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Preface

he Surgeon General’s clarion call in 1964 for “appropriate remedial

action” to address the hazards of smoking is often credited with hav-

ing launched the nation’s public health campaign against cigarettes.
Effective federal action was impeded for more than three decades by a sym-
bolic congressional action in 1965 mandating weak package warnings and
then by the regressive decision by Congress in 1969 to preempt the states
from regulating tobacco advertising “based on smoking and health.” The
1969 legislation also banned tobacco advertising on television and thereby
erased the country’s first major tobacco control initiative—the hugely sig-
nificant ruling by the Federal Communications Commission that broadcast-
ers who aired tobacco advertisements were required by the agency’s fairness

doctrine to make time available for antismoking messages.

Attention then shifted to the states, largely driven by a grassroots
movement for public smoking restrictions. The campaign was given major
boosts by an important Surgeon General report emphasizing the addictive
properties of nicotine (1988) and an Environmental Protection Agency re-
port on the environmental hazards of tobacco smoke (1992). Another key
building block of contemporary tobacco control was the initiative aiming to
reduce youth smoking spearheaded by Congressman Mike Synar in 1992.
The Synar Amendment requires states to enact and enforce youth access
restrictions or else forfeit 40 percent of their block grants for substance
abuse prevention and treatment. Within 2 years, the Synar Amendment was
followed by two major reports by the Surgeon General and by the Institute
of Medicine (IOM) on preventing the onset of nicotine addiction in adoles-
cents and by a rhetorically and politically important initiative by Food and

x
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Drug Administration (FDA) Commissioner David Kessler characterizing
nicotine addiction as a “pediatric disease.” Despite some dissension within
the ranks of tobacco control advocacy, preventing youth initiation took its
place as one of the core strategic components of tobacco control.

The campaign against secondhand tobacco smoke and the new focus
on child protection and the prevention of addiction played pivotal roles in
the gradual evolution of public support for aggressive tobacco control in
the 1990s. The cause of tobacco control was also fundamentally acceler-
ated by the emerging evidence that cigarettes have been engineered to be
addictive and by the public distaste for industry advertising campaigns
that seemed so obviously targeted at children and adolescents. In 1995, as
the policy context for tobacco control rapidly evolved, FDA announced
its innovative initiative to declare jurisdiction over cigarettes as “nicotine
delivery devices” and its intention to develop a new rule aiming to reduce
youth smoking. FDA’s proposed rule included limitations on advertising
and promotion as well as federal restrictions on youth access. Although the
age of access in FDA’s regulation was 18, the agency considered setting the
minimum age at 21. Whatever the reasoning within FDA may have been,
the consensus within the IOM committee that authored the 1994 report on
youth smoking was that setting the age at 21 was too large a leap for reform
in a political and social context in which existing youth access restrictions
were largely unenforced and cigarettes were easily available to children old
enough to put coins in a vending machine.

FDA’s Tobacco Rule was proposed in 1995, promulgated in 1996,
and invalidated by the Supreme Court in 2000. However, momentum for
aggressive tobacco control continued to build throughout this period. The
state attorney generals’ lawsuits against the tobacco companies to recover
Medicaid costs attributable to smoking—and the accompanying disclosures
of industry documents—Iled to the Master Settlement Agreement in 1998
and to aborted negotiations regarding federal tobacco regulation. Mean-
while, social norms toward smoking have been transformed, prevalence has
gradually declined, more reports on tobacco have been issued by the IOM
and by Surgeons General, and the Family Smoking Prevention and Tobacco
Control Act was enacted in 2009. Tobacco advocates have begun to focus
on the “end game” for cigarette smoking.

It is in this context that Congress directed FDA in the Tobacco Control
Act to commission a report on the public health implications of raising the
minimum age of legal access to tobacco products. Many states and locali-
ties are considering proposals to raise the age, and some have already done
so. In light of the extraordinary momentum achieved by tobacco control
advocacy over the past three decades, talking about raising the age of youth
access may seem anticlimactic. However, cigarette smoking is a stubborn
and costly public health problem, and the tobacco industry is resourceful
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and creative. Adult prevalence remains about 18 percent, and smoking-
related deaths approach 480,000 per year.

Although initiation rates have been dropping in recent years, history
shows that they can reverse course just as easily. And investments in to-
bacco control tend to erode whenever the economy weakens. The develop-
ment and marketing of new products is a wild card in the epidemiology of
tobacco use. E-cigarettes and modified-risk tobacco products may eventu-
ally reduce the prevalence of cigarette smoking, but it is also possible that
these products could serve as starter products for people who would not
otherwise have begun smoking cigarettes and could also reduce incentives
for cessation by addicted smokers who otherwise would have quit. Bringing
these products within FDA’s regulatory jurisdiction is imperative.

Vigilance is always advisable in tobacco control. It is prudent for
federal policy makers and state and local authorities to strengthen all poli-
cies aimed at reducing the initiation of smoking, including the design and
enforcement of youth access restrictions. The minimum age of legal access
to tobacco products was set at 18 by the states more than two decades
ago in response to federal incentives and is now required by federal law.
However, states and localities remain free to raise the age. By assessing the
public health implications of raising the minimum age, this report aims
to provide the scientific guidance the states and localities need. In return,
I urge states and localities that decide to raise the age to make sure that
the necessary data are collected to evaluate the new policy in achieving its
ultimate goal—the reduction and eventual elimination of tobacco use by
children and youth.

Richard J. Bonnie, Chair

Committee on the Public Health
Implications of Raising the Minimum
Age for Purchasing Tobacco Products
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Summary

release of Smoking and Health: Report of the Advisory Committee to

the Surgeon General of the Public Health Service in 1964, when the
prevalence of current cigarette smoking was around 42 percent. Recent es-
timates reveal that since 1964, tobacco control in the United States has led
to 8 million fewer premature deaths and has extended the mean life span
at age 40 by about 2 years (Holford et al., 2014). However, tobacco use
continues to have major public health implications; while the prevalence
of current cigarette smoking among U.S. adults has declined to around 18
percent (Schiller et al., 2014), more than 42 million American adults still
smoke (HHS, 2014).

S moking rates in the United States have declined substantially since the

STATEMENT OF TASK

The Family Smoking Prevention and Tobacco Control Act of 2009
(hereafter referred to as the Tobacco Control Act) amended the Federal
Food, Drug, and Cosmetic Act, granting the Food and Drug Administration
(FDA) broad authorities over tobacco products. The Tobacco Control Act
directed FDA to, among other things, issue regulations to restrict cigarette
and smokeless tobacco retail sales to youth and to restrict tobacco product
advertising and marketing to youth. The act, however, prohibits FDA from
taking several specific steps, including establishing a minimum age of sale

Copyright © National Academy of Sciences. All rights reserved.
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2 MINIMUM AGE OF LEGAL ACCESS TO TOBACCO PRODUCTS

of tobacco products to persons over 18 years of age.! On the other hand,
the Tobacco Control Act directed FDA to convene a panel of experts to
conduct a study on “the public health implications of raising the minimum
age to purchase tobacco products” and to submit a report to Congress on

the issue.

In August 2013 FDA contracted with the Institute of Medicine (IOM)

to convene a committee to:

1. Examine existing literature on tobacco use initiation, and

2. Use modeling and other methods, as appropriate, to predict the
likely public health outcomes of raising the minimum age for pur-

chase of tobacco products to 21 years and 25 years.

The resulting IOM Committee on the Public Health Implications of Raising
the Minimum Age for Purchasing Tobacco Products, assembled to address
these issues, was composed of experts in public health law, the epidemiol-
ogy of tobacco use and tobacco risks, adolescent and young adult develop-
ment, risk behaviors and perceptions, public health policy and practice, and

public policy modeling.

Interpreting the Statement of Task

During a discussion at the first public meeting of the committee, a rep-
resentative of the Center for Tobacco Products of FDA urged the committee
to include in its analysis the impact of raising the minimum age of legal
access to tobacco products (MLA) to 19 years of age. The public health
impacts examined in this report include tobacco initiation, prevalence,
morbidity, and mortality. The committee uses the term “tobacco product”
to mean any product covered by FDA regulatory authority, although most
of the literature and the modeling focus on cigarettes. The committee did
not consider the economic impact of raising the MLA, nor did it compare
the effects of raising the MLA with other youth-oriented tobacco control

policies.

The Tobacco Control Act refers to both minimum age for purchase?
and minimum age for sale.®> The committee focused on the implications
of raising the MLA in the context of the body of youth access laws and
enforcement policies currently in place across the country. These laws and
policies vary considerably, not only in the scope of conduct that is prohib-

! Family Smoking Prevention and Tobacco Control Act of 2009, Public Law 111-31 § 906.

111th Cong. (June 22, 2009).
21d. § 104.
31d. § 906.
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ited but also in the prescribed penalties for violations. What they all have in
common, however, is a focus on curtailing retail access to tobacco products
by underage persons, with little, if any, emphasis on punishing the under-
age users of tobacco products. The committee’s charge requests conclusions
regarding the public health implications of raising the MLA without any
recommendations regarding whether the MLA should be raised.

ADOLESCENT AND YOUNG ADULT DEVELOPMENTAL
TRAJECTORIES AND PATTERNS OF TOBACCO USE

Brain development continues until about age 25. While the develop-
ment of some cognitive abilities is achieved by age 16, the parts of the brain
most responsible for decision making, impulse control, sensation seeking,
future perspective taking, and peer susceptibility and conformity continue
to develop and change through young adulthood. Adolescent brains are
uniquely vulnerable to the effects of nicotine and nicotine addiction. Ado-
lescent and young adult developmental trajectories may be altered by social
and environmental contextual influences, including normative developmen-
tal transitions into and out of school or work or changes in living arrange-
ments or relationships.

According to the most recent results from an annual survey of adoles-
cents in grades 8, 10, and 12, American teens are smoking less than ever
before (Johnston et al., 2014b). Cigarette smoking in this age group peaked
in 1996-1997 before beginning a fairly steady and substantial decline that
continued through the mid-2000s. This decline in adolescent smoking has
continued since then, but at a slower rate (HHS, 2014). Data from 2012
show that 34.1 percent of Americans between 21 and 25 were current
cigarette users, making that the age group with the highest prevalence of
cigarette smoking (SAMHSA, 2013). While almost 90 percent of people
who have ever smoked daily first tried a cigarette before 19 years of age, the
fact that nearly all others who ever smoked daily tried their first cigarette
before the age of 26 should not be overlooked (see Table 2-8 in Chapter 2).
Additionally, only 54 percent of daily smokers are smoking daily before age
18, but 85 percent are doing so by age 21 and 94 percent before age 25.
These data strongly suggest that if someone is not a regular tobacco user
by 25 years of age, it is highly unlikely they will become one.

CURRENT PRACTICES REGARDING
YOUTH ACCESS RESTRICTIONS

Although most states currently set the minimum age of legal access to
tobacco at 18, four states set it at 19, and New York City and several other
localities around the country have raised the MLA to 21. All 50 states and
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the District of Columbia prohibit commercial transfers to underage persons,
while 48 states and the District of Columbia also prohibit noncommercial
transfers (e.g., giving, exchanging, bartering, furnishing, or otherwise dis-
tributing tobacco). Based on random, unannounced compliance inspections
of tobacco retailers, the national average rate of tobacco sales to underage
individuals (i.e., noncompliance) in 2013 was 9.6 percent.

Active enforcement of tobacco minimum age restrictions, including
meaningful penalties for violations, increases retailer compliance and de-
creases the availability of retail tobacco to underage persons. However, it is
difficult to know precisely how much increasing retailer compliance reduces
the availability of retail tobacco to underage persons or how much the de-
creased retail availability of tobacco affects underage tobacco use because
of the continued availability of tobacco from noncommercial sources. Un-
derage users rely primarily on “social sources” (friends and relatives) to get
tobacco, and there is little evidence that underage individuals are obtaining
tobacco from the illegal commercial market. Bans on the noncommercial
distribution of tobacco by friends, proxy purchasers, and other social
sources are not well-enforced.

EFFECTS OF RAISING THE MLA ON TOBACCO USE

Through an iterative and consensus-driven process, the committee con-
sidered how these age-related effects would translate into potential changes
in the rates of initiation across different age segments through adolescence
and young adulthood for each of the three policy options (raising the MLA
to 19, 21, or 25 years of age). The committee assigned ordered, categorical
labels to its estimates as small, medium, or large. The committee attached
numeric ranges to each of the magnitude estimate descriptors for use in
the modeling. The committee used increments of 5 percent, ranging from 5
to 30 percent, to quantify the range of possible changes in initiation rates
for use in the models. The committee has more confidence in its estimates
pertaining to raising the MLA to 19 or 21 than in its estimates pertaining to
raising the MLA to 25 because of the greater level of extrapolation needed
for estimating change and also other factors that appear with increased age.

Conclusion 7-1: Increasing the minimum age of legal access to tobacco
products will likely prevent or delay initiation of tobacco use by ado-
lescents and young adults.

The definition of “initiation” used in this report, including in the
modeling, is having smoked 100 cigarettes. This definition is based on data
obtained from the National Health Interview Survey. Smoking at least 100
cigarettes in one’s lifetime goes beyond occasional trying or “experimenta-
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tion.” To achieve the benchmark of 100 cigarettes, one must have access
to cigarettes over a period of time and have developed symptoms of depen-
dence and stronger motives for use beyond perceived peer or social group
pressure (Dierker and Mermelstein, 2010).

A critical component in the development of dependence and continued
tobacco use is the reinforcing effects of nicotine. Adolescent brains have a
heightened sensitivity to the rewarding effects of nicotine, and this sensitiv-
ity diminishes with age (Adriani et al., 2006; Jamner et al., 2003). Thus,
the probability that a user escalates to dependence after the first few trials
is likely to decrease the further one moves away from adolescence.

Changes in the initiation of tobacco use would not necessarily be
linear with increases in the MLA or be equal for all segments of under-
age individuals. Changing the MLA has an indirect effect of helping to
change norms about the acceptability of tobacco use, but this effect may
take time to build. In addition, the norms about acceptability of tobacco
use are also likely to vary by age, with greater perceived unacceptability
for those the farther away from the MLA. If the MLA increases to 21, the
social unacceptability of smoking will be greater for a 16-year-old than for
a 20-year-old.

Given the assumption that changes in the MLA could have differential
effects on adolescents at different ages, the committee considered possible
changes in initiation rates for three age divisions: (1) adolescents under age
15; (2) adolescents between the ages of 15 and 17; and (3) individuals at
age 18 for estimates with an MLA of 19, or individuals at ages 18 to 20 or
21 to 24 for an MLA of 21 or 235, respectively. These age groupings reflect
not just differences in years from the MLA but also several important de-
velopmental transitions that play a role in tobacco use.

Conclusion 7-2: Although changes in the minimum age of legal access
to tobacco products will directly pertain to individuals who are age 18
or older, the largest proportionate reduction in the initiation of tobacco
use will likely occur among adolescents 15 to 17 years old.

Conclusion 7-3: The impact on initiation of tobacco use of raising
the minimum age of legal access to tobacco products (MLA) to 21
will likely be substantially higher than raising it to 19, but the added
effect of raising the MLA beyond age 21 to age 25 will likely be con-
siderably smaller.

Adolescents Less Than 18 Years of Age

Many adolescents under age 15 are not yet in high school or of driving
age. Adolescents under age 15 are less likely to have coworkers or members
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of their peer networks who are over the MLA (with the likelihood decreas-
ing as the MLA increases). Thus, social network sources and mobility are
most restricted for adolescents under age 15. For adolescents under 15 years
of age, raising the MLA from 18 to 19 may have only a modest impact on
reducing social sources, given the small difference in age. Increasing the
MLA to 21, however, would provide a greater distancing of social sources.
Although 19-year-olds may still be in high schools and thus potentially in-
fluence those under 15, it is far less likely that 21-year-olds are in the same
social networks. On the other hand, increasing the MLA from 21 to 25
will not be likely to achieve many additional notable reductions in social
sources for those under 15 beyond what is achieved with an MLA of 21.

Although social sources play a central role in establishing adolescent
tobacco use patterns, other factors that contribute to early adolescent
tobacco use (for those who initiate before age 15) may limit the reduc-
tions that would be achieved with increases in the MLA. Adolescents
who reach a level of 100 cigarettes before 15 may be those who are most
susceptible to the reinforcing effects of nicotine, who have higher levels of
psychological or substance use comorbidities, who have a combination of
problem behaviors (of which tobacco use is one manifestation), and who
have social networks within which tobacco and other substances are more
readily available, regardless of age. Thus, the committee also expects that
there may be limits to how much changes in the MLA will affect this sub-
set of adolescents. Considering the balance of these factors, the committee
estimates that for adolescents under age 15 reductions in initiation will be
small for an MLA of 19 and medium for an MLA of 21 and an MLA of 25.

The committee expects that the greatest gains in reducing tobacco use
will be achieved for adolescents between the ages of 15 and 17. Negative
consequences for tobacco use, through parental or school controls, are
still relevant, and changes in the MLA are likely to increase these negative
consequences as social norms adjust. Adolescents in this age group are still
most likely to get tobacco through social sources (committee analysis of
Arrazola et al., 2014; Johnston et al., 2014a). Between the ages of 15 and
17 adolescent mobility increases with driving privileges. Social networks
and potential social sources of tobacco start to increase as some adolescents
take on formal, part-time jobs with coworkers who may be over the MLA.
Changing the MLA to 19 may not change social sources substantially for
these adolescents, but the committee expects that raising the MLA to 21
will substantially impact initiation. Raising the MLA to 25 may provide
only a modest additional reduction in initiation over that achieved with
an MLA of 21, given that changes to social network sources may not be
substantially different.

Balancing these factors, the committee estimates that the reduction in
initiation in this age group will likely exceed that seen in adolescents less than
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15 years of age for all policy options. Furthermore, the committee estimates
that the higher the MLA, the greater the effect on initiation rates will be.

Young Adults 18 to 20 Years of Age

By age 18, many adolescents graduate from high school and have
numerous life transitions, including entering higher education, exposure
to more adults in the workforce, leaving home, and significant changes
in social networks. Patterns of initiation to date also show a tailing off of
initiation by age 18 (committee analysis of Johnston et al., 2014a). Given
that the social networks of 18-year-olds overlap more with 19-year-olds,
the committee expects a small reduction in initiation for 18-year-olds for
an MLA of 19. The committee expects similar effects on initiation rates
for 19- and 20-year-olds as for 18-year-olds with an MLA of 21 or 25.
This expectation of increased effect is due primarily to the increased social
distancing expected when the MLA is raised to 21 or 25, but it also takes
into account the benefit of the additional maturing of executive functions
among young adults, the decreased sensitivity to the rewarding properties
of nicotine, the additional social norms proscribing tobacco use, and tobac-
co’s decreased social value and the decreased motives for use as individuals
enter the workforce or parenthood.

Young Adults 21 to 24 Years of Age

Changes in initiation for young adults in the 21-24 age group were
considered only for the case of raising the MLA to 25. Even under the cur-
rent MLA of 18, the probability of initiation at these ages is substantially
lower than for adolescents and younger adults. However, current patterns
of tobacco marketing suggest that young adults are increasingly targeted in
tobacco promotions (Ling and Glantz, 2002), and tobacco promotions are
frequently linked with bar settings and alcohol consumption, which may
also keep this age group susceptible to initiation (Ling and Glantz, 2002).
In addition, the committee considered that there may be more lax enforce-
ment for an MLA of 25. Considering the balance of factors, the committee
expects that some reduction in initiation will still occur with an MLA of
25 but that this reduction will be small.

Conclusion 7-4: Based on the modeling, raising the minimum age of
legal access to tobacco products, particularly to age 21 or 25, will likely

lead to substantial reductions in smoking prevalence.

Two tobacco simulation models commissioned by the committee,
SimSmoke and the Cancer Intervention and Surveillance Modeling Net-
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work (CISNET) smoking population model, suggest significant reductions
in smoking prevalence from 2015 to 2100 in the United States, even under
a status quo scenario with regard to the MLA; these declines reflect ongoing
benefits from prior tobacco control policies. The models predict that rais-
ing the MLA would lead to considerable additional reductions in smoking
prevalence based on the committee’s conclusions about the likely reductions
in smoking initiation described above. Specifically, both models estimate
that raising the MLA will lead to approximately a 3 percent decrease in
smoking prevalence for an MLA of 19, a 12 percent decrease for an MLA
of 21, and a 16 percent decrease for an MLA of 25 above and beyond the
decrease predicted in the status quo scenario.

HEALTH EFFECTS OF RAISING THE MLA

Given the likelihood that raising the MLA would decrease the rates of
initiation of tobacco use by adolescents and young adults, it follows that
tobacco-related disease and death would also decrease, generally in propor-
tion to the decrease in tobacco use.

Conclusion 8-1: Based on the modeling, raising the minimum age of
legal access to tobacco products will likely lead to substantial reduc-
tions in smoking-related mortality.

Conclusion 8-2: Based on a review of the literature, raising the mini-
mum age of legal access to tobacco products (MLA) will likely imme-
diately improve the health of adolescents and young adults by reducing
the number of those with smoking-caused diminished health status. As
the initial birth cohorts affected by the policy change age into adult-
hood, the benefits of the reductions of the intermediate and long-term
adverse health effects will also begin to manifest. Raising the MLA will
also likely reduce the prevalence of other tobacco products and expo-
sure to secondhand smoke, further reducing tobacco-caused adverse
health effects, both immediately and over time.

Adolescents and adults most commonly use tobacco in the form of
cigarettes, and the adverse health effects of cigarettes are best documented
among all the various forms of tobacco use. Cigarette smoking is causally
associated with a broad spectrum of adverse health effects that begin soon
after the onset of regular smoking and significantly diminish the health
status of the smoker compared to nonsmokers. Cigarette smoking causes
many adverse health effects with an intermediate latency, such as subclinical
atherosclerosis, impaired lung development and function, diabetes, peri-
odontitis, exacerbation of asthma, subclinical organ injury, and adverse sur-
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gical outcomes. Cigarette smoking is also causally associated with a broad
spectrum of long-latency adverse health effects, such as chronic obstructive
pulmonary disease, coronary heart disease, and numerous cancers, that
cause suffering, impaired quality of life, and premature death. Results from
both models suggest that reductions in smoking-related mortality following
an increase in the MLA will be large but will not be observed for at least 30
years after the increased MLA takes effect. For example, if the MLA were
raised now to age 21 nationwide, modeling suggests that for the cohort
of people born between 2000 and 2019 there would be approximately 10
percent fewer lifetime premature deaths, lung cancer deaths, and years of
life lost (YLL) from cigarette smoking. Given the status quo projections,
this translates to approximately 249,000 fewer premature deaths, 45,000

fewer deaths from lung cancer, and 4.2 million fewer YLL.*

Smoking combustible tobacco products other than cigarettes, such as
pipes and cigars, is causally associated with a broad spectrum of adverse
health effects. The impact of raising the MLA on morbidity and mortal-
ity from these products would depend on the risk profile of each product
and the degree to which that product is used in the population over time.
Raising the MLA can also be expected to lessen exposure to secondhand
smoke from cigarettes and other combustible tobacco products. Second-
hand smoke exposure is causally associated with a number of adverse

health effects.

Conclusion 8-3: Based on a review of the literature and on the model-
ing, an increase in the minimum age of legal access to tobacco products
will likely improve maternal, fetal, and infant outcomes by reducing the

likelihood of maternal and paternal smoking.

Maternal smoking during pregnancy and secondhand smoke exposure
during infancy are causally associated with many adverse health outcomes.
Such exposures not only leave exposed infants prone to various short- and
long-term health risks but can also result in death. The SimSmoke model
projected the effects of raising the MLA on the incidence of select maternal—-
child outcomes. Relative to the status quo, if the MLA were raised now
to age 21 nationwide, modeling projects that by 2100 there would be an
estimated 286,000 fewer pre-term births, 438,000 fewer cases of low birth

4 All absolute differences, including the numbers of premature deaths, lung cancer deaths,
and YLL, are relative to underlying status quo projections. These status quo projections esti-
mate decreases in smoking prevalence and thus smoking-attributable morbidity and mortality.
As such, the committee encourages the reader to focus on the percentage reduction rather than

on the absolute numerical estimates.
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weight, and roughly 4,000 fewer sudden infant death syndrome (SIDS)

cases among mothers age 15 to 49.°

CONSIDERATIONS FOR POLICY MAKERS

The Tobacco Control Act sets a “floor” of 18 on the MLA, while al-
lowing states and localities to raise the age. Unless Congress acts to raise the
age on a national basis or delegates authority to FDA to do so, one might
expect a patchwork of different MLAs in different states and localities, as
existed for alcohol for many decades, rather than a uniform MLA across
all of the 51 jurisdictions. The simulations described in Chapters 7 and 8
model a situation in which increases in the MLA would be adopted and
implemented on a nationwide basis. In the absence of a national MLA, the
public health impact of raising the MLA for tobacco would be dependent,
first and foremost, upon the degree to which local and state governments
take up this policy. To the extent that states choose not to raise the MLA,
the effects estimated in Chapters 7 and 8 are not likely to be realized.

The strength and efficacy of existing state and local tobacco control
programs vary significantly, reflecting differences in the number and in-
tensity of tobacco control activities and the resources allocated to support
them. The modeling essentially aggregates each state’s tobacco control ac-
tivities, whether they are strong or weak. To the extent that policy makers
in individual states want to derive state-based estimates from the findings
of a national modeling exercise, they will have to take into account whether
the existing levels of tobacco control activity in their states are comparable
to the “average” state. If they are much weaker or stronger, extrapolation

from the modeling used in this report may not be suitable.

The committee expects social sources, especially proxy purchases, to
remain the primary sources of tobacco for underage persons, and it has
been realistic about the high level of continuing availability to underage
adolescents and young adults who are in the workforce or in college en-
vironments. Our estimates in this respect are predicated on relatively con-
servative assumptions. Although access to social sources could be reduced
significantly if the laws prohibiting transfers to underage persons were
aggressively enforced, the committee does not expect such a radical change
in enforcement policy in the foreseeable future, especially under a higher
MLA, because of likely public resistance. However, if a state or locality
ramped up the threat of detection and punishment against social sources,

5 All absolute differences, including the numbers of cases of pre-term births, low birth
weight, and SIDS, are relative to underlying status quo projections. These status quo projec-
tions predict that there will be decreases in smoking prevalence, and thus smoking-attributable

morbidity and mortality.
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the impact on adolescent and young adult consumption could be greater
than the committee has projected.

Concerns about adolescent vulnerability to addiction and immaturity
of judgment support an underage access restriction, but they do not resolve
the policy question about the specific age at which the line should be drawn.
The argument against raising the MLA above 18 is predicated on the as-
sumption that adolescents older than 17 are mature enough to make their
own decisions about what is in their best interests. However, evidence sug-
gests that capacities related to mature judgment, especially in emotionally
charged situations or in situations in which peer influence plays a role, are
still developing into the early 20s. Many young people in their late teens
and early 20s may also still be at elevated risk, developmentally speaking,
to becoming addicted to nicotine. A balance needs to be struck between the
personal interest of young adults in making their own choices and society’s
legitimate concerns about protecting the public health and discouraging
young people from making decisions they may later regret (IOM, 2007;
IOM and NRC, 2004). Although some line is required, 18 is not the only
developmentally plausible place to draw it. Every state sets the legal age for
certain activities higher or lower for different policy purposes, and state leg-
islators will likely continue to draw the line in different places in different
policy contexts (Bonnie and Scott, 2013; Hamilton, 2010; Steinberg, 2012).

The committee assumes that the MLA will be increased for all tobacco
products, including electronic nicotine delivery systems (ENDS), and that
the intensity of enforcement will be the same for all products. The com-
mittee sees no reason to believe that the effects of the legal norm and its
enforcement on retailer compliance, retail availability, or access to social
sources would differ materially for ENDS as compared with other tobacco
products. Given the evidence that adolescents who currently initiate to-
bacco use with ENDS rather than with conventional tobacco products are
younger (Wills et al., 2014), the main effect of raising the MLA for ENDS
will likely be to reduce the number of adolescents and young adults who
initiate tobacco use with ENDS. However, recent trends suggest that ENDS
initiation is already increasing and is likely to increase even if the MLA is
raised. Increased initiation of ENDS use may reduce initiation of cigarette
use because some adolescents and young adults who otherwise would have
initiated cigarette users will become ENDS users instead. It may also delay
initiation of cigarette use for others, including some proportion who would
not have otherwise used traditional cigarettes. Presumably FDA and state
policy makers will take these possibilities into account in setting the MLA
and will carefully monitor the promotion and use of ENDS, especially by
adolescents and young adults.

Although the full benefits of preventing initiation of tobacco use will
take decades to accrue, some direct health benefits, including those from
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reduced secondhand smoke exposure, will be immediate. Perhaps the great-
est uncertainty in the committee’s assessment is the currently unpredictable
effects of the marketing and use of ENDS and other novel tobacco prod-
ucts. However, in the absence of transformative changes in the tobacco
market, social norms and attitudes, or the epidemiology of tobacco use,
the committee is reasonably confident that raising the MLA will reduce
tobacco initiation, particularly among adolescents 15 to 17 years of age,

will improve health across the life span, and will save lives.
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Introduction

lems has a long history. The classic papers by Doll and colleagues

The study of the relationship between tobacco use and health prob-

began to appear in 1950, with the first prospective study linking
cigarette smoking and lung cancer published in 1954 (Doll and Hill, 1954),
following up on many cross-sectional studies. A number of other impor-
tant studies added to the growing evidence base about the health risks of
smoking (e.g., Cornfield et al., 1959; Dorn, 1959; Hammond and Horn,
1958; Wynder and Graham, 1950). A seminal report, Smoking and Health:
Report of the Advisory Committee to the Surgeon General of the Public
Health Service,' was published in 1964, and since that time Surgeons
General have released 32 other reports on a variety of topics related to

tobacco use (HHS, 2014).

Smoking rates in the United States have declined substantially since
1965 when the prevalence of current cigarette smoking was approximately
42 percent (HHS, 2014). Furthermore, it has recently been estimated that
tobacco control policies in the United States since 1965 have led to 8 mil-
lion fewer premature deaths and have extended the mean life span by 19
to 20 years per death postponed, corresponding to an increment of about
2 years in life expectancy at age 40 (Holford et al., 2014). However, to-
bacco use continues to have major public health implications: While the
prevalence of current cigarette smoking among U.S. adults declined from
24.7 percent in 1997 to 17.8 percent in 2013 (NCHS, 2014), more than 42

! This report is often referred to as the first Surgeon General’s report on smoking; however,
the authors were actually a nongovernmental advisory committee to the Surgeon General.
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million American adults still smoke, leading to about 480,000 premature
deaths each year (HHS, 2014).

TOBACCO USE IN ADOLESCENTS AND YOUNG ADULTS

According to the most recent results from an annual survey of ado-
lescents in grades 8, 10, and 12, American teens are smoking less than
ever before (Johnston et al., 2014). Smoking in this age group peaked in
1996-1997 before beginning a fairly steady and substantial decline that
continued through the mid-2000s (HHS, 2014). In 2013 the number of
adolescents who reported having smoked in the previous 30 days had de-
creased from peak levels seen in the mid-1990s by 79 percent in grade 8,
70 percent in grade 10, and 56 percent in grade 12 (Johnston et al., 2014).
Other surveys show similar trends (Kann et al., 2014; SAMHSA, 2013).
While tremendous strides have been made, each day more than 3,000 ado-
lescents try their first cigarette, and, if current trends continue, 5.6 million
adolescents alive today in the United States are likely to die prematurely of
smoking-related illness (HHS, 2014).

Tobacco use by young adults (those between 18 and 24 years of age)
also poses serious concerns. While nearly 90 percent of people who have
ever smoked daily first tried a cigarette before 19 years of age, the fact that
another 9.4 percent tried their first cigarette before the age of 26 should not
be overlooked (see Table 2-8 in Chapter 2). Additionally, only 54 percent
of daily smokers are smoking daily before age 18, but 85 percent are doing
so by age 21, and 94 percent before age 25 (see Table 2-8 in Chapter 2).
These data strongly suggest that if someone is not a regular tobacco user
by 25 years of age, it is highly unlikely they will become one.

