessa-
tion and initiation effects. We assume that PWLs are enacted in
2016 and maintained over time with other policies held con-
stant. The reduction in smoking prevalence is calculated relative
to the status quo levels in the same year. Health outcomes
(SADs, LBW, PTB and SIDS) averted are calculated as the differ-
ence between the status quo level in a particular year and the
level with PWLs, and are summed over the period 2016-2065
as a gauge of the overall effect of the PWLs on current smokers.

RESULTS

Effect sizes for PHWs

While one study®® found no effect on smoking prevalence soon
after PWLs were implemented in Canada, another study’' con-
sidered 6 years after implementation and found a 12% relative
reduction in smoking prevalence. An FDA analysis estimated a
0.5% reduction in smoking prevalence following Canadian
PWLs.2! After correcting for errors in the FDA analysis, such as
the real price consumers paid (instead of assuming that the
industry passed on the tobacco tax), Huang et al*® estimated
12-20% relative reduction in smoking prevalence over 8 years.

Suggestive evidence is also indicated by changes in smoking
prevalence trends following implementation of PWLs. After
implementation in the UK in October 2008, smoking prevalence
fell 10% relative to the 2008 level (from 20% in August 2008
to 18% in June 2009)°* compared to a <5% decline in previous
years.”> With PWLs implemented in Australia in 2006, adult
smoking prevalence fell 10.3% between 2004/2005 and 2007/
2008 (from 21.3% to 19.1%)°* compared to a 4.5% decline
during the previous 3-year period.

In an auction experiment,”> mean bids were $3.52 for packs
with the current text-only warnings and $3.11 for packs with
large PWLs, implying a 12.4% lower value for packs with PWLs
than packs without PWLs. With adult prevalence declining by
29% for every 10% increase in price,>® these findings indicate a
2.5% (0.124%x—0.2) relative prevalence reduction with PWLs.
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In summary, two of the better quality studies showed rela-
tive reductions in smoking prevalence of at least 1206%° ' 6—
8 years after implementing PWLs. Australia and the UK saw a
5% decline in smoking prevalence relative to the secular
trend in the years following implementation of PWLs, and an
experimental study suggests a relative reduction of 2.5%.%°
We estimate that, relative to text warnings, PWLs reduce
smoking prevalence within a 3-year period by at least 2%
and possibly by as much as 8%, with a best estimate of a 4%
relative reduction (an approximate doubling of the US quit
rate).

A Canadian study’! found a 33% greater odds of making a
quit attempt after PWLs were implemented. Other Canadian
studies found that >40% of smokers reported that PWLs moti-
vated them to try to quit smoking® and that 31% of ex-smokers
reported that PWLs had motivated them to quit.’” In Australia,
57% of smokers and 72% of recent quitters in 2008 reported
that PWLs made them think about quitting and had helped
them try to quit.’® A recent experimental study’® obtained an
18% ((40-34)/34) relative increase in quit attempts, and a
meta-analysis obtained a 9% relative increase in quit attempts
associated with PWLs.>’

PWLs may also improve quit success. With Australian PWLs
implemented in 2006,°® previous year cessation lasting
>1 month increases 34% (18% in 2000 vs 24% in 2008).
Partos et al°® found that the 55% of ex-smokers stating that
PWLs make staying quit ‘a lot’ more likely had a 35% lower
odds of relapse 1 year later, similar to an earlier study.®’

Thus, studies indicate as much as 36% higher odds of a quit
attempt following PWLs, and two studies indicated reduced
relapse. However, studies also indicate that the effects of PWLs
on quit attempts decline over time.® ®'~° Taking into account
the larger initial effects of cessation that we estimated through
direct reductions in prevalence, PWLs are estimated to increase
first-year cessation in later years by 10% after the initial effect
on prevalence, with a range of 5-20%.

Evidence also indicates that PWLs affect attitudes, intentions
and behaviours related to smoking initiation among adolescents
and young adults. Between one-fifth and two-thirds of youth
reported that PWLs helped prevent them from taking up
smoking in Canada®® and Australia.’® About 30% of non-
smokers in 28 European nations reported that health warnings
were effective in preventing them from smoking.®> A Canadian
study of PWLs®® found that about 30% of young adults said
that they were less likely to start smoking. Similar results have
been found in experimental studies.*® Compared to text-only
warnings, a US®” study of young adults found almost a five
times higher odds of perceived effectiveness of PWLs for pre-
venting smoking and a 3.5 times higher odds of motivation not
to start smoking, and an online survey of young adults'® found
that PWLs reduced the intent to start smoking and increased the
intention to quit.

While previous studies relate PWLs to smoking initiation atti-
tudes and intentions, more direct evidence initiation effects is
found from survey data on youth and young adult smoking
prevalence. With PWLs implemented in Canada in 2000-2001,
smoking prevalence between 1999 and 2002 dropped 21%
(28% vs 22%) for those aged 15-19 and 14% for those aged
20 and above.®® Smoking prevalence dropped 18% for those
aged 18-24 years in Australia after implementation of PWLs.>*
With PWLs implemented in 2008, a study of 11-15 years in
England®® found a 45% reduction in those who had smoked in
the last week between 2006 and 2010 compared to a reduction
of ~15% between 1998 and 2006. We estimate that

Table 1 Estimated effect sizes of PWLs on smoking prevalence,
cessation and initiation®

Primary studies/data

Type of Best Lower Upper used to derive

effect estimate  bound bound estimates

Initial effect 4% 2% 8% Azagba and Sharaf,”'

on prevalence  reduction  reduction  reduction  Huang et al,%® Thrasher

rates et al,> prevalence data
from the UK>? and
Australia®

Effect on 10% 5% 20% Azagba and Sharaf,”’

future increase increase increase Hammond et al,”

cessation rates Hammond et al,”’
Brewer et al,”® Noar
et al,* Shanahan and
Elliott,”® Partos et al,®°
Li et af’’

Effect on 6% 2% 12% Shanahan and Elliott,*®

future reduction  reduction  reduction  Environics Research

Group Limited,®* EC,®®
Koval et al,%® Noar

et al,** 0'Hegarty

et al,*’ Villanti et al,"®
prevalence data from
Canada,%® Australia®*
and England®®

initiation rates

*All effect sizes are measured relative to the current levels of the respective rates.
PWLs, pictorial warning labels.

implementation of PWLs reduces initiation in relative terms by
6% with a range of 2-12%.

