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Exploring Scenarios to Dramatically Reduce
Smoking Prevalence: A Simulation Model of the
Three-Part Cessation Process

| David T. Levy, PhD, Patricia L. Mabry, PhD, Amanda L. Graham, PhD, C. Tracy Orleans, PhD, and David B. Abrams, PhD

Since the 1964 Surgeon General’s Report first
warned of the hazards of smoking tobacco,"
enormous strides have been made in reducing
adult smoking prevalence. At the peak of US
tobacco use in 1965, the adult smoking preva-
lence was 42.4%7; now, only 19.8% of adults
smoke.® Nevertheless, an estimated 44.4 million
American adults continue to smoke, incurring
443000 premature deaths, with $97 billion in
productivity losses and $96 billion in health care
expenditures.* In recognition of the problem,
Healthy People 2010 set an ambitious goal of
reducing smoking prevalence to 12% by 2010.
With that goal now almost certainly unattain-
able,® new approaches need to be explored.

Smoking prevalence can be reduced in 3
ways: (1) by preventing nonsmokers from
initiating smoking, (2) by inducing current
smokers to quit, and (3) by preventing those
who have already quit from relapsing back to
smoking. Because prevention strategies apply
largely to persons in the 14- to 20-year-old age
group,” only a small percentage of the popula-
tion is affected at any point in time and many
years must pass before the strategies lead to large
reductions in adult rates.® By contrast, quitting
strategies can be targeted at smokers of all ages
and can lead to a more immediate drop in adult
prevalence. Still, encouraging smokers to quit will
only go so far in reducing prevalence unless
something is done in tandem to help smokers
maintain their abstinence.

Each year, fewer than 45% of smokers make
a serious quit attempt and quit for even 24
hours.® More than three fourths of smokers
making a quit attempt each year do not use
efficacious treatment,'® and only 3% to 5% of
those untreated smokers remain abstinent for 12

12 Quit success increases 2- to 3-fold

months.
when proven treatments are used."” Those at the
lowest socioeconomic levels are the most vul-
nerable to smoking but the least successful at

quitting when making a quit attempt.>*~® Thus,
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Objectives. We used a simulation model to analyze whether the Healthy
People 2010 goal of reducing smoking prevalence from the current 19.8% rate to
12% by 2010 could be accomplished by increasing quit attempts, increasing the
use of treatments, or increasing the effectiveness of treatment.

Methods. We expanded on previous versions of the tobacco control simula-
tion model SimSmoke to assess the effects of an increase in quit attempts,
treatment use, and treatment effectiveness to reduce smoking prevalence. In the
model, we considered increases in each of these parameters individually and in
combination.

Results. Individually, 100% increases in quit attempts, treatment use, and
treatment effectiveness reduced the projected 2020 prevalence to 13.9%, 16.7%,
and 15.9%, respectively. With a combined 100% increase in all components, the

much is to be gained by improving treatment
effectiveness along with increasing the number of
smokers who attempt to quit and who use
evidence-based treatment.

Simulation models are useful for under-
standing and predicting how changes in specific
inputs (e.g., treatment use) lead to changes in
outputs (e.g., quit rates) over time in complex
social systems.'®2° Modeling helps to reveal
relationships by organizing the channels of in-
fluence and by making assumptions about the
relevant relationships more explicit. This process
generally proves more robust than relying on
intuition alone and is thereby useful for evalu-
ating hypothetical future scenarios.

Numerous models of smoking behaviors
have been developed to show the effect of
tobacco control policies on smoking prevalence

821-28 These models use

and health outcomes.
information from studies of past policies or
smoking behaviors to predict future smoking
rates. We were motivated by the need to better
understand the changes that would be necessary

to meet prevalence goals. Because changes in

goal of a 12% adult smoking prevalence could be reached by 2012.

