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Abstract

Importance—The 50t anniversary of the first Surgeon General’s Report on smoking and health
is celebrated in 2014. This seminal document inspired efforts by government s, non-governmental
organizations, and the private sector to reduce the toll of cigarette smoking through reduced
initiation and increased cessation.

Objective—To quantify reductions in smoking -related mortality associated with implementation
of tobacco control since 1964.

Design, Setting and Participants—Smoking histories for individual birth cohorts that
actually occurred and under likely scenarios had tobacco control never emerged were estimated.
National mortality rates and mortality rate ratio estimates from analytical studies of the effect of
smoking on mortality yielded death rates by smoking status. Actual smoking -related mortality
from 1964-2012 was compared to estimated mortality under no tobacco control that included a
likely scenario (primary counterfactual) and upper and lower bounds that would capture plausible
alternatives.

Exposure—National Health Interview Surveys yielded cigarette smoking histories for the US
adult population from 1964-2012.
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Main Outcomes and Measures—Number of premature deaths avoided and years of life saved
were primary outcomes. Change in life expectancy at age 40 associated with change in cigarette
smoking exposure constituted another measure of overall health outcomes.

Results—From 1964-2012, an estimated 17.6 million deaths were related to smoking, an
estimated 8.0 (7.4-8.3, for the lower and upper tobacco control counterfactuals, respectively)
million fewer premature smoking-induced deaths than what would have occurred under the
alternatives and thus associated with tobacco control (5.3 (4.8-5.5) million males and 2.7 (2.5-
2.7) million females). This resulted in an estimated 157 (139-165) million years of life saved, a
mean of 19.6 years for each beneficiary, (111 (97-117) million for males, 46 (42—48) million for
females). During this time, estimated life expectancy at age 40 increased 7.8 years for males and
5.4 years for females, of which tobacco control is associated with2.3 (1.8-2.5) years [30% (23—
32%)] of the increase for males and 1.6 (1.4-1.7) years [29% (25-32%)] for females.

Conclusions and Relevance—Tobacco control is associated with avoidance of millions of
premature deaths, and an estimated extended mean lifespan of 19-20 years. While tobacco control
represents an important public health achievement, smoking continues to be the leading
contributor to the nation’s death toll.
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January 2014 marks the celebration of the 50t anniversary of the first Surgeon General’s
report on smoking and health.! The report inaugurated new multi-pronged efforts to reduce
cigarette smoking and its toll. Those efforts by governments, voluntary organizations, and
the private sector — education on smoking’s dangers, increases in cigarette taxes, smoke-free
air laws, media campaigns, marketing and sales restrictions, lawsuits, and cessation
treatment programs — have comprised the nation’s tobacco control efforts. Recently, Warner
et al.2 documented an important reduction in cigarette consumption associated with tobacco
control. This report estimates how many Americans have gained additional years of life
from 1964 through 2012 as a result of tobacco control-influenced decisions to quit smoking
or to never start.

The Cancer Intervention and Surveillance Modeling Network (CISNET) estimated 800,000
lung cancer deaths avoided between 1975 and 2000 as a result of tobacco control.3 CISNET
used a common set of smoking history and mortality parameters in population cancer
models to estimate the expected difference in the number of lung cancer deaths between
smoking rates under actual tobacco control and under no tobacco control, i.e., if smoking
behavior subsequent to 1964 had not been affected by tobacco control.#° These results were
extended to consider all deaths rather than just lung cancer deaths and expand the examined
time period from 1975-2000 to 1964-2012 to estimate the number of early deaths avoided
and life-years saved that were associated with reduced cigarette smoking during this period.
The relationship between tobacco control and life expectancy was also estimated.
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Smoking histories prior to 1964 were used to estimate likely patterns of smoking in the
absence of tobacco control, which are referred to as counterfactual scenarios. In conjunction
with national mortality rates and epidemiological studies of smoking and mortality, death
rates expected under these counterfactuals were estimated. The differences in premature
deaths, and associated life-years gained, under observed smoking rates and those under
counterfactual scenarios were used to estimate the benefits associated with tobacco control.