The estimated effects and credible ranges are summarised in
table 1.

SimSmoke projections

Table 2 presents the predicted smoking prevalence for males
and females aged 18 and above and impact of PWLs on those
rates. In 2015, the smoking prevalence under the status quo is
19.0% for males and 15.0% for females and declines slowly to
14.4% for males and 10.8% for females in 2065. After imple-
menting PWLs, male and female smoking prevalence are both
projected to decline by ~5%, relative to the status quo by 2020
with a lower bound of 2.5% and an upper bound of 9% (indi-
cated as (2.5%, 9%)) increasing to a 10% (4%, 19%) decline by
2065.

Table 3 lists estimated SADs and the number of these deaths
averted due to PWLs. Under the status quo, SADs are an esti-
mated 447 756 (274 147 males 173 609 females) in 2015
declining to 262 085 by 2065. With PWLs implemented, 2843
(1428, 5075) SADs (including males and females) are averted in
2020 increasing to 16 199 (8664, 29 531) in 2045 and to
18 078 (8664, 3387) in 2065. From 2016 to 2065, a cumulative
total of 652 769 (327 048, 1 119 529) SADs are predicted to be
averted as a result of PWLs.

The effects of PWLs on adverse maternal and child health
outcomes are presented in table 4. In terms of
smoking-attributable cases, 14 488 LBW, 20 636 PTB and 320
SIDS cases are estimated under the status quo in 2015 increasing
to 19 635 LBW, 27 974 PTB and 434 SIDS cases by 2065, gen-
erating a cumulative total of 849 900 LBW, 1211 104 PTB and
18 788 SIDS cases between 2015 and 2065. After requiring
PWLs, LBW cases are projected to decline by 648 (281, 1220)
in 2020, increasing to 1155 (420, 2313) in 2065. A total of
46 585 (17 493, 92 344) LBW cases are estimated to be averted
between 2015 and 2065. For PTBs, SimSmoke projected a
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Table 2 The effects of PWLs on smoking prevalence, US SimSmoke model, ages 18 and above

Male Female

2015 2016 2020 2045 2065 2015 2016 2020 2045 2065
Smoking prevalence, %
Status quo™ 19.0 18.7 17.7 14.8 14.4 15.0 14.8 13.9 1.1 10.8
Best estimate 19.0 18.0 16.8 13.5 13.0 15.0 14.2 13.2 10.2 9.8
Lower bound 19.0 183 17.2 14.2 13.8 15.0 145 13.5 10.7 10.4
Upper bound 19.0 17.4 16.0 12.3 11.7 15.0 13.7 12.6 9.3 8.8
Relative change from status quo, %t
Best estimate = -4.0 =52 -89 -9.7 = -4.0 =5.1 -8.8 -9.6
Lower bound - -2.0 =25 -39 -4.1 - -2.0 =25 -3.8 —4.1
Upper bound - -7.0 -94 =171 —18.7 - -7.0 -9.2 —16.7 -185

*Status quo holds policies constant at their 2015 level in future years, whereas other estimates show the effect with strong graphic warnings implemented.

tRelative changes are from the status quo estimates measured as the difference in the smoking prevalence with warnings from the status quo prevalence in a particular year relative to
the status quo prevalence in that year.

PWLs, pictorial warning labels.

Table 3 The effects of PWLs on smoking-attributable deaths, US SimSmoke model, ages 18 and above

Gender/year Annual reduction Cumulative impact
Male 2015 2016 2020 2045 2065 2016-2065
Status quo™ 274147 272 386 265138 204 926 160124 11113438
Best estimatet - 149 1793 9662 11 460 396 752
Lower boundt - 74 900 4876 5433 197 437
Upper boundt - 261 3197 17 657 21236 725189
Female 2015 2016 2020 2045 2065 2016-2065
Status quo™ 173 609 172 585 169 144 141 303 101 961 7374748
Best estimatet - 86 1050 6536 6619 256 017
Lower boundt - 43 527 3349 3231 129611
Upper boundt - 150 1878 11874 12151 465 340
Total 2015 2016 2020 2045 2065 2016-2065
Status quo™ 447 756 444 971 434 282 346 229 262 085 18 488 186
Best estimatet - 235 2843 16 199 18 078 652 769
Lower boundt - 117 1428 8225 8664 327 048
Upper boundt - 411 5075 29531 33387 1190529

*Status quo represents the predicted number of smoking-attributable deaths holding all policies constant at their 2015 level in future years.

tBest, lower bound and upper bound estimates represent the predicted number of smoking-attributable maternal and child health outcomes averted with PWLs compared to the status
quo (ie, status quo attributable outcomes—outcomes with PWLs).

PWLs, pictorial warning labels.