Conclusions. If we are to come close to reaching Healthy People 2010 goals in
the foreseeable future, we must not only induce quit attempts but also increase
treatment use and effectiveness. Simulation models provide a useful tool for
evaluating the potential to reach public health targets. (Am J Public Health. 2010;
100:1253-1259. doi:10.2105/AJPH.2009.166785)

smoking initiation will have minimal impact on
smoking prevalence within the next 15 years, we
focused on the cessation process. We carried out
a series of simulations that focused on the
quitting process and were intended to examine
hypothetical effects of changes in quitting be-
haviors on smoking prevalence. Specifically, we
generated a model that predicted smoking prev-
alence by using 3 strategies: (1) by increasing the
percentage of current smokers making a quit
attempt, (2) by increasing the percentage of
current smokers who use an evidence-based
treatment, and (3) by improving treatment ef-
fectiveness. We explored the magnitude of the
various strategies necessary to reach the Healthy
People 2010 goal of a 12% smoking prevalence
and the time frame in which it could be achieved.

METHODS

The model we used is based on the
SimSmoke model. Discussed at length else-
where,52%29732 the model begins with the

population divided by age and gender into the
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number of current smokers, never smokers, and
former smokers. The model uses a discrete time,
first-order Markov process® with births and
deaths to project a population from the base year
forward. Similarly, smoking rates depend on
initiation, cessation, and relapse. Individuals are
classified as never smokers from birth until they
initiate smoking. Current smokers may become
former smokers through cessation and may
return to smoking through relapse.

Quit rates were modified from our earlier
models to account for the 3 primary elements
of quitting.** Based on data availability and the
structure of the model, we considered quitting
in the past year. A smoker first decides whether
to make a quit attempt. Upon making a quit
attempt, the smoker elects whether to use
evidence-based treatment, the results of which
depend on treatment effectiveness.

At a population level, the model can be
expressed as:

(1) PQR=QA"X;_ 1.4 (TxUse; " TxEff;),

where PQR is the population-level quit rate, QA is
the proportion of current smokers who have
made a quit attempt in the past year, TxUse; is the
proportion of the quitting population who used
an evidence-based treatment 1 (X;—; 4 TxUse;=1),
and TxEff; is the effectiveness of treatment 1.
Treatments fall into 4 mutually exclusive
categories: (1) no evidence-based treatment,
meaning no assistance from a health care
provider, medication, or other evidence-based
treatment (no evidence-based treatment may
include the use of pamphlets, videos, other
self-help materials; unproven quitting aids
and remedies; or informal strategies such as
cutting down on smoking before quitting); (2)
pharmacotherapy only, including over-the-
counter and prescription medications approved
by the Food and Drug Administration (e.g.,
nicotine replacement products, bupropion/
bupropion hydrochloride, nortriptyline, and
clonidine); (3) behavioral therapy only, involv-
ing proactive telephone counseling or face-to-
face group or individual counseling; and (4) any
combination of both pharmacotherapy and
behavioral therapy.

Input Measures
Smoking data were from the 2003 Tobacco
Use Supplement of the Current Population
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Survey (TUS-CPS), a nationally representative
household survey of the noninstitutionalized,
civilian, US population aged 15 years and
older.*® Data from 2003 were used because

a special survey was conducted that included
questions on cessation treatment along with
tobacco use.

Persons who reported smoking at least 100
cigarettes in their lifetime and who were
currently smoking some days or every day on
the TUS-CPS survey were considered current
smokers. Those who reported exceeding the
100-cigarette lifetime threshold but who were
no longer smoking were categorized as ex-
smokers. Those below the 100-cigarette life-
time threshold were treated as never smokers.
Initiation rates were tracked through age 24
years and were measured at a particular age as
the change in prevalence rate between those
smoking at that age and those smoking at the
previous age.

As part of the TUS-CPS, current smokers
were asked, “Have you ever stopped smoking
for one day or longer because you were trying
to quit smoking?” followed by, “During the past
12 months, have you stopped smoking for
one day or longer because you were trying to
quit smoking?” Individuals who answered yes
to both questions were designated as having
made a quit attempt in the past year. In
addition, individuals who were former smokers
at the time the 2003 TUS-CPS was adminis-
tered but who were smoking 1 year previously
were designated as having made a quit attempt.
Those who had made a quit attempt in the
12 months before the survey were asked about
treatment use in their last quit attempt, which
was used to measure treatment use.

