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Abstract

Objective—To determine how much future smoking-related mortality in the USA can be
prevented, recognising that some of that future mortality results from past smoking.

Methods—Employing a dynamic population simulation model, we estimate smoking’s expected
mortality burden in the USA, measured as life-years lost (LYL), in a status-quo scenario run from
2018 through 2100. We then estimate LYL attributable to past smoking assuming that all smoking
ceases at the end of 2017. We calculate the potential avoidable LYL, which we call the maximum
potential reduction in premature mortality (MPRPM), as the difference between the two. We use
data from the US Census Bureau, National Vital Statistics Reports, the National Health Interview
Survey and Cancer Prevention Study 1.

Results—Under status-quo assumptions, smoking will claim 305 million LYL in the US from
2018 to 2100. If all smoking ceased at the end of 2017, past smoking would be responsible for
191.8 million LYL. Thus, avoidable LYL by 2100—the MPRPM—would be 113.2 million, 37%
of the expected toll of smoking. A sensitivity analysis finds that were the annual smoking
initiation rate 3% instead of 7.8%, the MPRPM would be 13-14% lower. Were the annual
permanent smoking cessation rate twice our status-quo estimate of 4.35%, the MPRPM would be
38-39% lower.

Conclusions—Public health can address only the future toll of future smoking. Smoking’s
MPRPM is the reduction in the mortality burden of smoking that tobacco control can strive to
achieve.
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INTRODUCTION

Public health has achieved great success in tobacco control in the USA over the past half
century. Yet smoking still claims the lives of 480 000 Americans annually.? Further, recent
research has found that if current trends in smoking continue, smoking will cause tens of
millions of premature deaths and hundreds of millions of lost life years in the USA by the
end of the 21st century.34 Avoiding as much of this enormous toll as possible constitutes a
major public health goal going forward.

But how much of smoking’s mortality burden can be avoided? Lost in discussions about
smoking’s future toll is that much of it is already ‘baked in” by virtue of smokers’ past
cigarette consumption. Even if all smokers stopped smoking instantaneously, and no one
started to smoke subsequently, smoking-related mortality would persist well into the future,
reflecting the risks accrued by former smokers. That burden can be approximated by
estimating future life-years lost (LYL) in the hypothetical situation in which all smoking
ceased instantly and permanently. To determine avoidable future mortality, one can calculate
total LYL due to smoking assuming continuation of current trends in smoking initiation and
cessation, and then subtract the burden associated with former smoking. We estimate this
avoidable smoking-produced mortality and compare it to the anticipated toll of smoking
through the year 2100. We call the avoidable LYL the maximum potential reduction in
premature mortality (MPRPM), the true feasible reduction in the mortality burden of
smoking that tobacco control can strive to achieve.

METHODS

We employ a dynamic population simulation model used frequently in previous research,
including two studies in which it accurately predicted US smoking prevalence.% The model
follows individuals from ages 0 to 110, distinguished by gender and smoking status. Census
data provide birth cohort sizes.” Age-specific and gender-specific death rates come from
National Vital Statistics Reports.8 We use findings from Cancer Prevention Study 11 to
produce age-specific and gender-specific death rates by smoking status (including years quit
for former smokers).? Initial age-specific and gender-specific smoking rates come from the
National Health Interview Survey.10

At age 18, individuals are current or never smokers. Current smoking prevalence for 18-24
years old was 7.8% in 2018.11 We treat this as the smoking initiation rate, assuming no
initiation at older ages. Individuals who begin smoking prior to 18 are included in the 18-
year-olds’ prevalence (and hence in the initiation rate). The annual permanent smoking
cessation rate, 4.35%, derives from a previous analysis using this model.12 The model
assumes no smoking-related deaths before age 35.

After 18, current smokers in any given year equal the number of current smokers in the
preceding year who survived to the current year and did not quit smoking. Former smokers
are surviving former smokers from the previous year plus the previous year’s current
smokers who quit smoking and did not die.
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The model assumes that the smoking cessation rate does not vary with age. The effect of
variation in this assumption is relatively small, as described in a working paper available
here.

The model is calibrated to 2017 data. A complete description of the structure of the model is
available in the online supplementary material.