Table 4 The effects of PWLs on LBW PTBs and SIDS for mothers aged 15-49, US SimSmoke model

Gender/year Annual reduction Cumulative impact
LBW 2015 2016 2020 2045 2065 2016-2065
Status quo™ 14 488 14 532 14 692 17 361 19 635 849 900
Best estimatet - 497 648 1020 1155 46 585
Lower boundt - 248 281 371 420 17 493
Upper boundt - 873 1220 2042 2313 92 344
PTB 2015 2016 2020 2045 2065 2016-2065
Status quo™ 20 636 20715 20958 24725 27974 1211104
Best estimatet - 787 1024 1612 1826 73 637
Lower boundt - 393 446 589 667 27774
Upper boundt - 1380 1919 3208 3633 145 072
SIDS 2015 2016 2020 2045 2065 2016-2065
Status quo™ 320 321 325 384 434 18788
Best estimatet = 1" 14 22 25 996
Lower boundt - 5 6 8 9 37
Upper boundt - 19 27 44 49 1979

*Status quo represents the total number of predicted smoking-attributable maternal and child health outcome deaths holding all policies constant at their 2015 level in future years.
tBest, lower bound and upper bound estimates represent the predicted number of smoking-attributable maternal and child health outcomes averted with PWLs compared to the status
quo (ie, status quo attributable outcomes—outcomes with PWLs).

LBW, low birth weight; PWLs, pictorial warning labels; PTBs, preterm births; SIDS, sudden infant death syndrome.
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reduction of 1826 (667, 3633) cases in 20635, yielding 73 637
(27 774, 145 072 ) cases averted from 2015 to 2065. With 25
(9, 49) of the ~430 cases avoided in 20635, a total of 996 (371,
1979) SIDS cases are averted by 2065.

DISCUSSION

We estimate that implementing PWLs in the USA would directly
reduce smoking prevalence in relative terms by 5% in the first
few years. The effects would increase to 10% over the long-
term through their effects on initiation and cessation. If imple-
mented in 2016, PWLs are estimated to reduce the number of
SADs by an estimated 652 800 by 2065 and to prevent more
than 46 600 cases of LBW] 73 600 cases of PTB and 1000 SIDS
deaths. Even the model’s lower-bound estimates project that
introducing PWLs in the USA would reduce the number of
deaths by over 327 000, the number of LBW by over 17 000
and PTB births by over 27 000 each by 2065. While not consid-
ered here, the effects on smoking prevalence through PWLs can
also be expected to reduce other smoking-related morbidity and
disability, as well as to reduce associated healthcare and product-
ivity loss. In particular, the morbidity and increased medical
associated with PTBs and LBW would be substantially
reduced.

The results are based on a model that was previously vali-
dated by comparing smoking prevalence from SimSmoke against
NHIS rates for four age groups (18-24, 25-44, 45-64 and 65
+) over the period 1965-2012, and were found to validate well
overall by age group.’® Nevertheless, the results depend on the
data and assumptions inherent in the SimSmoke model and
effect sizes for PWLs.

While we have attempted to be conservative in our estimates
of PWL effect sizes, our results depend on the effect sizes devel-
oped from our review of the literature. We reviewed evidence
from diverse sources, including population-level and individual-
level studies, data on trends in nations that have implemented
PWLs and recent meta-analyses.>® ** Our best estimate of a
10% relative reduction in long-term smoking prevalence is
lower than the 13% relative reduction obtained in a recent
meta-analysis.>’

While estimation of the effects of PWLs on cessation is based
on studies that specifically examine cessation behaviours, studies
also indicate that PWLs increase calls to quitlines,>® which have
been found to improve quit success.”" In addition, studies® *° 72
find that PWLs have reduced the quantity smoked per smoker,
which may contribute to quit success. Nevertheless, the evi-
dence on initiation effects is more limited, since no previous
studies have specifically examined initiation following the imple-
mentation of PWLs. In addition, the results for cessation and
prevalence effects depend on the ability to isolate the effects of
PWLs from other policies that may have been implemented
around the same period of time. However, some of the better
studies included controls for other policies,”® and there were
limited policy changes around the time that PWLs were imple-
mented in the UK*? and Australia.>”

The effect sizes used in the model also depend on evaluations
of PWLs from other nations, and the effects may vary in the
USA depending on how PWLs are implemented. The court
ruling that struck down FDA’s original PWLs expressed con-
cerns over warnings that evoked emotional responses.
Consequently, PWLs in the USA may be less graphic than those
studied in other countries, making them less effective at redu-
cing smoking prevalence. However, the contrast between the
existing small US text warnings and new PWLs may still be
greater than that between the PWLs implemented in other

countries compared to their prior warning labels. In addition,
the FDA could bolster the impact by regularly refreshing them
with new sets of PWLs and requiring package inserts’ that
provide further information about smoking health harms and
smoking cessation. For example, quit line information on warn-
ings'” 7* 75 and integrating warning label and tobacco control
media campaign messaging’®’® may produce synergistic effects
for promoting public health.

The results are also subject to assumptions inherent in the
model. The model did not distinguish by socioeconomic status
(SES) or racial/ethnic groups, but studies find that PWLs are
equally or more effective for lower SES than for higher SES
groups.”” % With the less rapid decline in smoking prevalence
among low SES groups in the USA, PWLs may provide an
important  opportunity to  reduce  tobacco-associated
disparities.®*

We also did not model uncertainty in future smoking preva-
lence. Future trends in smoking prevalence will depend on
whether new tobacco control policies are implemented and
whether current policies are abandoned. In addition, the model
did not incorporate the use of alternative nicotine delivery pro-
ducts, including smokeless tobacco, cigars and electronic cigar-
ettes, all of which have increased in recent years.** *¢ Through
changes in initiation and cessation, the use of these products
could lead to changes in smoking prevalence not predicted by
our model. In the absence of strong warnings on these other
products, PWLs on cigarettes could lead to substitution of other
tobacco products.'® 87

In summary, the Tobacco Control Act generally requires that
FDA’s regulatory actions relating to tobacco products be ‘appro-
priate for the protection of public health’.'® *® Based on avail-
able research, we find that implementing PWLs for US cigarette
packs would substantially reduce smoking prevalence and
thereby reduce tobacco-attributable maternal and child health
outcomes and deaths due to SIDS, heart disease, lung cancer
and chronic obstructive pulmonary disease. Thus, implementing
PWLs in the USA would substantially reduce the public health
burden incurred by cigarette smoking and are therefore ‘appro-
priate for the protection of the public health’.