The model developed PQRs for the follow-
ing age groups: 18 to 24 years, five 10-year age
groups from 25-34 years through 65—-74
years, and 75 years and older. Relapse rates
after the first year determined the percentage
of quitters who returned to smoking. Relapse
rates, which were not available from the TUS-
CPS, were obtained from other sources.'>>6-39

In the baseline scenario, treatment effec-
tiveness was calculated for each treatment
category in terms of its improvement over no
evidence-based treatment. In accordance with
the literature, we selected 4% as the quit rate
per quit attempt.'**°~*3 Each of the recom-
mended and approved pharmacotherapies at

least double quit rates compared with no evi-
dence-based treatment with the exception of
nicotine gum (odds ratio=1.5).1344"%6 Com-
pared with no evidence-based treatment, pro-
active telephone quit lines are approximately 1.6
times as effective,'>*” face-to-face individual
counseling is 1.6 times as effective,*® and face-to-
face group counseling is twice as effective.*®
Adding behavioral therapy to pharmacotherapy
yields quit rates 30% above rates achieved with
pharmacotherapy alone,'® and adding pharma-
cotherapy to behavioral therapy increases these
rates by 700%. Consistent with findings by others,
quit rates can be enhanced 50% to 100% over
rates for pharmacotherapy when combined with
behavioral counseling>*~>* We estimated that
compared with no evidence-based treatment,
quit rates would increase 100% with pharma-
cotherapy, 60% with the different forms of
behavioral therapy, and 200% when pharma-
cotherapy and behavioral therapy were used in
combination.

The TUS-CPS asks about treatment use
during the last quit attempt, but data show that
smokers who make a quit attempt average
more than 3.5 quit attempts per year. This rate
is roughly consistent with a pattern whereby
half of those who make at least one quit attempt
go on to make at least a second quit attempt,
and half of those make a third quit attempt, and
soon (ie,1+0.5%2+0.25%*3+0.0125%4 .. ).
If the proportion of people who use each type
of treatment remains constant across the mul-
tiple attempts, effectiveness rates double (i.e.,
14+0.5+0.25+0.0125 ...=2), yielding quit
rates of 8%, 12.8%, 16%, and 24% for no
evidence-based treatment, behavioral therapy,
pharmacotherapy, and combination behavioral
and pharmacotherapy, respectively.

Model Calibration, Validation, and
Projection

To calibrate the initial quit rates used in our
model, we first computed the PQR for all ages
and by age group using the 2003 TUS-CPS
data on quit attempts and treatment use, as well
as for treatment effectiveness estimates. We
then compared these PQRs with a quit rate
measure suggested by Burns et al.,>® which was
measured with 2003 TUS-CPS data as the
number of current ex-smokers who quit in the
last year and who have quit for at least 3
months as a percentage of those who were
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smokers 1 year ago. This comparison was used
to correct for age-related variations in the quit
rate.

Our model takes into account the effects of
actual policies implemented between 2003
and 2007, as described in Levy et al.>* We
validated the model over the period from 2003
to 2007 by comparing the projected smoking
prevalence over that period with the National
Health Interview Survey data,? which were also
used in evaluating the progress toward specific
Healthy People 2010 goals. Because our model
was based on TUS-CPS data, we multiplied the
value of smoking prevalence each year by the
ratio of the average National Health Interview
Survey 2003 to the average TUS-CPS 2003
smoking prevalence to have comparable esti-
mates.

We projected the effect of changes quit
attempts, treatment use, and treatment effec-
tiveness from the year 2009 onward, assuming
that changes in the quitting behaviors were
sustained through the year 2020. These
changes were compared with a status quo
scenario, in which quit attempts, treatment use,
and treatment effectiveness stayed at their
2008 levels in future years. Specifically, we
considered the following strategies:

1. Increasing quit attempts relative to their
current levels by 25%, by 50%, and by
100%;

2. Increasing the percentage who use each of
the evidence-based treatment options
(pharmacotherapy, behavioral therapy, or
combination pharmacotherapy and behav-
ioral therapy) by 50% and by 100%; and

3. Improving treatment effectiveness such that
the percentage of smokers using evidence-
based treatment were able to increase their
1-year success rates by 50% and by 100%.

We analyzed these strategies when imple-
mented in isolation and then in combination.