Data from 2012 show that current cigarette use among adults was
highest among persons ages 21 to 25 years (34.1 percent) (SAMHSA,
2013). Certain emerging patterns of tobacco use among young adults are
also of concern, including an increase in the number of young adults who
smoke lightly (fewer than five cigarettes per day) or intermittently (non-
daily) (Fagan and Rigotti, 2009; Pierce et al., 2009) but do not consider
themselves “smokers” (Leas et al., 2014). There has also been a very recent
increase in the use of other tobacco products, such as electronic cigarettes
and hookahs, among college students (HHS, 2012; Johnston et al., 2014).

Research suggests that brain and psychosocial development continues
past the age of 18 years (IOM and NRC, 2014), the age of legal tobacco
purchase in the United States. The self-regulatory system matures gradu-
ally, beginning in pre-adolescence and continuing through young adulthood
(Steinberg, 2012). High-risk behaviors, including tobacco use, are generally
more common in adolescents and young adults than in older adults. Addi-
tionally, the tobacco industry, prohibited from marketing to those younger
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than 18 years of age, has for decades targeted marketing and promotional
activities to young adults (Sepe et al., 2002). The convergence of the neu-
robiological factors and the tobacco use epidemiology reinforces the impor-
tance of preventing young adults, in addition to children and adolescents,

from becoming tobacco users.

HIGH-RISK POPULATIONS

Neither the prevalence of cigarette smoking nor the use of other to-
bacco products is evenly distributed in the population; rather, both are
more heavily concentrated in certain population subgroups than in others.
Over time in the United States, cigarette smoking has become more and
more concentrated in lower socioeconomic groups defined by few years of
schooling and lower income (Fagan et al., 2007). Smoking prevalence also
varies across racial and ethnic groups, with the highest prevalence among
American Indians and Alaskan natives and the lowest among Asian Ameri-

cans (Fagan et al., 2007).

Sexual orientation is also strongly associated with the prevalence of
current smoking. Smoking prevalence is much higher among sexual minori-
ties than in the population as a whole (Lee et al., 2009; Ryan et al., 2001).
The prevalence of smoking among persons with a history of mental illness
is approximately double the prevalence in the general population (Lasser
et al., 2000). This increased likelihood of smoking in those with a history
of mental illness is not limited to one or a few psychiatric diagnoses but
rather is a cross-cutting association that applies to psychiatric diagnoses
across the board (Lasser et al., 2000). Historically, the prevalence of smok-
ing has been higher among active duty military personnel (Bray et al., 2006)
and veterans of the military (Brown, 2010) than in the general population.
There is evidence that this disparity is diminishing in the veteran population

(Hamlett-Berry et al., 2013).

BRIEF HISTORY OF TOBACCO CONTROL

The release of the 1964 report on smoking and health spurred our cur-
rent tobacco control activities, and efforts increased dramatically beginning
in the 1990s. In the early 1990s tobacco control advocates and policy mak-
ers focused on preventing children from initiating tobacco use. Congress
included an important policy lever, known as the Synar Amendment to the
Alcohol, Drug Abuse, and Mental Health Administration Reorganization
Act,? aimed at decreasing youth access to tobacco. The Synar program re-

2 ADAMHA Reorganization Act of 1992, Public Law 102-321, 102nd Cong. (July 10,

1992).
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quires states to have laws in place prohibiting the sale and distribution of
tobacco products to persons under the age of 18 and to enforce those laws
effectively (SAMHSA, 2014). Failure to meet these requirements may result
in a state losing 40 percent of its substance abuse prevention and treatment
block grant. The Synar program is described in detail in Chapter 5.

In 1994 a committee convened by the Institute of Medicine (IOM)
released the report Growing Up Tobacco Free (IOM, 1994). The report
called for a comprehensive youth-oriented tobacco control strategy. The
strategy included Congress establishing a regulatory program for tobacco
products within an appropriate agency of the Public Health Service. In 1995
the commissioner of the Food and Drug Administration (FDA), Dr. David
Kessler, famously declared smoking a “pediatric disease” because “nicotine
addiction begins when most tobacco users are teen-agers” (Hilts, 1995). In
1996 FDA issued a final rule prohibiting the sale of cigarettes and smokeless
tobacco to any person under age 18 and imposing restrictions on the mar-
keting, labeling, and advertising of tobacco products (HHS, 1996). While
this 1996 rule was invalidated in 2000 by a Supreme Court decision ruling
that FDA did not have the authority to regulate tobacco products,® it was
specifically incorporated in the Family Smoking Prevention and Tobacco
Control Act of 2009* (hereafter referred to as the Tobacco Control Act).

The Master Settlement Agreement of 1998 (MSA) resulted from settle-
ments between the attorneys general of 46 states and the 4 largest tobacco
manufacturers (NAAG, 1998). The MSA required the companies to make
annual payments to the states as compensation for some of the medical
costs of caring for people with smoking-related diseases; to curtail or
end certain tobacco marketing practices; and to dissolve tobacco industry
organizations. The MSA also called for the establishment of a national
foundation, which led to the creation of the American Legacy Foundation,
a nonprofit tobacco control research and education organization known for
its early and aggressive media campaigns about the dangers of tobacco use.

The child-focused strategy, although not universally embraced (Craig
and Boris, 2007; Glantz, 1996), galvanized attention and resources, and
significant successes followed. For example, the proportion of students in
grades 9 through 12 who had used tobacco products in the past 30 days
(including cigarettes, smokeless tobacco products, and cigars) decreased
46.1 percent between 1997 and 2011, from 43.4 percent to 23.4 percent
(CDC, 2012b). This remarkable progress sprung from a number of well-
established policy levers: increased state and federal excise taxes, compre-

3 FDA v. Brown & Williamson Tobacco Corp., 529 U.S. 120, 120 S. Ct. 1291, 146 L. Ed.

2d 121 (2000).

4 Family Smoking Prevention and Tobacco Control Act of 2009, Public Law 111-31, 111th

Cong. (June 22, 2009).
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hensive state tobacco control programs, smoke-free policies that help to
denormalize smoking behavior and to decrease secondhand smoke expo-
sure, national and local media campaigns to alert children and adolescents
to the dangers of tobacco use and to de-glamorize the behavior, promo-
tion of cessation strategies, school-based programs, and surveillance and

evaluation.

Today, most tobacco control programs are administered at the state and
local levels. States fund their tobacco control programs through a variety of
revenue streams, including state general funds, federal government funding,
tobacco industry settlement payments, cigarette excise taxes, and funding
from nonprofit organizations. The Office on Smoking and Health at the
Centers for Disease Control and Prevention (CDC) compiles and publishes
an evidence-based guide to help states plan and establish effective tobacco
control programs (CDC, 2014). CDC recommends that state programs be
funded at $10.53 per person in the state population. While most states
spend significantly less than that (CDC, 2012a), funding for state tobacco
control programs has nonetheless been shown to be associated with de-
creases in adolescent and young adult smoking (Farrelly et al., 2013, 2014).

STATEMENT OF TASK

The Tobacco Control Act amended the Federal Food, Drug, and Cos-
metic Act to grant FDA broad authority over tobacco products adminis-
tered by a newly created Center for Tobacco Products (CTP) funded with
user fees paid by the tobacco industry. The Tobacco Control Act directed
FDA to, among other things, issue regulations to restrict cigarette and
smokeless tobacco retail sales to youth and restrict tobacco product adver-
tising and marketing to youth. (See Box 1-1 for a summary of the major
components of the Tobacco Control Act.) On the other hand, the act
specifically prohibits FDA from taking certain actions, including reducing
nicotine levels in tobacco products to zero, requiring a prescription to pur-
chase tobacco products, banning the face-to-face sale of tobacco products
in any one specific category retail environment, banning specific classes
of tobacco products, and establishing a minimum age of sale of tobacco
products higher than 18 years of age.’ The Tobacco Control Act did, how-
ever, direct FDA to convene a panel of experts to conduct a study on “the
public health implications of raising the minimum age to purchase tobacco

products” and to submit a report to Congress on the issue.

3 Family Smoking Prevention and Tobacco Control Act of 2009, Public Law 111-31 § 906,

111th Cong. (June 22, 2009).
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BOX 1-1
Key Components of the Family Smoking Prevention and
Tobacco Control Act of 2009

What the Tobacco Control Act does

Restricts cigarettes and smokeless tobacco retail sales to youth by directing
FDA to issue regulations which, among other things:
e Require proof of age to purchase these tobacco products—the federal
minimum age to purchase is 18—Sec. 102
¢ Require face-to-face sales, with certain exemptions for vending machines
and self-service displays in adult-only facilities—Sec. 102
e Ban the sale of packages of fewer than 20 cigarettes—Sec. 102

Restricts tobacco product advertising and marketing to youth by directing
FDA to issue regulations which, among other things:

e Limit color and design of packaging and advertisements, including audio-
visual advertisements—Sec. 102 (However, implementation of this provi-
sion is uncertain due to pending litigation. See Discount Tobacco City &
Lottery v. USA, formerly Commonwealth Brands v. FDA.)

e Ban tobacco product sponsorship of sporting or entertainment events
under the brand name of cigarettes or smokeless tobacco—Sec.102

e Ban free samples of cigarettes and brand-name non-tobacco promotional
items—Sec. 102

Note: Among its many provisions, the Tobacco Control Act required FDA to

reissue its 1996 final regulations aimed at restricting the sale and distribution of
cigarette and smokeless tobacco products—Sec. 102

The Tobacco Control Act specifically

Requires bigger, more prominent warning labels for cigarettes and smoke-
less tobacco products:

However, the implementation date of more prominent warning labels for
cigarettes is uncertain, due to ongoing proceedings in the case of R. J. Reynolds
Tobacco Co. v. U.S. Food and Drug Administration, No. 11-1482 (D.D.C.), on ap-
peal, No. 11-5332 (D.C.Cir.).

Gives FDA authority over, among other things:
e Registration and inspection of tobacco companies—Sec. 905 of the
FDCA
e Standards for tobacco products—Sec. 907 of the FDCA
“Premarket Review” of new tobacco products—Sec. 910 and 905 of the
FDCA
“Modified risk” products—Sec. 911 of the FDCA
e Enforcement action plan for advertising and promotion restrictions—Sec.
105
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The Tobacco Control Act also requires

Tobacco industry must disclose research on the health, toxicological,
behavioral, or physiologic effects of tobacco use—Sec. 904 of the FDCA
Tobacco industry must disclose information on ingredients and constitu-
ents in tobacco products, and must notify FDA of any changes—Sec. 904
of the FDCA

How FDA oversees the implementation of the Tobacco Control Act

Among other things, FDA:

Established the Center for Tobacco Products to implement the Tobacco
Control Act—Sec. 901 of the FDCA

Established the Tobacco Products Scientific Advisory Committee to pro-
vide advice, information, and recommendations to FDA—Sec. 917 of the
FDCA

Assesses user fees on tobacco product manufacturers and importers
based on their market share. The fees are used to fund FDA activities
related to the regulation of tobacco products—Sec. 919 of the FDCA
Reports to Congress on how best to encourage companies to develop in-
novative products that help people stop smoking—Sec. 918 of the FDCA
Issues regulations and conducts inspections to investigate illicit trade in
tobacco products—Sec. 920 of the FDCA

Convenes a panel of experts to study the public health implications of
raising the minimum age to purchase tobacco products—Sec. 104

Limits on FDA’s authority:
FDA cannot:

Ban certain specified classes of tobacco products—Sec. 907 of the FDCA
Require the reduction of nicotine yields to zero—Sec. 907 of the FDCA
Require prescriptions to purchase tobacco products—Sec. 906 of the
FDCA

Ban face-to-face tobacco sales in any particular category of retail outlet—
Sec. 906 of the FDCA

The Tobacco Control Act preserves the authority of state, local, and tribal
governments to regulate tobacco products in certain specific respects. It also
prohibits, with certain exceptions, state and local requirements that are different
from, or in addition to, requirements under the provisions of the FDCA relating to
specified areas.

SOURCE: FDA, 2014.
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In August 2013 FDA contracted with the IOM to convene a commit-

tee to:

1. Examine existing literature on tobacco use initiation, and

2. Use modeling and other methods, as appropriate, to predict the
likely public health outcomes of raising the minimum age for pur-

chase of tobacco products to 21 years and 25 years.

The resulting Committee on the Public Health Implications of Raising
the Minimum Age for Purchasing Tobacco Products comprises experts in
public health law, epidemiology of tobacco use and tobacco risks, adoles-
cent and young adult development, risk behaviors and perceptions, public
health policy and practice, and public policy modeling. (See Appendix F
for the biographical sketches of committee members.) The committee met
five times, including holding a public workshop. (See Appendix E for the

agendas of public meetings.)

Interpreting the Statement of Task

At its first meeting, a representative of CTP discussed the charge with
the committee. During that discussion, CTP urged the committee to in-
clude in its analysis the impact of raising the minimum age to 19, 21, and
25 years of age and the committee has done so. CTP also encouraged the
committee to conceive broadly the definition of “public health impact.” As
described in future chapters, the committee assessed the effects of possible
policy changes on tobacco initiation, prevalence, morbidity, and mortal-
ity. However, because the charge is limited to public health implications,
the committee did not analyze the overall economic impact of raising the

minimum age.

Because the Tobacco Control Act refers to both minimum age for pur-
chase® and minimum age for sale,” there is some ambiguity regarding the
scope of the legal restriction the committee has been instructed to assess.
The committee interpreted its charge to focus on the minimum age of legal
access to tobacco products (MLA) in the context of the body of youth ac-
cess laws and enforcement policies currently in place across the country.
As will be discussed at length in this report, these laws and policies vary
considerably, not only in the scope of the conduct that is prohibited but also
in the prescribed penalties for violations. What all of the laws and policies
have in common, however, is a focus on curtailing retail access to tobacco
products by underage persons, with little, if any, emphasis on punishing

6 1d. § 104.
7 1d. § 906.
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the underage users of tobacco products themselves. As requested by CTP,
the committee has made no recommendations on whether the MLA should
be raised. The report is limited to findings and conclusions bearing on the
public health implications of raising the MLA as well as a review of relevant
policy considerations.

As the reader will see, there exists an abundance of relevant data on
adolescent tobacco use, risks of tobacco use, effects of youth access restric-
tions and their enforcement, and adolescent and young adult brain and
psychosocial development. However, there are many important unknowns,
including a rapidly changing landscape of tobacco products. The recent
increase in the use of electronic nicotine delivery systems and hookahs by
adolescents and young adults could have a substantial effect on the use of
cigarettes and other combustible tobacco products, but it is too early to
make informed predictions about these effects.

Additionally, there is no direct empirical evidence on the effects on
adolescent and young adult tobacco use of raising the MLA above 18 years
of age. Four states have an MLA of 19 years, but the effect of setting the
age at 19 has not been studied. Several small jurisdictions in Massachusetts
have raised the MLA above 18 years, but, again, the effect of doing so has
not been evaluated. New York City raised the MLA to 21 years as of May
2014, but insufficient time has passed to study its effect. In the absence of
pertinent studies of the effect of raising the MLA for tobacco, the commit-
tee drew on the relevant bodies of literature on adolescent and young adult
development, the epidemiology of tobacco use, enforcement of youth access
restrictions, studies of the effect of raising the minimum legal drinking age
for alcohol, and the effects of other tobacco control policies to estimate the
likely effects of raising the MLA for tobacco on initiation of tobacco use
and the health consequences of that level of tobacco use.

Use of Models in This Report

The charge to the committee specifically includes the use of modeling.
Simulation modeling is the primary tool used to assess the potential out-
comes, benefits, and costs of public health and policy interventions (Feuer
et al., 2004; Habbema et al., 2006; NRC, 1994; Thompson and Graham,
1996). Models complement traditional statistical and epidemiological ap-
proaches, and they translate and synthesize available evidence into an
integrated framework to assist with decision making. Notable examples of
the application of simulation models in non-tobacco public health policy
include pandemic preparedness (Halloran et al., 2008), the design of op-
timal vaccination strategies (Elbasha et al., 2009; Kim and Goldie, 2008;
Kim et al., 2009; Thompson, 2013; Thompson et al., 2015; Van de Velde
et al., 2012), cocaine use simulations (Caulkins et al., 2007; Rydell and
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Everingham, 1994), and the assessment of effective cancer screening strate-
gies (de Koning et al., 2014; Knudsen et al., 2007; Mandelblatt et al., 2009;
Zauber et al., 2008). Some guidelines exist to support the development of
policy models in some domains, and generally they suggest that compar-
ing and contrasting the predictions from different models can enhance the
validity of the conclusions and allow for the exploration of a wider range
of assumptions and of potential policy and health outcomes (Caro et al.,
2012; Eddy et al., 2012; Habbema et al., 2006; Mandelblatt et al., 2009;

Weinstein et al., 2003; WHO, 2008; Zauber et al., 2008).

To date, tobacco control simulation models have focused primarily
on cigarette smoking and have provided estimates of the impact of cur-
rent policies (program evaluation), forecasts of their future effects (status
quo projections), and assessments of the possible effects of new policies
(Ahmad, 2005a,b; HHS, 2014; Holford et al., 2014; Levy et al., 20035,
2010, 2012; Mendez and Warner, 2000; Mendez et al., 2013; NCI, 2007;
Warner and Mendez, 2012). Reports from the U.S. government have high-
lighted the important insights of these models (HHS, 2014; NCI, 2007).

For this report, the committee commissioned the use of two established
cigarette smoking macro-simulation models to complement its conclusions
about the effects of a change in the MLA on tobacco initiation by provid-
ing quantitative estimates of how the likely effects on initiation would
affect future smoking prevalence and select measures of smoking-related
morbidity and mortality. The models are the Cancer Intervention and Sur-
veillance Modeling Network (CISNET)® smoking population model and
the SimSmoke model. Both models simulate annual age-specific smoking
prevalence and smoking-attributable mortality. In addition, CISNET mod-
els the variation in smoking patterns by birth cohort and can account for
the effects of smoking intensity. SimSmoke models the effects of important
tobacco control policies and supports the simulation of maternal and child
health outcomes. While increasing the MLA is currently the purview of
states and localities, the models project the effects of a policy change on
the United States as a whole and cannot take into consideration important
differences across the country that could influence the magnitude of the

effect of raising the MLA in states or localities.

8 CISNET is a consortium of National Cancer Institute-sponsored investigators who use sta-
tistical modeling to improve the understanding of cancer control interventions in prevention,
screening, and treatment and also their effects on population trends in incidence and mortality.
As noted, for simplicity, the committee uses CISNET to refer both to the consortium as well

as to the CISNET smoking population model used in this report.
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OUTLINE OF THE REPORT

The next five chapters provide foundational material on tobacco use
patterns (Chapter 2), brain and psychosocial development in adolescents
and young adults (Chapter 3), health effects of tobacco use (Chapter 4),
the current legal landscape regarding minimum age laws and the enforce-
ment of youth access restrictions (Chapter 5), and the effectiveness of youth
access restrictions (Chapter 6). The committee’s conclusions regarding the
likely impact of raising the MLA on initiation and prevalence of tobacco
use are set forth in Chapter 7 and the conclusions on the likely impact of
raising the MLA on morbidity and mortality are found in Chapter 8. The
report concludes with a discussion of the considerations for policy makers.
The details of the models used can be found in Appendix D, along with

comprehensive results.
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Patterns of Tobacco Use by
Adolescents and Young Adults

ior among adolescents and young adults in the United States. These

E ; everal national surveys provide data for estimation of smoking behav-

data sources include Monitoring the Future Study (MTF), National
Health Interview Survey (NHIS), National Longitudinal Study of Ado-
lescent Health (Add Health), National Survey on Drug Use and Health
(NSDUH), National Youth Tobacco Survey (NYTS), and Youth Risk Be-
havior Surveillance System (YRBSS). This chapter summarizes the rates of
adolescent and young adult tobacco use as reported in these sources as well
as in the 2012 Surgeon General’s report Preventing Tobacco Use Among
Youth and Young Adults (HHS, 2012). When discussing the rates of to-
bacco use, “tobacco use” is defined to include use of cigarettes, smokeless
tobacco, cigars, and electronic nicotine delivery systems (ENDS), or “e-
cigarettes.” Data on rates of tobacco use among different groups, including
at-risk populations, are also presented. A comprehensive synthesis of these
data is described in the 2012 Surgeon General’s report. This chapter then
continues with evidence about the effect of age of initiation on patterns of

nicotine dependence and cessation.

PREVALENCE OF CIGARETTE SMOKING

Cigarette smoking is the most common way that adolescents and young
adults use tobacco, and data on prevalence of cigarette smoking are the
most comprehensive and systematic and have the longest history of collec-
tion among all data on tobacco use. Additionally, combusted tobacco such
as traditional cigarettes is responsible for the vast majority of tobacco-

31
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related death and disease in the United States (HHS, 2014). Thus, much of
this review will focus on adolescent and young adult cigarette use; however,
data on other tobacco products will be provided where available.

Table 2-1 provides current cigarette smoking rates from the 2013 YRBSS
by gender, race/ethnicity, and grade. Data from the 2013 YRBSS show that
slightly fewer than one in five high school seniors (19 percent) were current
cigarette smokers, defined as having smoked within the 30 days immediately
before the survey (Kann et al., 2014). Monitoring the Future reports similar
data, with 16 percent being current smokers (Johnston et al., 2014b). These
prevalence data indicate that there has been a continued decline in smoking
among high school students in recent years, although the decline has been
occurring at a slower rate than in the early 2000s (HHS, 2012). Both YRBSS
and MTF show a substantial increase in cigarette use with increasing grade
level (although YRBSS shows a decline from the 11th to the 12th, which is
likely due to the fact that a number of students drop out between the 11th
and 12th grades). For comparable grades (10th and 12th), the estimates
for YRBSS are slightly and consistently higher than for MTF, probably due
to differences in how questions are asked. The different estimates from the
surveys could result from a variety of factors, and each of the surveys has
relative strengths and weaknesses (SAMHSA, 2012b). YRBSS and MTF are
school-based samples, so these surveys exclude school dropouts and young
adults who have graduated from high school. NSDUH, on the other hand,

TABLE 2-1 Percentage of High School Students Who Currently Smoke
Cigarettes by Gender, Race/Ethnicity, and Grade—YRBSS, 2013

Female Male Total

Race/Ethnicity:

White Non-Hispanic 18.1 19.1 18.6

Black Non-Hispanic 6.2 10.5 8.2

Hispanic 13.1 15.0 14.0
Grade:

9 10.0 10.3 10.2

10 12.6 13.6 13.2

11 18.9 23.4 21.1

12 18.7 19.6 19.2
Total 15.0 16.4 15.7

NOTE: Current smoking defined as having smoked on at least 1 day during the 30 days
before the survey.
SOURCE: Kann et al., 2014.
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includes dropouts and has all ages 12 and older. Current smoking prevalence
is highest among white adolescents, followed by Hispanic and black ado-
lescents. Trends are similar among young adults (HHS, 2012). While black
and Hispanic males smoke more than females, prevalence rates of current
smoking are the same for males and females among whites.

Table 2-2 shows NSDUH estimates of monthly cigarette use by age.
Note that prevalence of use continues to increase post-high school, with a

TABLE 2-2 Percentages Used Cigarettes in
Past Month by Age, NSDUH, 2012

Age Percentage
12 0.5
13 1.8
14 3.3
15 6.0
16 11.1
17 16.1
18 25.1
19 27.7
20 32.1
21 33.4
22 351
23 33.0
24 35.4
25 33.6
26-29 33.4
30-34 31.9
35-39 26.7
40-44 24.3
45-49 26.0
50-54 24.5
55-59 21.5
60-64 16.9
65+ 10.0
Total 221

SOURCE: Table 2.12B from SAMHSA, 2013a.
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35.0

30.0
25.0

20.0

15.0

10.0

Percent smoking in past 30 days

2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
=18 26.7 | 244 | 25.0 | 232 | 216 | 216 | 204 | 20.1 | 19.2 | 187 | 171
==19-20| 29.8 | 27.0 | 279 | 275 | 246 | 226 | 21.8 | 21.2 | 196 | 185 | 16.8
efe=21-22| 32,6 | 30.5 | 313 | 29.2 | 273 | 278 | 245 | 252 | 228 | 233 | 189
e=3e=23-24| 319 | 31.0 | 315 | 293 | 28.1 | 26.7 | 26,5 | 241 | 23.0 | 22.0 | 204
=He=25-26| 27.3 | 27.0 | 296 | 30.7 | 29.1 | 275 | 245 | 22,6 | 243 | 23.4 | 207

FIGURE 2-1 Trends in 30-day cigarette smoking prevalence by age group, 18-26,
MTE 2002 through 2012.
SOURCE: Johnston et al., 2013.

sharp increase at age 18, then leveling off around ages 21 to 22. The sharp
increase from 16.1 percent at age 17 to 25.1 percent at age 18 is presum-
ably due at least in part to the fact that the minimum legal age for purchase
of tobacco products is 18.

Although MTF is a school-based sample, the study includes a longitu-
dinal component, allowing for estimates for smoking rates for young adults
who are high school graduates. Figure 2-1 shows trends from 2002 to 2012
in prevalence of 30-day cigarette smoking by age groups, from 18 to 26.

The trends show continuing declines in cigarette use among young adult
high school graduates, with some convergence among age groups. NSDUH,
which includes dropouts, also shows declines through 2012 among those
ages 18 to 25 (SAMHSA, 2013a).

Finding 2-1: Almost one in five high school seniors is a current (in
the past 30 days) cigarette smoker, compared with one in three young
adults.

Socioeconomic Status

For some years cigarette smoking has been more concentrated among
those with lower socioeconomic status but in recent years that concen-
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tration has become more pronounced. In adolescents and young adults,
socioeconomic status is typically assessed using measures of parental (often
maternal) educational attainment or of the adolescent or young adult’s edu-
cational goals. Table 2-3 provides data from 10th graders in two MTF stud-
ies to illustrate the point. In 1997, when smoking rates among adolescents
reached their recent peak, smoking rates were slightly higher among 10th
graders whose parents had less education, but by 2013 the discrepancies
had substantially widened due to a greater decline among students whose
parents had more education compared with those whose parents had less
education, with 13-14 percent of those whose parents had less education
being smokers compared to 5-6 percent of those whose parents had more
education.

The relationship between socioeconomic status and smoking also dif-
fers by racial/ethnic category (HHS, 2012). Bachman and colleagues (2011),
for example, used data from MTF and found that for white students in 8th
through 12th grades there was a clear negative linear relationship between
parental education and smoking rates. For black students, a similar nega-
tive relationship existed between smoking and parental education, but the
relationship was much smaller. For Hispanic students, the relationship was
nonlinear, with smoking rates relatively high among Hispanic students with
parents of higher education levels compared to white and black students,
and relatively low among Hispanic students with the least educated parents
compared to whites and blacks. It is possible, however, that these findings

TABLE 2-3 Percentage of 10th Graders Who Smoked Cigarettes in the
Past 30 Days, by Parental Education, MTF, 1997 and 2013

Parental Education 1997 2013
1.0-2.0 (low) 28.2 12.8
2.5-3.0 33.2 13.6
3.5-4.0 30.9 10.2
4.5-5.0 28.5 6.0
5.5-6.0 (high) 24.6 4.9
Total 29.8 9.1

NOTE: Parental education is an average of mother’s education and father’s education. Re-
sponse categories are (1) completed grade school or less, (2) some high school, (3) completed
high school, (4) some college, (5) completed college, and (6) graduate or professional school
after college.

SOURCE: Johnston et al., 2014a.
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TABLE 2-4 Percentage of 10th Graders Who Smoked Cigarettes in the
Past 30 Days, by 4-Year College Plans, MTFE, 1997 and 2013

4-Year College Plans? 1997 2013
No 47.2 23.3
Yes 26.8 7.4
Total 29.8 9.1

NOTE: Respondents indicated how likely they were to graduate from a 4-year college pro-
gram; those who said “definitely” or “probably will” were coded “yes.”
SOURCE: Johnston et al., 2014a.

are due to the high number of Hispanic parents with low socioeconomic
status (as defined by parental education).

As a further illustration, Table 2-4 provides smoking rates for two
groups: those who expect to complete a 4-year college program versus those
who do not. In 1997 those in the latter group were almost twice as likely
to be current smokers as those in the former group (47.2 percent versus
26.8 percent), but by 2013 the ratio was more than 3 to 1 (23.3 percent
versus 7.4 percent).

Among young adults, smoking rates similarly differ by education. Those
who do not enroll in college are more likely to have started smoking at a
younger age and to be current smokers, and they are less likely to attempt
to quit smoking than their peers who enroll in college (Green et al., 2007).
Also, among young adults not attending college, full-time employment is
associated with higher rates of tobacco use (Welte et al., 2011).

GEOGRAPHIC VARIATION

Tables 2-5 and 2-6 provide the percentage of 12- to 17-year-olds who
smoked cigarettes in the past month by region of the country and by state
of residence, in combined years 2002-2003 and 2010-2011. (Combining
two years of data is necessary because of the small numbers of cases avail-
able in many states.) Figure 2-2 provides a visual display of the considerable
variation by state for 2010-2011. Utah had the lowest rate (5.1 percent),
and West Virginia had the highest (11.8 percent) (SAMHSA, 2012c¢). The
10 highest states (red color in Figure 2-2, greater than 9.7 percent) were, in
descending order: West Virginia, Montana, Kentucky, Missouri, Wyoming,
Iowa, New Hampshire, Vermont, Oklahoma, and South Dakota. The nine
lowest states, plus the District of Columbia (white color in Figure 2-2,
7.11 percent or less), were, in descending order: Texas, Virginia, Nevada,
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TABLE 2-5 Percentage Using Cigarettes in the Past Month, Ages 12-17,
by Region, NSDUH, 2002-2003 and 2010-2011

Region 2002-2003 2010-2011 Percentage Point Change
Total U.S. 12.57 8.07 -4.50
Northeast 12.72 8.14 -4.58
Midwest 14.63 8.84 -5.79
South 13.21 8.19 -5.02
West 9.47 7.13 -2.34

SOURCE: SAMHSA, 2012c.

Florida, New York, Hawaii, California, District of Columbia, Maryland,
and Utah. Of the four regions of the country, the Midwest had the highest
rates of smoking among 12- to 17-year-olds (8.8 percent), and the West had
the lowest (7.1 percent). Between 2002-2003 and 2010-2011, all regions
and all states showed declines.

Pemcentages
= 3 of Persons

ot B 571-11.80

T []s09-9.70

Mo D [_]840-9.0a
[]712-8.30

[ 1513-7.11

FIGURE 2-2 Cigarette use in the past month among adolescents ages 12 to 17, by
state. Average annual percentages, NSDUH, 2010 and 2011.
SOURCE: SAMHSA, 2012a.
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Metropolitan Status

Table 2-7 provides prevalence of 30-day smoking by age group and by
metropolitan status for adolescents and young adults. In each age group,
the nonmetropolitan segment has the highest rate of smoking and the large
metropolitan has the lowest, with the small metropolitan segment being

intermediate.

Use of other tobacco products similarly varies by metropolitan status,
with greater use in more rural communities and less use in more urban ar-
eas. Adolescents and young adults residing in rural communities are more
likely to use tobacco and, particularly, smokeless tobacco or chew because
of the cultural norms set within their communities (Melnick et al., 2001;
Peek et al., in preparation). Rural life is often associated with the rodeo
or being a cowboy (Peek et al., in preparation), with males playing sports
such as baseball (whose athletes use smokeless tobacco at high rates), and
with men being more macho and tough (Melnick et al., 2001; Peek et al.,
in preparation). These attitudes often translate into a situation in which
it is socially normative to use tobacco in order to mirror these images.
Furthermore, in these often insular, small communities where everyone is
connected and knowledgeable of each other’s action, younger adolescents
are able to obtain chew and other tobacco products from members of their

community more easily (Peek et al., in preparation).