We run the model under three different scenarios for the years 2018-2100:

1. The status-quo scenario maintains annual smoking initiation and cessation rates
at 2018 levels through 2100. This scenario reflects what we expect to happen to
the US population if nothing changes in terms of the future pattern of smoking
initiation and cessation.

2. The no-future-smoking scenario assumes the age-specific and gender-specific
distribution of smoking in 2017 but with all smokers quitting at the end of that
year and no one starting thereafter. This scenario reflects solely the future burden
of past smoking (prior to 2018).

3. The never-smoking scenario assumes that no one ever smoked and hence there is
no smoking-related mortality. (All individuals in the model are subjected to
never-smoker death rates.)

We estimate smoking’s mortality burden through 2100, measured as the number of LYL due
to smoking, by subtracting, each year, the number of person years in the status-quo scenario
from the number of person years in the never-smoking scenario. We then cumulate the
individual years’ differences through 2100. Similarly, we estimate the LYL burden of former
smoking by subtracting the number of person years in the no-future-smoking scenario from
the number of person years in the never-smoking scenario. Finally, we calculate the
avoidable LYL (the MPRPM) by subtracting the LYL under the no-future-smoking scenario
from the LYL in the status-quo scenario. We also measure the MPRPM in relative terms by
dividing MPRPM LYL by status quo LYL. In relative terms, the MPRPM thus is the
percentage of the expected cumulative LYL due to smoking through a given year that can be
avoided by preventing future smoking.

The smoking initiation rate has declined rapidly in the USA in recent years, from 20.1% in
201013 to 7.8% in 2018.11 The cessation rate has increased.12 Simply as a matter of existing
trends, initiation might decline further and cessation increase more in the coming years; that
is, such rate changes could result from previous tobacco control efforts and the trends in
initiation and cessation they produced. To consider the impact of such changes on future
LYL due to smoking and on the MPRPM, we perform a sensitivity analysis in which we
examine the effects of assuming two lower initiation rates (3% and 5%, compared with the
base-case assumption of 7.8%) and three larger cessation rates (increasing the base-case rate
of 4.35% by 25%, 50% and 100%).
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The red line in figure 1 shows cumulative LYL from 2018 to 2100 due to smoking under the
status quo model assumption that the 2018 smoking initiation and cessation rates will
continue through 2100. The blue line shows cumulative LYL through 2100 if all smokers
had quit smoking at the end of 2017, with no smoking initiation thereafter. Smoking’s
mortality toll in this scenario reflects the residual risk that former smokers carry throughout
their lives. The difference between the two lines is the MPRPM (the green line), the LYL
that could be avoided by additional effective tobacco control.

Under status quo assumptions, we estimate that smoking will be responsible for 305 million
LYL by 2100. If all smoking were to have ceased instantaneously by the end of 2017, 191.8
million life years would still be lost due to former smokers’ reservoir of smoking-related
risk. Thus, avoidable LYL by 2100—the MPRPM—would be 113.2 million years, 37.1% of
the toll of smoking. The MPRPM rises from 1.0 million years, and 5.4% of smoking’s toll,
in 2025, to 38.2 million years and 22.9% in 2050, to 86.8 million years and 32.5% in 2075,
to the year 2100 figures just noted. (The specific annual numerical results are available in
online supplementary Table S-1.)

Figure 2 shows the results of the sensitivity analysis for the year 2100. The first 4 bars
include the base case, with initiation and cessation rates effective in 2018 (7.8% and 4.35%,
respectively (case 1)) and 3 subsequent cases in which, while initiation remains at 7.8%, the
cessation rate increases by 25% (case 2), 50% (case 3) and 100% (case 4). In the second 4
bars, cases 5-8, the initiation rate is set at 5% and the cessation rate varies as for cases 1-4.
In the final 4 bars, cases 9-12, the initiation rate is set at 3% and the cessation rate varies as
for cases 1-4. The bars present MPRPM in millions of LYL. The line presents MPRPM as a
percentage of the status quo LYL.