The effect of the strategies on quit rates may
weaken in future years, because those who are
most amenable to quitting have already quit
and those who have already tried to quit and
failed may be less likely to try and more likely
to fail in future attempts. To capture these
decaying effects, we assumed a geometric de-
cline in the effect of the strategy on the quit
rate, i.e., for an annual decay rate of x%,
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PQRstatus quot [PQRyitn policy — PQRstatus quo] *
(1—2""'in the ith year that the strategy has
been in place. We initially assumed a 10%
decay rate based on evidence of the time
pattern effects of policies on smoking preva-
lence,>* but also considered 0% and 25% decay
rates.

RESULTS

With use of the TUS-CPS data, the quit
attempt rate averaged 42% for all smokers
aged 18 years and older and decreased with
age from 52% for those aged 18 to 24 years to
319% for those aged 75 years and older.
Treatment use rates from the TUS-CPS aver-
aged 24.9% for pharmacotherapy only, 1.2%
for behavioral therapy only, 2.0% for com-
bined pharmacotherapy and behavioral ther-
apy, and 72% for self-assists, with usage of
evidence-based treatment generally increas-
ing to age 45 and then decreasing after age
65.

The average initial quit rates from the model
were 4.4% for those aged 18 years and older
compared with 4.5% by use of the Burns
measure® (4.1% and 4.3%, respectively, for
ages 24 years and older). By age group, the
model rates were higher than the Burns measure
for those aged 35 to 64 years and were lower for
those younger than 35 years and older than
64 years. To calibrate the model, we adjusted the
quit rate by age (120% for ages 18 to 24, 110%
for ages 24 to 35, 90% for ages 35 to 64,
120% for ages 65 to 74, and 130% for ages 75
and older). The average age-adjusted quit rates
from the model were then 4.5% for smokers
18 2years and older and 4.2% for those 24
years and older.

The model was initialized with adult (18
years and older) smoking prevalence at 21.6%
in 2003, which fell to 20.1% by 2008. Simi-
larly, the National Health Interview Survey
smoking rate® fell to 20.6% (95% CI=19.9%,
20.4%) in 2008. Our predictions thus fell within
the National Health Interview Survey confidence
intervals for all years.

The smoking prevalences from 2008 to
2020 generated by the model for each of the
different scenarios are shown in Table 1. In
the absence of changes to existing tobacco
control policy (i.e., the status quo), the model
predicted that smoking prevalence would

drop to 20.1% in 2008, 18.6% in 2015, and
17.5% in 2020.

Under scenario 1, even a modest 25% in-
crease in quit attempts would lead to a reduc-
tion in the smoking rate to 16.5% by 2020
(compared with 17.5% for the status quo), or
5.8% below that of the status quo rate in 2020
in relative terms. A 50% increase in quit
attempts would lead to a 15.6% smoking
prevalence by 2020, 11.1% below the status
quo. A 100% increase in quit attempts would
lead to a 13.9% rate by 2020, 20.8% below
the status quo.

Under scenario 2, a 50% increase in treat-
ment use would lead to smaller annual re-
ductions in smoking prevalence compared
with a 50% reduction in quit attempts, be-
cause only a portion of the smokers making
quit attempts would be affected. A 50% in-
crease in the use of all evidence-based treat-
ments led to a 17.1% smoking rate in 2020. A
100% increase in treatment use would lead to
a 16.7% smoking rate, or 4.8% below the
status quo.

Scenario 3 revealed that increases in treat-
ment effectiveness led to larger reductions in
smoking prevalence compared with the second
scenario, where the increase in evidence-based
treatment users was offset by the reduction
among quitters using no evidence-based treat-
ment. By 2020, a 50% increase in treatment
effectiveness for evidence-based treatments
would lead to a 16.7% smoking rate in 2020. A
doubling of treatment effectiveness would lead
to a 15.9% smoking rate in 2020, or 9.2%
below the status quo.

Although each simulation yielded major re-
ductions, smoking prevalence in all scenarios
was projected to be above the Healthy People
2010 goal of 12% in the year 2020. Combining
strategies leads to synergies, because increasing
quit attempts and treatment use means that
the larger number of smokers making a quit
attempt would also have higher rates of quit
success. For example, a 100% increase in quit
attempts and treatment use resulted in a 12.6%
smoking rate in 2020, or 27.9% below the
status quo.