TABLE 2-7 Percentage Smoking in the Past 30 Days by Age and

Metropolitan Status, NSDUH, 2012

12-13 14-15 16-17 18-20 21-25
Large Metropolitan 0.9 3.7 11.6 26.3 32.0
Small Metropolitan 1.1 5.4 15.2 28.9 34.5
Non-Metropolitan 1.7 8.1 18.1 34.3 42.0
Total 1.1 4.9 13.7 28.3 34.2

SOURCE: Committee analysis from SAMHSA, 2013a.
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OTHER INDIVIDUAL RISK FACTORS FOR TOBACCO USE

Mental Illness

Tobacco use is also more common among those with mental illness, in
part because these individuals use nicotine as a means of “self-medication,”
mood regulation, and stress mitigation (Ziedonis et al., 2008). On the other
hand, Goodman and Capitman (2000) assessed 8,704 adolescents and
found that depressive symptoms did not predict smoking. Instead, smok-
ing predicted subsequent depressive symptoms. Similarly, greater levels of
smoking during adolescence and early adulthood have been associated with
a higher risk for agoraphobia, general anxiety disorder, and panic disorder
(Johnson et al., 2000), suggesting that while there is a strong relationship
between mental illness and smoking, the nature of this relationship is still
unclear.

Sexual Orientation

Lesbian, gay, bisexual, transgender, questioning, or queer (LGBTQ)
adolescents and young adults appear to use smoking as a means of coping
with the stigma associated with their sexual identity (Rosario et al., 1997).
Higher smoking rates among LGBTQ youth persist even after accounting
for psychosocial factors such as depression, self-esteem, and familial smok-
ing habits (Austin et al., 2004). However, it is also the case that supportive
social environments (operationalized by assessing the proportion of same
sex couples living in the counties studied, the proportion of schools with
gay-straight alliances, the proportion of schools with policies protecting
gay students, and the proportion of schools with antidiscrimination poli-
cies) have been associated with lower rate of tobacco use (Hatzenbuehler
et al., 2011).

Finding 2-2: Significant disparities in tobacco use remain among ado-
lescents and young adults nationwide. The lowest rates are found in
the western United States, in large metropolitan areas, among African
Americans, adolescents who plan to go to college, and adolescents
whose parents’ education includes graduate school or a professional
degree.

INITIATION

The Surgeon General’s 2012 report stated that one of the most im-
portant and widely cited findings from the 1964 Surgeon General’s report
on smoking and health was that cigarette smoking almost always begins
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before adulthood (HHS, 2012). The 2012 report corroborated that the find-
ing still held. Table 2-8 in this report updates that information and shows
that the finding is still true. Among adults ages 30 to 34 who ever smoked
daily, 89.8 percent had first tried a cigarette before age 19, and 99.2 per-
cent before age 26. The 2012 Surgeon General’s report emphasized that a
relatively high proportion of adult smokers initiate at a relatively early age.
For example, more than one-third (36.7 percent) of adults who had ever
tried a cigarette reported trying their first cigarette by age 14. The figure in
Table 2-8 (36.2 percent) is virtually identical to this number (36.2 percent).

A Note on the Definition of Initiation

The preceding data on initiation has used the typical definition of ini-
tiation as being the point in time at which one first tries a cigarette, which
is the way that initiation is measured by most surveys of adolescents and
young adults. However, the NHIS survey used a different definition of age
of initiation, which is often used in surveys of adults, and does not treat a
person as having initiated smoking until that person has smoked at least
100 cigarettes. In the models reported in Chapter 8, NHIS data are used
as the basis for estimating the effects that changing the minimum legal age
has on initiation. This raises the question of how different these definitions
are in practice. NSDUH asks about both the age of first use and whether
the respondent has ever used 100-plus cigarettes in his or her life, so these
data can be used to compare the distributions of ages of initiation for all
NSDUH respondents versus just those who progressed to smoking 100-plus
cigarettes. To summarize the results of this comparison, while the distribu-
tions are not identical, they are quite close, suggesting that this adjustment

is not a major concern.

The age of first use was cross-tabulated with having smoked at least
100 cigarettes across the lifetime for 26- to 34-year-old respondents and
separately for all respondents 26 and older in the NSDUH surveys of 2002
through 2012, combined. The results for all respondents 26 and older have
the advantage of being based on a larger number of respondents, but the
restriction to 26- to 34-year-olds limits the analysis to younger respondents,
whose cigarette initiation patterns may differ from those of older respon-

dents from earlier generations.

Figure 2-3 shows the distributions of ages of initiation for 26- to
34-year-olds. The comparison of interest is between the thick black line
(for all respondents) and the thick red line (just for those who progressed
to 100-plus cigarettes). The black line in some sense corresponds to MTF
and other data that ask about age of first use for all who have ever smoked
any cigarettes; the red line corresponds to the NHIS data, the input for the

models.
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FIGURE 2-3 Age distribution of cigarette initiation reported by 26- to 34-year-olds,
broken down by those who did versus those who did not progress to using 100-plus
cigarettes in their lifetimes (62 percent progressed; 38 percent did not), NSDUH,
2002 through 2012.

SOURCE: Committee analysis of data from HHS et al., 2014.

Those who ended up smoking more heavily have a distribution of
ages of initiation that skews slightly younger, with more initiating at ages
12-16 and fewer initiating after 17. The largest difference is at age 13; 9.7
percent of all smokers initiated at age 13, but 11.6 percent of those who
progressed did so.

Figure 2-4, which shows data for all respondents age 26 and above,
shows even smaller differences between those who did and those who did
not progress to smoking 100-plus cigarettes.
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FIGURE 2-4 Age distribution of cigarette initiation reported by those 26 years old
and older, broken down by those who did versus those who did not progress to us-
ing 100-plus cigarettes in their lifetimes, NSDUH, 2002 through 2012.

SOURCE: Committee analysis from HHS et al., 2014.

Finding 2-3: Among adults who become daily smokers, nearly all re-

port first use of cigarettes before 19 years of age (90 percent), with 99
percent reporting first use before 26 years of age.

SMOKING INTENSITY

The most commonly used metric of smoking intensity is the number of
cigarettes smoked per smoking day. Table 2-9 provides the average number
of cigarettes smoked per smoking day for those who smoked cigarettes in
the past 30 days, by age, based on 2012 NSDUH data. The right-most
two columns compare the data for those who smoked less than about half
a pack per day with those who smoked half a pack or more per smoking
day. There are substantial increases between ages 12 through 15 and age
16, and between ages 17 and 18, but then relatively little increase in the
average number of cigarettes smoked per smoking day in the age range
from 18 to 20. Intensity increases substantially after that. An alternative
metric for gauging the overall exposure to cigarettes is the number of days
that an individual has smoked in the past month. This metric captures the
frequency or regularity of use.
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Emerging Patterns

In general, the rates of cigarette smoking have been declining, although
there have been recent signs of a deceleration in that decline (SAMHSA,
2013b). In addition to this general decline, there has also been clear evi-
dence of an increasing trend toward lighter use. One indication of this is
that among those who smoked cigarettes in the past 30 days, the proportion
of those who smoke every day has been decreasing, and, conversely, the
proportion of nondaily smokers has been increasing. Table 2-10 provides
the percentages, from 1991 to 2013, of past-30-day smokers who smoked
less often than daily for four age groups, based on the Monitoring the
Future study. Among young adults ages 19 to 28, the percentage of cur-
rent smokers who were nondaily smokers rose steadily from 23 percent in
1991 to 40 percent in 2013. The rise in this population of lighter smokers
has important implications for the understanding of nicotine addiction and

dependence (Shiffman, 2009).

OTHER TOBACCO PRODUCTS

While there are several sources of reliable information on cigarettes,
there is less extensive information on other tobacco products, particularly
for trends in their use. The situation regarding tobacco products other than
traditional cigarettes is currently highly volatile, with new products being
introduced and existing products being modified. NYTS asks questions
about a range of non-cigarette tobacco products, including cigars, smoke-
less tobacco, tobacco smoked with a hookah, pipes, electronic cigarettes,
snus, kreteks, bidis, and dissolvable tobacco. Table 2-11 provides results

from the 2011 and 2012 surveys.

The various products are ordered in Table 2-11 according to their total
prevalence in 2012, from highest to lowest. Overall, just about one in four
high school students reported using at least one tobacco product during the
previous 30 days (23.3 percent in 2012). Cigarettes were the most com-
monly used, at 14.0 percent, but cigars were not far behind at 12.6 percent.
“Cigars” includes cigars, cigarillos, and little cigars. This class of products
has seen major changes in the types and number of products available and
in the marketing of the products. Little cigars may be very similar to ciga-
rettes in size and shape, and may be flavored with fruit or candy. They are
typically taxed at lower rates than cigarettes and may therefore be more
affordable. While the rates of current cigarette use have seen a significant
decrease, the rates of smokeless tobacco use, including the use of chew,
dip, or moist snuff, have remained stable or even increased. For example,
among Americans age 12 or older, 3.1 percent were current (past-month)
users of smokeless tobacco in 1998, and that figure was at 3.5 percent in

2012 (SAMHSA, 2013a).
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TABLE 2-10 Percentage of Past 30-Day Smokers Who Smoked Less
Than Daily, MTEF, 2013

Grade Young adult
Year 8th 10th 12th (19-28)
1991 49.7 39.4 34.6 23.0
1992 54.8 42.8 38.1 26.1
1993 50.3 42.5 36.5 25.7
1994 52.7 42.5 37.8 26.1
1995 51.3 41.6 35.5 27.4
1996 50.5 39.8 34.7 27.6
1997 53.6 39.6 32.6 31.1
1998 53.9 42.8 36.2 29.1
1999 53.7 38.1 33.2 29.0
2000 49.3 41.4 34.4 27.6
2001 54.9 42.7 35.6 29.8
2002 52.3 42.9 36.7 27.4
2003 55.9 46.7 35.2 28.5
2004 52.2 48.1 37.6 28.8
2005 57.0 49.7 41.4 31.5
2006 54.0 47.6 43.5 31.1
2007 57.7 48.6 43.1 34.0
2008 54.4 52.0 44.1 32.1
2009 58.5 51.9 44.3 35.6
2010 59.2 51.5 44.3 33.9
2011 60.7 53.4 44.9 35.5
2012 61.2 53.7 46.7 35.0
2013 60 51.6 47.9 39.5

SOURCE: Johnston et al., 2014c.

According to the 2011 YRBSS, 12.8 percent of adolescent males and
2.2 percent of adolescent females in the United States reported current use
of smokeless tobacco (Eaton et al., 2012). Overall, current use of smokeless
tobacco was higher among whites (9.3 percent) than among Hispanics (5.9
percent) or blacks (3.1 percent). In the NYTS survey, smokeless tobacco,
which includes chewing tobacco, snuff, and dip, was used by 6.4 percent
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TABLE 2-11 Percentage of High School Students Using Tobacco
Products in Past 30 Days, by Gender, NYTS, 2011-2012

Male/
Total Female Male Female
Ratio in
2011 2012 2011 2012 2011 2012 2012
Any tobacco 243 233 19.0 18.1 294 283 1.56
Cigarettes 15.8 14.0 13.8 11.7 17.7 16.3 1.39
Cigars 11.6 12.6 7.4 8.4 15.7 16.7 1.99
Smokeless 7.3 6.4 1.6 1.5 12.9 11.2 7.47
tobacco
Hookahs 4.1 5.4 3.5 4.5 4.8 6.2 1.38
Pipes 4.0 4.5 2.8 3.2 51 5.8 1.81
Electronic 1.5 2.8 0.7 1.9 2.3 3.7 1.95
cigarettes
Snus 2.9 2.5 0.8 0.9 51 3.9 4.33
Kreteks 1.7 1.0 0.8 0.5 2.4 1.5 3.00
Bidis 2.0 0.9 1.0 0.5 2.9 1.3 2.60
Dissolvable 0.4 0.8 0.1 0.6 0.6 1.0 1.67
tobacco

SOURCE: Arrazola et al., 2013.

of those surveyed. Another form of smokeless tobacco is snus, which is a
relatively new product in the United States and was used by 2.5 percent.
Approximately 5 percent of the respondents reported using the hoo-
kah (waterpipe), and an equal number reported smoking pipes. Electronic
cigarettes are an increasingly visible part of the tobacco product scene, but
as of 2012 less than 3 percent of high school students reported using them.
Nevertheless, ENDS use is increasing rapidly among adolescents. In 2014,
for the first time in a U.S. national study, Monitoring the Future reported
that more high school students used e-cigarettes than traditional cigarettes
or any other tobacco product. The difference in the use of e-cigarettes ver-
sus traditional cigarettes was greater among younger students: 9 percent
of 8th grade students reported using an e-cigarette in the past 30 days, as
compared with 4 percent for traditional cigarettes; 16 percent of 10th grade
students reported using an e-cigarette, as compared with 7 percent for tra-
ditional cigarettes; and 17 percent of 12th grade students reported using an
e-cigarette, as compared with 15 percent for traditional cigarettes (Wadley
and Bronson, 2014). Kreteks, bidis, and dissolvable tobacco (another recent

Copyright © National Academy of Sciences. All rights reserved.



Public Health Implications of Raising the Minimum Age of Legal Access to Tobacco Products

PATTERNS OF TOBACCO USE BY ADOLESCENTS AND YOUNG ADULTS 51

addition to the group of smokeless tobacco products) all were used by 1

percent or less of respondents.

Males were more likely than females to use at least one tobacco prod-
uct (28.3 percent versus 18.1 percent in 2012), and, for any given product,
males were more likely than females to report using that product. The male/
female ratios were particularly high for smokeless tobacco and the newer
smokeless snus. The Surgeon General’s 2012 report noted that as of 2010,
about 1 in 10 high school senior males was a current smokeless tobacco
user and about 1 in § high school senior males was a current cigar smoker
(HHS, 2012). The 2013 YRBSS found that about one in six high school
senior males was a current smokeless tobacco user, and about one in four
high school senior males was a current cigar smoker (Kann et al., 2014).
The use of these two classes of tobacco products clearly has not declined

in recent years (HHS, 2012; Kann et al., 2014).

Table 2-12 provides some limited information on the use of tobacco
products among adolescents and adults, as reported by NSDUH. As with
NYTS, cigars are found to make up a relatively high proportion of tobacco

product use, particularly among young adults.

Some limited trend data on smoking tobacco with a hookah are avail-
able from the Monitoring the Future study. Table 2-13 shows that smoking
tobacco with a hookah is particularly popular among college students, with
26 percent reporting in 2013 having done so at least once in the previous
12 months. Even among 12th graders, the behavior is relatively common,
with 21 percent reporting having done so in 2013. However, much of this
behavior is light or experimental, with only 9 percent of 12th graders re-
porting having smoked with a hookah more than five times in the previous
12 months (Wadley and Barnes, 2013).

TABLE 2-12 Percentage Who Used Tobacco Products in Past 30 Days by

Age, NSDUH, 2012

Smokeless Any Tobacco
Age Tobacco Cigars Pipe Cigarettes Products
12-13 0.4 0.4 0.3 1.2 1.6
14-15 1.7 1.7 0.5 4.6 6.3
16-17 4.0 5.6 1.2 13.6 17.6
18-20 54 11.9 2.1 28.2 34.9
21-25 5.6 10.0 1.6 34.1 40.0
26-34 4.7 7.3 1.1 32.6 37.5
35+ 3.0 3.9 0.8 20.1 24.7

SOURCE: SAMHSA, 2013a.
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TABLE 2-13 Prevalence of Hookah Use in Past 12 Months, MTFE, 2010
Through 2013

2010 2011 2012 2013
12th grade 171 18.5 18.3 21.4
College students 27.9 25.7 26.1
Young adults (19-28) 20.1 19.1 20.4

SOURCES: Johnston et al., 2014b; Wadley and Barnes, 2013.

The Surgeon General’s report of 2012 data concluded that concurrent
use of multiple tobacco products (poly-tobacco use; usually using cigarettes
and another tobacco product) was prevalent among adolescents. Among
those who use tobacco, nearly one-third of high school females and more
than one-half of high school males report having used more than one to-
bacco product in the past 30 days. By 2012, more than one-third of high
school female users were poly-tobacco users. In the 2012 NYTS, of the
15.4 percent of high school females who reported tobacco use, 38 percent
of them—or 5.9 percent of all high school females—reported using more
than one tobacco product; the corresponding figures for high school males
were 55 percent of 25.3 percent, or 13.8 percent of all high school males
(Arrazola et al., 2014).

Finding 2-4: Concurrent use of multiple tobacco products is prevalent
among adolescents.

Finding 2-5: It is difficult to assess trends in non-cigarette products
because the products themselves are changing. While cigarette use has
been declining, the use of some other products has not.

PATTERNS OF USE AND PROGRESSION
OF NICOTINE DEPENDENCE

Tobacco use in adolescents and in young adults is not a unitary phe-
nomenon; instead it is best characterized by a series of events that involve
multiple behaviors and feelings (Mayhew et al., 2000) and transitions in
a sequence from initial trials with tobacco to more occasional use, to the
development of dependence and regular use, through to cessation. Tobacco
use in adolescence is highly variable in terms of both frequency of use and
intensity of use (Mermelstein et al., 2002).

Age-based prevalence data for tobacco use provide cross-sectional
views of tobacco use from which one can assume patterns of progression.
However, while such cross-sectional prevalence data can provide infor-
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mation about the total number of smokers at a given age and even offer
insights into how many individuals have started or stopped smoking in a
given year, they are less directly informative about individual differences in
progression of tobacco use behavior. With the use of newer data analytic
techniques (e.g., latent variable growth mixture modeling), researchers
have identified various trajectories of smoking behavior among adolescents
and young adults (e.g., Bernat et al., 2008; Brook et al., 2008; Chassin
et al., 2008; Colder et al., 2001, 2008; Costello et al., 2008; Jackson et
al., 2008; Lessov-Schlaggar et al., 2008; Riggs et al., 2007; Stanton et al.,
2004; Tucker et al., 2006). These approaches may help to better describe
the heterogeneity of longitudinal patterns of use and to identify factors
that discriminate among the different trajectories. Among the trajectories
that have been identified are groups of adolescents who experiment but
have non-escalating trajectories and other groups that escalate rapidly.
Unfortunately, these studies have not to date provided the fine-grained
age detail during the young adult period necessary to reliably identify the
differences between those individuals who initiate and escalate starting in
young adulthood and those who initiate during the earlier adolescent years.
In addition, most of these studies have provided data on the broad popula-
tion of adolescents, most of whom fall into the nonsmoking trajectories. As
such, they provide less in-depth information on the patterns of progression
of those adolescents who try tobacco use. Furthermore, all of these studies
have focused exclusively on cigarette use, and none have considered how
the use of other tobacco products (e.g., cigars, smokeless tobacco, hookah,
etc.) may affect these trajectories. In addition, to date there has been no
systematic data collected concerning how patterns of tobacco product use
may vary by product or by combinations of products, including product
switching. The changing landscape of available tobacco products may well
affect overall patterns of use.

The often irregular pattern of tobacco use behavior presents a challenge
for clearly identifying exactly when nicotine dependence develops in the
progression of tobacco use. The level of dependence symptoms that indi-
viduals experience is believed to be the most important factor contributing
to smoking persistence and failed cessation efforts. Nicotine dependence is
characterized by physiological adaptations (e.g., tolerance, withdrawal) and
other accommodating behaviors (e.g., time spent in activities necessary to
obtain and use nicotine and to recover from its effects and the forfeiting or
reduction of important social, occupational, or recreational activities) re-
sulting from chronic smoking. Nicotine dependence predicts smoking regu-
larity and quantity across adolescence into young adulthood (Dierker and
Mermelstein, 2010; O’Loughlin et al., 2003; Selya et al., 2013). Ongoing
longitudinal studies of adolescent smoking that have examined the develop-
ment of nicotine dependence symptoms suggest that nicotine dependence
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follows different developmental trajectories in different individuals (Hu et
al., 2008) and that for some adolescents, nicotine dependence symptoms
emerge very soon after the onset of smoking and at low levels of nicotine
exposure, well before the establishment of daily smoking patterns (Dierker
and Mermelstein, 2010; DiFranza et al., 2002). The McGill Study on the
Natural History of Nicotine Dependence in Teens confirmed individual
differences in the emergence of dependence and identified adolescents meet-
ing the criteria for ICD-10 nicotine dependence even among sporadic and
monthly smokers (O’Loughlin et al., 2003). Demographic (gender, ethnic-
ity) differences may also affect the development of nicotine dependence at
low levels of smoking exposure. For example, women have been shown to
have higher rates of dependence than men who engage in the same amount
of smoking (Kandel and Chen, 2000). In addition, compared to other racial
groups, whites have been found to have lower rates of lifetime nicotine
dependence (Hu et al., 2006; Kandel and Chen, 2000) and higher quit
rates (Fagan et al., 2007). It may well be that some of the differences in
the patterns of development of nicotine dependence, especially with regard
to age sensitivity, may be explained by individual differences in patterns
of brain development, genetics, or initial sensitivity to nicotine (Swan and

Lessov-Schlaggar, 2007).

There is considerable evidence that age of initiation is associated with
levels of nicotine dependence. As presented in the 2012 Surgeon General’s
report (HHS, 2012), data from the NSDUH 2007-2010 surveys show
that a younger age of initiation is strongly associated with greater nicotine
dependence in both young adulthood (18 to 25 years old) and older adult-
hood (26 years and older). Consistent dose-response gradients were pres-
ent, indicating that the younger the age of initiation, the greater the degree
of nicotine dependence. Furthermore, these associations held true regardless
whether age of initiation was measured as the age of the first puff or the age
an individual first smoked daily and were also independent of the length
of the transition from the first cigarette to daily smoking (HHS, 2012).
Longitudinal studies following participants from adolescence to young
adulthood also showed a statistically significant gradient, with younger ages
of initiation associated with greater nicotine dependence (Buchmann et al.,
2013; Hu et al., 2006). The association between earlier age of initiation
and greater nicotine dependence in early life also persists into adulthood.
Cross-sectional data in 21- to 30-year-olds (Breslau and Peterson, 1996)
and in later adulthood (Lando et al., 1999; Park et al., 2004) also show
clear gradients indicating that the earlier the age of starting cigarette smok-
ing, the greater the nicotine dependence; in both studies the strong associa-
tion between a younger age of initiation and greater nicotine dependence
was clearly evident across ages of initiation ranging from adolescence to
25 years of age and older. These findings suggest that there is no apparent

threshold beyond which this association does not apply.
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Finding 2-6: Symptoms of nicotine dependence can develop even at
low levels of exposure to smoking, well before the establishment of
daily smoking.

Age of Initiation and Smoking Intensity

Smoking intensity, defined as the number of cigarettes smoked per
day, is strongly related to nicotine dependence and to all health out-
comes. Strong associations between younger ages of smoking initiation
and heavier smoking are evident even in studies that have examined this
question among adolescents who started smoking before high school and
assessed smoking intensity in high school (Escobedo et al., 1993; Everett
et al., 1999; Reidpath et al., 2014). Strong and statistically significant
associations were also observed in longitudinal studies that followed in-
dividuals from adolescence to young adulthood (Buchmann et al., 2013;
Hu et al., 2006).

U.S. national cross-sectional data indicate that an earlier age of first
puffing a cigarette or of smoking cigarettes daily were both strongly as-
sociated with a greater likelihood of being a heavier smoker both in 18- to
25-year-olds and in those 26 years and older and that this association re-
mained consistent regardless of the transition time from first trying a ciga-
rette to becoming a daily smoker (HHS, 2014). Additional cross-sectional
studies document a strong dose-dependent association between a younger
age of initiation and a greater number of cigarettes smoked per day in
young adulthood (Breslau, 1993) and in older adulthood (Chen and Millar,
1998; D’Avanzo et al., 1994; Fernandez et al., 1999; Hu et al., 2006; Lando
et al., 1999; Taioli and Wynder, 1991).

Age of Initiation and Continued Smoking

The evidence reviewed above that a younger age of initiation is as-
sociated with greater nicotine dependence and greater smoking intensity
supports the suggestion that an earlier age of initiation would be associ-
ated with an increased likelihood of remaining a smoker throughout the
life span, and the empirical data on this association supports that assump-
tion. An earlier age of starting to smoke cigarettes has been associated with
an increased likelihood of remaining a smoker (or reduced likelihood of
quitting) in several studies that span periods of life starting at various points
from pre-high school to high school (Everett et al., 1999) and progressing
to young adults (Breslau and Peterson, 1996) and older adulthood (Chen
and Millar, 1998; D’Avanzo et al., 1994; Eisner et al., 2000; Khuder et al.,
1999). The influence of the age of initiation on smoking cessation does not
appear to simply be an artifact of an early initiation of smoking being asso-

Copyright © National Academy of Sciences. All rights reserved.



Public Health Implications of Raising the Minimum Age of Legal Access to Tobacco Products

56 MINIMUM AGE OF LEGAL ACCESS TO TOBACCO PRODUCTS

ciated with a longer duration of smoking, all else being held equal (Breslau
and Peterson, 1996).

Finding 2-7: An earlier age of initiation is associated with greater levels
of nicotine dependence.

Finding 2-8: An earlier age of initiation is associated with greater in-
tensity and persistence of smoking beyond adolescence and through

adulthood.

TOBACCO CESSATION AMONG ADOLESCENTS
AND YOUNG ADULTS

As noted above, a sizable portion of adolescent smokers, even those
who are infrequent and light smokers, show signs of nicotine addiction and
are likely to continue smoking into adulthood. The fact that adolescents
do not seem to spontaneously “mature out” of smoking (Mermelstein,
2003) does not necessarily reflect a lack of motivation to quit. Rather,
a majority of adolescent smokers want to quit, and many of them make
serious attempts to do so (Bancej et al., 2007; Marshall et al., 2006).
However, tobacco cessation among adolescents is challenging. Despite a
lower frequency and intensity of use in adolescents compared with adults,
the rates of cessation among adolescents are low, and most adolescents
experience difficulty in quitting (Mermelstein, 2003; O’Loughlin et al.,
2009). Most adolescents who want to quit attempt to do so without any
formal assistance, and of the few who have formal assistance, even fewer
use evidence-based approaches (Curry et al., 2009). Although there are
a number of good behaviorally based interventions for adolescents, and
these interventions increase the chances of adolescent smokers achieving
cessation, their reach is limited and their overall success rates are lower
than one finds with adult evidence-based programs (Curry et al., 2009).
A recent Cochrane meta-analysis of tobacco cessation interventions for
regular smokers younger than 20 reported mixed findings for interventions,
with the more complex counseling approaches showing some promise, but
few trials showing pharmacotherapy to be effective in helping adolescent
smokers quit (Stanton and Grimshaw, 2013). The review concluded that
there is not yet sufficient evidence to recommend one specific approach for
widespread implementation for adolescent smokers.

The developmental challenges of adolescence may also interfere with
an adolescent smoker’s ability to quit. These challenges include the ado-
lescent’s stage of cognitive development and ability to problem-solve and
maintain coping skills under periods of emotional arousal, particularly
arousal brought on during nicotine withdrawal, as well as other age-based
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challenges that come with an adolescent’s lack of control over his or her
environment and lack of ability to modify cues that may promote smoking
(Curry et al., 2009). Thus, not all adolescents who smoke may have the cog-
nitive, environmental, and emotional resources to make cessation attempts
successful. Cessation attempts are also less successful among adolescents
who smoke more or who smoke daily (Bancej et al., 2007). In one of the
few studies to examine the discontinuation of smoking among adolescents
who are light and mostly intermittent smokers, O’Loughlin et al. (2014)
found that males and older adolescents were more likely to discontinue
smoking, and suggested that older adolescents may be more successful for
a variety of reasons, including moving into adult roles, developing increased
skills to manage a quit attempt, and having more exposure to cessation

aids.

Young adults also find cessation challenging, and the evidence is mixed
as to whether young adults are more successful than older adults, with
relatively few studies having compared cessation rates across age groups.
Messer et al. (2008) found that young adults ages 18 to 24 were more likely
to quit successfully than older adults. However, Villanti et al. (2010) found
that there is limited evidence for the efficacy of cessation interventions spe-
cifically geared to young adults. In a meta-analysis addressing the question
of whether cessation interventions that are successful for older adults work
equally well for young adults, Suls et al. (2012) found that interventions
that are efficacious for the general adult population are equally effective
for young adults. The larger problem, however, is attracting young adults

to evidence-based cessation programs (Suls et al., 2012).

In sum, adolescents, even those who are light and intermittent ad-
olescent smokers, have difficulty stopping their tobacco use, especially
once dependence symptoms have emerged, even if the symptoms have not
yet reached the level of fully developed nicotine dependence. In addition,
evidence-based cessation interventions for adolescents are not as easily or
widely available as they are for adults, and pharmacological approaches are
limited in both reach and effectiveness (Curry et al., 2009). More cessation
options are available for young adults, and success in quitting may be easier

to achieve during the young adult years.

Finding 2-9: Tobacco cessation among adolescents is difficult to achieve,
with few, if any, well-supported interventions that are available for
widespread dissemination. More effective treatment options are avail-

able for young and older adults.
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The Developmental and Environmental
Context of Adolescent and

Young Adult Tobacco Use

tiple converging developmental, social, and environmental factors.

Many of these factors are developmentally related, with adolescence
and young adulthood as a key period of vulnerability to tobacco use and
the progression to nicotine dependence (Jamner et al., 2003).

The development of adult decision-making skills and abilities is a
continuous process that begins in early adolescence and continues into and
through young adulthood, with no firm age periods for when specific de-
velopmental milestones occur. Furthermore, there are individual variations,
with spurts of change and disjuncture resulting from social and environ-
mental factors that influence the normative developmental process. These
social influences are particularly salient in later adolescence and young
adulthood.

Although previously considered a relatively short transition period, the
late teens through the early 20s (ages approximately 18 to 26) is now con-
sidered a distinct period of life known as young adulthood (IOM and NRC,
2014). The newfound focus on this developmental period is due in part to
prolonged education, delayed marriage, and delayed parenthood—events
that historically marked adulthood, adult roles, and adult responsibility
(Settersten and Ray, 2010)—and in part to studies showing that the brain
continues to develop until the mid-20s (Giedd, 2008; Luna et al., 2004).
Individuals in young adulthood face developmental and life changes that
may make them particularly susceptible to drug use for several reasons: a
desire to explore their identity, a response to the instability and disruption
associated with life changes, or because of a tendency to focus on the pos-

Tobacco use is the result of a complex and dynamic interplay of mul-
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sible positive consequences of drug use rather than negative consequences.
Additionally, this is a time period when experimentation with risky behav-

ior is most tolerated (IOM and NRC, 2014).

The unique psychosocial maturation of the adolescent and young adult
developmental period, coupled with various environmental and social influ-
ences, results in a milieu that increases the desire for engaging in health-risk
behaviors, including tobacco use. Furthermore, brain function and height-
ened sensitivity to nicotine characteristic of this period of development pro-
vides the biological context underlying the psychosocial and environmental
influences related to adolescents’ and young adults’ decisions to start and

continue to use tobacco.

The chapter begins with a review of the complex and layered cognitive,
psychosocial, and biological aspects of adolescent and young adult develop-
ment, with a focus on factors most likely to explain the heightened likeli-
hood of tobacco initiation, continued use, and dependence. The chapter
then ties these factors into the decision-making capabilities of adolescents
and young adults. The chapter concludes with a discussion of the environ-
mental context of tobacco use, including salient residential, school, and
work changes and the role of tobacco marketing on adolescent and young

adult tobacco use.

COGNITIVE, PSYCHOSOCIAL, AND BIOLOGICAL

DEVELOPMENT IN ADOLESCENTS AND YOUNG ADULTS

Adolescence and young adulthood is a period of change with respect to
cognitive, psychosocial, neurobiological, and physical development. These
changes often result in increased vulnerabilities to using tobacco. These

factors are reviewed next.