What this paper adds

» Recent studies indicate important effects of PHWs on
smoking prevalence and smoking cessation, but the public
health impact of PHWs on smoking prevalence and health
outcomes has not been estimated.

» Requiring large PWLs on US cigarette packs would
substantially reduce smoking prevalence, avert SADs and
reduce adverse smoking-attributable birth outcomes, and is,
therefore, appropriate for the protection of public health.

Twitter Follow Darren Mays at @darren_mays

Acknowledgements The authors thank Eric Lindblom, JD, Georgetown University
Law Center, for extensive comments on an earlier draft.

Collaborators Erric Lindblom.

Contributors All authors have contributed to the formulation of the model and the
writing of the original manuscript and revisions.

Funding Funding was received by DTL from the National Institute on Drug Abuse,
under grant RO1DA036497, to examine health warnings and from the Cancer
Intervention and Surveillance Modeling Network (CISNET) of the Division of Cancer

Levy DT, et al. Tob Control 2016;0:1-7. doi:10.1136/tobaccocontrol-2016-053087

5


http://twitter.com/darren_mays
http://tobaccocontrol.bmj.com/
http://group.bmj.com

Downloaded from http://tobaccocontrol.bmj.com/ on November 4, 2016 - Published by group.bmj.com

Research paper

Control and Population Sciences, NCI under grant UO1-CA97450 to develop the
SimSmoke model. JFT was partly supported by a grant from the National Institutes

smoking-attributable deaths in a middle income nation. PLoS Med 2012;9:
€1001336.

of Health (RO1 CA167067). The funders had no role in the design, analysis, 24 Currie LM, Blackman K, Clancy L, et al. The effect of tobacco control policies on

preparation, or decision to publish the manuscript. smoking prevalence and smoking-attributable deaths in Ireland using the IrelandSS

Competing interests DH and JFT have served as a paid expert witnesses on simulation model. .Tob Control 2013,22:025-32. )

behalf of governments in tobacco litigation, including challenges to health warning 25 Lew DT, Cho S, K'T“. YM’ et al. Simsmoke model evaluation of the effec‘t of

regulations. tobacco control policies in Korea: the unknown success story. Am J Public Health

2010;100:1267-73.

Provenance and peer review Not commissioned; externally peer reviewed. 26 Levy D, Benjakul S, Ross H, et al. The role of tobacco control policies in reducing

Data sharing statement The CISNET data used to develop the model is available smoking and deaths in a Middle Income Nation: results from the Thailand

on the NCI CISNET website. SimSmoke simulation model. Tob Control 2008;17:53-9.

27  Levy DT, Blackman K, Currie LM, et al. Germany SimSmoke: the effect of tobacco
control policies on future smoking prevalence and smoking-attributable deaths in

REFERENCES Germany. Nicotine Tob Res 2013;15:465-73.

1 National Center for Chronic Disease Prevention and Health Promotion, US Office on 28  Levy DT, Bauer J, Ross H, et al. The role of public policies in reducing smoking
Smoking and Health. The health consequences of smoking—50 years of progress: prevalence and deaths caused by smoking in Arizona: results from the Arizona
a report of the surgeon general. Atlanta, GA: Centers for Disease Control and tobacco policy simulation model. J Public Health Manag Pract 2007;13:59-67.
Prevention, 2014. http://www.cdc.gov/tobacco/data_statistics/sgr/50th-anniversary/ 29 Levy DT, Boyle RG, Abrams DB. The role of public policies in reducing smoking:
index.htm (accessed 20 Oct 2016). the Minnesota SimSmoke tobacco policy model. Am J Prev Med 2012;43(Suppl 3):

2 US Federal Trade Commission. Cigarette Report for 2011. 2014. https:/www.ftc. $179-86.
gov/reports/federal-trade-commission-cigarette-report-2011 (accessed May 2013). 30 Levy DT, Meza R, Zhang Y, et al. Gauging the effect of U.S. tobacco control policies

3 Henriksen L. Comprehensive tobacco marketing restrictions: promotion, packaging, from 1965 through 2014 using SimSmoke. Am J Prev Med 2016;50:535-42.
price and place. Tob Control 2012;21:147-53. 31 US Census Bureau CPS. US population by age and gender. 2014. http:/www.

4 Wakefield M, Morley C, Horan JK, et al. The cigarette pack as image: new evidence census.gov (accessed 12 Jan 2015).
from tobacco industry documents. Tob Control 2002;11(Suppl 1):173-80. 32 Holford TR, Levy DT, McKay LA, et al. Patterns of birth cohort-specific smoking

5 Hammond D, Fong GT, Borland R, et a/. Text and graphic warnings on cigarette histories, 1965-2009. Am J Prev Med 2014;46:e31-7.
packages: findings from the international tobacco control four country study. 33 Hughes IR, Peters EN, Naud S. Relapse to smoking after 1 year of abstinence:

Am J Prev Med 2007;32:202-9. a meta-analysis. Addict Behav 2008;33:1516-20.

6 Fix B, Smith D, Bansal-Travers M, et al. An assessment of knowledge about current 34 U.S. DHHS. The health benefits of smoking cessation: a report of the Surgeon
health warning labels among adult US smokers: results from the 2014-2015 General. Atlanta, GA: U.S. Department of Health and Human Services, Public
International Tobacco Control Survey. Chicago: Society for Research on Nicotine and Health Service, Centers for Disease Control, Office on Smoking and Health, 1990.
Tobacco, 2016. http://c.ymcdn.com/sites/www.smt.org/resource/resmgr/Conferences/ http:/Awww.surgeongeneral.gov/library/reports/index.html (accessed 20 Oct 2016)
2016_Annual_Meeting/Program/FINAL_SRNT_Abstract_WEB02171.pdf (accessed 35 Levy DT, Gitchell JG, Chaloupka F. The effects of tobacco control policies on smoking
20 Oct 2016) rates: a tobacco control scorecard. J Public Health Manag Pract 2004;10:338-51.