As shown in Figure 1, greater reductions in
prevalence are accomplished faster when all 3
strategies are combined. For example, when
50% increases in quit attempts, treatment use,
and treatment effectiveness were entered into
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Status quo
Increase in QAs
By 25%
By 50%
By 100%
Increase in TxUse
By 50%
By 100%
Increase in QAs and TxUse
By 50% and 50%
By 100% and 100%
Increase in TxEff
By 50%
By 100%
Increase in QAs and TxEff
By 50% and 50%
By 100% and 100%
Increase in TxUse and TxEff
By 50% and 50%
Increase in QAs, TxUse, and TxEff
By 50%, by 50%, and by 50%
By 100%, by 100%, and by 100%
Increase in QAs, TxUse, and TxEff, with 0% decay rate
By 50%, by 50%, and by 50%
By 100%, by 100%, and by 100%
Increase in QAs, TxUse, and TxEff with 25% decay rate
By 50%, by 50%, and by 50%
By 100%, by 100%, and by 100%
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TABLE 1—Model-Generated Smoking Prevalences, by Year and by Quit Attempts, Treatment Use,
and Treatment Effectiveness Scenarios, 2008-2020

Change From Change From Change From
2008, % 2009, % 2010, % Status Quo, % 2015, % Status Quo, % 2020, % Status Quo, %

20.1 19.9 19.6 18.6 17.5

20.1 19.6 19.2 -2.1 17.7 -4.7 16.5 -5.8
20.1 19.4 18.8 -4.2 16.9 -9.2 15.6 -11.1
20.1 19.0 18.0 -8.3 15.3 -17.4 139 -20.8
20.1 19.8 19.4 -0.9 18.2 =21 171 -2.5
20.1 19.7 19.3 -1.9 17.8 -4.1 16.7 -4.8
20.1 19.3 18.5 -5.6 16.3 -11.9 15.0 -14.3
20.1 18.6 173 -11.9 141 -23.9 12.6 -21.9
20.1 19.7 19.3 -1.8 17.8 -4.0 16.7 -4.7
20.1 19.5 18.9 -3.6 171 -1.8 15.9 -9.2
20.1 19.1 18.3 -6.9 15.9 -14.5 14.5 -17.2
20.1 18.2 16.6 -15.2 131 -29.5 11.6 -33.9
20.1 19.5 18.9 -3.7 171 -1.8 15.9 -9.2
20.1 18.8 17.8 -9.6 14.9 -19.5 135 -22.8
20.1 17.0 14.7 -25.1 10.4 -44.1 9.0 -48.9
20.1 18.8 17.7 -10.0 14.0 -24.7 11.7 -33.5
20.1 17.0 145 -26.1 8.7 -53.0 6.3 -63.8
20.1 18.8 17.9 -8.9 15.9 -14.2 14.9 -14.9
20.1 17.0 15.0 -235 123 -33.6 115 -34.2

*Such as reduced relapse.

the model simultaneously, a 13.5% smoking
prevalence rate was predicted in 2020. With
a100% increase in all components, the Healthy
People 2010 goal of 12% is reached by 2012.
To reflect that the strategies may lose po-
tency over time, we reduced each strategy’s
impact by 10% each year (i.e., a 10% per year
decay rate) in the analyses in the previous
paragraph. When a decay rate of 25% per year
was applied, a 50% increase in each of quit
attempts, treatment use, and treatment effec-
tiveness led to a 14.9% smoking prevalence in
2020 compared with 13.5% with a 10% decay
rate. With a 0% decay rate, smoking preva-
lence was projected to be 11.7% in 2020.
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Note. QA=quit attempts; TxEff=treatment effectiveness; TxUse =treatment use.

DISCUSSION

Our model focused on the elements of suc-
cessful cessation to provide a framework for
reaching the Healthy People 2010 goal in the
foreseeable future. Although our results echo the
concerns of a recent Institute of Medicine report”
that the 2010 goal will not be reached by the
year 2010, our simulations suggest that the goal
of a 12% smoking prevalence may be reached as
early as 2012 if substantial and simultaneous
changes in the rate of quit attempts, treatment
use, and treatment effectiveness can be induced.