Smoking history estimation

Holford et al.5 refined the Anderson et al.” technique, using National Health Interview
Surveys (NHIS) for 1965-2009 to estimate smoking prevalence, initiation and cessation for
birth cohorts born after 1864. Thirty-three surveys provided smoking status, 13 of which
also provided age at initiation, cessation, and intensity, thereby enabling retrospective
construction of smoking histories. Higher mortality among smokers implies that survey
participants represent a biased sample of the population born in a given year. The method
corrects for this bias,® providing ever-smoker (individuals who have smoked 100 or more
cigarettes) prevalence for ages 0-99 and birth cohorts from 1864-1980 by one-year
intervals. Conditional cessation probabilities were similarly obtained, yielding cumulative
estimates of cessation. Multiplying the cumulative cessation probability by ever-smoker
prevalence provided former smoker prevalence, and multiplying by the complement yielded
current -smoker prevalence. Never-smoker prevalence is one minus ever-smoker prevalence.
These estimates reflect smoking patterns under actual tobacco control since 1964.

For the no tobacco control counterfactuals, Holford and Clarke’s method* was modified to
estimate smoking prevalence, initiation, and cessation rates that could be expected had the
era of tobacco control following the 1964 Surgeon General’s Report! (SGR) not occurred.
Ever-smoker prevalence by cohort was considered to develop a plausible range of
counterfactuals. Most all initiation has generally taken place by age 30, so this provides a
useful reference for positing alternative initiation scenarios. Figure 1 shows ever -smoker
prevalence estimates at age 30 by year and sex.’

Male smoking prevalence began to decline before 1964, possibly reflecting awareness of
research from the early 1950s showing an association with lung cancer.8° The 1920 birth
cohort achieved the male maximum ever-smoking prevalence of about 80 percent at age 30,
and a return to this was defined as the upper no tobacco control counterfactual for males.
The actual level in 1964 was the primary counterfactual, and a decline t060% was defined as
the lower bound.

Increasing social acceptance of smoking and advertising targeting women tended to increase
smoking prevalence in females just when awareness of adverse health effects was taking
hold. The rate of smoking among females was increasing at a rate that paralleled that of
males about three decades earlier.1% As an upper bound counterfactual, female ever-smoker
prevalence at 30 was assumed to have continued its upward trajectory, eventually
reaching70%, 10 percentage points below the maximum for males. Amore conservative
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increase to 60% prevalence was defined as the primary counterfactual, and decline to 50%
was defined as the lower limit, despite clear indications that this would have been unlikely.

All-cause mortality rates by birth-cohort and smoking status

Rosenberg et al developed methodology for estimating cause -specific cohort life tables by
smoking status.}1 As described in the supplementary material, the method was adapted to
obtain all-cause cohort life tables by gender and smoking status (never, former and current)
for the 1864-1980 birth cohorts. The methodology uses (1) mortality relative risk estimates
by gender and smoking status derived from the first two American Cancer Society Cancer
Prevention Studies'213 and the NHANES Epidemiologic Follow-up Studies!4 and (2)
smoking prevalence described above to partition US all-cause mortality tablesl® by smoking
status.

Population estimates

US population estimates by single years of age (0-85+) were obtained from US government
websites: 1964-1968—US Census,16 1969-2011—Surveillance Epidemiology and End
Results,}” and 2012 —US Census.18

Calculation of premature deaths

The difference between mortality rates for both current or former smokers and never-
smokers measures the avoidable increase related to cigarette smoking exposure. The number
of premature deaths is the product of this difference and the corresponding number of
current or former smokers (population x smoking prevalence). These were calculated by
single year of age, calendar year, smoking status, and gender, and summed over the
appropriate age range for each year yielding total premature deaths. These were calculated
for all ages and for those <65 years old. The difference under the actual and no tobacco
control scenarios provided a measure of mortality reduction related to tobacco control.