Case 1 results show the findings presented above for the base case (an MPRPM of 113.2
million LYL, constituting 37% of the toll of smoking). Holding the cessation rate constant,
as the initiation rate declines from 7.8% (cases 1-4) to 3% (cases 9-12), MPRPM falls by
13-14% (eg, from 113.2 million to 97.3 million LYL in cases 1 and 9, respectively). Holding
the initiation rate constant, as the cessation rate increases from 4.35% to 8.7% (ie, a 100%
increase in the cessation rate), MPRPM falls by 38-39% (eg, from 113.2 million to 68.9
million in cases 1 and 4, respectively). MPRPM as a per cent of the status quo mortality
burden of smoking follows a similar pattern, varying from a high of 37% in the base case
(case 1) to a low of 24% in case 12. Case 12 represents the lowest initiation rate (3%) and
the highest cessation rate (8.7%).

DISCUSSION

If smoking initiation and cessation rates in 2018 do not change, by 2100 smoking’s mortality
toll will reach a breathtaking 305 million LYL. Perhaps more surprising, however, is that
over 60% of that total results from former smokers’ continuing elevated risk of smoking-
related premature mortality. Public health can address only the remainder, the future toll of
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future smoking. That remainder—smoking’s MPRPM—is the maximum reduction in the
mortality burden of smoking that tobacco control can strive to achieve.

The sensitivity analysis demonstrates that the specific value of MPRPM (and of MPRPM as
a per cent of status-quo LYL) is highly sensitive to the assumed smoking initiation and
cessation rates, particularly the latter. For example, were the annual smoking cessation rate
twice that of our base-case assumption, the MPRPM, measured as LYL, would fall by nearly
40%. This illustrates the dynamism of MPRPM: if either the smoking initiation rate or the
cessation rate changes in the coming years as the result of past tobacco control interventions,
estimates of MPRPM in the future will change substantially. See the online supplementary
material for a detailed explanation.

The essential point, therefore, is not the specific year’s quantitative estimate of MPRPM.
Rather it is the qualitative appreciation that our ability as a public health community to stem
the future mortality toll of smoking is seriously constrained by the future burden associated
with past smoking. This is not to suggest that persisting in aggressive tobacco control efforts
is futile. Far from it. MPRPM may be a surprisingly small proportion of the projected toll of
smoking. But its absolute value—in the present analysis, 113.2 million life years by 2100—
is very large, reflecting the enormity of the anticipated future mortality burden of smoking.
Reducing any significant portion of 113.2 million LYL would represent a major public
health victory.

The concept of MPRPM applies to many public health problems. For example, were all
alcohol abuse to cease entirely, we would continue to experience fatal cases of cirrhosis of
the liver, cancer and heart disease reflecting past alcohol consumption. With regard to any
public health problem, MPRPM allows us to understand the magnitude of mortality
problems that can be addressed, and thereby to set more realistic goals as we aim for a
healthier society.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What this paper adds

Despite great tobacco control success, cigarette smoking still Kills
approximately 480 000 Americans every year.

What is not known, and indeed never previously considered, is what
proportion of the future mortality toll of smoking can be prevented.

Some fraction of that future mortality toll is ‘baked in’ due to former smoking
and thus cannot be avoided.

We estimate that smoking will be responsible for the loss of 305 million life
years among Americans between 2018 and 2100 of which 191.8 million
(63%) will result from smoking that occurred prior to 2018.

Only the future life years lost due to future smoking, which we call maximum
potential reduction in premature mortality—113.2 million life years (37% of
the expected total toll)—can be prevented by successful tobacco control.
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Figure 1.

Cumulative life-years lost due to smoking, 2018-2100. MPRPM, maximum potential
reduction in premature mortality.
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Figure 2.

Maximum potential reduction in premature mortality (MPRPM) in 2100 under varied
assumptions about smoking initiation and cessation rates. Case 1: 2018 initiation rate (7.8%)
and cessation rate (4.35%). Cases 2—4: 2018 initiation rate (7.8%) and cessation rate
increase of, respectively, 25% (to 5.44%), 50% (to 6.53%) and 100% (to 8.7%). Cases 5-8:
initiation rate of 5% and cessation rates corresponding to those in cases 1-4. Cases 9-12:
initiation rate of 3% and cessation rates corresponding to those in cases 1-4.
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