Cognitive Development

During adolescence, thinking becomes less concrete and more abstract,
giving adolescents the ability to consider many components necessary for
competent decision making at one time, consider potential positive and
negative outcomes associated with each decision, and plan for the future.
Studies have shown that by the time adolescents reach age 16, their general
cognitive abilities, such as the ability to understand consequences—including
the risks and benefits of their decisions—to process information, and to
reason, are essentially identical to those of adults (Albert and Steinberg,
2011; Halpern-Felsher and Cauffman, 2001; Steinberg et al., 2009a). For
example, in a study of 935 individuals ranging from age 10 to 30, Steinberg
and colleagues (2009a) found no significant differences in cognitive skills

between older adolescents (as young as ages 15-16) and adults.
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Although there are individual differences and within-age-group varia-
tion, most adolescents reach a level of cognitive maturity comparable to
adults by age 16. Despite the fact that cognitive maturity is reached by mid-
adolescence, other aspects of psychosocial maturity, such as peer influence,
sensation seeking, reward seeking, and impulse control, are still developing
(as discussed later in this chapter). These different developmental systems
explain in part why adolescents and young adults may have the cognitive
ability to make safe and healthy decisions, yet are more prone than adults
to make risky decisions. As shown below, even though adolescents have the
ability to think abstractly and judge risks, they do not always adequately
employ these abilities. Instead, adolescents are often seeking rewards and
pleasures and therefore may decide to use tobacco despite knowing and

understanding both the short-term and long-term risks.

Perceptions of Risks and Benefits

A hallmark of cognitive development is the ability to identify and un-
derstand consequences associated with a particular behavior. Perceptions
of social, physical, and health risks associated with any given behavior as
well as the perceived benefits, including both social and physical benefits,
are key components of any competent decision. Research has shown that
such perceptions actually predict the onset of behavior (Song et al., 2009b).

Adolescents, young adults, and adults are generally similar in their
ability to identify and consider positive and negative consequences of their
decisions. In some cases, adolescents actually perceive greater risks than
do adults (e.g., Millstein and Halpern-Felsher, 2002). Several studies have
shown that adolescents and young adults consider risks, benefits, and the
value of behavior-related outcomes just prior to deciding on a particular
behavior and that adolescents and young adults are keenly aware of risks
(e.g., Halpern-Felsher and Cauffman, 2001; Lewis, 1981; Michels et al.,
2005). In a review article, Albert and Steinberg (2011) concluded that
there are few differences between the evaluations that adolescents (with
ages varying depending on the study sample) and adults make of the risks
inherent in various risky behaviors and few differences in their perceptions
of the seriousness of these consequences (see also Kuther, 2003). Despite
adolescents’ general understanding—and often overestimation—of risks,
the perceptions of risks are only one part of the equation that adolescents
and young adults use to make decisions. Adolescents naturally consider
the importance of the social and physical benefits that they perceive they
will gain from any given behavior (Song et al., 2009b). Furthermore, ado-
lescents” emotional immaturity and psychosocial factors influencing their
behavior, such as impulsivity and peer pressure, often override the cognitive

understanding of a risk.
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Perceptions of Tobacco-Related Risks and Benefits Associated with

Tobacco Use

Many studies have examined risk and benefit perceptions related to
tobacco use. In general, studies show that people who smoke perceive less
harm and greater benefits from cigarettes than do nonsmokers (Chassin et
al., 2000; Fischhoff et al., 2010; Halpern-Felsher et al., 2004; Morrell et
al., 2010; Soldz and Cui, 2002; Song et al., 2009b). Compared to nonsmok-
ers, those who have smoked believe that they are less likely to experience
long-term risks, such as lung cancer, heart attack, addiction, and death,
and less likely to experience short-term consequences, such as smelling
bad or having trouble breathing (Halpern-Felsher et al., 2004; Morrell
et al., 2010; Song et al., 2009a). Smokers also believe that they are more
likely to experience pleasure, feel relaxed, and “look cool” from smoking
when compared to nonsmokers (Halpern-Felsher et al., 2004; Morrell et
al., 2010; Song et al., 2009b). A prospective study of adolescents 14 to 16
years old demonstrated that perceptions of low long- and short-term risk
and greater benefits predict the onset of tobacco use (Song et al., 2009b).

A much smaller body of work has examined whether perceptions of
risks and benefits vary by type, brand, or packaging of the tobacco product.
Historically, this research has focused on light and ultra-light cigarettes,
with studies showing that most adults and adolescents incorrectly perceive
that light cigarettes deliver less tar and nicotine, produce milder sensations,
result in less health risk, and can make cessation easier (Etter et al., 2003;
Gilpin et al., 2002; Kozlowski et al., 1998; Kropp and Halpern-Felsher,
2004; Shiffman et al., 2001; Tindle et al., 2006). More recent research has
shown that consumers perceive that menthol-flavored cigarettes are less
harmful than non-menthol-flavored cigarettes (Anderson, 2011; Klausner,
2011). Similarly, perceptions of the harms associated with snus (Choi et al.,
2012; Overland et al., 2008), smokeless tobacco (Callery et al., 2011), and
cigars (Nyman et al., 2002) are lower compared to the perceived harms of
cigarettes, and people perceive differences in risk based on type and color

of product packaging (Bansal-Travers et al., 2011).

Psychosocial Development

In addition to developing the ability to consider the possible conse-
quences of actions, including the likelihood and value of each consequence,
adolescents and young adults are also maturing with respect to their psy-
chosocial abilities. Psychosocial components relevant to tobacco decision
making include social and peer comparison, sensation seeking and impulsiv-
ity, peer affiliation, susceptibility to peer pressure, the ability to understand

and plan for the future, and perceived social norms.
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While individuals vary even within the same age range, generally speak-
ing most adolescents are on par with adults by age 16 with respect to
thinking about the future (e.g., Albert and Steinberg, 2011; Halpern-Felsher
and Cauffman, 2001; Steinberg et al., 2009b). However, other critical
aspects of psychosocial development, such as those associated with peer
pressure, sensation seeking, reward seeking, and impulse control, are much
less developed during adolescence than during adulthood (Halpern-Felsher
and Cauffman, 2001; Steinberg, 2008; Steinberg et al., 2008, 2009a;
Zuckerman, 1979). “Dynamic accounts of factors that predict adolescent
decisions” take into consideration the social, emotional, and self-regulatory
factors that help explain why adolescents can make decisions just as ra-
tionally as adults, but often do not (Albert and Steinberg, 2011, p. 211).
These areas of immaturity help explain why adolescents and young adults

are more susceptible than older adults to initiating tobacco use.

Future Perspective Taking

Future perspective taking includes the ability to project into the fu-
ture, to consider possible positive and negative outcomes associated with
choices, and to plan for the future (Steinberg et al., 2009b), and is a hall-
mark of decision-making competence. Without an adequate understanding
of future consequences and without the ability to have the future be part
of present planning, it is more difficult to make decisions about behavior,
including whether or not to use tobacco. It is not enough to have a work-
ing understanding of the possible risks and benefits that might come from
using tobacco; it is equally important to be able to apply that information
to making decisions about behaviors that could have an effect in the future.
Steinberg and colleagues (2009b) found that the ability to plan for the
future and to anticipate future consequences continues to develop through

the mid-20s (see also Halpern-Felsher and Cauffman, 2001).

Sensation Seeking and Impulsivity

Sensation seeking refers to the drive to seek out experiences that are
new, different, exciting, and highly stimulating as well as the willingness to
take risks in order to have these experiences (Steinberg, 2008; Zuckerman,
1979). Higher sensation seeking is associated with drug use in early and
middle adolescence (e.g., ages 12-16) (Kosten et al., 1994; Teichman et al.,
1989) and with pubertal development; early maturers tend to rate higher on
sensation-seeking scales and also on drug-seeking behavior (Martin et al.,
2001; Steinberg, 2008). While sensation seeking follows a developmental
trajectory, it is also viewed as a stable trait that is associated with risky

behavior (Zuckerman, 2007).
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Impulsivity refers to a tendency to make decisions in a quick fashion,
without much thought or information. Impulsivity steadily declines from
age 10 on (Steinberg et al., 2008). Becoming competent to make decisions
requires that adolescents be able to control their desires and resist impulsive
actions. Recent studies have highlighted the complex relationship among
impulsivity, peer pressure, and delinquent behavior. Vitulano and colleagues
(2010) have found that individuals with low impulsivity are actually more
vulnerable to delinquent peer influences than those with high impulsivity.
Thus, adolescents find themselves in a bit of a quagmire in that those with
high impulsivity are likely to engage in risky behavior and those with low
impulsivity are particularly sensitive to peer pressure that may also lead
them to engage in risky behavior.

While impulsivity and sensation seeking are related, they are distinct
features of decision making. Impulsive behavior may lead to experiences
that are neither stimulating nor rewarding, and individuals may make the
decision to engage in sensation-seeking behavior in a deliberate and non-
impulsive manner (Steinberg et al., 2008). Additionally, while impulsive
behavior decreases in a linear fashion from age 10 on, sensation-seeking
patterns of development follow a curvilinear pattern in which sensation
seeking increases between childhood and early adolescence and then either
declines or remains stable in late adolescence and adulthood (Steinberg et
al., 2008). For example, Steinberg and colleagues found that while 16- to
17-year-olds and 18- to 21-year-olds exhibit more impulse control than 10-
to 15-year-olds, they exhibit significantly less impulse control than 22- to
25-year-olds and 26- to 30-year-olds.

Thus, adolescence and young adulthood is a time of low impulse con-
trol coupled with high rates of sensation seeking, which results in a greater
likelihood that individuals in these development periods will engage in risky
behavior. The coupling of low impulse control and high sensation seeking is
especially harmful in more emotionally charged situations, in which adoles-
cents are seeking rewards and pleasure yet do not have the ability to control
these desires. Hence, adolescents are more likely to seek rewards such as
those associated with tobacco use than they will be later in life, once the
connections between their rewards pathways and impulse control are more
in sync, which occurs in their mid-20s (Steinberg, 2013).

Social Norms

Social norms refer to common codes of behavior for a social group. The
construct is used in a number of disciplines and theories of health behavior,
including the Theory of Planned Behavior (Ajzen, 1985), Social Cognitive
Theory (Bandura, 2001), and the Theory of Normative Social Behavior
(Rimal and Real, 2005). Social norms are often classified as either descrip-
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tive norms, which are perceptions of how people actually behave (which are
often operationalized as perceived prevalence rates), and injunctive norms,
which are perceptions of how people should behave (and are often opera-
tionalized by asking who would approve or disapprove of you engaging in
a behavior) (Cialdini et al., 1990; Kallgren et al., 2000).

Both injunctive and descriptive norms are associated with smoking
behaviors among adolescents and young adults. Alexander and colleagues
(2001) analyzed data from the National Longitudinal Study of Adolescent
Health and found that among 7th through 12th graders, adolescents in peer
groups where 50 percent or more members smoked, or whose best friends
smoked, were two times more likely to also smoke than those in peer groups
in which fewer than half of the members smoked. Additionally, popular stu-
dents who went to schools with higher smoking rates were more likely to
smoke than non-popular students, while popular students in schools with
low smoking rates were less likely to smoke. Etcheverry and Agnew (2008)
found that among college students, friends, and romantic partners, smoking
and injunctive norms were predictive of smoking behavior.

Peer Affiliation and Susceptibility to Peer Pressure

The ability to make rational decisions is mediated by a number of fac-
tors and, for adolescents, social factors in particular play a very large role
in behavioral decision making. The transition to adolescence is marked by
a decrease in time spent with parents and an increase in time spent either
alone or with peers (Steinberg and Morris, 2001). This is a time period in
which the opinions and actions of peers become increasingly important in
influencing behavior (Crone and Dahl, 2012). Observational studies show
that adolescents who engage in delinquent behavior are more likely to do
so in groups (as opposed to adults, who are more likely to engage in delin-
quent behavior alone) (Albert et al., 2013; IOM and NRC, 2011; Zimring,
2000). Experimental studies have also shown that adolescents are more
likely to make riskier decisions when they are told that they are being ob-
served by peers than when they believe they are working alone (Albert et al.,
2013). Compared with adults, adolescents exhibit exaggerated responses
to positive social cues, and this reaction is coupled with more impulsive
responses to stimuli (Albert et al., 2013; Gardner and Steinberg, 2005).

Generally, susceptibility to peer pressure that is undesirable or that goes
against an individual’s goals decreases steadily from age 14 to 18 (Steinberg
and Monahan, 2007). In order to make competent decisions, individuals
must have the ability to resist undue pressure from others. That being said,
studies also show that peers remain powerful influences and reinforcers
of behavior even in late adolescence and young adulthood. For example,
Duncan and colleagues found that males entering college with a history of
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binge drinking were more likely to binge drink if they were paired with
roommates who also binge drank in high school than they were if they were
paired with a roommate who did not binge drink (Duncan et al., 2005).
Furthermore, an experimental study assessing the differences in how peers
influence risky behavior in adolescents (ages 13-16), young adults (ages
18-22) and adults (ages 24 and older) found that all three age groups
made safe decisions when alone. However, in the presence of peers, both
adolescents and young adults made risky decisions, with adolescents mak-
ing riskier decisions than young adults, while adults, on average, made the
safest decisions (Gardner and Steinberg, 2005).

Importance of Experience

Behavioral decisions and the perceptions of related outcomes are in-
fluenced by the extent to which a person has knowledge of and experi-
ence with the behavior or behavior-linked outcomes (Albert and Steinberg,
2011; IOM and NRC, 2004). Knowledge varies not only across ages but
also within age groups. Adolescents and, to a lesser extent, young adults
experience greater motivation to seek external rewards compared to adults,
which results in this age group being more likely to exhibit approach be-
haviors (i.e., those driven by positive or desirable events or outcomes) than
avoidance behaviors (i.e., those driven by negative or undesirable events or
outcomes) (Elliot, 1999). Risk taking and sensation seeking can be viewed
as part of this drive to experience potential rewards; thus, adolescence is a
period in which individuals are particularly likely to initiate behaviors such
as smoking (Lydon et al., 2014). This is particularly troubling because indi-
viduals who initiate smoking during adolescence are more likely to have a
pleasurable first experience than individuals who initiate smoking in adult-
hood. Furthermore, studies show that pleasurable initial experiences are
associated with rapid progression to regular smoking as well as continued
smoking (DiFranza et al., 2007; Sartor et al., 2010).

In addition to the impact of having (or not having) direct personal
experiences with particular consequences of behaviors, research has also in-
vestigated the effect of vicarious experiences, or knowledge about behaviors
and related positive and negative outcomes experienced by others (Morrell
et al., 2010). Applied to tobacco, adolescents and young adults rarely have
knowledge of peers who have experienced tobacco-related disease, which
lowers their perceptions of the likelihood of negative outcomes occurring
after using tobacco (Morrell et al., 2010). When adolescents and young
adults have had experience with tobacco-related illness, it is often in those
much senior to them. Given their immature sense of the future and their
ease at discounting the idea that what happens to others may also apply
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to themselves, adolescents often do not apply the experiences of others to
themselves (Morrell et al., 2010).

Additional Psychosocial Aspects of Young Adulthood

Later adolescence through young adulthood is a time of great demo-
graphic change and instability, including changes involving place of resi-
dence, employment, school attendance, and family formation, all of which
play a substantial role in influencing tobacco use. Around age 18, most
young people have moved away from home, and young adults continue to
change residences more than any other age group (Arnett, 2000). In 2012,
among adults ages 18 to 31, 23 percent were married and living in their
own residence, 27 percent lived independently with others (i.e., cohabitat-
ing, living with a roommate or as a boarder, or in single parenthood), and
fewer than 10 percent were living on their own (Fry, 2014). Young adults
are also experiencing changes in their employment status, as they obtain
various part-time or full-time jobs to earn money for school and living
expenses, move, change colleges, and so on. Although employment rates
among young adults have declined considerably over the past few decades,
this decline has been largely offset by increases in educational attainment
(IOM and NRC, 2014). Indeed, young adults are significantly more edu-
cated now compared with previous generations, with twice as many adults
ages 18 to 31 having attained some education beyond high school in 2012
than in 1968 (Fry, 2014). However, while 85 percent of young adults enroll
in college within 1 year of their 18th birthday, a majority of these young
adults have not completed their degrees before age 25 (IOM and NRC,
2014). Young adults who do complete college often continue their educa-
tion in graduate or professional school (Arnett, 2000). Finally, in terms of
family formation, by age 25 nearly half of all young adults report having
cohabitated with a romantic partner, roughly one-third have become a par-
ent, and more than a quarter have married, with nearly two-thirds of young
adults having engaged in at least one of these family formation transitions
(IOM and NRC, 2014). These demographic changes and instabilities are
likely to play a role in young adults’ initiation with tobacco.

Young adulthood is also an intense time of personal change and growth,
which occur as the young adult is less subject to parental and societal re-
strictions, while simultaneously not being bound by the restrictions and
responsibilities that typically characterize adulthood. Given that delay in
assuming adult roles and responsibilities, the young adult period is ripe for
exploration and experimentation. Young adult exploration is not so much
to prepare for adult roles, but for the sake of exploration itself; it is a time
of exploration prior to settling into adult roles and responsibilities. This is
a time with very little expectation for marriage, parenthood, or permanent
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employment, coupled with few, if any, parental restrictions, which creates
a near-perfect atmosphere for identity development (Arnett, 2000, 2004).
Furthermore, as young adults explore new living situations, including be-
ing away from parental restrictions and opportunities for cohabitation,
and also affiliate more with peers who use tobacco, it stands to reason that
opportunities for greater substance use will emerge.

Self-reflection is an important characteristic of young adult identity
exploration, and three areas of self-reflection that often occur during young
adulthood may affect decisions regarding tobacco use. The first is the extent
to which young adults feel as if they have reached adulthood. In addition
to demographic shifts, studies show that a large number of young adults do
not consider themselves to have achieved adult status, as defined by finan-
cial independence and family formation; they can be characterized as still
being in the “age of feeling in-between” (Arnett, 2004; Nelson and Barry,
2005). Second, given the vast amount of exploration desired by young
adults and the limited restrictions and accountability that results from work
or family obligations, young adults are likely to feel less accountable and
therefore less vulnerable to risks during this “age of possibilities” (Arnett,
2004). Finally, young adults’ perceptions of the extent to which their peers
are using tobacco, as well as whether tobacco use is viewed as acceptable,
are likely to influence patterns of tobacco use (Simons-Morton et al., 2001).

A number of important findings can be drawn from the above review:

Finding 3-1: The period from adolescence through young adulthood is
one of continuous development that involves increasing cognitive skills
and psychosocial maturity. There are no specific age markers.

Finding 3-2: The development of some cognitive abilities, such as un-
derstanding risks and benefits, is achieved by age 16. However, many
areas of psychosocial maturity, including sensation seeking, impulsivity,
and future perspective taking continue to develop and change through
late adolescence and into young adulthood.

Finding 3-3: Adolescence is a period of greatest peer affiliation and
susceptibility to peer influence.

Biological Development of Adolescents and Young Adults

Physical Development

Physical development, including the development of secondary sexual
characteristics, is one of the most important and noticeable hallmarks of
adolescence. The emergence of these newly developed physical features
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occurs on average between the ages of 10 and 15 for both girls and boys
(Susman et al., 2010), leading adolescents to begin to have more of an
adult-like appearance, which then often results in their own and others’
beliefs that they can and should adopt more adult roles. However, as noted
below, looking like an adult does not equate to having the cognitive, social,
or emotional readiness to make adult-like decisions.

Physically maturing either earlier (the lowest 10 to 15 percent of the
adolescent population) or later (the highest 10 to 15 percent of the adoles-
cent population) is associated with an individual’s likelihood of engaging
in risky behavior, including tobacco use (Cance et al., 2013; Mendle and
Ferrero, 2012; Mendle et al., 2007). For males, being either an early or late
maturer can have negative outcomes on psychosocial adjustment (Mendle
and Ferrero, 2012) and can lead to increased substance use (Cance et al.,
2013). For females, being an earlier physical maturer can result in adjust-
ment problems and, most relevant to tobacco use, to problems with body
image that can lead to eating disorders (Mendle et al., 2007). Studies have
shown that girls, primarily white girls, sometimes initiate tobacco use in
order to lose weight (HHS, 2012). By contrast, for females, having a later
physical maturation can be protective against risky behaviors and adjust-
ment issues, including tobacco use, as compared with males, who have
more adjustment difficulty if they mature late (Crockett and Petersen, 1987;
Mendle and Ferrero, 2012; Mendle et al., 2007; Siegel et al., 1999).

Neurobiological Development

Physical maturation, including brain development, occurs throughout
the adolescent and young adult years. Neuroscience research provides in-
sights that show how brain maturation affects the social and emotional
development of adolescents and young adults and helps explain why they
are more susceptible to using tobacco than are adults.

The majority of the recent research on adolescent and young adult
brain development has found that both structural and functional changes
occur during adolescence, continuing into young adulthood (e.g., Giedd,
2008; Luna et al., 2004). There are four lobes in the brain: the parietal
lobe, occipital lobe, temporal lobe, and frontal lobe. The frontal lobe, the
largest part of the brain, contains the prefrontal cortex, which is located in
the front of the brain, behind the forehead. The prefrontal cortex is respon-
sible for executive functioning, including cognition, thought, imagination,
abstract thinking, planning, and impulse control. Brain development begins
at the back and progresses to the front of the brain, with the prefrontal
cortex being one of the last areas to mature (Gogtay et al., 2004; Sowell
et al., 1999).

The prefrontal regions of the brain, which regulate executive function-
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ing and oversee critical abilities for decision making, show gradual changes
in structure and function during adolescence (Casey et al., 2000) and are
not fully developed until later in young adulthood (Steinberg, 2007). As a
result, self-regulatory and self-control skills are not yet fully developed. In
contrast, the neural network responsible for social and emotional develop-
ment matures earlier, closer to the onset of puberty, and may well drive
much of adolescent decision making (Steinberg, 2007). This imbalance
between impulsive and reflective neural systems is normal in adolescents

(Steinberg, 2007).

Throughout childhood and early adolescence, the brain undergoes syn-
aptic overproduction, in which connections between neurons proliferate in
the brain. Since this leads to more neural connections than can survive, the
brain then undergoes a selective synaptic “pruning” process in adolescence
into young adulthood, in which unused synapses are selectively eliminated.
The synapses that survive this pruning process become more efficient and
adept at transmitting information between neurons. For the prefrontal
regions of the brain, which is responsible for individuals’ ability to think,
this pruning process results in greater cognitive abilities (Casey et al., 2008;
Giedd, 2008; IOM and NRC, 2011; Johnson et al., 2009; Weinberger et

al., 2005).

At around the same time, a process of myelination occurs, whereby the
amount of white matter—the part of the brain that modulates the signals
between nerves—increases in the prefrontal cortex. In this myelination
process, nerve fibers become coated or sheathed in myelin, a white fatty
substance. Myelin accelerates the velocity at which signals travel along
nerves, making nerve-to-nerve communication faster and more efficient.
This process continues until young adulthood and results in more efficient
neural connections, which in turn results in improvements in higher-order
cognitive functioning, planning, understanding of positive and negative

consequences, and decision making.

During adolescence and through young adulthood, there is also an
increase in the number of dopamine transmitters in the brain. These re-
ceptors connect to the limbic system, which is the part of the brain most
responsible for emotions, rewards, and punishment. This increase in dopa-
mine receptors during this period results in an increased desire for rewards
and increased sensation seeking in order to feed these desires for reward

(Counotte et al., 2011).

Finally, during adolescence and into young adulthood, more and more
efficient connections develop between the prefrontal cortex and the limbic
system. With greater connectivity, there is more likelihood of self-regulation
and impulse control. During adolescence, there is less communication
among the various centers of the brain and, hence, less likelihood to con-

trol impulses associated with rewards (Steinberg, 2013).
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These processes of neurodevelopment have been shown to continue
through the mid-20s, with large individual differences in the rate and
amount of brain maturation over time. As such, the portions of the brain
believed to be most responsible for decision making, impulse control, peer
susceptibility, and other aspects of psychosocial maturity are not fully
developed until young adulthood, with males developing more slowly than

females (Casey et al., 2008; Giedd, 2008; Luna et al., 2004).

Research on the brain helps explain why adolescents and young adults
are more likely to act impulsively and to make emotionally based deci-
sions. This pattern is due in part to the fact that the amygdala—a part of
the limbic system—rather than the prefrontal cortex is used in many deci-
sion tasks during adolescence and young adulthood (Smith et al., 2013;
Steinberg, 2007). Brain imaging research shows that the prefrontal cortex,
which controls self-regulation, impulse control, and sensation seeking, is
less mature and less effectively used in adolescents than in adults (Casey et
al., 2008; Luna et al., 2010; Smith et al., 2013). Of particular importance
is that the limbic and paralimbic areas of the brain (amygdala, orbito-
frontal cortex, medial prefrontal cortex, superior temporal sulcus, and
ventral striatum) are developing during adolescence. Given that the areas
of the brain particularly responsible for processing social and emotional
information and reward pathways develop earlier, it stands to reason that
adolescents are particularly focused on engaging in activities for which they
receive rewards and acceptance from their peers and others (Smith et al.,
2013). This reward seeking and focus on peer acceptance is responsible in
part for greater risk taking during adolescence. Using functional magnetic
resonance imaging (fMRI), Chein and colleagues (2011) examined activity
within the brains of adolescents (14 to 18 years old), young adults (19 to
22 years old) and adults (24 to 29 years old) to determine which parts of the
brain are more active when an individual is making simple driving decisions
that are observed by peers. The researchers found that, compared to adults,
adolescents used those areas of the brain most responsible for cognitive
control less. Furthermore, there was more activation in the reward areas of

the brain among adolescents than among adults.

As adolescents age into young adulthood, the part of the brain used
to make decisions and understand information changes, with gradual im-
provements and shifts to the brain areas more responsible for higher-level
cognitive control. Furthermore, the ability to process information and to do
so without or with limited influence from others and with little emotional
influences is not fully developed until the mid-20s (Giedd, 2008; Luna et

al., 2004).
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Implications of Tobacco Use for the Neurobiology of the Adolescent and
Young Adult Brain

The developing adolescent brain is vulnerable to tobacco use not only
because of its biological immaturity but also because some of the brain
areas that are critical to the emergence of nicotine dependence may not
be fully developed until late adolescence or young adulthood. The ongo-
ing changes in both brain structure and function are likely to heighten an
adolescent’s vulnerability to tobacco use. The neurobiological stages and
changes characteristic of adolescence, as described above, may translate di-
rectly into challenges adolescents will have in competently planning and ex-
ecuting the complex array of coping skills that are needed to resist prompts
to use tobacco. Although most logical reasoning abilities are developed by
age 16 (Steinberg et al., 2009a), the fact that some psychosocial capacities
of adolescents are still immature, including delay of gratification, impulse
control, emotional regulation, and the ability to resist social influences, may
undermine the plans and efforts needed to resist tobacco use in the presence
of cues to use. Steinberg (2007) suggests that when adolescents are emotion-
ally aroused, their cognitive control mechanisms are further compromised.

Casey and Jones (2010) outlined how the imbalance in adolescents’
developing neurobiological systems makes them particularly susceptible
to the motivational properties of substances. Smoking-specific models of
adolescent smoking initiation and brain development (Lydon et al., 2014)
show that the adolescent developmental period is particularly critical with
regards to smoking initiation. Nicotine exposure also affects the adoles-
cent brain differently than the adult brain. Individuals exposed to nicotine
during adolescence are more likely to experience the symptoms of a pro-
tracted abstinence syndrome than are individuals exposed to nicotine only
in adulthood; thus, adolescents who use tobacco products are more at risk
for continuation and relapse than individuals who started to use tobacco
products in adulthood (Lydon et al., 2014).

In addition to the imbalance in the maturational stages of different
brain regions, the adolescent brain may be especially primed to be recep-
tive to the rewarding effects of nicotine. Adolescent brain development is
characterized by a dynamic combination of changes, including increased
innervations of fibers with modulatory neurotransmitters, synaptic pruning,
increased myelination of higher-order associative areas (notably the pre-
frontal cortex), and adaptations of various receptor levels (Counotte et al.,
2011). The levels of different receptor types follow a pattern of peaking in
adolescence and then declining to adult levels; thus, adolescent brains may
be especially sensitive to the effects of nicotine. Some of the receptor level
changes that occur during adolescence include those that play important
roles in modulating the circuitry of the prefrontal cortex and in mediating
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nicotine reward signals (e.g., glutamate receptors, dopamine, and nicotinic
acetylcholine receptors). Adolescents also have greater brain reactivity to
rewards in general than do young adults, which may also be related to
novelty seeking such as tobacco use (Chein et al., 2011).

Most of the evidence about the vulnerability of the adolescent brain
to nicotine comes from animal studies because of the ethical challenges of
conducting this type of research in humans. Substantial evidence from these
animal studies suggests that the adolescent brain has heightened sensitivity
to the reinforcing effects of nicotine compared to the adult brain (Jamner
et al., 2003; Slotkin, 2002), as demonstrated by both conditioned place
preference paradigms and self-administration of nicotine (Belluzzi et al.,
2004; Chen et al., 2008; Shram et al., 2006; Torres et al., 2008). While
both animal and human studies indicate that adolescents experience fewer
nicotine withdrawal symptoms than adults (Counotte et al., 2011), studies
show that the reinforcing effects of nicotine are greater in adolescent rats
than in adult rats, and additives to cigarettes, such as acetaldehyde, may
also enhance the rate of the self-administration of nicotine in adolescent
but not adult rats (Belluzzi et al., 2004). Animal models also suggest that
exposure to nicotine during adolescence may increase the potential for
dependence in adulthood, as adolescent rats exposed to nicotine increase
their intravenous self-administration of nicotine when they reach adulthood
(Adriani et al., 2003). In contrast, when rats are exposed to nicotine only
after adolescence, the rewarding properties are reduced in conditioned place
preference paradigms (Adriani et al., 2006).

The c-Fos gene is a marker of neuronal activation during brain develop-
ment whose expression in response to nicotine is known to vary with age,
with discrete periods of sensitivity in adolescence. The cingulate cortex,
which is important for attention, and the retrosplenial cortex, which is ac-
tivated by emotionally salient stimuli, show increased nicotine c-Fos mRNA
in adolescence than in adulthood (Goldstein and Volkow, 2002; Jamner et
al., 2003). These brain areas are connected with the primary visual cortex,
where visual stimuli are processed initially. The visual cortex c-Fos mRNA
is activated by nicotine in adolescence but is not similarly activated in adult
brains, suggesting that even occasional tobacco use during adolescence may
prime receptivity to the visual cues in tobacco advertising (Jamner et al.,
2003).

Both the cingulate cortex and the retrosplenial cortex also influence ar-
eas of the amygdala, which are important in regulating attention, memory,
and emotional response to sensory stimuli (Jamner et al., 2003; Swanson
and Petrovich, 1998). Even low doses of nicotine in adolescence cause
increases in ¢c-Fos mRNA in the medial extended amygdala. This pathway
also is critical to regulation of two other areas, the shell of the nucleus
acumbens and the paraventricular nucleus of the hypothalamus, which reg-
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ulate pathways for endocrine and behavioral outputs (Jamner et al., 2003;
Swanson, 2000). c-Fos mRNA expression in the paraventricular nucleus is
extremely sensitive to nicotine in the adolescent brain, and only during late
adolescence (not adulthood) does nicotine-induced c-Fos expression appear

in the shell of the nucleus acumbens.

In short, there are multiple brain regions that are highly activated
during adolescence, and these regions form interconnected circuits that
are critical to attention and motivational behavior. It is worth noting that
brain development varies by sex, and these developmental differences may
provide clues to differential rates of tobacco use seen in adolescent boys and
girls. For example, in both animal and human studies, males are often more
responsive to the rewarding effects of nicotine than are females (Donny et
al., 2000; Perkins et al., 1999). There may also be sex differences in the
effects of nicotine withdrawal. In animal models, nicotine administration
in adolescents produces changes in brain circuitry, cell damage, and loss
related to learning and memory, but these effects may be greater in the
female hippocampus than in the male (Slotkin, 2002). To date, however,
it has proved difficult to determine whether sex differences in patterns of
brain development influence differences in the developmental trajectories

of tobacco use.