Years of Life Lost

Yearly death rates for a cohort were used to estimate expected years of life remaining given
that an individual is alive at a given age (see supplementary material). All deaths were
assumed to occur before age 100, the upper limit of reported age-specific death rates. If a
rate was not available for a particular age, the value from the nearest cohort was used.
Expected years of life remaining estimates years of life lost (YLL) for a premature death.
Total YLL is the sum of the product of number of premature deaths and expected years of
life remaining for a never-smoker. Total YLL before age 65 was calculated to examine this
outcome of smoking associated mortality on the working-age population.

Life expectancy

Life expectancy provides an alternative summary measure of mortality rates, and it is
commonly used to assess the overall health of a population. It essentially envisions a
hypothetical population that experiences a set of age-specific mortality rates that occur in a
year, and determines the resulting expected length of life after a given age. This was
calculated using actual and counterfactual mortality rates beginning at age 40 to better
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measure the effect of cigarette smoking and to remove infant and childhood mortality
effects. Life expectancy at ages 50 and 60 are reported in the supplementary material (Figure
A9).

Figure 2 shows prevalence of current-smokers, ages 18 and older, under the actual and
counterfactual scenarios. For males, the actual trend was steadily downward, and while the
decrease for females was initially slow, it accelerated after1980. For the lower male
counterfactual, prevalence declined steadily, while the upper and primary estimates were
fairly flat initially, but declined slightly after 1990. For females, there was a modest increase
for the lower counterfactual and greater increases for primary and higher scenarios. By
2012, under the counterfactual scenarios, smoking prevalence would have ranged from 50%
to 64% for males and from 38% to 52% for females. Age-specific prevalences are shown in
the supplementary material (Figures A1-A3).

Table 1 shows estimated number of premature deaths related to smoking in the US from
1964-2012 compared to number of deaths estimated under the counterfactual scenarios.
With tobacco control, the model estimates a total of 17.7 million smoking-attributable
deaths between 1964 and 2012. Overall, a reduction of 8.0 (7.4-8.3) million premature
smoking-attributable deaths (subsequently referred to as “lives saved”) were associated with
tobacco control from 1964-2012 (5.3 (4.8-5.5) million males and 2.7 (2.5-2.7) million
females). More than half of these, 4.4 (3.8-4.6) million, occurred before age65 (3.4 (2.9-
3.6) million males and 1.0 (0.9-1.1) million females). The number of lives saved each year
has increased steadily over time. So too has the percent saved as a fraction of smoking-
attributable deaths that are projected (applying the counterfactuals to both men and women)
to have occurred in the absence of tobacco control, from 11%in the first decade to 48% (44—
49%) in 2004-2012. For deaths before age 65, the estimated percent of lives saved increased
from 15% to 64% (59%—66%). In recent years, the proportion of lives saved among women
[69% (64%—72%)] appear to be even greater than among men [63% (57%—64%)].

Table 2 shows estimated YLL and estimated lives saved under the counterfactual scenarios
by calendar year and gender for all ages and ages less than 65. Overall, a gain of 157 (139-
165) million years of life was associated with tobacco control, 111 (98-117) million for
males and 46 (42-48) million for females. This suggests that individuals who avoided a
premature smoking-related death gained 19.6 years of life on average (157 million years
divided by 8.0 million lives saved). Before age 65, 42 (35-44) million years of life were
saved, 34 (29-36) million for males and 8 (6-8) million for females. Similar to the pattern
for premature deaths, the trend in proportion of years of life saved has shown a steady
increase over time, increasing to 69% (63-71%) in 2004-2012 from 15%in 1964-1973. The
proportion of years of life saved has been greater among women than men.