7 Sanders-Jackson AN, Song AV, Hiilamo H, et al. Effect of the Framework 36  Levy DT, Bauer JE, Lee HR. Simulation modeling and tobacco control: creating more
Convention on Tobacco Control and voluntary industry health warning labels on robust public health policies. Am J Public Health 2006;96:494-8.
passage of mandated cigarette warning labels from 1965 to 2012: transition 37 Hammond D. Health waming messages on tobacco products: a review. Tob Control
probability and event history analyses. Am J Public Health 2013;103:2041-7. 2011;20:327-37.

8  Canadian Cancer Society. Cigarette Package Health Warnings: International Status 38 Monarrez-Espino J, Liu B, Greiner F, et al. Systematic review of the effect of pictorial
Report. September 2014. warnings on cigarette packages in smoking behavior. Am J Public Health 2014;104:

9 Hammond D. Tobacco packaging and labeling policies under the U.S. Tobacco e11-30.
control act: research needs and priorities. Nicotine Tob Res 2012;14:62—-74. 39 Noar S, Francis D, Bridges C, et al. The impact of strengthening cigarette pack

10 H.R. 1256 — 111th Congress: Family Smoking Prevention and Tobacco Control Act. warnings: systematic review of longitudinal observational studies. Soc Sci Med
www.GovTrack.us. 2009. https://www.govtrack.us/congress/bills/111/hr1256 2016;164:118-29.

(accessed 21 Oct 2016). 40  Noar SM, Hall MG, Francis DB, et a/. Pictorial cigarette pack warnings:

11 Food and Drug Administration. THHS, Final Rule, Required Warnings for Cigarette a meta-analysis of experimental studies. Tob Control 2016;25:341-54.

Packages and Advertisements, Federal Register 76(120), 22 June 2011. Rules and 41 Holford TR, Meza R, Warner KE, et al. Tobacco control and the reduction in
regulations. https://www.gpo.gov/fdsys/pkg/FR-2011-06-22/pdf/2011-15337.pdf smoking-related premature deaths in the United States, 1964-2012. JAMA
(accessed 10 Feb 2012). 2014;311:164-71.

12 R.J. Reynolds Tobacco Co., et al., v. Food & Drug Administration, et a/., 696 F.3d 42 Burns D, Garfinkel L, Samet J, eds. Changes in cigarette-related disease risks and
1205 (D.C. Cir. 2012). their implication for prevention and control. Bethesda, MD: National Institutes

13 Bayer R, Gostin L, Marcus-Toll D. Repackaging cigarettes—uwill the courts thwart of Health, National Cancer Institute, 1997. Smoking and Tobacco Control
the FDA? N Engl J Med 2012;367:2065~7. Monograph 8. http://cancercontrol.cancer.gov/brp/tcrb/monographs/8/index.html

14 Nonnemaker JM, Choiniere CJ, Farrelly MC, et al. Reactions to graphic health (accessed 20 Oct 2016).
warnings in the United States. Health Educ Res 2015;30:46-5. 43 Levy D, Mohlman MK, Zhang Y. Estimating the potential impact of tobacco control

15 Yong HH, Borland R, Thrasher JF, et al. Mediational pathways of the impact of policies on adverse maternal and child health outcomes in the United States using
cigarette warning labels on quit attempts. Health Psychol 2014;33:1410-20. the SimSmoke tobacco control policy simulation model. Nicotine Tob Res

16 Emery LF, Romer D, Sheerin KM, et al. Affective and cognitive mediators of the 2016;18:1240-9.
impact of cigarette warning labels. Nicotine Tob Res 2014;16:263-9. 44 Melvin CL, Adams EK, Miller V. Costs of smoking during pregnancy: development of

17 Thrasher JF, Osman A, Moodie C, et al. Promoting cessation resources through the maternal and child health smoking attributable mortality, morbidity and
cigarette package warning labels: a longitudinal survey with adult smokers in economic costs (MCHSAMMEC) software. Tob Control 2000;9(Suppl 3):1lI12-15.
Canada, Australia and Mexico. Tob Control 2015;24:¢23-31. 45  Centers for Disease Control and Prevention. Fertility rates, mortality and birth rates by

18 (DC. Cigarette package health warnings and interest in quitting smoking—14 age and gender. 2015. https://wonder.cdc.gov/natality.html (accessed 30 Aug 2015).
countries, 2008-2010. MMWR Morb Mortal Wkly Rep 2011,60:645-51. 46  Tong VT, Dietz PM, Morrow B, et al. Trends in smoking before, during, and after

19 Villanti AC, Cantrell J, Pearson JL, et a/. Perceptions and perceived impact of pregnancy—Pregnancy Risk Assessment Monitoring System, United States, 40 sites,
graphic cigarette health warning labels on smoking behavior among U.S. Young 2000-2010. MMWR Surveill Summ 2013,62:1-19.
adults. Nicotine Tob Res 2014;16:469-77. 47 USDHHS. The 2004 United States Surgeon General's Report: the health

20 Huang J, Chaloupka FJ, Fong GT. Cigarette graphic warning labels and smoking consequences of smoking. 'S W Public Health Bull 2004;15:107.
prevalence in Canada: a critical examination and reformulation of the FDA 48  Anderka M, Romitti PA, Sun L, et al. Patterns of tobacco exposure before and
regulatory impact analysis. Tob Control 2014;23(Suppl 1):i7-12. during pregnancy. Acta Obstet Gynecol Scand 2010;89:505-14.

21 Chaloupka FJ, Wamer KE, Acemoglu D, et al. An evaluation of the FDA's analysis 49 Aliyu MH, Lynch O, Wilson RE, et al. Association between tobacco use in pregnancy
of the costs and benefits of the graphic warning label regulation. Tob Control and placenta-associated syndromes: a population-based study. Arch Gynecol Obstet
2015;24:112-19. 2011;283:729-34.