Our findings suggest that it is important to
focus on each of these key indicators to achieve

significant declines in smoking prevalence. Im-
portant synergies are created by increasing quit
attempts along with treatment use and treat-
ment effectiveness, because those who make
a quit attempt are more likely to remain quitters.
Before calibration, the model underpre-
dicted quit rates for smokers aged 65 years and
older, which may have been because of higher
quit success rates by those diagnosed with
health problems. The data indicated low rates
of treatment use and quit attempts for the
higher age groups. The model also underpre-
dicted rates for those aged younger than 35
years, which may have been the result of
different smoking patterns in the more recent
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cohort, for example, more some-day smokers
or a shorter smoking history. Treatment use
was low, whereas quit attempt rates were high,
among those aged younger than 25 years,
suggesting room for improvement.

As in any simulation study, it is important to
remember that the validity of the model de-
pends on the assumptions inherent in the
model. Every model is by necessity a simplifi-
cation of the real world. We elected to set our
model boundaries around quitting behavior;
therefore, except where noted, other influences
on smoking prevalence (e.g, initiation, tobacco
industry behavior, use of other tobacco prod-
ucts) were not considered. The model also did
not distinguish quitting by gender or socioeco-
nomic status.

The validity of the model also depends on
the data used to estimate key parameters.
Treatment use was based on the last quit
attempt, because information was not available
on the history of treatment use for multiple quit
attempts even for the last year. Treatments
were categorized into 4 broad groups of phar-
macotherapy and behavioral therapy and not
specific types within a category or simultaneous
use of multiple forms of treatment within each
category. The data also did not gauge adher-
ence to recommended intensity and duration of
treatment, thus, initial treatment effectiveness
reflects the average rate of adherence of those
treated at baseline.
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FIGURE 1—Effects of a 100% reduction in the quit attempt rate, treatment use, and
treatment effectiveness on smoking prevalence from 2008-2020.

We focused on the first year of cessation.
Although most relapse occurs in the first year,
as many as 35% of smokers relapse over the
following 15 years.? When relapse rates after
the first year were reduced under the different
strategies, smoking prevalence in the year 2020
changed by less than 2% with a 10% reduction
in relapse and by 5% with a 25% reduction.

The analyses in this article were based on
hypothetical changes in quit attempts, treat-
ment use, and treatment effectiveness. The next
challenge is to develop policies to induce the
desired increases in cessation behaviors. Other
modeling work by our group indicates that
cessation treatment policies, such as removing
barriers to treatment (especially that of cost),
better publicizing quit lines, and encouraging
brief interventions, may go a long way toward
this goal.>® When all of those policies were fully
combined, we estimated that the percentage of
smokers who quit would increase from 4.3% to
7.6%. Whereas most discussion of cessation
treatment policies focuses on ways to induce
more quit attempts or increase the use of
evidence-based treatment, our analysis highlights
the importance of treatment effectiveness, an
often overlooked strategy. Potential avenues to
increase treatment success include better in-
volvement of health care providers, improved
treatments, improved adherence to treatment,
and tailoring treatments to smokers on the basis
of individual characteristics.>®

In addition to policies specifically directed at
cessation treatment, studies also find that in-
creases in cigarette prices (e.g,, through

),18,56,57 58-60 and

taxes worksite smoking bans,
antismoking media campaigns® increase quit
attempts and quit success. Increasing cigarette
prices also boosts sales of nicotine-replacement
therapy.®*® When tax, clean air, and media
policies are combined with cessation treatment
policies (as described in the preceding para-
graph), we estimate an increase in the use of
evidence-based treatments by 130% (in relative
terms), in the rate of quit attempts by 90%,
and in the percentage of smokers who quit

by 180%.*

We examined the mechanisms through
which tobacco policies must work if they are to
move us close to the Healthy People 2010
smoking prevalence goal in the next 15 years.
Our model demonstrates the power of in-
creasing cessation in reducing smoking preva-
lence, but also indicates that the greatest impact
requires simultaneous attention to treatment
use, treatment effectiveness, and quit attempts.
Careful tracking of these indicators can be used
to continually improve the success of policies,
thereby moving us closer to the Healthy People
2010 goal for smoking prevalence. B
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