Changing from the perspective of individuals who avoided premature deaths to the
population as a whole, the estimated trend in life expectancy at age 40is shown in Figure 3.
For males, life expectancy at age 40 increased 7.8 years (31.1 in 1964 to 38.9 in 2012).
Without tobacco control the estimated increase would have been 5.5 years (5.3-6.0). Hence,
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2.3 (1.8-2.5) years or30 % (23-32%) of improved life expectancy for males is projected to
be associated with tobacco control. In females, life expectancy at age 40 increased 5.4 years
(37.4 to 42.7), but without tobacco control it would have been projected to increase by only
3.8 years (37.3 to 41.2). Tobacco control appears to be associated with 1.6 (1.4-1.7) years of
the improvement in life expectancy for females or 29% (25-32%) of the gain. The
supplementary materials show estimates of life expectancy at ages 50 and 60 (Figure A9).

DISCUSSION

Tobacco control has made a unique and substantial contribution to public health over the
past half century. This study provides a quantitative perspective to the magnitude of that
contribution. The collectivity of tobacco control efforts since the first Surgeon General’s
report was associated with the avoidance of 8.0 (7.4-8.3) million premature smoking-
attributable deaths. Furthermore, with 157 million life years saved, the beneficiaries of these
avoided early deaths have gained, on average, nearly two decades of life.

In previous work, Warner concluded that 789,000 premature deaths had been avoided
through 1985.19 He estimated that tobacco control -influenced decisions not to smoke
through that year would have resulted in 2.1 million additional premature deaths avoided
between 1986 and 2000. Estimates from this study are substantially higher than those
reported by Warner because this study evaluated a much longer period of time, and the gap
between actual smoking and the counterfactual scenarios has changed substantially.

Of the 8.0 million premature smoking deaths, 4.4 (3.8-4.6) million were estimated to occur
before age 65. This implies the avoidance of a large productivity loss due to illness and
death during those working ages, estimated to impose a cost of about $100 billion annually
in the US.20

The relationship between tobacco control and life expectancy was also estimated: an
increase of 2.3 (1.8-2.5) years for males and1.6 (1.4-1.7) years for females after age 40.
That these figures represent 30% (23-32%) for males and 29% (25-31%) for females of the
total life expectancy gain from 1964-2012 demonstrates the important influence of tobacco
control on the life expectancy of US adults.

LIMITATIONS

The specifics of the findings of this study depend on a number of assumptions, as well as the
methods by which they were incorporated in the analysis. Most importantly, the findings
depend on counterfactual estimates of what smoking prevalence would have been in the
absence of tobacco control. A cohort analysis was employed, which considered a range of
estimates based on smoking histories prior to 1964. Use of smoking prevalence at age 30,
when further initiation is unlikely, provided a group whose initiation of smoking would not
have been influenced by the Surgeon General’s Report in 1964.

It is much more difficult to isolate the effect on cessation probabilities of what transpired
after 1964 from what began in the 1950s. The 1890 birth cohort provides the best estimate of
cessation probabilities in the absence of tobacco control, a group in their 60s in 1950 when
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the first prominent research on smoking and lung cancer appeared. &9 The difference in
males between actual smoking prevalence and the counterfactuals in 1964 (Figure 2) reflects
small decreases in male smoking prevalence during the 1950sin response to those studies,
publicity about which itself constituted a form of tobacco control. Somewhat artificially,
examination of premature deaths avoided began in 1964, thus ignoring initial stages of
tobacco control from the 1950s, because the SGR is considered to have ushered in the
tobacco control era. While per capita cigarette consumption declined briefly following
publication of the early research, the trend was not sustained, and it resumed its upward
trajectory in 1955, continuing through 1963.2 Premature death estimates included males who
benefitted from cessation in the 1950s; but their contribution to mortality was small before
the 1964 milestone. However, prolonged reduction in male smoking was considered in the
lower bound counterfactual scenario, which declines continuously as seen in Figure 2.