22 Levy D, Rodriguez-Buno RL, Hu TW, et al. The potential effects of tobacco control 50  Gospodinov N, Irvine I. Global health warnings on tobacco packaging: evidence
in China: projections from the China SimSmoke simulation model. BMJ 2014;348: from the Canadian experiment. Top Econ Anal Policy 2004:4:1-23.

91134, 51 Azagba S, Sharaf MF. The effect of graphic cigarette warning labels on smoking

23 Levy D, de Almeida LM, Szklo A. The Brazil SimSmoke policy simulation model: behavior: evidence from the Canadian experience. Nicotine Tob Res
the effect of strong tobacco control policies on smoking prevalence and 2013;15:708-17.

6 Levy DT, et al. Tob Control 2016;0:1-7. doi:10.1136/tobaccocontrol-2016-053087


http://www.cdc.gov/tobacco/data_statistics/sgr/50th-anniversary/index.htm
http://www.cdc.gov/tobacco/data_statistics/sgr/50th-anniversary/index.htm
https://www.ftc.gov/reports/federal-trade-commission-cigarette-report-2011
https://www.ftc.gov/reports/federal-trade-commission-cigarette-report-2011
http://dx.doi.org/10.1136/tobaccocontrol-2011-050416
http://dx.doi.org/10.1136/tc.11.suppl_1.i73
http://dx.doi.org/10.1016/j.amepre.2006.11.011
http://c.ymcdn.com/sites/www.srnt.org/resource/resmgr/Conferences/2016_Annual_Meeting/Program/FINAL_SRNT_Abstract_WEB02171.pdf
http://c.ymcdn.com/sites/www.srnt.org/resource/resmgr/Conferences/2016_Annual_Meeting/Program/FINAL_SRNT_Abstract_WEB02171.pdf
http://dx.doi.org/10.2105/AJPH.2013.301324
http://dx.doi.org/10.1093/ntr/ntr182
http://www.GovTrack.us.
https://www.govtrack.us/congress/bills/111/hr1256
https://www.gpo.gov/fdsys/pkg/FR-2011-06-22/pdf/2011-15337.pdf
http://dx.doi.org/10.1056/NEJMp1211522
http://dx.doi.org/10.1093/her/cyu036
http://dx.doi.org/10.1037/hea0000056
http://dx.doi.org/10.1093/ntr/ntt124
http://dx.doi.org/10.1136/tobaccocontrol-2014-051589
http://dx.doi.org/10.1093/ntr/ntt176
http://dx.doi.org/10.1136/tobaccocontrol-2014-052022
http://dx.doi.org/10.1371/journal.pmed.1001336
http://dx.doi.org/10.1136/tobaccocontrol-2011-050248
http://dx.doi.org/10.2105/AJPH.2009.166900
http://dx.doi.org/10.1136/tc.2007.022319
http://dx.doi.org/10.1093/ntr/nts158
http://dx.doi.org/10.1097/00124784-200701000-00010
http://dx.doi.org/10.1016/j.amepre.2012.07.037
http://www.census.gov
http://www.census.gov
http://www.census.gov
http://dx.doi.org/10.1016/j.amepre.2013.10.022
http://dx.doi.org/10.1016/j.addbeh.2008.05.012
http://www.surgeongeneral.gov/library/reports/index.html
http://dx.doi.org/10.1097/00124784-200407000-00011
http://dx.doi.org/10.2105/AJPH.2005.063974
http://dx.doi.org/10.1136/tc.2010.037630
http://dx.doi.org/10.2105/AJPH.2014.302129
http://dx.doi.org/10.1016/j.socscimed.2016.06.011
http://dx.doi.org/10.1136/tobaccocontrol-2014-051978
http://dx.doi.org/10.1001/jama.2013.285112
http://cancercontrol.cancer.gov/brp/tcrb/monographs/8/index.html
http://dx.doi.org/10.1093/ntr/ntv178
https://wonder.cdc.gov/natality.html
http://dx.doi.org/10.3109/00016341003692261
http://dx.doi.org/10.1007/s00404-010-1447-8
http://dx.doi.org/10.1093/ntr/nts194
http://tobaccocontrol.bmj.com/
http://group.bmj.com

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Downloaded from http://tobaccocontrol.bmj.com/ on November 4, 2016 - Published by group.bmj.com

Research paper

Wardle H, Pickup D, Lee L, et al. Evaluating the impact of pictorial health warnings
on cigarette packets. 2010. http://phrc.Ishtm.ac.uk/papers/PHRC_A6-08_Final_
Report.pdf (accessed 20 Oct 2016).

Levy DT, Currie L, Clancy L. Tobacco control policy in the UK: blueprint for the rest
of Europe? Eur J Public Health 2013;23:201-6.

Australia Bureau of Statistics. Smoking prevalence. [web page]. 2014. http:/www.
abs.gov.au/ausstats/abs@.nsf/Lookup/4 125.0main+features3320Jan%202013
(accessed 31 Jan 2015).

Thrasher JF, Rousu MC, Hammond D, et al. Estimating the impact of pictorial health
warnings and ‘plain’ cigarette packaging: evidence from experimental auctions
among adult smokers in the United States. Health Policy 2011;102:41-8.
Chaloupka FJ, Straif K, Leon ME, Working Group, International Agency for Research
on Cancer. Effectiveness of tax and price policies in tobacco control. Tob Control
2011,20:235-8.

Hammond D, McDonald PW, Fong GT, et al. The impact of cigarette warning labels
and smoke-free bylaws on smoking cessation: evidence from former smokers. Can

J Public Health 2004;95:201-4.

Shanahan P, Elliott D. Evaluation of the effectiveness of the graphic health warnings
on tobacco product packaging 2008. Canberra: Australian Government Department
of Health and Aging, 2009.