In sum, brain development continues beyond adolescence into young
adulthood. Individuals continue to undergo normal neurobiological
changes, including developmental transformation of the prefrontal cortex
and limbic brain regions, and myelination of the intracortical and meso-
limbic dopamine systems continues (Benes, 1989; Thompson and Nelson,
2001). These patterns reflect growing executive function control, improved
decision making, and decreases in behavioral impulsivity (Casey and Jones,
2010; Smith et al., 2013; Steinberg, 2004, 2013). The reward centers of the
brain are most activated during adolescence (Chein et al., 2011; Steinberg,

2013).

The literature implies critical findings concerning adolescent and young
adult brain development and its application to tobacco use. Most germane

to this report are the following findings:

Finding 3-4: Brain development continues until about age 25.

Finding 3-5: While the development of some cognitive abilities is
achieved by age 16, the parts of the brain most responsible for decision
making, impulse control, sensation seeking, future perspective taking,
and peer susceptibility and conformity continue to develop and change

through young adulthood.
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Finding 3-6: Animal studies suggest that adolescent brains, because
of their level of development, are uniquely vulnerable to the effects of
nicotine and nicotine addiction.

TOBACCO-RELATED DECISION MAKING BY
ADOLESCENTS AND YOUNG ADULTS

Traditional models of decision making—for example, the Theory of
Reasoned Action (see Fishbein, 1979), the Theory of Planned Behavior
(Ajzen, 1985), and the Health Belief Model (Rosenstock, 1974)—describe
decision making as taking place through a deliberate, analytic process; a
process that involves many of the cognitive abilities discussed previously.
According to these theories, decisions are based on cognitive processes that
involve: (1) an assessment of the potential positive and negative outcomes
associated with the behavior in question; (2) an assessment of the likelihood
of experiencing personal harm from engaging in the behavior, including the
likelihood that each positive (benefit) and negative (risk) outcome can and
would occur; (3) consideration of one’s desire to engage in the behavior,
given the potential positive and negative consequences; (4) perceptions of
the extent to which similar others are engaging in the behavior; (5) percep-
tions of the extent to which others would accept or not accept engagement
in the behavior; and (6) intention to engage in the behavior.

The understanding that adolescent cognitive abilities are largely forged
by about age 16 while psychosocial maturation is still continuing has led to
the development of new decision-making models that include both cognitive
and noncognitive components. These dual-process models are especially
relevant to tobacco use, which involves a deliberate decision process in a
developmental context strongly affected by psychosocial influences that
adolescents are not always equipped to process.

The dual-process models include, first, the cognitive path involving the
more traditional, deliberate, reasoned, and informed aspects of the decision
process. In this path, decisions rely on cognitive skills such as weighing
risks and benefits and social norms, and these attitudes are expected to
predict intentions and ultimately behavior. This is the path sometimes used
by adolescents when making decisions that are less emotional, and it is the
path most often used by adults.

The second path, which is used more often by adolescents during emo-
tional decisions such as whether to use tobacco, involves the noncognitive
aspects of decision making, such as impulsiveness, sensation seeking, and
reward seeking. The influence of this path is rooted in the asynchrony ob-
served in the adolescent and young adult brain structure and function. This
path involves the more hypersensitive affective system, which leads to deci-
sions that are more affectively based and influenced by psychosocial fac-
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tors, such as peers, lower impulse control, increased sensation seeking, and
self-regulation (Smith et al., 2013), particularly in an emotionally charged
situation such as develops when an adolescent is faced with the dilemma
of whether or not to use tobacco.

Given these two paths to decision making, it is evident that adoles-
cents and, in some cases, young adults are strongly susceptible to devel-
opmentally grounded social and emotional influences in making decisions
concerning tobacco use. Delaying the socially sanctioned opportunity for
this decision, and strengthening the social disincentives to use tobacco,
can reasonably be expected to reduce the likelihood that adolescents and
young adults will affiliate with peers who are using tobacco and reduce the
chances that they will be induced or pressured to use tobacco while their
brains continue to mature.

Finding 3-7: The developmental trajectories in adolescents and young
adults may be altered by social and environmental contextual influ-
ences. Such changes are commonly observed because of normative
developmental transitions into and out of school or work or because
of changes in living arrangements or relationships.

TOBACCO INDUSTRY TARGETING
ADOLESCENTS AND YOUNG ADULTS

Tobacco industry influence is an important environmental factor that
increases adolescents’ and young adults’ susceptibility to using tobacco use.
Tobacco companies have historically targeted children and young adults,
recognizing that they needed the “youth market” to perpetuate the sales
of their products (Teague, 1973). Since the 1998 Master Settlement Agree-
ment, tobacco companies are legally prohibited from marketing to indi-
viduals younger than 18 years of age (NAAG, 1998). But while traditional
cigarette advertisements are no longer allowed in broadcast television or
radio, tobacco companies have responded to these restrictions by increasing
their advertising and promotion at points of purchase (Feighery et al., 2001;
Henriksen, 2012) and vigorously marketing to young adults via promotions
at venues such as bars or events such as concerts (Ling and Glantz, 2002).
The aggressive marketing of tobacco products at points of purchase and
popular venues as well as the heavy exposure to images of tobacco use that
individuals receive via television and movies is troubling, as studies show
that adolescents and young adults may be particularly vulnerable to such
marketing practices (e.g., Scull et al., 2010; Ward et al., 2006). Accord-
ing to recent theories of media exposure, such as the “super peer” theory
(Brown et al., 2005), the media exerts a distinct influence on adolescents’
perceptions of what is normal, acceptable, and expected of them, and it
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may actually exert more influence than either parents or peers (Ward et al.,
2006). For example, Scull and colleagues (2010) found that adolescents’ be-
liefs regarding the attractiveness of advertisements for alcohol and tobacco,
how realistic they felt the ads were, and how similar they felt they were to
individuals in the ads predicted current use and intentions to use alcohol
and tobacco over and above variables of peer and parental influence.

As described in previously secret tobacco industry documents, tobacco
companies use marketing strategies to shape consumers’ and potential
consumers’ perceptions of risk and to increase beliefs in the acceptability
of tobacco products (Anderson, 2011). For example, the tobacco industry
used terms such as “light” and “mild” to encourage tobacco use as the
awareness of the health dangers of smoking grew (Etter et al., 2003; Gilpin
et al., 2002; Kropp and Halpern-Felsher, 2004; Shiffman et al., 2001;
Tindle et al., 2006). Similarly, a review of more than 900 tobacco industry
documents revealed that menthol cigarettes were marketed as healthier than
non-menthol cigarettes; such marketing was related to adolescents’ and
young adults’ perceptions that menthol-flavored cigarettes were a healthier
alternative (Anderson, 2011; Klausner, 2011). In addition, the tobacco
industry has used aspirational visual imagery (e.g., sexy women smoking,
baseball players using smokeless tobacco) to motivate tobacco use (Cortese
et al., 2009; Mejia and Ling, 2010; Toll and Ling, 2005). The prominent
use of the Internet and social media to market new products such as elec-
tronic nicotine delivery systems (ENDS) and smokeless tobacco further
facilitates these marketing strategies and increases the tobacco companies’
reach, relevance, and opportunities to interact with young consumers,
which results in perceptions of reduced risk, greater benefits, and greater
social acceptability of marketed tobacco products. These messages are espe-
cially effective when the marketing messages appear to come from peers and
other tobacco consumers rather than the manufacturer (Sepe et al., 2002).

Numerous longitudinal studies have found a significant relationship
between exposure to cigarette marketing and subsequent smoking behavior.
Hanewinkel and colleagues (2011), for example, found that adolescents
with high levels of exposure to cigarette advertising were significantly more
likely to smoke than adolescents who had been exposed to low levels of
cigarette advertising, while exposure to other types of advertising did not
affect smoking initiation rates (Hanewinkel et al., 2011). Anti-tobacco
counter-marketing campaigns such as the truth® campaign have also been
shown to be successful at reducing tobacco initiation and use among ado-
lescents and young adults (Davis et al., 2009; Emery et al., 2012; Farrelly
et al., 2005, 2009; Richardson et al., 2010; Sly et al., 2001).

Point-of-sale marketing is also associated with adolescent initiation
of smoking (Slater et al., 2007). In a longitudinal study showing that
adolescents who frequently visit liquor stores, convenience stores, and
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markets with high concentrations of point-of-sale advertising for cigarettes
are significantly more likely to initiate smoking (Henriksen et al., 2010).
Among young adults, it has been shown that both smokers and nonsmokers
ages 18 to 30 are twice as likely to attend bars and clubs than their older
counterparts, and they are also more attracted and susceptible to tobacco
advertising (Biener and Albers, 2004). Ling and Glantz have also shown
that marketing targeted at young adults has the consequence of promoting
smoking in older teens as well (Ling and Glantz, 2002).

Influence of Seeing Smoking in the Movies

Overall, between 1950 and 1990 there was a decrease in depictions of
smoking in the movies, but this was followed by a rapid increase so that by
2002 depictions of smoking were comparable in scale to what had existed
in 1950 (Charlesworth and Glantz, 2005). This trend has continued, and
between 2011 and 2012 there was a 45 percent increase in the number of
tobacco incidents displayed per movie (Glantz et al., 2013). Exposure to
smoking images in movies as well as in other sources such as newspapers
and television has been found to be associated with positive assessments
related to the social acceptability of smoking, smoking as a means of stress
and emotional control (Watson et al., 2003), and assessments of smoking
being “sexy” and “stylish” (McCool et al., 2004). Experimental studies
and cross-sectional surveys have found a relationship between exposure
to smoking images in the movies and smoking initiation, and longitudinal
studies have found that adolescents with higher exposure to smoking in the
movies were more likely to initiate smoking than peers who reported low
levels of exposure (Dal Cin et al., 2012).

The tobacco industry’s efforts to manipulate tobacco-related percep-
tions and acceptability are more concerning as new tobacco products come
to market (Ganz et al., 2015; Grana and Ling, 2014; Kornfield et al., 2015;
Pokhrel et al., 2015). The tobacco industry has continued to market tobacco
products aggressively. The impact of this marketing will depend on Food and
Drug Administration regulation of marketing and promotional materials.

IMPLICATIONS

It is clear that the juxtaposition of numerous risk factors during the
adolescent and young adult years is likely to increase the probability that
first trials of tobacco use will turn into persistent use. These factors include
the sequence of neurodevelopment in the adolescent years, the unique sen-
sitivity of the adolescent brain to the rewarding properties of nicotine, the
early development of symptoms of dependence in an adolescent’s smoking
experience (well before reaching the 100-cigarette lifetime threshold), and
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the difficulties that adolescents have in stopping smoking. Delaying the
onset of any tobacco use beyond adolescence will likely decrease the prob-
ability that early trials of tobacco will be experienced as rewarding and to
increase an individual’s ability to discontinue tobacco use after initial trials.
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imposes on the public’s health is extensive. Cigarette smoking is the

major focus of this chapter because it is the central public health
problem, but the topics of secondhand smoke exposure, smoking of other
combustible tobacco products, smokeless tobacco, and electronic nicotine
delivery systems (ENDS) are also considered. The magnitude of the public
health threat posed by cigarette smoking stems from two factors: (1) the
prevalence of cigarette smoking is so high, and (2) smoking causes so many
deleterious health effects. A policy change that reduces the prevalence of
cigarette smoking will result in a commensurate reduction in the population
burden of disease and death caused by cigarette smoking. The associations
between cigarette smoking and the adverse health effects caused by smok-
ing are dose-dependent (HHS, 2014). Thus, a public health benefit would
be realized if a policy change led to reduced exposure to cigarette smoke
via means other than reducing the prevalence of smoking. For example,
additional reduction in the population burden of smoking-caused disease
and death will be generated if the policy also results in delayed initiation of
cigarette smoking. The population health benefit from delayed initiation, al-
though potentially large, will be less than the benefit from a commensurate
reduction in smoking prevalence because delayed initiation is associated
with reduced exposure to cigarette smoking rather than with the complete
prevention of the exposure. A decrease in the prevalence of cigarette smok-
ing will have additional downstream benefits by reducing the potential for
nonsmokers to be exposed to secondhand tobacco smoke.

The scope of the burden of disease and death that cigarette smoking
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TIME HORIZON FOR THE HEALTH EFFECTS
OF CIGARETTE SMOKING

Cigarette smoking causes chronic diseases that appear at older ages,
such as lung cancer, as well as adverse health effects that occur in the short
run. The immediate and short-term adverse health effects of cigarette smok-
ing are less likely to be directly fatal than the long-term health effects. Nev-
ertheless, they are important public health indicators because they lead to
suboptimal health status throughout the life course in smokers and because
many of the short-term physiologic effects mechanistically contribute to the
etiology of smoking-caused diseases that usually do not become clinically
apparent until later adulthood.

The short-term adverse health effects caused by cigarette smoking can
be observed in smokers immediately or soon after they begin smoking. The
health effects of cigarette smoking thus begin at or near the age of initia-
tion of cigarette smoking, which is usually in adolescence. To highlight the
immediacy of the adverse impact of smoking on health, this report uses a
life-course perspective by considering health effects of smoking according
to the various stages of life, which include childhood, adolescence, and
young adulthood as well as middle and late adulthood, when most of the
chronic disease burden imposed by smoking occurs. A particularly vulner-
able time during the life course is pregnancy (for both mother and fetus)
and the months following birth (for the infant); for this reason, this stage
of life is considered separately. In this report, the term “immediate health
effects” refers to effects that occur within days of cigarette smoking, while
“long-term health effects” refers to the clinical morbidity and mortality that
occur primarily in middle and late adulthood, and the term “intermediate
health effects” is used to refer broadly to the health outcomes that occur
between the immediate and long-term health effects.

SPECTRUM OF HEALTH EFFECTS

Cigarette smoke contains more than 7,000 chemicals (HHS, 2010).
Inhaling cigarette smoke exposes the cigarette smoker to these numerous
toxins, which include the various tobacco constituents and the products of
pyrolysis. As summarized below, exposure to this complex chemical mix-
ture causes immediate adverse physiologic effects shortly after the exposure
occurs (HHS, 2010).

The ultimate harm caused by exposure to the toxic agents in cigarette
smoke is determined in large part by the extent of the exposure, and most
adult cigarette smokers tend to smoke many cigarettes per day for decades
(HHS, 2014). This repeated inhalation of the complex mixture of cigarette
smoke toxicants at high daily doses, often sustained over the course of

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 4-1 Immediate Adverse Health Outcomes Causally Associated
with Cigarette Smoking Based on Surgeon General’s Reports

Stage of Life

Childhood/ Young Middle Older
Health Outcome Adolescence Adulthood Adulthood Adulthood
Oxidative Stress 4 v v v
Depletion of v v v v
Antioxidant
Micronutrients
Increased v v v v
Inflammation
Compromised v v v v
Immune Status
Altered Lipid v v v v
Metabolism
Lower Self-Rated v v v v
Health Status
Respiratory 4 v v v
Symptoms (coughing,
phlegm, wheezing,
dyspnea)
Nicotine Addiction v v v v

NOTE: The health outcomes are organized in Tables 4-1 through 4-3 according to whether
they are immediate, intermediate, or long term and by the stages of life affected.

many years, causes a broad spectrum of short-term and long-term health
effects that affect most major organ systems (see Tables 4-1 through 4-3).
In the short run, cigarette smoking causes the smoker to have overall di-
minished health status as measured by a diverse array of indices, including
biomarkers of physiologic disadvantage, lower self-reported health, sus-
ceptibility to acute illnesses and respiratory symptoms, and absence from
school and work. Among the long-term health effects are smoking-caused
diseases that are the major causes of death in middle- and upper-income
nations: coronary heart disease, cancer, and chronic obstructive pulmonary
disease, or COPD (HHS, 2014).

The net result of the broad spectrum of short-term and long-term
deleterious health effects caused by cigarette smoking and the substantial
prevalence of smoking is that cigarette smoking is the single most important
cause of preventable disease and premature mortality in the United States

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 4-2 Intermediate Adverse Health Outcomes Causally Associated
with Cigarette Smoking Based on Surgeon General’s Reports

Stage of Life

Childhood/ Young Middle Older
Health Outcome Adolescence Adulthood Adulthood Adulthood

Increased Absence v v v
from School?/Work

Increased Use of v v v
Medical Services

Subclinical v v v
Atherosclerosis

Impaired Lung
Development/
Function

Impaired lung v
growth

Accelerated lung v v v
function decline

Increased Risk of v v v
Lung Infections

(tuberculosis,

pneumonia)

Diabetes v v v
Periodontitis

Exacerbation of v v v
Asthma

Subclinical Organ v v v
Injury

Adverse Surgical v v v
Outcomes

“Health outcome not included in the 2014 Surgeon General’s report.

and in many other high-income nations (Thun et al., 2012). For example,
in the United States cigarette smoking is estimated to account for at least
480,000 deaths per year (HHS, 2014). The magnitude of this burden is a
direct function of two key facts: (1) cigarette smoking causes an incredibly
broad spectrum of short-term and long-term deleterious health effects, and
(2) a large proportion of the population is exposed (i.e., the prevalence of
smoking is very high).

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 4-3 Long-Term Adverse Health Outcomes Causally Associated
with Cigarette Smoking Based on Surgeon General’s Reports

Stage of Life

Childhood/ Young Middle Older
Health Outcome Adolescence Adulthood Adulthood Adulthood

Cancer (colorectal, v
liver, lung, bladder,

cervical, esophageal,

kidney, laryngeal,

pancreatic, gastric,

oral, and pharynx;

acute myeloid

leukemia)

Precancerous v
Lesions (colorectal
adenomatous polyps)

Cardiovascular v
Disease (coronary

heart disease, stroke,

abdominal aortic

aneurysm)

Respiratory Diseases 4
(COPD)

Eye Disease (age- v
related macular

degeneration, nuclear

cataracts)

Rheumatoid Arthritis v

Reduced Effectiveness v
of Tumor Necrosis

Factor-Alpha

Inhibitors

Bone Health (hip v
fractures, low

bone density in

postmenopausal

women)

In assessing the potential public health impact of enacting a new to-
bacco policy such as raising the minimum age of legal access to tobacco
products (MLA), it is worth keeping in mind that this lengthy catalogue of
well-established consequences of cigarette smoking will continue to expand
as scientific knowledge advances and more definitive evidence is generated
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concerning additional health outcomes. Thus, the characterization of the
potential impact of a policy change that reduces exposure to cigarette
smoke is a conservative estimate of the true public health impact. For
example, in addition to the many adverse health outcomes established as
causally related to tobacco smoke and summarized in Tables 4-1, 4-2, and
4-3, Tables 4-4 and 4-5 summarize health outcomes for which the evidence
summarized in the 2014 Surgeon General’s report is currently considered
strong enough to be considered suggestive of a causal association but not
yet strong enough to be rated as causal. These are outcomes for which the
currently existing body of evidence falls short of being definitive, but the
association between cigarette smoking and these outcomes remains under
active investigation.

MORBIDITY

Tables 4-1 through 4-3 summarize the preclinical health effects and
morbidity caused by cigarette smoking, organized according to whether the
effects occur in the immediate, intermediate, or long-term time horizon and
by the stages of life usually affected by the health outcome.

Immediate Health Effects

Cigarette smoking causes a constellation of subclinical health effects
that occur shortly after initiation of smoking. As described below, these
immediate adverse health effects include increased oxidative stress; deple-
tion of selected bioavailable antioxidant micronutrients; increased inflam-
mation; impaired immune status; altered lipid profiles; poorer self-rated
health status; respiratory symptoms, including coughing, phlegm, wheezing,
and dyspnea; and nicotine addiction. Taken in combination, these detri-
mental effects detract from a smoker’s overall health status and lead to
what has been referred to as “diminished health status” (HHS, 2004).
Physiologic markers of diminished health status include subclinical out-
comes such as increased oxidative stress, reduced antioxidant defenses,
increased inflammation, impaired immune status, and altered lipid profiles
(see Tables 4-1 through 4-3). Smoking’s impacts on such short-term physi-
ologic outcomes impair the smoker’s overall health status, which in turn
renders the smoker more susceptible to various adverse health outcomes,
such as developing acute illnesses, respiratory symptoms, and a lessened
capacity to heal wounds. One downstream marker of the diminished health
status induced by cigarette smoking is that smokers are more likely to miss
school and work. In short, soon after the initiation of smoking, an array
of smoking-induced short-term deleterious health effects sets in motion a
lifelong trajectory that leaves persistent smokers highly disadvantaged com-
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TABLE 4-4 Intermediate Adverse Health Outcomes with Evidence
Suggestive of a Causal Association with Cigarette Smoking Based on
Surgeon General’s Reports

Stage of Life

Childhood/ Young Middle Older
Health Outcome Adolescence Adulthood Adulthood Adulthood

Behavioral

Substance use (risk v
factor for use of

marijuana and other
substances)

Behavioral and v
learning disorders
(disruptive behavioral
disorders, attention

deficit hyperactivity
disorder)

Dental
Dental caries v v v v
Root-surface caries 4 v

Failure of dental v
implants

Respiratory
Incidence of asthma v v v v

Exacerbation of v
asthma

Recurrent v
tuberculosis infection?

Idiopathic pulmonary v
fibrosis

Nonspecific bronchial v v
hyper-responsiveness

7Health outcome not included in the 2014 Surgeon General’s report.

pared to their counterparts who never smoked. By looking at the immedi-
ate and intermediate adverse health effects of cigarette smoking, it is clear
that cigarette smoking contributes in important ways to suboptimal health
beginning shortly after smoking initiation—long before the chronic diseases
that smoking causes at older ages become clinically apparent (HHS, 2004).
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TABLE 4-5 Long-Term Adverse Health Outcomes with Evidence
Suggestive of a Causal Association with Cigarette Smoking Based on
Surgeon General’s Reports

Stage of Life

Childhood/ Young Middle Older
Health Outcomes Adolescence Adulthood Adulthood Adulthood

Cancer (fatal prostate 4
cancer, higher risk

of advanced stage

cancer, and disease

progression in men

who have prostate

cancer; noncardia

gastric cancers; breast

cancer)

Bone Health (low v
bone density in men)

Eye Disease v
(opthalmopathy
associated with
Graves’ disease)

Peptic Ulcer v
Complications

Physiologic Markers of Diminished Health Status

Increased oxidative stress Cigarette smoke contains free radicals and other
oxidants in abundance. A single puff of a cigarette exposes the smoker to
more than 10" free radicals in the gas phase and additional radicals and
oxidants in the tar phase (Pryor and Stone, 1993).

The biological impacts of the oxidative stress induced by cigarette
smoking have been extensively documented in humans (HHS, 2004). These
include oxidative injury to proteins, DNA, and lipids. Assaying protein car-
bonyls is one method of measuring oxidative damage to proteins, and pro-
tein carbonyl concentrations have been observed to be significantly higher
in smokers than in nonsmokers (Kapaki et al., 2007; Marangon et al.,
1999; Padmavathi et al., 2010). One way of quantifying the oxidative dam-
age to DNA is to measure the DNA damage in peripheral white blood cells
induced by the hydroxyl radical at the C8 position of guanine, 8-hydroxy-
deoxyguanosine (8-OH-dG). Most of the available evidence indicates that
current smokers have concentrations of 8-OH-dG in peripheral leukocytes
that are at least 20 percent higher than nonsmokers (HHS, 2004). Studies
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of 8-OH-dG in DNA extracted from urine provide corroborative evidence,
with 8-OH-dG concentrations that are 6 to 50 percent higher in smokers
than in nonsmokers (Campos et al., 2011; HHS, 2004; Lowe et al., 2009;
Seet et al., 2011). Measures of lipid peroxidation include F2-isoprostanes
and malondialdehyde (MDA). Many studies have demonstrated that cur-
rent smokers have substantially higher concentrations of isoprostanes in
both plasma and urine than nonsmokers (Bloomer et al., 2008; HHS, 2004;
Kocyigit et al., 2011; Ozguner et al., 2005; Seet et al., 2011; Taylor et al.,
2008). The results of several studies indicate that MDA concentrations
are 30 percent more abundant in current-versus-nonsmokers, suggesting
cigarette smoking directly increases MDA concentrations (Bloomer et al.,
2008; Jain et al., 2009; Kocyigit et al., 2005; Ozguner et al., 2005). This
is further corroborated by evidence from several studies that have found
concentrations of thiobarbituric acid-reactive substances (TBARS) found in
MDA range from 6 percent to 118 percent more in smokers than in people
who have never smoked (HHS, 2004).

Cigarette smoking clearly generates substantial quantities of oxidative
stress, as indicated by a consistent body of evidence indicating that cigarette
smoking significantly increases biomarkers of oxidative damage to proteins,
DNA, and lipids. Cigarette smokers experience measurable and immediate
oxidative damage. This oxidative damage, experienced over long periods
of time, is one pathway contributing to smoking-caused disease and death
(HHS, 2010).

Depletion of circulating antioxidant micronutrient concentrations Ciga-
rette smoking exposes the smoker to potential oxidative damage not expe-
rienced by the nonsmoker. One direct result of the exposure to oxidative
stress is the depletion of the body’s defenses against oxidative stress. For
example, the antioxidant defense system is partly comprised of antioxidant
micronutrients (Evans and Halliwell, 2001). Antioxidant status provides a
biomarker of health status because oxidative damage is thought to be cen-
trally involved in the aging process as well as in enhanced susceptibility to
a wide range of specific diseases. Evidence from a number of studies firmly
establishes that smokers have circulating concentrations of ascorbic acid
and provitamin A carotenoids such as a-carotene, b-carotene, and cryp-
toxanthin that are more than 25 percent lower than nonsmokers (Alberg,
2002). Considered in total, a strong and diverse body of evidence consis-
tently implicates oxidative stress from cigarette smoking in the depletion of
antioxidant micronutrients in circulation. Furthermore, the results across
studies are consistent with a dose-response relationship, with the amount of
smoking being inversely related to the circulating concentrations of vitamin
C and provitamin A carotenoids (HHS, 2004).

The immediate effects of cigarette smoking on these concentrations
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have been examined with measurements of circulating micronutrient con-
centrations taken before and after a smoker stops smoking. One such study,
for example, found substantially increased concentrations of vitamin C
and provitamin A carotenoids after 84 hours without a cigarette (Brown,
1996). In another study, the exposure of plasma to the equivalent of six
puffs of cigarette smoke completely depleted the ascorbic acid present in the
serum (Eiserich et al., 1995). In yet another, measurements taken at base-
line and 20 minutes after smoking a cigarette found decreased circulating
micronutrient concentrations (Yeung, 1976). Results such as these highlight
the immediate impact that smoking a cigarette can have on health status.
Cigarette smoking causes depletion of antioxidant micronutrients, leading
smokers to have lower circulating concentrations of these antioxidant mi-
cronutrients than nonsmokers. The direct immediate result on the smoker’s
lower concentrations of antioxidant micronutrients such as vitamin C is
to reduce the smoker’s antioxidant defenses, and thus the smoker’s cells
throughout the body are more prone to the damaging effects of oxidative
stress. Oxidative stress is hypothesized to be associated with premature ag-
ing and greater risk of disease (Laher, 2014).

Increased inflammation The direct pro-oxidant effects of cigarette smoke
are further exacerbated by additional endogenous oxidant formation via
the smoking-induced inflammatory-immune response (van der Vaart et al.,
2004; Yao and Rahman, 2011). Another measure of smokers’ poorer health
is the chronically higher level of inflammatory response experienced by
smokers compared to nonsmokers. Chronic inflammation is hypothesized
to play a role in the pathogenesis of numerous chronic diseases (Pawelec et
al., 2014; Prasad et al., 2012).

For example, cigarette smoking is strongly and consistently associ-
ated with higher leukocyte concentrations (HHS, 2004); this suggests that
smoking induces a sustained, long-term inflammatory response. Compared
to nonsmokers, current smokers have been uniformly found, across many
studies, to have approximately 20 percent higher leucocyte counts. Fur-
thermore, leucocyte counts increase with a greater degree of smoking,
measured either by the number of cigarettes smoked per day or the depth
of inhalation (HHS, 2004). Prospective cohort studies that evaluate how
changes in smoking status relate to changes in leucocyte counts provide
evidence that eliminating cigarette smoking leads to reductions in leucocyte
counts (HHS, 2004). Leucocytes are a marker of chronic inflammation, but
cigarette smoking is also associated with markers of the acute inflammatory
response, such as C-reactive protein (HHS, 2014).

Impaired immune status The 2014 Surgeon General’s report was the first
report of the Surgeon General to review thoroughly the contribution of
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cigarette smoking to impaired immune status. Cigarette smoking was found
to adversely impact the two major immune pathways, innate immunity and
adaptive immunity. Recognizing the extreme complexity of the immune
system, with its built-in compensatory mechanisms, the conclusion of the
Surgeon General’s report was that the evidence is sufficient to infer that cig-
arette smoking compromises the immune system and compromises immune
homeostasis by diminishing both innate and adaptive immunity (HHS,
2014). The impact of the adverse effects on immune status would be to
make smokers more susceptible to disease, which in turn contributes to the
etiology of acute infectious and chronic diseases above and beyond the way
in which cigarette smoking contributes to acute and chronic inflammation.

Altered lipid profiles Cigarette smoking causes altered lipid metabolism
(HHS, 2010). The alterations in the lipid profile induced by cigarette smok-
ing create a higher risk profile: Compared with nonsmokers, cigarette
smokers have significantly higher serum cholesterol, triglyceride, and low-
density lipoprotein (LDL) levels and lower high-density lipoprotein (HDL)
levels (Ambrose and Barua, 2004). In a meta-analysis of 54 epidemiologic
studies, smokers were found to have serum concentrations of cholesterol,
triglycerides, and very low density lipoprotein (VLDL) cholesterol that
were 3 percent, 9 percent, and 10 percent higher, respectively, and HDL
cholesterol concentrations that were 6 percent lower than nonsmokers
(Craig et al., 1989). Furthermore, clear dose-response associations were ob-
served, with these associations growing stronger as the number of cigarettes
smoked per day increased. The alteration of the lipid profile in the direction
of increased cardiovascular disease risk has been extensively documented
not only in adults but also in children and adolescents. In a meta-analysis of
studies in which study participants ranged from 8 to 19 years of age, ado-
lescents who smoked cigarettes had serum LDL cholesterol and triglyceride
concentrations that were significantly higher than in nonsmokers, whereas
smokers had lower serum concentrations of HDL cholesterol than non-
smokers (Craig et al., 1990). These differences are likely due to a direct ef-
fect of cigarette smoking. In a cohort of middle school students in Germany,
those who initiated smoking had significantly lower HDL cholesterol levels
than nonsmokers after 2 years of follow-up despite there having been
similar baseline levels of HDL cholesterol in the two groups—those who
would remain nonsmokers and those who would go on to begin smoking
(Dwyer et al., 1988).

Poorer Self-Rated Health Status

The adverse impact of smoking on health status has been directly mea-
sured by comparing self-rated health in smokers versus nonsmokers. Studies
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of varying design have uniformly shown that smokers tend to rate their
overall health status lower than nonsmokers do (HHS, 2004, 2014). The
consistent reporting of poorer self-rated health among smokers compared
to nonsmokers across numerous dimensions of health status provides direct
evidence that smoking impairs the health of cigarette smokers in ways that
are perceptible to the smoker even in the absence of clinical disease.

Respiratory Symptoms: Coughing, Phlegm, Wheezing, Dyspnea

The immediate adverse health effects of cigarette smoking are not lim-
ited to subclinical measures; they can also result in physical symptoms. In re-
viewing the evidence separately for children/adolescents and adults, the 2004
Surgeon General’s report concluded that cigarette smoking was causally
associated with all major respiratory symptoms in both age groups (HHS,
2004). The specific symptoms caused by cigarette smoking are coughing,
phlegm, wheezing, and dyspnea. The consistent presence of the causal as-
sociation across the life course supports the classification of these symptoms
as an immediate health effect based on the definition used in this report.