While it is conceivable that female smoking rates might have declined after 1964 in the
absence of tobacco control, there is considerable evidence to suggest that these smoking
rates would have continued upward.219 In exploring how high smoking rates would have
increased, alternatives of 50%ever -smoker prevalence at age 30as the primary
counterfactual and a peak of 60% the upper bound, well below the rate attained by males
were considered. Males reached their maximum before 1964, but the level in 1964 was
chosen as the primary counterfactual with bounds that decline to 60%or return to 80% ever-
prevalence at age 30. In addition, there is uncertainty in the estimates of relative risk used in
computing the mortality rates and in the actual smoking rates derived from NHIS, although
these are large surveys with precise estimates.

Mortality relative risks associated with smoking are based on CPS-I and CPS-II, which
cover the period of 1961-1999. Subsequent relative risks were assumed to have remained
constant at the 1999 level. However, a recent study by Thun et al. 2! indicated that mortality
relative risk for current compared to never-smokers may be continuing to increase,
suggesting that lives saved may have been underestimated in this analysis. Another potential
limitation of this analysis is that the cessation probability estimates did not control for
smoking duration and years smoked. The increasing mean duration and years quit by age
were indirectly accounted for in the actual control scenario by using age- and smoking-status
specific mortality rates calibrated to US mortality. The expected longer mean duration for
smokers and shorter years quit for former smokers under counterfactuals would not have
been captured entirely, however, thereby under estimating death rates and hence health
benefits from tobacco control. Further, the role of smoking intensity was not explicitly
considered in this analysis, which has been declining steadily since the 1960s.6 Since
intensity is likely to have been higher in the absence of tobacco control, there may have been
further gains not accounted for in the analysis.

While all of these considerations could affect the findings, the estimates of life expectancy at
age 40, for both 1964 and 2012 and for both genders, are close to US federal government
statistics.2223 Since the life expectancy estimates derive from the analysis, this provides
strong validation of the methods and calculations.
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For the future, a potential factor that may offset the gains estimated in this study is the recent
increase in use, particularly among young adults, of non -cigarette forms of tobacco, such as
smokeless tobacco, cigars, hookahs and e-cigarettes.24-26 |f used instead of cigarettes, the
health effects from these products is considerably less than that of cigarettes. However, if
used in combination with cigarettes, these products may offset some of the potential
benefits, especially as these young adults reach ages when smoking begins to claim its toll.
The pattern of alternative tobacco product use that would have evolved had tobacco control
never affected cigarette smoking is unknown.

Past successes of tobacco control have relied primarily on tax increases, media campaigns,
smoke-free air laws and advertising bans. Cessation treatment policies have also played a
role, but could play an increasing one. Physician interventions, such as the 5As2” and the
Ask, Advise, and Connect (AAC)28 method, which encourage quitting and the use of
effective cessation treatments, can increase quit rates.2? In addition, supply side policies can
play an important role with the Food and Drug Administration’s recently granted authority
to regulate cigarettes and smokeless tobacco products.

CONCLUSION

Despite the success of tobacco control efforts in reducing premature deaths in the US,
smoking remains a glass-half-full, glass-half-empty story. During the time that tobacco
control was associated with extending the lives of 8 million Americans, smoking-
attributable mortality occurred in approximately 17.6 million others. Today, a half century
after the Surgeon General’s first pronouncement on the toll that smoking exacts from US
society, nearly a fifth of adult Americans continue to smoke, and smoking continues to
claim hundreds of thousands of lives annually. No other behavior comes close to
contributing so heavily to the nation’s mortality burden. Tobacco control has been a great
public health success story, but it is an unfinished one and requires continued efforts to
eliminate tobacco-related morbidity and mortality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Estimated ever-smoker prevalence at age 30 by gender (male=blue, female=red) [actual

(heavy), counterfactuals (light)].
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Figure 2.

Estimated prevalence of current smokers: actual (solid), primary counterfactual (dashed) and

bounds (dotted).
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Figure 3.
Life expectancy at age 40: actual (heavy), primary counterfactuals (dashed), bounds

(dotted), and never-smokers (light).
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