Brewer NT, Hall MG, Noar SM, et al. Effect of pictorial cigarette pack warnings on
changes in smoking behavior: a randomized clinical trial. JAMA Intern Med
2016;176:905-12.

Partos TR, Borland R, Yong HH, et al. Cigarette packet warning labels can prevent
relapse: findings from the International Tobacco Control 4-Country policy evaluation
cohort study. Tob Control 2013;22:e43-50.

Borland R, Yong HH, Wilson N, et al. How reactions to cigarette packet health
warnings influence quitting: findings from the ITC Four-Country survey. Addiction
2009;104:669-75.

Li L, Borland R, Yong H, et al. Longer term impact of cigarette package warnings in
Australia compared with the United Kingdom and Canada. Health Educ Res
2015;30:67-80.

Hitchman SC, Driezen P, Logel C, et al. Changes in effectiveness of cigarette health
warnings over time in Canada and the United States, 2002—2011. Nicotine Tob Res
2014;16:536-43.

Environics Research Group Limited. The health effects of tobacco and health
warning messages on cigarette packages-survey of adults and adult smokers. 2008.
http:/www.smoke-free.ca/warnings/WarningsResearch/POR-04-19%20Final%
20Report%205552%20Adult%20wave%209.pdf (accessed 30 Sep 2013).
European Commission. Eurobarometer: Survey on Tobacco (Analytical Report). 2009.
http://ec.europa.eu/public_opinion/flash/fl_253_en.pdf (accessed 12 Apr 2010).
Koval JJ, Aubut JA, Pederson LL, et al. The potential effectiveness of warning labels
on cigarette packages: the perceptions of young adult Canadians. Can J Public
Health 2005;96:353—6.

O'Hegarty M, Pederson LL, Nelson DE, et al. Reactions of young adult smokers to
warning labels on cigarette packages. Am J Prev Med 2006;30:467-73.

Health Canada. Canadian Tobacco Use Monitoring Survey—Historical Tables 1999—
2011. 2015. http:/www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_
ctums-esutc_2011/ann-histo-eng.php (accessed 15 Jun 2015).

Bridges B, Gill V, Omole T, et al. Smoking, drinking and drug use among young
people in England—2010. 2011. http:/www.hscic.gov.uk/pubs/sdd10fullreport
(accessed 23 Jun 2015).

70

Al

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

88

Adams EK, Melvin CL, Raskind-Hood C, et al. Infant delivery costs related to
maternal smoking: an update. Nicotine Tob Res 2011;13:627-37.

Abrams DB, Graham AL, Levy DT, et al. Boosting population quits through evidence-
based cessation treatment and policy. Am J Prev Med 2010;38(3 Suppl):S351-63.
Hammond D, Fong GT, McDonald PW, et a/. Graphic Canadian cigarette waming
labels and adverse outcomes: evidence from Canadian smokers. Am J Public Health
2004;94:1442-5.

Thrasher JF, Swayampakala K, Cummings KM, et al. Cigarette package inserts can
promote efficacy beliefs and sustained smoking cessation attempts: a longitudinal
assessment of an innovative policy in Canada. Prev Med 2016;88:59-65.

UK Department of Health. Consultation on the introduction of picture warnings on
tobacco pack. 2006. http:/www.dh.gov.uk/assetRoot/04/13/54/96/04135496.pdf
Wilson N, Li J, Hoek J, et al. Long-term benefit of increasing the prominence of a
quitline number on cigarette packaging: 3 years of Quitline call data. N Z Med J
2010;123:109-11.

Brennan E, Durkin SJ, Cotter T, et al. Mass media campaigns designed to support
new pictorial health warnings on cigarette packets: evidence of a complementary
relationship. Tob Control 2011;20:412-18.

Hammond D, Wakefield M, Durkin S, et al. Tobacco packaging and mass media
campaigns: research needs for Articles 11 and 12 of the WHO Framework
Convention on Tobacco Control. Nicotine Tob Res 2013;15:817-31.

Thrasher JF, Murukutla N, Perez-Hernandez R, et al. Linking mass media campaigns
to pictorial warning labels on cigarette packages: a cross-sectional study to evaluate
effects among Mexican smokers. Tob Control 2013;22:e57-65.

Cantrell J, Vallone DM, Thrasher JF, et al. Impact of tobacco-related health warning
labels across socioeconomic, race and ethnic groups: results from a randomized
web-based experiment. PLoS ONE 2013;8:€52206.

Thrasher JF, Arillo-Santillan E, Villalobos V, et al. Can pictorial warning labels on
cigarette packages address smoking-related health disparities? Field experiments in
Mexico to assess pictorial warning label content. Cancer Causes Control 2012;23
(Suppl 1):69-80.

Thrasher JF, Villalobos V, Szklo A, et al. Assessing the impact of cigarette package
health waming labels: a cross-country comparison in Brazil, Uruguay and Mexico.
Salud Publica Mex 2010;52(Suppl 2):5206—-15.

Thrasher JF, Carpenter MJ, Andrews JO, et al. Cigarette warning label policy
alternatives and smoking-related health disparities. Am J Prev Med
2012;43:590-600.

Gibson L, Brennan E, Momijian A, et al. Assessing the consequences of
implementing graphic warning labels on cigarette packs for tobacco-related health
disparities. Nicotine Tob Res 2015;17:898-907.

Ward E, Jemal A, Cokkinides V, et al. Cancer disparities by race/ethnicity and
socioeconomic status. CA Cancer J Clin 2004;54:78-93.

Agaku IT, Alpert HR. Trends in annual sales and current use of cigarettes, cigars,
roll-your-own tobacco, pipes, and smokeless tobacco among US adults, 2002—
2012. Tob Control 2016;25:451-7.

Hu SS, Neff L, Agaku IT, et al. Tobacco product use among adults—United States,
2013-2014. MMWR Morb Mortal Wkly Rep 2016,65:685-91.