Nicotine Addiction

Another clinical, immediate adverse health effect of cigarette smoking
is nicotine addiction. The 2012 Surgeon General’s report concluded that
cigarette smoking was causally associated with nicotine addiction, begin-
ning in adolescence (HHS, 2012). The onset of nicotine addiction begins
soon after smoking initiation.

The importance of nicotine addiction as an immediate adverse health
effect cannot be underestimated. Nicotine addiction, via its role in propa-
gating sustained smoking, assumes a role as a central determinant of the
entire catalogue of downstream health effects of cigarette smoking. The
often long-term, sustained addiction to nicotine is the underlying factor
driving the long-term, sustained exposure to the toxins in tobacco smoke
that drive the adverse health effects of cigarette smoking.

Finding 4-1: Cigarette smoking is causally associated with a broad
spectrum of adverse health effects that begin soon after the onset of
regular smoking and that, in total, significantly diminish the health
status of the smoker compared to nonsmokers.

Intermediate-Term Effects on Morbidity

The health effects included in the category of “intermediate adverse
health effects” consist largely of health outcomes that are not dependent on
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having smoked a cigarette in the immediate past but rather require a more
extensive smoking history for the adverse outcome to become manifest.
For example, intermediate adverse health effects are often direct sequellae
of some of the immediate health effects of smoking, such as absenteeism
and medical care utilization, or else they are diagnoses that are precursors
of subsequent, more severe disease endpoints, such as type 2 diabetes and
subclinical atherosclerosis. Cigarette smoking cessation diminishes the risk
of experiencing these intermediate adverse health effects, but individuals
with a past history of cigarette smoking still have greater risks than those
who never smoked.

Absenteeism

Another indicator of diminished health status is absence from work.
Among the many factors that contribute to attendance, health status is
clearly a major determinant. Thus, attendance patterns are potential mark-
ers of health status (Alberg et al., 2003).

Cigarette smoking is a determinant of absence. A substantial body of
evidence on the association in adults between cigarette smoking and ab-
sence from work consistently demonstrates that smokers are significantly
more likely to have greater workplace absenteeism (HHS, 2004). The likeli-
hood of workplace absence increases with the number of cigarettes smoked
per day (HHS, 2004). Furthermore, smoking cessation is associated with
reduced absence rates (HHS, 2004). In addition to smokers having more
episodes of absence than nonsmokers, smokers tend to stay out longer when
they are sick than nonsmokers. Thus, smokers miss more cumulative work
time than nonsmokers (HHS, 2004).

A strong and consistent body of evidence demonstrates that cigarette
smoking is associated with a greater likelihood of absence from work.
This association could be at least partially due to smoking being a marker
for other causes of absenteeism, such as mental illness and abuse of other
substances. In considering the societal toll of cigarette smoking, attendance
is not only a useful marker of diminished health status, but also a marker
of other downstream costs. On the individual level, workplace absentee-
ism can lead to problems on the job and even result in unemployment. At
the societal level, absenteeism decreases productivity and is a drain on the
economy.

Increased Utilization of Medical Services

Utilization of medical services provides an additional indicator of health
status. Despite the complexities inherent in studying the association be-
tween cigarette smoking and use of medical services, the evidence reviewed
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in the 2004 and 2014 Surgeon General’s reports yields a clear signal indi-
cating that cigarette smokers generate higher medical care costs and have
more inpatients and outpatient visits than those who do not smoke (HHS,
2004, 2014). Among patients admitted to the hospital, smokers have longer
lengths of stay and incur greater expenses per admission than nonsmokers.

Subclinical Atherosclerosis

Atherosclerosis is a cardiovascular disease precursor that begins early
in life; it is the underlying pathogenic mechanism that ultimately leads to
many cardiovascular disease endpoints. The epidemiologic evidence has
been consistent in demonstrating a strong, dose-dependent association
between cigarette smoking and subclinical atherosclerosis as measured by
carotid intimal-medial thickness. Consequently, cigarette smoking has been
established as a cause of atherosclerosis (HHS, 2004). Establishing the link
between cigarette smoking and atherosclerosis provides a strong, biologi-
cally plausible rationale for the role of cigarette smoking in the pathogen-
esis of clinical cardiovascular endpoints that occur as a consequence of
atherosclerosis.

Impaired Lung Development and Accelerated Decline in Function

In addition to smoking’s long-term health effects on the respiratory sys-
tem from diseases such as lung cancer and COPD, some adverse respiratory
effects experienced by adolescent cigarette smokers manifest themselves
shortly after smoking initiation. Compared to nonsmokers, adolescents
who smoke cigarettes are more likely to experience impaired lung growth,
early onset in the decline of lung function, and asthma-related symptoms
(HHS, 2004). Among adults who smoke cigarettes, lung function begins to

decline at younger ages, and the age-related decline in lung function occurs
faster (HHS, 2004).

Increased Susceptibility to Infectious Lung Diseases

Due at least in part to its adverse impact on immune status, cigarette
smoking predisposes the smoker to developing acute infectious respiratory
illnesses such as pneumonia. Established effects of cigarette smoking on the
immune system provide a clear biological basis for the increased likelihood
that has been observed among smokers of developing an infection after ex-
posure to microbes that cause respiratory infections and also of developing
a clinically apparent disease once infected (HHS, 2004). Further, impaired
cilia function in the trachea and bronchi also contributes to the increased
risk of respiratory infections in smokers (Simet et al., 2010). Thus, it is no

Copyright © National Academy of Sciences. All rights reserved.



Public Health Implications of Raising the Minimum Age of Legal Access to Tobacco Products

THE EFFECTS OF TOBACCO USE ON HEALTH

surprise that cigarette smokers have an increased susceptibility to respira-

tory infections.

Cigarette smoking is causally associated with an increased risk of
pneumonia (HHS, 2004). The 2014 Surgeon General’s report was the first
to review the evidence on the association between cigarette smoking and
tuberculosis. A strong statistical association has been observed between
cigarette smoking and risk of M. tuberculosis infection and also the risk,
once infected, of progressing to tuberculosis disease, but showing a clear
causal connection between smoking and risk of tuberculosis has been chal-
lenging because cigarette smokers often have a much higher risk profile than
nonsmokers for these outcomes because of other social determinants of
health. These challenges notwithstanding, the evidence has now coalesced
to the point that cigarette smoking is causally associated with tuberculosis

disease and tuberculosis mortality (HHS, 2014).

Diabetes

Type 2 diabetes mellitus is a leading underlying cause of mortality from
cardiovascular disease, and it also leads to other adverse consequences
such as kidney failure and blindness (HHS, 2014). Obesity has long been
established as a major risk factor for diabetes, but the association between
cigarette smoking and diabetes has only more recently been elucidated.
The results of a meta-analysis of 51 prospective cohort studies in the 2014
Surgeon General’s report demonstrated that cigarette smokers have a 30-40
percent greater risk of diabetes than nonsmokers and that there is a strong
dose-response relationship, with the risk increasing with the number of
cigarettes smoked per day (HHS, 2014). In addition to having an increased
risk of developing diabetes, evidence also indicates that, among patients
with diabetes, cigarette smokers are more likely to suffer cardiovascular
complications and to have higher mortality rates. Based on this body of
evidence, the 2014 Surgeon General’s report concluded that cigarette smok-

ing is a cause of diabetes (HHS, 2014).

Periodontitis

A synthesis of the evidence in the 2004 Surgeon General’s report re-
vealed a strong, consistent, and dose-dependent relationship between ciga-
rette smoking and the risk of periodontitis. Based on this evidence, cigarette
smoking was judged to be causally associated with periodontitis. Approxi-
mately one-half of all diagnoses of adult periodontitis are attributable to

cigarette smoking (HHS, 2004).
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Asthma Exacerbation

The fact that cigarette smoking is causally associated with so many
outcomes that are relevant to asthma has long raised suspicions that ciga-
rette smoking is a risk factor for asthma. Examples of these asthma-relevant
factors are persistent inflammation, diminished immune status, and the
respiratory symptoms of coughing, phlegm, wheezing, and dyspnea. At the
present time, the evidence is considered suggestive but not sufficient to infer
a causal association between cigarette smoking and the risk of developing
asthma in adolescents or adults or between smoking and the risk of asthma
exacerbations in adolescents (HHS, 2014). However, the 2014 Surgeon
General’s report did conclude that cigarette smoking is causally associated

with asthma exacerbation in adults (HHS, 2014).

Adverse Surgical Outcomes: Wound Healing and Respiratory
Complications

The fact that smoking causes diminished health status by impairing fac-
tors such as immune response and lung function provides a strong reason to
believe that cigarette smoking could be associated with a worse prognosis
after surgical procedures. Based on a large and diverse body of evidence
with outcomes that ranged from short- and long-term complications of sur-
gery to survival, the 2004 Surgeon General’s report concluded that cigarette

smoking is a cause of adverse surgical outcomes (HHS, 2004).

Finding 4-2: Cigarette smoking causes many adverse health effects
classified as “intermediate,” which include increased absence from
work, the increased use of medical services, subclinical atherosclerosis,
impaired lung development and function, an increased risk of lung in-
fections, diabetes, periodontitis, the exacerbation of asthma in adults,

subclinical organ injury, and adverse surgical outcomes.

Long-Term Morbidity

Cigarette smoking contributes to a major portion of the population
burden of many of the chronic diseases that typically occur in middle and
late adulthood, such as cancer, cardiovascular disease, and COPD (HHS,
2004). As noted below, the full scope of long-term morbidity attributable
to cigarette smoking also extends to numerous other disease endpoints.
Cessation of cigarette smoking diminishes the risk of experiencing these
long-term adverse health effects, but a past history of cigarette smoking
is still associated with increased risk compared to never having smoked

(HHS, 2014).
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Cancer

Cigarette smoking is causally associated with 12 different types of
malignancy and is responsible for approximately 30 percent of all cancer
deaths in the United States (ACS, 2007; HHS, 2014). Cigarette smoking has
been known for many years to be a cause of cancers of the lung, oral cavity,
larynx, esophagus, bladder, pancreas, kidney, uterine cervix, and stomach,
and of acute myeloid leukemia. The conclusions of the 2014 report of the
Surgeon General indicate that cigarette smoking is also causally associated
with colorectal cancer and liver cancer. Furthermore, cigarette smoking
is causally associated with clinical precursors of cancer lesions, such as
colorectal adenomatous polyps (HHS, 2014).

Vascular Disease

Cigarette smoking is associated with numerous clinical cardiovascular
disease endpoints, including coronary heart disease, stroke, and abdomi-
nal aortic aneurism. Coronary heart disease is a leading cause of death in
the United States and most high-income countries. Cigarette smoking has
been established as a major cause of coronary heart disease for decades.
The impact of cigarette smoking is particularly strong among younger age
groups, as it causes 40 percent of ischemic heart disease deaths in 35- to
64-year-olds (HHS, 2004).

Cigarette smoking has long been identified as a major cause of cere-
brovascular disease. As with coronary heart disease, the impact of cigarette
smoking is proportionally larger in relatively younger adults. Among 35- to
64-year-olds, more than 40 percent of all cerebrovascular disease deaths are
attributable to cigarette smoking (HHS, 2004).

Cigarette smoking is an established cause of abdominal aortic aneu-
rysm (HHS, 2004). This condition is often fatal and accounts for more than
10,000 deaths per year in the United States.

COPD

The process of inhaling cigarette smoke brings the smoker’s respiratory
system into direct contact with heavy doses of tobacco toxins. Given these
profound levels of exposure, it is not surprising that cigarette smoking’s del-
eterious effects on the respiratory system extend well beyond lung cancer.
Cigarette smoking is estimated to have caused 7.5 million prevalent cases
of COPD in the United States in 2009 (Rostron et al., 2014). More than
138,000 Americans died from COPD in 2010, making it the third leading
cause of death in the United States (Heron, 2013). As the predominant
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cause of COPD, cigarette smoking is responsible for approximately 80
percent of the mortality burden from COPD (HHS, 2004).

Eye Disease: Age-Related Macular Degeneration and Nuclear Cataracts

Cigarette smoking also adversely affects eye health, causing nuclear
cataracts (HHS, 2004). The body of evidence linking cigarette smoking
with age-related macular degeneration that was accumulated over the past
two decades has now been judged to be strong and consistent enough to
prove a causal association between the two (HHS, 2014).

Rheumatoid Arthritis

Cigarette smoking also causes joint disease. More than 1 million Ameri-
cans have been diagnosed with rheumatoid arthritis, a disease linked to
immune dysregulation. Enough supportive evidence has been accumulated
to indicate a clear link between cigarette smoking and rheumatoid arthri-
tis. The conclusions of the 2014 Surgeon General’s report contained the
conclusion that a causal association has been established between cigarette
smoking and rheumatoid arthritis (HHS, 2014).

Bone Health: Hip Fractures and Bone Density

Cigarette smoking has adverse consequences for bone health. Ciga-
rette smoking is causally associated with hip fractures. In postmenopausal
women, a causal association has been established between cigarette smok-
ing and low bone density (HHS, 2004).

Finding 4-3: Cigarette smoking is causally associated with a broad
spectrum of adverse long-term health effects which cause suffering,
impaired quality of life, and death.

Maternal/Fetal and Infancy Health Effects

Pregnancy represents a particularly vulnerable time of life for both the
mother and the developing fetus, and this critical time window extends into
the neonatal period and infancy. Because of the unique features of this pe-
riod of enhanced vulnerability and its critical public health importance, the
topic is considered separately. Cigarette smoking is an established cause of a
broad spectrum of health effects to the mother, fetus, and infant, including
decreased likelihood of becoming pregnant, increased risk of experienc-
ing adverse pregnancy outcomes, and adverse effects on the newborn that
can range from organ impairment to congenital malformations to death,
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as summarized in Table 4-6. Table 4-6 also includes the immediate physi-
ologic effects of smoking from Table 4-1 to emphasize the point that preg-
nant women who smoke incur the same short-term adverse health effects
incurred by all cigarette smokers. It is estimated that more than 400,000
infants are exposed each year to maternal smoking in utero. Furthermore,
recent data indicate that more than 1.2 million births each year in the

TABLE 4-6 Maternal, Fetal, and Infant Adverse Health Outcomes
Causally Associated with Cigarette Smoking Based on Surgeon General’s
Reports

Health Outcome Maternal Fetal Infant/Child

Immediate Health Effects on All Smokers, Including During Pregnancy (selected)

Oxidative Stress v
Depletion of Antioxidant v
Micronutrients

Increased Inflammation v
Compromised Immune Status v
Altered Lipid Metabolism v
Lower Self-Rated Health Status v

Likelihood of Becoming Pregnant

Reduced Fertility (maternal and v
paternal)

Pregnancy Complications

Complications of Pregnancy v
(ectopic pregnancy, premature

rupture of the membranes,

placenta previa, and placental

abruption)

Shortened Pregnancy (pre-term v
delivery and shortened gestation)

Outcomes of Childbirth and Survival

Impaired Fetal Growth (fetal v v
growth restriction or low birth

weight)

Congenital Malformations v

(orofacial clefts)

Impaired Organ Function v v
(reduced lung function)

Death (stillbirth, infant mortality, v v
sudden infant death syndrome)
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United States occur among mothers under 25 years of age. In the United
States in 2012, 31 percent of all births were to mothers less than 25 years
old (1,225,871/3,952,841); of these, 90,095 were to mothers less than 18
years old, 85,310 were to mothers who were 18 years old, and 1,050,466
were to mothers who were 19-24 years old (Martin et al., 2013).

Decreased Likelihood of Conception

Cigarette smoking is associated with a decreased likelihood of preg-
nancy because of smoking’s adverse effects on the female and the male
reproductive systems. Cigarette smoking is causally associated with reduced
fertility in women (HHS, 2004). Further, the 2014 Surgeon General’s re-
port pointed to a diverse body of research evidence supported by a strong
biologic rationale to conclude that cigarette smoking is a cause of erectile
dysfunction in men.

Pregnancy Complications

Maternal smoking during pregnancy reduces the likelihood of a full-
term gestational period with optimal fetal growth. Cigarette smoking by
pregnant women adversely affects pregnancy by making it more likely they
will experience ectopic pregnancies, complications of pregnancy such as
premature rupture of the membranes, placenta previa, and placental abrup-
tion. Furthermore, cigarette smoking in expectant mothers causes preterm
delivery and shortened gestation (HHS, 2004).

Outcomes: Childbirth, Infancy, and Survival

Maternal cigarette smoking during pregnancy directly harms the fetus
and, later, the infant in several ways (HHS, 2004). Cigarette smoking is
causally associated with stunted fetal growth and is an important cause
of shortened gestation. In combination, stunted fetal growth and prema-
ture delivery are major determinants of low birth weight. Cigarette smok-
ing causes congenital malformations, specifically orofacial clefts. Cigarette
smoking is also associated with impaired organ function, specifically re-
duced lung function (HHS, 2014).

Based on these many severe effects, it is logical to infer that cigarette
smoking negatively affects the viability of the fetus and child. Specifically,
smoking is causally associated with fetal deaths, or stillbirths; furthermore,
among live births smoking is an established cause of overall infant mortal-
ity. That is, compared with infants of mothers who do not smoke, infants
with mothers who smoke during or after pregnancy experience higher rates
of death before reaching 1 year of age. One specific cause of increased mor-
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tality of infants whose mothers smoke is sudden infant death syndrome,
which is more likely to strike those infants than infants whose mothers do
not smoke (HHS, 2004).

After birth, children who are exposed to secondhand smoke (SHS) via
parental smoking suffer numerous adverse health effects as a consequence.
In infants, symptoms associated with SHS exposure include increased lower
respiratory illnesses, otitis media, middle ear effusion, reduced lung func-
tion, and the respiratory symptoms of coughing, phlegm, wheezing, and
dyspnea (HHS, 2006). In addition to the increased risk of symptoms, in-
fants of smoking mothers are more likely to experience subclinical immedi-
ate adverse health effects of cigarette smoke exposure as well. For example,
evidence indicates that infant exposure to parental smoking is associated
with physiologic markers of diminished health status, such as increased oxi-
dative damage to DNA and lipids. As noted above, 8-OH-dG can be used
as a measure of oxidative damage to DNA, and neonatal levels of urinary
8-OH-dG have been found to be significantly associated with exposure to
the toxicants from tobacco smoke due to the mother’s smoking (Hong et
al., 2001). Newborns with mothers who smoked had concentrations of
8-OH-dG that were 333 percent higher than newborns whose mothers did
not smoke (Hong et al., 2001).

Finding 4-4: Maternal smoking during pregnancy and secondhand
smoke exposure during infancy are causally associated with many ad-
verse health outcomes. This not only leaves exposed infants prone to
short- and long-term health risks but also can result in death.

Age of Initiation and Health Outcomes

The following four factors were used to assess the effects that the age
of initiation had on an individual’s cigarette smoking trajectory and subse-
quent health effects: (1) nicotine dependence, (2) the number of cigarettes
smoked per day (smoking intensity), (3) the likelihood of smoking cessation
(or, conversely, the likelihood of remaining a smoker), and (4) health out-
comes. These four factors are closely interrelated. Nicotine dependence is
associated with smoking intensity (Hu et al., 2006), and both of these mea-
sures are in turn associated with the likelihood of remaining a smoker in the
long term. The interrelationships among the factors involve both smoking
intensity (number of cigarettes per day) and smoking duration (number of
years smoked) and hence also the effects of the lifetime cumulative exposure
to cigarette smoking. Many of the established deleterious health effects of
cigarette smoking are dose-dependent, thus providing a mechanistic expla-
nation for how earlier age of initiation could exert a powerful contribution
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on smoking-caused health effects that is mediated by leading to increased
doses of exposure to cigarette smoke.

In particular, the mechanistic basis for a powerful influence of the age
of initiation on smoking-caused adverse health outcomes is grounded in
the evidence, reviewed in Chapter 3, that those who start smoking earlier
are more likely to (1) have a greater degree of nicotine dependence (Breslau
and Peterson, 1996; Buchmann et al., 2013; HHS, 2012; Hu et al., 2006;
Lando et al., 1999; Park et al., 2004), (2) smoke cigarettes more frequently
(Breslau, 1993; Buchmann et al., 2013; Chen and Millar, 1998; D’Avanzo
et al., 1994; Escobedo et al., 1993; Everett et al., 1999; Fernandez et al.,
1999; Hu et al., 2006; Lando et al., 1999; Reidpath et al., 2014; Taioli and
Wynder, 1991), and (3) remain smokers for longer periods of time (Breslau
and Peterson, 1996; Chen and Millar, 1998; D’Avanzo et al., 1994; Eisner
et al., 2000; Everett et al., 1999; Khuder et al., 1999). These associations
all point toward an association between a younger age of initiation and
greater exposure to the toxicants in cigarette smoke, which because of
well-established dose-response relationships would therefore be expected to
lead to higher risk of smoking-caused disease and death. A further negative
consequence of starting to smoke at younger ages is that tissues and organ
systems that are still in the growth and maturation phase may be particu-
larly vulnerable to the toxicants in smoke, so that even a given exposure
dose to cigarette smoke may be more harmful when exposure occurs during
childhood and adolescence than during adulthood.

Younger age of initiation has been found to be associated with one
short-term health effect in particular: an increased risk of hospital inpatient
stay during the previous year (Lando et al., 1999). Concerning long-term
health effects, the lung is exquisitely sensitive to the adverse consequences
of cigarette smoke because it is directly exposed to inhaled cigarette smoke
and is further exposed to harmful smoke toxicants via the circulation of
those toxicants in the blood. In a prospective cohort study, a strong as-
sociation was observed between an earlier age of smoking initiation and
an increased risk of respiratory disease (Kenfield et al., 2008). Compared
to people who have never smoked, the relative odds (and 95 percent con-
fidence intervals) of contracting respiratory disease were 7.0 (3.9-12.4)
for those who started smoking at 26 years old or older; 8.1 (5.5-11.9)
for those who started between 22 and 25; 10.2 (9.9-13.2) for smoking
initiation between 18 and 21; and 13.4 (9.8-18.2) for those who started
smoking at 17 or younger; the age trend is highly statistically significant (a
p-value of 0.001). The same study also observed a statistically significant
trend for the risk of lung cancer, which was not grouped under respiratory
disease (Kenfield et al., 2008); this finding was also observed in another
population-based cohort study (Prizment et al., 2014). The strong associa-
tion between an earlier age of starting to smoke and increased lung cancer
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risk was summarized in a meta-analysis of 69 studies, which estimated that
the summary odds ratio for lung cancer was 10.3 (95 percent confidence
interval of 8.0-13.3) for starting to smoke around the age of 14 years;
7.5 (5.9-9.4) for starting to smoke at approximately 18 years; and 3.9
(3.3-4.6) for starting to smoke at age 26 years (Lee et al., 2012). Thus,
an earlier age of initiation is strongly associated with an increased risk of

respiratory diseases (primarily COPD) and lung cancer.

The evidence for cardiovascular disease has been mixed. The risk of
cardiovascular disease increased significantly with younger age of initiation
in the ARIC prospective cohort study (Huxley et al., 2012), but the results
of the Nurses’ Health Study did not find a significant effect (Kenfield et al.,
2008). In another study, younger age of initiation was significantly associ-

ated with peripheral artery disease (Planas et al., 2002).

Overall, the evidence is consistent in finding that the younger the age
of initiation, the greater the risk of nicotine dependence, smoking intensity,
and persistent smoking/reduced likelihood of cessation. The associations
between a younger age of initiation and these outcomes holds true even
after accounting for time from first cigarette to first daily smoking. The
findings consistently show a dose-response trend, with younger ages of ini-
tiation associated with a higher likelihood of nicotine dependence, greater
smoking intensity, and reduced likelihood of cessation. The absence of any
apparent age threshold on these associations or any diminution of the as-
sociations across the age continuum indicates that any delay in initiation,
regardless of the ages affected (e.g., late childhood to early adolescence,
early to mid-adolescence, or adolescence to young adulthood) would be
expected to have measurable benefits in reducing the lifetime consumption
of cigarettes and hence in reducing the risk for smoking-caused disease and
death. The adverse consequences of a younger age of initiation appear to

manifest at young ages and be sustained over the life course.

Finding 4-5: A younger age of initiation is associated with an increased
risk of many adverse health outcomes, such as a hospital inpatient
stay in the past year and lifetime risk of respiratory disease, especially

chronic obstructive pulmonary disease and lung cancer.

Other Tobacco Products and Sources of Exposure

So far, the discussion has focused specifically on cigarette smoking.
SHS exposure and other tobacco products and nicotine delivery devices

are discussed below.
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Secondhand Smoke Exposure

The health effects of cigarette smoking are not limited to the adverse
health effects on the smoker; they also include the health consequences that
exposure to SHS has on nonsmokers (HHS, 2014). SHS exposure has now
been linked with a host of adverse health effects in addition to the long-
established causal associations with lung cancer and heart disease.

As cigarette smokers, parents who smoke cigarettes increase their per-
sonal risk for all of the adverse health outcomes described above. If par-
ents smoke in the presence of their children, they also negatively affect the
health of their children by exposing them to SHS. The health effects of SHS
exposure are not limited to long-term enhanced susceptibility to chronic
diseases, but, as in the case of cigarette smoking, they also include imme-
diate and substantial effects that leave SHS-exposed individuals prone to
short-term health risks (see Table 4-7).

Thus, as is the case with cigarette smoking, SHS exposure is associated
with diminished health status. Exposure to SHS is associated with increased
oxidative damage to DNA and lipids. As noted above, MDA can be used
as a measure of lipid peroxidation, and children exposed to SHS have
been found to have significantly higher circulating levels of MDA and also
significantly lower levels of glutathione peroxidase (Zalata et al., 2007).
Concerning antioxidant micronutrients, the evidence for SHS exposure
mirrors the evidence for smoking. Compared to nonsmokers not exposed
to SHS, nonsmokers exposed to SHS have significantly reduced circulating
concentrations of vitamin C and provitamin A carotenoids, indicating that
even low-dose cigarette smoke exposures lower circulating antioxidant
micronutrient concentrations. Evidence of lowered circulating antioxidant
micronutrient concentrations has also been observed in children of smok-
ers (Wilson et al., 2011; Yilmaz et al., 2009; Zalata et al., 2007). Children
whose mothers were smokers had 29 percent and 26 percent lower circulat-
ing concentrations of vitamin E and vitamin A, respectively, than children
whose mothers did not smoke (Yilmaz et al., 2009).

Nonsmokers exposed to SHS have also been found to have lessened
immune status (HHS, 2010). The body of evidence firmly indicates that
among nonsmokers, SHS exposure is associated with greater oxidative
damage, lower circulating antioxidant micronutrient concentrations, and
lessened immune status. Given the consistent body of evidence and the clear
biological rationale based on the causal associations seen with cigarette
smoking these associations are likely to be rated as causal in the future, but
the evidence base has not yet reached the standard for these associations to
be judged as causal in the Surgeon General’s report.

Consistent with the health effects observed for cigarette smoking, the
health effects of SHS exposure also include reduced lung function and the
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respiratory symptoms of coughing, phlegm, wheezing, and dyspnea. SHS
exposure in children causes numerous adverse health effects, including
lower respiratory illnesses, otitis media, and middle ear effusion (HHS,
2006).

In adults, SHS exposure is also causally associated with increased risk
of long-term chronic diseases, just as in the case of cigarette smoking. These
diseases include lung cancer, coronary heart disease, stroke, and inflamma-
tory bowel disease.

As expected, based on the lower-exposure doses of exposure to tobacco
toxins that result from secondhand smoke, the health risks of SHS exposure
for most health outcomes tend to be less than the risks of cigarette smoking.
Nevertheless, the fact that these risks are incurred even at very low doses
indicates that there is no safe threshold for exposure to cigarette smoke.
The importance of this public health challenge is accentuated by the fact
that these health risks are incurred as the result of smoking by others rather
by the affected individuals themselves.

Finding 4-6: Secondhand smoke exposure is causally associated with
adverse bealth effects.

It is worth keeping in mind that this lengthy catalogue of well-
established consequences of SHS exposure will continue to grow as more
definitive evidence coalesces for additional health outcomes. For example,
Table 4-8 summarizes health outcomes for which the evidence summarized
in the 2014 Surgeon General’s report is currently considered strong enough
to be considered suggestive of a causal association but not yet strong
enough to be rated as causal.

Smoking of Pipes, Cigars, and Other Combustible Tobacco Products

Combustible tobacco products other than cigarettes are also associated
with the same sort of chronic disease outcomes associated with cigarette
smoking, such as cancer and cardiovascular disease. Pipe and cigar smoke
contain similar profiles of harmful toxins to those found in cigarette smoke
(HHS, 2014). A key distinction in the health risks is that the doses of toxins
delivered to the smoker are often less for pipes and cigars than for ciga-
rettes because pipes and cigars are usually smoked less frequently and the
smoke tends to be inhaled less deeply (HHS, 1998). For example, pipe and
cigar smoking pose risks for malignancies of the larynx, oral cavity, and
esophagus that are similar to the risks associated with smoking cigarettes
(HHS, 1998). Pipes and cigars are causally associated with lung cancer,
even though the risks are less than observed for cigarette smoking because
compared to cigarette smoking pipes and cigars are smoked on average
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less frequently and the smoke is inhaled less deeply (Alberg et al., 2013).
The available evidence indicating that pipe and cigar smoking have similar
adverse health effects to cigarette smoking thus supports the conclusion
that the impact of a policy change that resulted in lower uptake or delayed
initiation of pipes or cigars would have a significant impact on public health
but would be expected to be less than a similar reduction in cigarette smok-
ing because of the lower exposure to tobacco toxins due to the manner in
which pipes and cigars are smoked.

Another way to smoke tobacco is with a hookah, or waterpipe. From
an exposure assessment perspective, the distinctive features of this tobacco
smoke delivery system are that the tobacco is sometimes indirectly heated
and that the smoke passes through a water column prior to inhalation (Akl
et al., 2010). Hookah use is becoming more common throughout the world,
including in the United States (Cobb et al., 2010; Jawad et al., 2013). In a
study comparing the urinary concentrations of the tobacco-specific nitro-
samine 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (NNAL) in cigarette
smokers, hookah smokers, and nonsmokers, it was found that hookah
smokers had significantly higher NNAL concentrations than nonsmokers
but significantly lower concentrations than cigarette smokers (Radwan et
al., 2013). In a study in which urine samples were collected from hookah
smokers before and after they smoked from the hookah, significant post-
smoking increases were noted in the urinary concentrations of nicotine,
cotinine, NNAL, and volatile organic compounds (St. Helen et al., 2014).
Expired carbon monoxide concentrations (Jacob et al., 2011) and benzene
exposure (Jacob et al., 2013) tend to be much higher for hookah smoking
than for cigarette smoking. Studies have assessed the association between
hookah smoking and selected health outcomes, but there is a paucity of
evidence available on this topic, and the body of evidence is generally of
low quality (Akl et al., 2010). In a meta-analysis of data from four studies,
hookah smoking was significantly associated with an increased lung cancer
risk (odds ratio, 2.1; 95 percent confidence interval, 1.3-3.4) (Akl et al.,
2010). In this same systematic review, only one study each was identified
to assess the association between hookah smoking and cancers of the blad-
der, esophagus, and nasopharynx, and none of the observed associations
were statistically significant (Akl et al., 2010). With respect to pregnancy
outcomes, three studies found hookah smoking to be associated with a
significantly increased risk of low birth weight (2.1; 1.1-4.2) (Akl et al.,
2010). In one study, hookah smoking was found to be associated with a
significantly increased risk of respiratory illness (2.3; 1.1-5.1) (Akl et al.,
2010). Definitive conclusions on the risks associated with hookah smok-
ing versus cigarette smoking are not possible with the limited quality and
quantity of the evidence currently available.

Little evidence on the health effects of newer combustible tobacco prod-
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ucts has been generated. In attempting to estimate risks, it is important to
account for the specific product features. For example, the 2014 Surgeon
General’s report points out that when considering the emergence of small
cigarette-like cigars, the health risks may more closely parallel those of ciga-
rettes than of the traditional cigar because of the way that small cigarette-
like cigars are used (HHS, 2014). This line of reasoning emphasizes that
the health risks of tobacco use are directly linked to doses of exposure to
disease-causing toxins, which is a function not only of the tobacco product
but also of the frequency and duration of and the manner in which the
product is smoked, when factors such as depth of inhalation are accounted
for. This concept is also critical to thinking about the health risks of dual
use or poly-use of combustible tobacco products and ENDS, an exposure
pattern that will likely increase in the future but for which data on health
risks are needed.

Finding 4-7: Smoking of combustible tobacco products other than
cigarettes, such as pipes and cigars, is causally associated with a broad
spectrum of adverse health effects.

Smokeless Tobacco Products

The marketplace for smokeless tobacco products has diversified con-
siderably in recent years. In addition to the traditional smokeless tobacco
products of chewing tobacco and snuff, a number of new products have
been introduced, such as snus and dissolvable tobacco products.

The 1986 Surgeon General’s report examined the evidence concerning
smokeless tobacco and concluded that it was a cause of cancer of the oral
cavity. Smokeless tobacco use can also lead to oral leukoplakia, gingival
recession, and nicotine addiction. A 2007 monograph of the International
Agency for Research on Cancer (IARC) that focused on smokeless tobacco
concluded that smokeless tobacco is a Group 1 carcinogen, meaning that it
is a human carcinogen (IARC, 2007). The IARC review of the evidence led
to the conclusion, “Smokeless tobacco causes cancers of the oral cavity and
pancreas” (IARC, 2007, p. 370). Smokeless tobacco may also be linked to
an increased risk of esophageal cancer (IARC, 2012).

These earlier reviews of the evidence concerning the health effects of
smokeless tobacco use were primarily based on evidence related to tradi-
tional smokeless tobacco products and did not take into account the newer
products. A more recent review of the epidemiologic evidence for Swedish-
type snus, a moist snuff, suggests that the use of snus may be less harmful
than cigarette smoking (Lee, 2011). How the health risks of Swedish-type
snus differ from the more traditional smokeless tobacco products has yet
to be precisely characterized; furthermore, direct epidemiologic evidence is
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not yet available on the health effects of the Swedish-type snus products
presently marketed in the United States.

Finding 4-8: The use of smokeless tobacco products is causally associ-
ated with oral cancer.

ENDS

The marketplace for tobacco products and devices that deliver nicotine
has recently expanded in response to the smoking bans that have increas-
ingly limited the locations where traditional cigarette smoking is allowed
(Jawad et al., 2013; Kamerow, 2013; Popova and Ling, 2013; Schuster et
al., 2013). Electronic nicotine delivery systems, or ENDS, have experienced
a rapid upsurge in use and are now marketed by the major U.S. tobacco
companies (Dockrell et al., 2013; Kamerow, 2013; Li et al., 2013; Popova
and Ling, 2013).

Monitoring this expansion in products and how the products are used
is important to tobacco control. An ENDS product that decreases the de-
livery of tobacco toxins would ostensibly also reduce the risk of developing
smoking-caused disease if current cigarette smokers were to switch from
cigarettes to exclusive use of the ENDS. On the other hand, the risk of
smoking-caused disease could be increased if the ENDS maintained nicotine
addiction and its users continued to smoke cigarettes and to use multiple
products that deliver nicotine. Furthermore, these alternative products, par-
ticularly those that involve flavorings attractive to adolescents, may serve as
a gateway for adolescents to initiate smoking and thus start on a path that
eventually leads to tobacco addiction. Currently there is a paucity of data
on issues such as these; along with the direct adverse health effects associ-
ated with use of these alternative products, these remain important lines
of inquiry for future research. Definitive evidence on the long-term health
effects of ENDS products will not be available for many years because any
long-term health effects associated with these products will take decades to
emerge. Furthermore, generating the needed evidence base will be compli-
cated by the facts that there are so many different ENDS products and the
products and their contents are evolving.

IMPACT OF CIGARETTE SMOKING ON MORTALITY

Cigarette smoking contributes significantly to the population burden
of many of the leading causes of chronic disease deaths that typically occur
in middle and late adulthood, such as cancer, cardiovascular disease, and
COPD (HHS, 2004).

The combined death toll linked to cigarette smoking is staggering. Cig-
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arette smoking is estimated to account for approximately 480,000 deaths
per year in the United States (HHS, 2014). In 2010 the four leading causes
of death in the United States were heart disease (597,700 deaths), cancer
(574,700 deaths), chronic lower respiratory diseases (138,100 deaths), and
stroke and cerebrovascular disease (129,500) (Heron, 2013). Cigarette
smoking is a major cause of all four of these diseases. Furthermore, smok-
ing is also a cause of the seventh (diabetes, 69,000 deaths) and eighth (in-
fluenza/pneumonia, 50,100 deaths) leading causes of death (Heron, 2013).

Cancer

As a cause of 12 different types of malignancy, cigarette smoking is
responsible for 163,700 cancer deaths per year in the United States (HHS,
2014; NCHS, 2013). Most of this mortality burden (130,700 deaths) is due
to lung cancer, but cigarette smoking also caused 36,000 deaths from other

malignancies (HHS, 2014).

Cardiovascular Disease

Cigarette smoking is estimated to cause 160,600 cardiovascular dis-
ease deaths per year in the United States (HHS, 2014). The majority of the
smoking-caused cardiovascular deaths (99,300 deaths) are due to coronary
heart disease, but smoking also causes 25,500 deaths from other forms of
heart disease. Furthermore, cigarette smoking causes 15,300 deaths from
cerebrovascular disease and 11,500 deaths from other forms of vascular

disease.

Diabetes

Type 2 diabetes mellitus is a leading underlying cause of mortality from
cardiovascular disease, and it also leads to other adverse consequences such
as kidney failure and blindness (HHS, 2014). It is the seventh leading cause
of death in the United States (Heron, 2013). Cigarette smoking is estimated
to cause 9,000 deaths from type 2 diabetes per year in the United States

(HHS, 2014).

COPD

More than 138,000 Americans died from COPD in 2010 (Heron,
2013), making it the third leading cause of death in the United States.
Cigarette smoking is the predominant cause of COPD. Estimates indicate
that 100,600 COPD deaths per year in the United States are attributable

to cigarette smoking (HHS, 2014).
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Increased Susceptibility to Infectious Lung Diseases

Cigarette smoking is causally associated with an increased risk of
pneumonia (HHS, 2004) and tuberculosis mortality (HHS, 2014). Cigarette
smoking is estimated to cause 12,500 deaths from these infectious diseases

per year.

IMPACT OF EXPOSURE TO SECONDHAND
SMOKE ON MORTALITY

Due to its causal associations with coronary heart disease and lung
cancer, secondhand smoke exposure is estimated to cause more than 41,300
deaths per year in the United States (HHS, 2014). The majority of these
(almost 34,000 deaths) are due to coronary heart disease, while more than
7,000 deaths per year are from lung cancer (HHS, 2014). Furthermore,
parental smoking is estimated to cause approximately 600 deaths per year
from prenatal conditions and 400 deaths per year from sudden infant death

syndrome (HHS, 2014).

Finding 4-9: Tobacco use is causally associated with premature mortal-
ity from a variety of causes, such as lung infections, chronic obstructive
pulmonary disease, coronary heart disease, and a variety of cancers.
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Restrictions on Youth Access
to Tobacco Products

on both distribution of tobacco products to and purchase of tobacco

l aws aiming to reduce underage access to tobacco include restrictions

products by underage individuals. Laws limiting distribution apply
both to commercial tobacco sales and to other methods of provision, such
as giving tobacco to a minor or buying tobacco on behalf of a minor (i.e.,
proxy sales). Restrictions on purchase are distinguished from the restric-
tions on distribution by the fact that they punish the underage buyer. Pur-
chase laws are commonly accompanied by restrictions on underage tobacco
use and possession and are therefore frequently referred to as purchase—
use—possession (PUP) laws. There is vast variation and inconsistency across
the United States in youth access laws and how they are implemented and
enforced. Despite the profusion and complexity of these laws, there is a
common thread, which is that the enforcement of these restrictions has
focused primarily on curtailing youth access to tobacco from commercial
sources. Accordingly, that is the focus of this analysis. This chapter sum-
marizes youth access restrictions in the United States and their enforcement,
and it describes survey data regarding where underage users obtain their

tobacco products.

YOUTH TOBACCO ACCESS LAWS IN THE UNITED STATES

Federal Youth Tobacco Access Laws

In 1992 Congress enacted the Synar Amendment to reduce the avail-
ability of tobacco to underage individuals. This law requires states to

129
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enact and enforce laws prohibiting the sale and distribution of tobacco to
underage persons or face the loss of federal block grant funding for sub-
stance abuse prevention and treatment programs. In 1996 the Food and
Drug Administration (FDA) issued its Tobacco Rule, in which it asserted
its authority to regulate tobacco products (HHS, 1996). As part of this ef-
fort, FDA issued regulations on the advertising and marketing of tobacco
products to reduce the appeal of tobacco to children and adolescents and
also issued restrictions on retail sales to underage persons to reduce youth
access to tobacco. The tobacco industry challenged FDA’s authority to
regulate tobacco in court, and in 2000 the Supreme Court nullified FDA’s
rule on the grounds that Congress had not granted FDA explicit jurisdiction
over tobacco (IOM, 2007).

At the same time that it was fighting federal efforts to regulate tobacco,
the tobacco industry was also battling legal challenges brought by the
attorneys general of individual states. In 1994 Mississippi Attorney Gen-
eral Michael Moore filed a lawsuit against the major tobacco companies
to recoup state Medicaid expenditures on residents with tobacco-related
diseases (IOM, 2007). Attorneys general from every state soon followed
suit, and on November 23, 1998, the attorneys general from 46 states, the
District of Columbia, and several U.S. territories signed the Master Settle-
ment Agreement (MSA) with the major tobacco companies (NAAG, 1998).
(Four states had previously reached a separate settlement with the tobacco
companies, which awarded them $40 billion.) Although the primary aim of
these suits and the resulting agreement focused on the tobacco companies’
payment of $206 billion to the states, distributed from 2000 to 2025, as
a reimbursement for health care costs that the states had incurred because
of tobacco-related health issues, the terms of the agreement also included
the establishment of a national charitable foundation (now known as the
American Legacy Foundation) devoted to reducing adolescent and young
adult smoking and to preventing tobacco-related diseases. The agreement
also included tobacco sales and marketing provisions aimed at reducing
youth access to tobacco. These provisions included bans on gifts to under-
age individuals in exchange for proof of purchase of tobacco products,
gifts through the mail without proof of the recipient’s age, and distribu-
tion of free samples except in locations restricted to adults. The MSA also
restricted cigarette pack size to a minimum of 20 cigarettes and prohibited
tobacco companies from opposing legislation restricting cigarette pack size
through 2001. The MSA further prohibited tobacco companies from legally
challenging the enforceability or constitutionality of state and local tobacco
control laws enacted before June 1, 1998, including state and local youth
access laws that may have been enacted in compliance with Synar.

In 2009 President Barack Obama signed the Family Smoking Preven-
tion and Tobacco Control Act (hereafter referred to as the Tobacco Control
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Act) into law, granting FDA broad authority to regulate the manufacture,
marketing, and sales of tobacco products to protect the public’s health and
to reduce adolescent tobacco use.! In pursuit of these goals, the act directs
FDA to reissue its 1996 Tobacco Rule along with its advertising and ac-
cess regulations. FDA regulations issued under the act currently apply to
cigarettes, cigarette tobacco, and smokeless tobacco. They do not yet cover
other tobacco and nicotine products, such as electronic nicotine delivery
systems (ENDS), or e-cigarettes; cigars; snus; etc. However, FDA has for-
mally proposed to “deem” e-cigarettes, little cigars, and other products
to be “tobacco products” subject to its regulatory jurisdiction under the
Tobacco Control Act (FDA, 2014a). When the final rule is issued and goes
into effect, it will almost certainly extend federal youth access restrictions

to these other products.

The advertising and marketing regulations issued under the Tobacco
Control Act include federal bans complementing the MSA provisions at
the state level: banning the sale of cigarette packs containing fewer than 20
cigarettes and prohibiting the distribution of free samples. The act autho-
rizes FDA to restrict tobacco sales to minors, including requiring face-to-
face sales, with exceptions for vending machines and self-service displays in
adult-only facilities, and requiring age verification for all over-the-counter
sales by checking a driver’s license or other form of photographic identifi-
cation of anyone under age 27. The Tobacco Control Act also grants FDA
the authority to enforce these restrictions, provides a set of sanctions for
violations, and directs FDA to contract with states to assist with retailer
compliance checks—random, unannounced inspections of tobacco retail-
ers—to determine whether retailers are illegally selling tobacco to underage
individuals. In compliance with the congressional direction, FDA reissued

its 1996 Tobacco Rule in 2010 (FDA, 2010).

The Tobacco Control Act also sets limits on FDA’s authority. Limits
relevant to youth access include prohibiting FDA from banning face-to-
face sales by any specific type of tobacco retailer (i.e., FDA cannot ban all
pharmacies or convenience stores from selling tobacco) and from raising
the federal minimum age of legal access to tobacco products (MLA). The
act does, however, establish a federal MLA of 18 without preempting exist-
ing state laws or penalties while allowing states and localities to establish

a higher MLA.

! Family Smoking Prevention and Tobacco Control Act of 2009, Public Law 111-31 111th

Cong. (June 22, 2009).
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State and Local Youth Access Laws

Although federal law requires an MLA of 18, some states and localities
have experimented with higher MLAs. Currently, 46 states have an MLA of
18, while 4 states (Alabama, Alaska, New Jersey, and Utah) have an MLA
of 19. (See Appendix A for a list of select U.S. jurisdictions with an MLA of
19.) In the past decade, a number of localities have also adopted an MLA
over 18.In 2005, Needham, Massachusetts, became the first location in the
United States to establish an MLA of 21. The Needham Board of Health
enacted a town regulation raising the age under a Massachusetts state
provision that allows local boards of health to make “reasonable health
regulations.”? Since 2005 numerous Massachusetts towns have followed
suit; as of November 2014, 6 towns had an MLA of 19, 22 had an MLA
of 21, and another 9 towns were considering proposals to raise the MLA
to ages higher than 18. Outside of Massachusetts, Nassau, Onondaga, and
Westchester counties in New York State have an MLA of 19, and Hawaii
County (the big island in Hawaii), Suffolk County in New York State,
and, most notably, New York City have also recently raised the MLA to
21. (See Appendix A for a list of select U.S. jurisdictions with an MLA of
21.) A number of states and localities, including Colorado, Maryland, New
Jersey, Texas, Utah, and several localities in California, New Jersey, and
Washington State have also considered proposals to raise the MLA to 21.
These differing MLAs have not been in place long enough, however, for
any differential effects on tobacco use to be detected. (See Appendix A for
select states and localities with either proposed or enacted MLAs over 18.)

In compliance with the Synar Amendment, all 50 states and the District
of Columbia (51 jurisdictions total) have enacted laws prohibiting the sale
or distribution of tobacco products to underage persons. All 51 jurisdic-
tions prohibit commercial transfers, while 48 states and the District of
Columbia also prohibit noncommercial transfers (e.g., giving, exchanging,
bartering, furnishing, or otherwise distributing tobacco). At least 18 states
explicitly differentiate between commercial and noncommercial tobacco
transfers for penalty purposes. Penalties vary significantly: 28 jurisdictions
authorize license revocation or suspension for sales to minors; about two-
thirds of the jurisdictions classify the offense as a criminal offense; and, of
the 37 jurisdictions that increase the penalty for repeat violations, 25 autho-
rize substantial fines of $1,000 or more. Currently, all 51 jurisdictions cover
cigarettes and smokeless and roll-your-own tobacco, while 31 jurisdictions
prohibit the distribution of ENDS. Appendix B provides full details on the
laws regarding commercial and noncommercial tobacco transfers to under-

age individuals for the 50 states and the District of Columbia.

2 MASS. GEN. LAWS ch. 111 § 31.
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Currently, the youth access laws of 44 states and the District of
Columbia penalize underage individuals for the purchase, use, or posses-
sion of tobacco. (Maryland, Massachusetts, Nevada, New Jersey, and New
York have no PUP prohibitions.) In the vast majority of states, the offense
is punishable as a civil infraction. Sanctions for violations of PUP laws
include confiscation of the tobacco product, notifying parents of the viola-
tion, community service, participation in a tobacco prevention education
program, and fines ranging from $5 to $300. In addition, in nine states
underage users caught in violation of PUP laws may be subject to having
their driver’s license suspended or revoked or to having limits placed on
their driving privileges (e.g., only from home to work or school and back).
Appendix C provides more details on PUP laws for tobacco in the 50 states

and the District of Columbia.

Finding 5-1: Although most states currently set the minimum age of
legal access to tobacco products at 18, 4 states set it at 19, and New
York City and several other localities around the country have raised

the minimum legal access age to 21.

Finding 5-2: All 51 jurisdictions prohibit commercial transfers, while
48 states and the District of Columbia also prohibit noncommercial
transfers (e.g., giving, exchanging, bartering, furnishing, or otherwise

distributing tobacco).

Finding 5-3: All 51 jurisdictions cover cigarettes, smokeless tobacco,
and roll-your-own tobacco, while 31 jurisdictions currently prohibit the

distribution of electronic nicotine delivery systems.

Finding 5-4: The great majority of jurisdictions (47) prohibit underage
individuals from purchasing, attempting to purchase, possessing, or
using covered tobacco products. Sanctions typically include a fine or

community service.

ENFORCEMENT OF YOUTH ACCESS LAWS

This section summarizes current enforcement policies and practices at
the federal, state, and local levels pertaining to youth access restrictions.
Because enforcement of these restrictions is largely focused on assuring
compliance by licensed tobacco retailers, the committee’s review and analy-
sis is also focused here. However, this section also summarizes what little is
known about the enforcement of MLA restrictions against Internet vendors
and black market sellers as well as the noncommercial distribution of to-

bacco by so-called social sources.
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Enforcing Restrictions Against Licensed Retailers

States and localities in the United States did not seriously enforce
youth access laws in the early 1990s, when these laws were first being
implemented (IOM, 1994). Evidence from the United States and abroad
further suggests that retailers are not likely to comply with MLA laws if
there is no meaningful enforcement (e.g., compliance checks and sanctions
for violations) (CDC, 1993; Cismoski and Sheridan, 1993; DiFranza, 1999,
2000; DiFranza and Coleman, 2001; Erickson et al., 1993; Kuendig, 2011;
Rigotti et al., 1997; Schensky et al., 1996; Verdonk-Kleinjan et al., 2008).

Federal Support for Retailer Enforcement

The federal government oversees two comprehensive programs to en-
force the MLA for tobacco products: the Synar program of the Substance
Abuse and Mental Health Services Administration (SAMHSA) and FDA’s
tobacco retail compliance inspection contracts, which are implemented by
states and localities.

The Synar program The 1992 Synar Amendment requires states to enact
and enforce laws prohibiting the sale or distribution of tobacco to persons
under age 18 or face the loss of 40 percent of federal Substance Abuse
Prevention and Treatment Block Grants. SAMHSA, charged with imple-
menting the amendment, issued regulations in 1996 to provide further
guidance to states. These regulations stipulate that, in addition to enacting
laws restricting underage access to tobacco, states must also enforce these
laws “in a manner that can reasonably be expected to reduce the extent to
which tobacco products are available to individuals under the age of 18”
(SAMHSA, 1996, p. 1492); must develop a strategy to reduce the rate of
illegal tobacco sales to underage persons to 20 percent or less by 2003;
and must conduct annual compliance checks of retailers selling tobacco
both over the counter and from vending machines to ensure compliance
with the law. Moreover, because Synar primarily aims to survey the rate of
illegal tobacco sales to underage persons, it requires states to demonstrate
that their compliance checks include a statistically representative sample of
tobacco retail outlets accessible to children and adolescents. These compli-
ance checks may (but are not required to) include a state-level enforcement
component. Thus, some programs may not have sanctions for violations
and may instead use other measures, such as education programs targeted
at retailers and mass media campaigns, to ensure high levels of compliance.
Despite the lack of a regulatory requirement, a study of Synar implementa-
tion (DiFranza and Dussault, 2005) found that the Department of Health
and Human Services pressured some states to adopt compliance checks as
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an instrument of enforcement instead of using those checks as a basis for
retailer education alone. Furthermore, although federal block grants are
conditioned on state enforcement of their youth access laws, states are
explicitly prohibited from using the block grant funds to finance Synar
compliance checks. The regulation also requires states to submit an annual
report to SAMHSA detailing activities they conducted to reduce illegal
sales of tobacco to underage persons (including methods used to conduct
compliance checks), progress achieved, and plans for enforcing the youth
tobacco access law in the next year. The Synar regulation applies to all 50
states, the District of Columbia, and 8 U.S. territories. It is not applicable

to American Indian tribes.

FDA tobacco retail inspection contracts FDA’s tobacco retail inspection
contracts provide funding to state partners to conduct compliance check
inspections specifically for enforcement purposes. As such, violations may
lead to escalating fines, from warning letters to civil monetary penalties to
suspension or revocation of retailers’ licenses to sell tobacco. Unlike Synar,
FDA only requires inspection of over-the-counter tobacco retailers because
the Tobacco Control Act restricts vending machines to adult-only facilities,
to which underage persons should not have access. Additionally, since the
program is not intended for comprehensive surveillance, FDA contracts
neither require a statistically valid survey of tobacco retailers nor set a
performance target. However, FDA requires inspections using older decoys
(ages 16-17) in neighborhoods considered to be at higher risk for viola-
tions, including neighborhoods with greater concentrations of populations
with low socioeconomic status or of racial/ethnic minorities; these com-
munities tend to have a greater density of tobacco retailers or have tradi-
tionally been targeted by the tobacco industry (CTP, 2014). Furthermore,
states and territories may use FDA inspection contract funds to support
Synar compliance checks so long as compliance check protocols and grant
recipients meet the requirements of both programs. Moreover, because FDA
contracts are narrowly restricted to enforcement activities, it is likely that
states and localities will need to continue to conduct other youth tobacco
access prevention activities, such as mass media campaigns and community
and retailer education programs, to meet the Synar performance target
(i.e., an 80 percent rate of compliance). FDA is authorized to contract with
all states, the District of Columbia, five U.S. territories (American Samoa,
Commonwealth of the Northern Mariana Islands, Guam, Puerto Rico, and
the U.S. Virgin Islands), and—unlike Synar—also with American Indian

tribes.
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State and Local Enforcement Strategies Against Licensed Retailers

Under the two federal programs, enforcement activities are required
to include compliance check inspections. However, because they are imple-
mented at the state and local levels, enforcement activities and penalties
for violations range considerably. A standard compliance check protocol
involves sending supervised underage individuals into tobacco retailers
to attempt to purchase tobacco. The underage decoys are typically non-
smokers who have no visible tattoos or piercings and are sent alone or in
pairs. The decoys range in age (from 13 to 17), gender, and race. Most
decoys ask to purchase cigarettes, but some are instructed to ask for smoke-
less or other tobacco products. Some carry and are instructed to present
their own genuine photographic identification, while others are instructed
not to present identification and to tell clerks that they have forgotten it.
Some decoys carry out purchases, while others refuse the sale once it is
verified that vendors were willing to sell to underage users. In some inspec-
tions, supervisors are stationed discreetly in the store to observe and record
details of the transaction. In others, supervisors wait outside for the decoys
to report a list of details about the store and their transactions immediately
following each purchase attempt. Each of these variations in compliance
check protocol may influence a state’s compliance rate.

In addition to the variation in the compliance check protocol, there is
significant variation in the frequency of inspections, whether and how often
violators are reinspected, how and when violators are prosecuted, which (if
any) agency has authority over enforcement, how much funding is available
for enforcement, and the penalties for violations. Thus, although there is
general agreement that youth tobacco access laws must be actively enforced
to reduce illegal tobacco sales to minors, there remains a profusion of en-
forcement strategies and little evidence about the relative effectiveness and
efficiency of these various activities. In an effort to identify best practices,
a study by DiFranza (2005) examined 26 enforcement strategies in the 10
states with the highest retailer compliance rates and the 10 states with the
lowest retailer compliance rates that had been reported to Synar. DiFranza
concluded that the strategies essential for achieving high compliance include
having a plan to enforce the state’s MLA law, designating a single state
agency to oversee and coordinate enforcement, conducting ongoing com-
pliance check inspections, allocating state funding for enforcement inspec-
tions, prosecuting violators, setting penalties for violations, and practicing
effective merchant education. He also identified a number of strategies that
were recommended, but not essential, and also listed strategies that were
not recommended because they waste resources or hinder enforcement.
There were also a number of other strategies that could not be rated due
to insufficient evidence. Indeed, despite the multitude of enforcement prac-
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tices, relatively few of these practices have been evaluated, and there is little
evidence about which specific enforcement practices successfully reduce the
availability of tobacco to underage individuals.

Trends in Illegal Tobacco Retail Sales to Minors

Both the Synar Amendment and FDA’s compliance testing program
have resulted in considerable strengthening of state and local enforcement
practices. Since the 1990s, all states have adopted youth access laws and
have seen significant improvements in retailer compliance. In 1997, im-
mediately following the implementation of Synar, the national average
rate of illegal tobacco sales to minors reported to Synar was greater than
40 percent, with a high of 72.7 percent in one state (SAMHSA, 2014). By
2006 all states and the District of Columbia achieved compliance with the
Synar requirements, including achieving the target sales rate of 20 percent
or less (within the 3 percent margin of error), and they have continued to
be in compliance since then (SAMHSA, 2014). In 2013 the national aver-
age rate of tobacco sales to minors for all states and the District of Colum-
bia was 9.6 percent, and it ranged from the highest reported rate of 22.5
percent in Oregon to 1.0 percent in Minnesota and Nevada (SAMHSA,
2014). Since establishing its tobacco retail inspection contracts in 2010,
FDA has granted more than $100 million in contracts in all 50 states, the
District of Columbia, and five American territories (FDA, 2014b), which
has resulted in more than 249,000 inspections of tobacco retailers, 12,600
warning letters, and 1,160 civil money penalties (Lindblom, 2014). Since
FDA’s program does not measure program performance, the degree to
which these contracts have increased retailer compliance with MLA laws is
unknown. Finally, although most data on illegal tobacco sales to underage
individuals come from cigarette sales, some evidence suggests that rates of
illegal sales of other tobacco products (e.g., smokeless tobacco, snus, and
snuff) to underage adolescents are comparable to, if not higher than, those
for cigarettes (Choi et al., 2014; Clark et al., 2000; Hanson et al., 2000).

Finding 5-5: Although the intensity of retailer enforcement continues
to vary widely among the states, federal support has strengthened state
and local enforcement practices across the country.

Finding 5-6: According to data collected by the federally supported
compliance testing program, the average rate of tobacco sales to mi-
nors (i.e., noncompliance in all of the states) in 2013 was 9.6 percent
nationally and ranged from 1 percent to more than 20 percent in the
individual states.
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Penalties for Violations

Youth access laws vary widely in the range of sanctions prescribed
for tobacco retailers who sell tobacco to underage individuals. Violations
can be designated as either civil or criminal offenses. Minimum penalties
for first offenses range from a warning letter to fines up to $1,000, while
maximum penalties for subsequent offenses range from license revocation
to fines up to $15,000. As noted above, criminal penalties are prescribed for
violations in about two-thirds of the jurisdictions. However, the committee
has been unable to identify systematic information about the nature and

severity of the sanctions actually imposed in practice.

Enforcing Restrictions Against Internet Sellers

Although the evidence suggests that very few underage persons ob-
tain tobacco from the Internet (Johnston et al., 2014b), Internet tobacco
vendors are a new and growing potential source of tobacco for under-
age individuals, especially among the youngest smokers (Johnston et al.,
2014Db). Accordingly, there have been some efforts to curtail Internet sales
to minors. A survey of Internet cigarette vendors (Ribisl et al., 2002) found
that, while the majority of vendors had minimum age warnings on some
part of their website, age verification procedures were generally weak, the
most common being to ask users to check a box affirming that they were of
legal age or to type their birth date. In 2002, California passed legislation
requiring Internet cigarette vendors to verify the age of purchasers upon
both purchase transaction and delivery (Williams et al., 2006). Unfortu-
nately, an evaluation of this law found zero compliance (Williams et al.,
2006). Although it was targeted at reducing illicit sales of untaxed ciga-
rettes and only incidentally affected underage access, in 2005 the Bureau
of Alcohol, Tobacco, Firearms and Explosives, in conjunction with several
state attorneys general, entered into a voluntary agreement with major
credit card and private shipping companies to ban payment transfers and
the delivery of cigarettes purchased on the Internet. As with the California
legislation, this effort was unsuccessful, and a study of Internet cigarette
vendors and sales following these agreements found that despite increases
in the proportion of vendors complying with these agreements, the overall
number of Internet cigarette vendors increased, leading to a net increase in
Internet cigarette sales (Ribisl et al., 2011). FDA’s authority under the Fam-
ily Smoking Prevention and Tobacco Control Act extends to online tobacco
retailers, but as of September 2014 FDA’s Center for Tobacco Products has
issued only four warning letters to Internet vendors found selling to under-
age customers, and it is unclear to what extent the center will pursue these

violations (FDA, 2014c).
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Finding 5-7: Limited evidence suggests that youth access restrictions
against Internet sellers are weakly enforced, and that tobacco products
are relatively easily available to underage individuals.

Enforcing Restrictions Against Non-Licensed
Sellers and Social Distributors

An expected effect of restricting the retail sale of tobacco to minors is
that underage persons will seek tobacco from alternative sources. These
would include both alternative commercial sources (e.g., non-licensed deal-
ers in illegal markets) and so-called social sources, such as proxy sales (i.e.,
tobacco purchases on behalf of an underage person) and gifts from peers,
relatives, and strangers (Fichtenberg and Glantz, 2002; Glantz, 1996; Ling
et al., 2002). Indeed, there is some evidence that when access from retail
sources is restricted, there is a corresponding increase in recourse to the
use of non-retail sources (Cummings et al., 2003; DiFranza and Coleman,
2001; Rigotti et al., 1997; Rimpela and Rainio, 2004). It is to curb these
transactions that almost all state youth access laws prohibit non-retail
sources of tobacco to underage individuals. These laws restrict other com-
mercial sales, such as illegal suppliers (i.e., street vendors and those selling
untaxed cigarettes), as well as noncommercial distribution. Unfortunately,
there is little information on the enforcement of laws against sales and dis-
tribution by these other sources, much less the effects of such enforcement.

Black Market Sellers

Aside from the occasional study on the purchase of single cigarettes,
or “loosies,” from street vendors (e.g., Smith et al., 2007), there is little
information available on the frequency of youth purchases on the illegal
market (i.e., from commercial sellers other than retail stores) or on enforce-
ment activities aiming to curtail sales to underage individuals. At the same
time, there is little evidence that underage individuals are obtaining tobacco
from the illegal commercial market. A recent report (NRC, 2015) estimates
that underage individuals constitute at most 1 percent of the illicit market.

Finding 5-8: Although there is an illicit market for tobacco products di-
verted from legal channels, there is little evidence that underage persons
are obtaining tobacco from the illegal commercial market.

Social Sources

Despite the facts that underage persons obtain most of their tobacco
products from “social sources” (see next section) and that most state laws
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prohibit noncommercial distribution, there is no evidence indicating that
youth access restrictions against noncommercial distributors are enforced.
As is discussed in Chapter 6, similar prohibitions against the noncommer-
cial distribution of alcohol are sometimes enforced—for example, against
parents who facilitate underage drinking and against adults who agree to
purchase alcohol for underage persons who recruit them to do so outside
liquor stores (the so-called shoulder taps) (IOM and NRC, 2004). However,
equivalent restrictions against tobacco transfers appear to be unenforced.

Finding 5-9: There is no evidence indicating that bans on noncommer-
cial distribution of tobacco by friends, proxy purchasers, and other
“social sources” are enforced.