Popova L, Neilands TB, Ling PM. Testing messages to reduce smokers' openness to
using novel smokeless tobacco products. Tob Control 2014;23:313-21.

Villanti AC, Vargyas EJ, Niaura RS, et al. Food and Drug Administration regulation
of tobacco: integrating science, law, policy, and advocacy. Am J Public Health
2011;101:1160-2.

Levy DT, et al. Tob Control 2016;0:1—7. doi:10.1136/tobaccocontrol-2016-053087


http://phrc.lshtm.ac.uk/papers/PHRC_A6-08_Final_Report.pdf
http://phrc.lshtm.ac.uk/papers/PHRC_A6-08_Final_Report.pdf
http://dx.doi.org/10.1093/eurpub/cks090
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4125.0main+features3320Jan%202013
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4125.0main+features3320Jan%202013
http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/4125.0main+features3320Jan%202013
http://dx.doi.org/10.1016/j.healthpol.2011.06.003
http://dx.doi.org/10.1136/tc.2010.039982
http://dx.doi.org/10.1001/jamainternmed.2016.2621
http://dx.doi.org/10.1136/tobaccocontrol-2011-050254
http://dx.doi.org/10.1111/j.1360-0443.2009.02508.x
http://dx.doi.org/10.1093/her/cyu074
http://dx.doi.org/10.1093/ntr/ntt196
http://www.smoke-free.ca/warnings/WarningsResearch/POR-04-19%20Final%20Report%205552%20Adult%20wave%209.pdf
http://www.smoke-free.ca/warnings/WarningsResearch/POR-04-19%20Final%20Report%205552%20Adult%20wave%209.pdf
http://www.smoke-free.ca/warnings/WarningsResearch/POR-04-19%20Final%20Report%205552%20Adult%20wave%209.pdf
http://www.smoke-free.ca/warnings/WarningsResearch/POR-04-19%20Final%20Report%205552%20Adult%20wave%209.pdf
http://www.smoke-free.ca/warnings/WarningsResearch/POR-04-19%20Final%20Report%205552%20Adult%20wave%209.pdf
http://www.smoke-free.ca/warnings/WarningsResearch/POR-04-19%20Final%20Report%205552%20Adult%20wave%209.pdf
http://ec.europa.eu/public_opinion/flash/fl_253_en.pdf
http://ec.europa.eu/public_opinion/flash/fl_253_en.pdf
http://dx.doi.org/10.1016/j.amepre.2006.01.018
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2011/ann-histo-eng.php
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2011/ann-histo-eng.php
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2011/ann-histo-eng.php
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2011/ann-histo-eng.php
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2011/ann-histo-eng.php
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2011/ann-histo-eng.php
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2011/ann-histo-eng.php
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2011/ann-histo-eng.php
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2011/ann-histo-eng.php
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2011/ann-histo-eng.php
http://www.hscic.gov.uk/pubs/sdd10fullreport
http://www.hscic.gov.uk/pubs/sdd10fullreport
http://dx.doi.org/10.1093/ntr/ntr042
http://dx.doi.org/10.1016/j.amepre.2009.12.011
http://dx.doi.org/10.2105/AJPH.94.8.1442
http://dx.doi.org/10.1016/j.ypmed.2016.03.006
http://www.dh.gov.uk/assetRoot/04/13/54/96/04135496.pdf
http://www.dh.gov.uk/assetRoot/04/13/54/96/04135496.pdf
http://dx.doi.org/10.1136/tc.2010.039321
http://dx.doi.org/10.1093/ntr/nts202
http://dx.doi.org/10.1136/tobaccocontrol-2011-050282
http://dx.doi.org/10.1371/journal.pone.0052206
http://dx.doi.org/10.1590/S0036-36342010000800004
http://dx.doi.org/10.1016/j.amepre.2012.08.025
http://dx.doi.org/10.1093/ntr/ntv082
http://dx.doi.org/10.3322/canjclin.54.2.78
http://dx.doi.org/10.1136/tobaccocontrol-2014-052125
http://dx.doi.org/10.15585/mmwr.mm6527a1
http://dx.doi.org/10.1136/tobaccocontrol-2012-050723
http://dx.doi.org/10.2105/AJPH.2011.300229
http://tobaccocontrol.bmj.com/
http://group.bmj.com

Downloaded from

TC

http://tobaccocontrol.bmj.com/ on November 4, 2016 - Published by group.bmj.com

Public health benefits from pictorial health
warnings on US cigarette packs: a SimSmoke
simulation

David T Levy, Darren Mays, Zhe Yuan, David Hammond and James F
Thrasher

Tob Control published online November 2, 2016

Updated information and services can be found at:
http://tobaccocontrol.bmj.com/content/early/2016/10/31/tobaccocont
rol-2016-053087

References

Email alerting
service

These include:

This article cites 68 articles, 28 of which you can access for free at:
http://tobaccocontrol.bmj.com/content/early/2016/10/31/tobaccocont
rol-2016-053087#BIBL

Receive free email alerts when new articles cite this article. Sign up in the
box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.co

m/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://tobaccocontrol.bmj.com/content/early/2016/10/31/tobaccocontrol-2016-053087
http://tobaccocontrol.bmj.com/content/early/2016/10/31/tobaccocontrol-2016-053087
http://tobaccocontrol.bmj.com/content/early/2016/10/31/tobaccocontrol-2016-053087#BIBL
http://tobaccocontrol.bmj.com/content/early/2016/10/31/tobaccocontrol-2016-053087#BIBL
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://tobaccocontrol.bmj.com/
http://group.bmj.com

	Public health benefits from pictorial health warnings on US cigarette packs: a SimSmoke simulation
	Abstract
	Introduction
	Methods
	The SimSmoke tobacco control policy model
	Health warning effect sizes
	Public health effects of pictorial health warnings
	Impact of PWLs on public health

	Results
	Effect sizes for PHWs
	SimSmoke projections

	Discussion
	References