Summary

Although the intensity of retailer enforcement continues to vary widely
among the states, federal support has strengthened state and local enforce-
ment practices across the country. According to data collected by the
federally supported compliance testing program, the national average rate
of tobacco sales to minors (i.e., noncompliance) was 9.6 percent in 2013
and ranged from 1 percent to 20 percent in the individual states. Limited
evidence suggests that youth access restrictions against Internet sellers are
weakly enforced and that tobacco products are relatively easily available
to underage individuals who have credit cards. Although there is an illicit
market for tobacco products diverted from legal channels, there is little evi-
dence that underage individuals are obtaining tobacco from the illegal com-
mercial market. Although almost all states ban noncommercial distribution
to minors, there is no indication in the literature that these restrictions are
being enforced, and the committee strongly suspects that these restrictions
are essentially unenforced throughout the country. As discussed in Chapter
9, the committee does not expect that situation to change, whether or not
the legal purchase age is raised.

SOURCES OF CIGARETTES FOR UNDERAGE INDIVIDUALS

Having described the scope and enforcement of underage access restric-
tions, this section reviews survey data indicating where underage persons
obtain tobacco, whether use of these sources varies by age of the user,
whether these sources have changed over time, and whether inferences can
be drawn from these data regarding the effects of enforcing MLA restric-
tions on the availability of tobacco to underage users. As discussed above,
underage users obtain tobacco from both commercial and social sources.
Table 5-1 lists the primary sources considered in this report from which
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TABLE 5-1 Sources of Tobacco for Underage Persons

Source

Definition

Common Indicators

Licensed tobacco retailers

Face-to-face

Self-service

Vending machine

Internet vendors

Social sources

Casual distributors

Proxy sources

Illicit tobacco dealers/Black
market sellers

Licensed commercial
dealers on legal markets

Stores (e.g., gas station,
convenience store,
supermarket) with tobacco
located behind the counter

Stores where one can pick
up a pack or carton and
bring it to a checkout
counter

Stores and other facilities
(e.g., sports arenas, music
venues) with tobacco
located in vending
machines

Online vendors who mail
tobacco to an individual’s
home (or other physical
location)

Non-licensed non-
commercial distributors

Relatives, friends, and
strangers who give tobacco
to underage users

Relatives, friends, and
strangers who purchase
tobacco for underage users
and are paid a small fee
(e.g., a few dollars or a
portion of tobacco); gray
market

Non-licensed dealers on
illegal markets (e.g., sellers
of untaxed cigarettes, $5
man, single or “loosie”
cigarettes); black market

I bought a pack of cigarettes
myself ...

... in a store where the clerk
has to hand you the pack or
carton.

... in a store where you pick
up the pack and bring it to the
checkout counter.

... from vending machines.

I bought a pack (or carton) of
cigarettes myself: ... from a
website; ... over the Internet.

I asked someone to give me a
cigarette; Someone offered me
a cigarette

I had someone else buy a pack
of cigarettes for me; I bought
cigarettes from another person
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adolescents obtain tobacco. Although new patterns of tobacco use suggest
that adolescents and young adults are increasingly using new and other
types of tobacco products (Arrazola et al., 2013; Eaton et al., 2012), most
empirical data about underage acquisition behaviors are largely restricted
to cigarettes. Two national surveys of adolescent tobacco use provide some
detailed information on how and where adolescents obtain their cigarettes:
the National Youth Tobacco Survey (NYTS) and the Monitoring the Future
(MTF) survey.

Table 5-2 provides the responses by current smokers in the 2012 NYTS
survey, broken down by age group and gender, to the question: “During the
past 30 days, how did you get your own cigarettes?”

Among all high school students, the most commonly reported answers
to the question of where they got their tobacco were: Someone offered me
a cigarette (40.2 percent); I asked someone to give me a cigarette (32.0
percent); I had someone else buy a pack of cigarettes for me (30.6 percent);
and I bought a pack of cigarettes myself (27.9 percent). Less common re-
sponses were: I bought cigarettes from another person (8.3 percent); and I
took cigarettes from a store or another person (9.9 percent). Sixteen percent
said they got cigarettes some other way.

Responses varied considerably by age. The youngest age group (9 to
14 years old) was the most varied in the types of methods used to obtain
cigarettes and included 40.1 percent who answered “some other way.” The
oldest age group (18 and older), who can legally purchase cigarettes, cited
fewer methods, with 71.1 percent saying they bought their own cigarettes.
Responses did not vary greatly by gender.

Table 5-3 summarizes the responses by current smokers in NYTS, by
age group and gender, to the question, “During the past 30 days, where did
you buy your own cigarettes?” Among the students who said that they had
purchased their own cigarettes, the most commonly cited specific source
was “a gas station or convenience store” (45.8 percent of high school stu-
dents). This was true even among the youngest age group (9 to 14 years
old), although relatively few of these students (10.8 percent, as indicated
in Table 5-2) actually purchased their own cigarettes. Responses did not
vary greatly by gender.

MTF surveys ask two questions about the sources of cigarettes for cur-
rent smokers: (1) “During the last 30 days, about how many times (if any)
have you bought cigarettes?” with a list of possible methods for purchas-
ing offered as potential answers, and (2) “During the last 30 days, about
how many times (if any) did you buy cigarettes for your own use?” with a
list of possible places for purchasing offered as potential answers. Tables
5-4a and 5-4b provide the responses by grade and by year group. Among
12th graders, the responses are provided separately for those under age
18, who cannot legally purchase cigarettes, versus those 18 and older who
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can. “Having a friend or relative buy them for you” was the most often
cited method of access for 12th-grade smokers under the age of 18. For
12th graders who were 18 or older, the most cited method was to purchase
cigarettes for themselves. Twelfth graders under the age of 18 were less
likely than those 18 or older to say they purchased their own cigarettes, but
a considerable proportion did say they purchased their own cigarettes. For
example, in 2010-2013, 47.4 percent purchased cigarettes in a store where
the clerk had to hand them the pack or carton. With respect to the places
where students purchased their own cigarettes, convenience stores and gas
stations were clearly the most common, particularly for those 18 and older.

In both NYTS and MTF, a considerable portion of younger adolescents
reported obtaining cigarettes in “some other way.” These responses likely
include adolescents who are given cigarettes by family members but who
are reluctant to disclose this and thereby inculpate their relatives (CDC,
2014; Johnston et al., 2014b). Among adolescents who reported buying
cigarettes and were asked where (e.g., Table 5-3), the high rates of obtain-
ing cigarettes “from some other place not mentioned here” likely refers to
superstores (e.g., Kmart, Target, Walmart), which have proliferated recently
and do not fall into the other survey response categories (CDC, 2014).

With respect to trends, Tables 5-4a and 5-4b show that self-service
(i.e., purchasing cigarettes in a store where one can pick up a pack or
carton and bring it to a checkout counter) has declined considerably since
1997-2001 among all three grade levels. Purchases from vending machines
are also down, by about half in all groups. Purchasing cigarettes at a big
supermarket or at a small grocery store has declined considerably over time.
Purchases from a website have not changed noticeably and remain at very
low levels.

In addition to trends observed in survey data, limited empirical evi-
dence suggests that the relative reliance on different types of sources has
also changed over time. An analysis of access to cigarettes in the Minnesota
Adolescent Community Cohort (Widome et al., 2007) found that between
2000 and 2003 the likelihood of having obtained cigarettes from a com-
mercial source in the past month declined, while the likelihood of having
obtained cigarettes from a social source in the past month increased. A
New Zealand study (Gendall et al., 2014) of adolescents’ main source of
tobacco supply between 2006 and 2011, which further differentiated by
type of social source (friend, caregiver, or other), found a significant decline
in the percentage of adolescents ages 14 to 15 reporting friends as a main
source of cigarettes, significant increases in the percent reporting caregivers
and others as a main source, and no significant change in the percentage
who reported purchasing from a shop. This shift in sources likely reflects
the success of youth access restrictions at decreasing adolescents’ access to

Copyright © National Academy of Sciences. All rights reserved.



Public Health Implications of Raising the Minimum Age of Legal Access to Tobacco Products

148 MINIMUM AGE OF LEGAL ACCESS TO TOBACCO PRODUCTS

tobacco from commercial retailers. The mechanism by which this may be

occurring is elaborated on in Chapter 6.

Unlike the case with cigarettes, adolescents were most likely to pur-
chase other tobacco products for themselves, followed by someone else
offering tobacco to adolescents. Table 5-5 shows the responses to the ques-
tion in the 2012 NYTS: “During the past 30 days, how did you get your
own cigars, cigarillos, or little cigars?” Among high school students who
reported smoking cigars, cigarillos, or little cigars in the past 30 days, the
most commonly reported answers were: I bought them myself (31.4 per-
cent); someone offered it to me (26.6 percent); I had someone else buy them
for me (25.5 percent); and I asked someone to give me one (14.4 percent).
Very few younger students reported smoking cigars, cigarillos, or little ci-

gars in the past 30 days, so data are not reported by age.

Table 5-6 summarizes the responses by current smokers in the 2012
NYTS, by gender, to the question, “During the past 30 days, where did
you buy your own cigars, cigarillos, or little cigars?” As was the case with
cigarettes, by far the most commonly cited specific source among all the
current smokers was a gas station or convenience store (44.0 percent). No
other specific source was cited by more than 6 percent of respondents. Re-

sponses did not vary much by gender.

TABLE 5-5 Methods for Obtaining Cigars, Cigarillos, or Little Cigars

Among High School Students, by Gender, NYTS, 2012

Percent of Smokers

Total Female Male

26. During the past 30 days, how did you

get your own cigars, cigarillos, or little

cigars?
(CHOOSE ALL THAT APPLY)
a. I did not get cigars, cigarillos, or little — — —

cigars during the past 30 days

b. Ibought them myself 31.4 25.1 34.7
c. I'had someone else buy them for me 25.5 25.6 25.4
d. T asked someone to give me one 14.4 20.2 11.4
e. Someone offered it to me 26.6 33.9 22.7
f. I bought them from another person 4.9 5.8 4.5
g. Itook them from a store or another person 4.8 3.5 5.5
h. I got them some other way 8.6 7.5 9.2

SOURCE: Committee analysis of CDC, 2014.
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TABLE 5-6 Sources of Purchased Cigars, Cigarillos, or Little Cigars
Among High School Students, by Gender, NYTS, 2012

Percent of Smokers

Total Female Male

27. During the past 30 days, where did you

buy your own cigars, cigarillos, or little

cigars?
(CHOOSE ALL THAT APPLY)
a. I did not buy cigars, cigarillos, or little — — —

cigars during the past 30 days

b. A gas station or convenience store 44.0 39.5 46.3
c. A grocery store 5.1 4.8 5.3
d. A drugstore 5.6 51 5.9
e. A vending machine 1.9 1.2 2.3
f.  Over the Internet 2.1 1.7 2.3
g. Through the mail 1.1 1.5 0.9
h. Some other place not listed here 17.3 18.3 16.7

SOURCE: Committee analysis of CDC, 2014.

Table 5-7 shows the responses to the question in the 2012 NYTS:
“During the past 30 days, how did you get your own chewing tobacco,
snuff, or dip?” Among high school students who reported using chewing
tobacco, snuff, or dip in the past 30 days, the most commonly reported
answers were: | bought it myself (32.0 percent); someone offered it to
me (27.7 percent); I had someone else buy it for me (26.4 percent); and I
asked someone to give me some (23.9 percent). Very few younger students
reported using chewing tobacco, snuff, or dip in the past 30 days, so the
data are not reported by age.

Table 5-8 summarizes the responses by current users of chewing to-
bacco, snuff, or dip in the 2012 NYTS, by gender, to the question, “During
the past 30 days, where did you buy your own chewing tobacco, snuff, or
dip?” Among all the current users, and similar to the case for both cigarette
and cigar purchases, by far the most commonly cited specific source was a
gas station or convenience store (43.4 percent).
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TABLE 5-7 Methods for Obtaining Chewing Tobacco, Snuff, or Dip

Among High School Students, by Gender, NYTS, 2012

Percent of Users

Total Female Male
32. During the past 30 days, how did you get
your own chewing tobacco, snuff, or dip?
(CHOOSE ALL THAT APPLY)
a. Idid not get chewing tobacco, snuff, or ~ — — —
dip during the past 30 days
b. Ibought it myself 32.0 23.9 33.5
c. I'had someone else buy it for me 26.4 20.9 27.4
d. T asked someone to give me some 23.9 28.0 23.2
e. Someone offered it to me 27.7 30.4 27.2
f. I bought it from another person 8.6 12.2 7.9
g. Itook it from a store or another person 7.0 12.5 6.0
h. I got it some other way 11.7 16.5 10.8

SOURCE: Committee analysis of CDC, 2014.

TABLE 5-8 Sources of Purchased Chewing Tobacco, Snuff, or Dip
Among High School Students, by Gender, NYTS, 2012

Percent of Users

Total Female Male

33. During the past 30 days, where did you buy
your own chewing tobacco, snuff, or dip?
(CHOOSE ALL THAT APPLY)
a. Idid not buy chewing tobacco, snuff, or dip — — —
during the past 30 days

b. A gas station or convenience store 43.4 31.2 45.6
c. A grocery store 7.9 9.9 7.5
d. A drugstore 7.3 14.5 6.0
e. A vending machine 5.5 11.2 4.4
f.  Over the Internet 3.4 7.4 2.7
g. Through the mail 3.2 5.1 2.8
h. Some other place not listed here 20.1 33.0 17.6

SOURCE: Committee analysis of CDC, 2014.
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Finding 5-10: The proportion of underage youth reporting that they
obtained cigarettes from vending machines and from self-service dis-
plays has declined substantially since these practices were outlawed.

Finding 5-11: The proportion of underage youth reporting that they
obtained cigarettes in a face-to-face retail transaction has declined sig-
nificantly since 1997, while the proportion of underage users relying
primarily on social sources has increased since 1997, probably reflect-
ing increased retailer compliance with age verification requirements and
sales prohibitions.

Finding 5-12: Although twelfth graders and 16- to 17-year-olds find it
easier than younger teenagers to obtain cigarettes from a commercial
retailer, the proportion who are able to do so has steadily declined in
all age groups since 1997.
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Evidence on the Effects of
Youth Access Restrictions

Itimately, the salient policy question concerning the minimum

age of legal access to tobacco products (MLA) is whether and to

what extent raising the MLA would reduce underage tobacco use.
Although several U.S. localities have raised the MLA to 19 and 21 years,
most of these actions have been done only very recently, and to date none
has been systematically evaluated.! Furthermore, there have been only a
handful of natural experiments in which the MLA for tobacco has been
raised to 16 or 18, and they have taken place in other countries. Indeed,
most of the relevant literature pertains not to raising the MLA but rather to
enforcing an existing MLA more stringently. Therefore, conclusions about
raising the MLA to ages higher than 18 must be extrapolated from review
of other evidence on MLA laws and their enforcement as well as from

analogous policy interventions.

To address the question whether and to what extent raising the MLA
would reduce underage tobacco use, this chapter first reviews the limited
international studies investigating the effect of raising the MLA for tobacco
and then reviews evidence relating to the effects of raising the minimum
legal drinking age for alcohol as an analogous policy intervention in a par-
allel domain. The remainder of the chapter reviews the body of literature

1 Although Needham, Massachusetts, the first jurisdiction in the United States to raise the
MLA to 21, has been cited as having seen significant declines in tobacco use and tobacco-
related disease, there are no published data on these outcomes. In addition, the little available
data that exist (EDC, 2010a,b; NPHD, 2008, 2012) have no baseline measurements and are
confounded by the presence of other tobacco control measures that occurred in the town and

throughout the state of Massachusetts at the same time the MLA was increased.
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investigating the effects of enforcing current youth access restrictions in
the United States. Although these studies are beset by many challenges and
limitations, they enabled the committee to reach some general conclusions
about the nature and direction of the effects of enacting and enforcing a
tobacco MLA, even though they do not provide a basis for estimating the
precise magnitude of such effects. As an aid to interpreting this body of
research, the committee developed a logic model identifying the behavioral
mechanisms through which an MLA policy and its enforcement against
commercial retailers would be expected to affect underage tobacco use. The
committee believes that this body of scientific literature provides a reason-
able predicate for policy making in the absence of direct evidence regarding
the effectiveness of raising the MLA. It is used in Chapter 7 to inform the
committee’s judgment about the probable effects of raising the MLA on

the initiation of tobacco use by underage youth.

THE IMPACT OF ENACTING OR RAISING THE MINIMUM

LEGAL AGE TO PURCHASE TOBACCO PRODUCTS

Only a small number of studies have examined the effects of enacting
or raising an MLA on underage tobacco use. All of these studies have come
from international experience: one from Finland (Rimpela and Rainio,
2004) and two from the United Kingdom (Fidler and West, 2010; Millett
et al., 2011).2 All of the studies that investigated the effect of the policy on

tobacco use reported decreases in underage smoking prevalence.

Rimpela and Rainio (2004) examined the effect in Finland of enact-
ing an MLA of 16 in 1977 and increasing it to 18 in 1995. Adolescent
tobacco outcomes were assessed using a biennial, nationally representative
postal survey of adolescents (ages 12, 14, 16, and 18) for 1977-2003 as
well as an annual postal survey of eighth and ninth graders (ages 14-16)
for 1996-2003. Following implementation of the original MLA legisla-
tion in 1977, there was a significant—but small and short-term—decrease
both in tobacco purchases from commercial sources and in tobacco use.
After the MLA increased to 18 in 1995, there was no immediate effect
on tobacco use. However, after a 2000 revision of the MLA policy re-
quiring tobacco retailers to develop and implement an enforcement plan
to prevent sales to underage persons, experimental smoking and later daily
smoking decreased significantly among adolescents ages 14 and 16 (i.e.,

2 Another small qualitative study (Borland and Amos, 2009) examined attitudes about
raising the MLA from 16 to 18 in Scotland among 16- to 17-year-old regular smokers who
had dropped out of high school and were attending a work skills program. However, given
the small sample size and sample characteristics, these findings are likely not generalizable to
larger or different populations. This study also provides no findings on the effect of raising the

MLA on either reducing sales to adolescents or reducing underage tobacco use.
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those targeted by the policy). Only experimental smoking decreased among
12-year-old adolescents, but the sample was too small for the daily smok-
ing category. There was no change in either experimental or daily smoking
observed among those ages 18 and older (i.e., those not targeted by the
policy). In addition, Rimpela and Rainio (2004) found that purchases
from commercial sources decreased, while obtaining tobacco from social
sources (i.e., purchasing or being given tobacco from relatives, friends, or
strangers) increased. Consistent with that finding, the frequency with which
18-year-olds, of legal age, also reported purchasing tobacco for friends was
greater in 1999 than it had been in the 1970s. There were also changes in
perceived access to tobacco: The proportion of adolescents reporting that
it was rather difficult or very difficult to purchase tobacco was higher after
the MLA increase, but the proportion of students reporting that it was very
easy or fairly easy to purchase tobacco from commercial sources never-
theless remained high (72 percent in 2002-2003). In sum, these findings
suggest that, among adolescents, raising the MLA decreased the amount of
tobacco available from commercial sources, increased difficulty of obtain-
ing tobacco, and reduced tobacco use despite adolescents having continued
access to social sources.

Fidler and West (2010) assessed the effects on smoking prevalence of
an increase in MLA from 16 to 18 in 2007 in England and Wales. Smoking
outcomes were assessed using data from monthly cross-sectional household
surveys of a representative sample of adults ages 16 and older. Following
the 2007 increase in the MLA, smoking prevalence decreased significantly
among all ages. This decline occurred against the background of a larger
societal trend of an overall decrease in smoking prevalence, but the great-
est percentage decrease during this period was seen among those of ages
16-17 (a 7.1 percent decrease) compared to those 18 and older (2.4 percent
decrease), suggesting that raising the MLA did indeed decrease smoking
prevalence beyond secular trends. Moreover, smoking prevalence was sig-
nificantly higher among those 18 and over, and this difference in prevalence
by age was significantly greater after the MLA increase than it had been
before, suggesting that the MLA increase was successful in at least delaying
initiation.

Millett and colleagues (2011) examined the effects of the same 2007
legislation that Fidler and West studied, but they looked at it in England,
Scotland, and Wales, among younger ages (11-15) and by socioeconomic
status (SES). Smoking outcomes were assessed using data from a national
school-based survey of students in grades 7 to 11 from 2003 to 2008,
excluding 2007, the year of the MLA increase. The effect of the policy on
socioeconomic smoking disparities was assessed by comparing students
who were eligible for free school meals (a proxy measure for low SES be-
cause eligibility for free school meals is assessed using parental employment
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and income) with those not eligible. The study found that the MLA increase
was associated with a significant reduction in regular smoking among all
adolescents, with no differences found between those eligible and ineligible
for free school meals. The study also assessed the effects of raising the MLA
on perceived access to tobacco from retailers. After the MLA increase, the
proportion of students who smoked regularly and perceived that purchasing
cigarettes from a shop was difficult did not increase among those eligible for
free school meals, but it did increase significantly among those not eligible.
At the same time, the percentage of students reporting that purchasing ciga-
rettes from a shop was easy did not change from before the MLA increase
to afterwards. These findings suggest that increasing the MLA decreased
tobacco use overall and that the decrease was neutral with respect to SES.

LESSONS FROM ALCOHOL

Given the paucity of directly relevant data from prior experience with
raising the minimum age for tobacco, the committee recognized the op-
portunity to look at similar domains, most obviously alcohol, to see what
lessons might be learned. The United States had direct experience with
raising the minimum legal drinking age (MLDA) for alcohol from roughly
18 (with some variation across states) to a national standard of 21 years
of age, and that experience came recently enough that the country has not
changed dramatically in the interim but long enough ago for there to be
an extensive literature evaluating its consequences. Furthermore, different
states implemented the change at different times, resulting in a stronger
basis for causal inference than if all had acted simultaneously.

Tobacco is, of course, different from alcohol in myriad ways. Tobacco
products are psychoactive, but they are not intoxicants. Alcohol has been
embedded within human culture for millennia, whereas modern, mass-
produced tobacco products (namely, cigarettes) are, comparatively speak-
ing, a relatively recent phenomenon. And, of course, the mechanism of
consumption, the neural pathways triggered, the patterns of use and ces-
sation, and various other specific details differ in a variety of ways. So
one could hardly observe a point estimate of the reduction in alcohol use
following the raising of the MLDA for alcohol and imagine that same num-
ber would necessarily be a best estimate for the corresponding reduction
one might expect from increasing the MLA for tobacco products.

Nevertheless, there are obvious similarities between the two products,
their legal status, and their industries’ practices. Both are dependence-
inducing substances that are legal for adults but subject to legal and social
constraints on underage use. Both are relatively inexpensive and widely
used by both adults and underage users. Both cause very large numbers of
premature deaths. Both are marketed aggressively by industries that have,
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at least in some product classes, a high degree of market concentration.
(Beer and cigarettes have higher degrees of market concentration than do
wine or cigars.’) And, as is being considered with tobacco, the MLDA for
alcohol was increased to 21—mnot to other ages and, particularly, not to

higher ages.

In brief, the experience with raising the MLDA for alcohol is highly
suggestive with respect to the prospects that raising the MLA for tobacco
will appreciably reduce smoking rates. Kypri et al. (2006, p. 126) go so far
as to say, “No traffic safety policy, with the possible exception of motor-
cycle safety helmet laws, has more evidence for its effectiveness than do the

minimum legal drinking age laws.”

Of course, underage drinking still occurs, and it seems clear that if
the MLA for tobacco is increased, there will still be some tobacco use by
those under the legal age. Indeed, it would be unreasonable to expect that
raising the MLA could completely eliminate all underage use. However,
if the question is simply whether raising the MLA will noticeably reduce
the use and use-related harms of tobacco among youth, then the academic
literature evaluating the alcohol experience indicates that there will indeed
be substantial benefits (e.g., Dejong and Blanchette, 2014; McCartt et al.,

2010; Wagenaar and Toomey, 2002).

It is worth briefly mentioning the historical context. Following the re-
peal of national alcohol prohibition in 1933, MLDAs were set by the states,
typically at 21. In the early 1970s, 29 states lowered their MLDAs to 18,
19, or 20. In response to increasing highway traffic fatalities, some states
reversed course, and then in 1984 Congress passed the National Minimum
Drinking Age Act (NMDAA). The NMDAA does not prescribe an MLDA
of 21. Rather it encourages states to raise their MLDA to 21 by withhold-
ing a percentage of federal highway dollars if they fail to do so. By 1988

all states and the District of Columbia had an MLDA of 21.

By some measures, alcohol MLDAs are enforced fairly aggressively.
For example, it is common for mere possession of alcohol to be an offense
(known as a “minor in possession”). The severity of sanction for such of-
fenses varies by state but can include fines and the loss of one’s driver’s
license. Likewise, social host ordinances can lead to severe penalties for
other individuals (not just businesses) who provide alcohol to underage
drinkers. On the other hand, in many states parents are allowed to pro-
vide alcohol to their children. So comparisons between the intensity of the
enforcement of alcohol MLDASs and the intensity of enforcement of either

3 The Centers for Disease Control and Prevention reports that the market share of the
dominant cigar firms is mostly below 20 percent even for specific types of cigars, and different
firms dominate those different segments, whereas three companies control nearly 85 percent

of the cigarette market (CDC, 2014a).
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current or potential future tobacco MLAs are not straightforward, but on
the whole, the severity of sanctions for the alcohol equivalent of purchase—
use—possession (PUP) laws for tobacco may be greater than what might be
contemplated under at least some scenarios involving raising the MLA for
tobacco products.

The literature evaluating the effects of changing the MLDA for alcohol
is large. DeJong and Blanchette (2014), McCartt et al. (2010), and Wagenaar
and Toomey (2002) offer useful reviews. The trends that are observed in
aggregate descriptive statistics are consistent with the idea that raising the
MLDA has an effect on alcohol use. Specifically, the rates of drinking and
binge drinking among those under 21 have been in sustained long-term
decline since the MLA was raised, the death rates of 18- to 20-year-olds in
nighttime driving accidents have fallen, and the rates of problem alcohol
use are lower in the United States than they are in Europe, where drinking
ages are lower. However, such correlations could be coincidental. The more
persuasive comparisons involve looking at neighboring birth cohorts who
reached an MLDA just before versus after the MLDA changed and looking
at patterns of use by people who are just a little younger versus just a little
older than a given MLDA (Carpenter and Dobkin, 2011). For example,
the rates of binge drinking are appreciably higher for 21-year-olds than for
20-year-olds (SAMHSA, 2009).

A number of these studies have found that raising the MLDA for al-
cohol reduced consumption and consumption-related harms, with the esti-
mate of nearly 1,000 premature deaths prevented per year being a typical
number. Other studies have found no statistically significant effect (perhaps
from a lack of statistical power), and a few outliers have found that con-
sumption increased. For example, Wagenaar and Toomey (2002) reported
that of 33 high-quality empirical analyses for which consumption was the
outcome measure, 11 found that raising the MLDA decreased consump-
tion, and only one found the opposite. The proportion of studies finding a
favorable effect on traffic crashes was even greater (DeJong and Blanchette,
2014). An illustrative study, conducted by Shults et al. (2001), found that
raising the MLDA reduced fatal and nonfatal crashes by 16 percent. Other
studies identified less obvious outcomes. For example, Birckmayer and
Hemenway (1999) estimated that raising the MLDA reduces teen suicide
and, conversely, that lowering it from 21 back to 18 could lead to approxi-
mately 125 additional suicides per year among 18- to 20-year-olds.

DeJong and Blanchette’s (2014) review includes international compari-
sons. Notably, New Zealand reduced its MLDA from 20 to 18 in 1999,
and Huckle and Parker (2014) and Kypri et al. (2006) reported that this
led to significantly more alcohol-related crashes among 15- to 19-year-olds.
Conover and Scrimgeour (2013) found similar effects on alcohol-related
hospitalizations among those newly eligible to purchase alcohol. Interna-
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tional studies on the direct effect of MLDA on alcohol consumption come
to comparable conclusions. The 2004 report by the National Academies
on underage drinking (IOM and NRC, 2004) found that lower drinking
ages in European countries were associated with higher rates of drinking,
problem drinking, and drinking by underage individuals, despite common
conceptions that underage users drink less in Europe.

The experience with alcohol also suggests that raising the MLDA
may even affect patterns of consumption for people who are over the new
MLDA (Norberg et al., 2009). For example, Plunk et al. (2013) argue that
the ability to purchase alcohol before age 21 increases rates of binge drink-
ing later in life, although the overall drinking frequency is not changed
because the increase in binge drinking is accompanied by a reduction in
non-heavy drinking. O’Malley and Wagenaar (1991), as reported in DeJong
and Blanchette (2014), found that high school seniors and recent high
school graduates drank less when the MLDA was 21 and that they also
drank less throughout their early 20s, after they had reached the legal age.

Summary

Although alcohol and tobacco have considerable differences, they are
similar products in many respects. As such, U.S. and international experi-
ence with enacting and raising the minimum legal drinking age may provide
insights into the potential effects of raising the minimum age of legal access
to tobacco products. In particular, experience with alcohol suggests that
raising the MLDA has reduced consumption behaviors among adolescents
and adults as well as reducing alcohol-related adverse events.

Finding 6-1: Evidence from U.S. experience with alcohol has shown
that raising the minimum legal drinking age for alcohol, coupled with
rigorous enforcement and penalties for violations, has been associated
with lowered rates of alcohol consumption among adolescents and
adults as well as with reduced rates of alcohol-related adverse events
(e.g., traffic crashes and hospitalizations).

A LOGIC MODEL FOR PREDICTING THE EFFECTS OF AN MLA

In light of the dearth of literature on the question of interest—whether
raising the MLA for tobacco would reduce underage use—and acknowledg-
ing the indirect analogy of the U.S. experience with alcohol, the committee
next focused on the scientific literature bearing on the effects of enforcing
the existing MLA and other retailer interventions on underage access to
and use of tobacco. In order to organize and interpret this literature, the
committee developed a logic model to examine whether and to what extent
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laws restricting the commercial retail availability of tobacco products to
underage persons, and MLA laws in particular, have the potential to reduce
underage tobacco use. This logic model (see Figure 6-1), which draws on
bodies of research on legal deterrence and behavioral economics, details
the behavioral mechanisms by which an MLA policy is expected to reduce
underage tobacco use. According to the most simplified form of the model,
an MLA policy is expected to affect the behavior of potential users and
distributors by declaring social norms and by deterring illegal behavior.
Deterrence depends on an expectation among sellers that the law will be
enforced. Enforcement is expected to increase retailer compliance with the
MLA law. High levels of retailer compliance are expected to reduce retail
tobacco availability to underage individuals, which in turn is expected to
reduce underage tobacco use. The logic model is described in more detail
below.

Declarative Effects and Deterrent Effects of Legal Restrictions

An MLA law can affect the behavior of tobacco retailers (and other
sellers) in two ways. First, it may have a “declarative” effect on both re-
tailers and potential underage users because they are disposed to comply
with legal norms or because enactment of the law affects their beliefs and
attitudes toward tobacco use by minors (Bonnie, 1982; IOM and NRC,
2004). Second, the law and its anticipated enforcement may deter potential
violators from using or selling tobacco by communicating a credible threat
of detection and punishment for violations. The variables that are expected
to affect the likelihood of a violation by the targeted population are the
probability of detection, the severity of the expected punishment (a func-
tion of the prescribed punishment and the probability of its imposition),
and the swiftness with which the penalty is imposed. “General deterrence”
refers to the effect of the perceived threat of enforcement and punishment
on the target population of potential sellers or users. “Specific deterrence”
refers to the effect of the imposition of sanctions on detected violators.
Figure 6-2 shows a somewhat expanded view of the logic model detailing
these enforcement mechanisms.

- Decreased Decreased
Minimum ; Increased .
Active . retail tobacco underage
legal age | —>  retailer g
. enforcement . availability to tobacco
policy compliance
underage youth use

FIGURE 6-1 Simplified logic model of the effects of prescribing and enforcing a
minimum age of legal access to tobacco products.
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FIGURE 6-2 Expanded view of the logic model detailing enforcement mechanisms.

Deterrence will not occur unless potential violators perceive a credible
threat of detection and punishment (hereafter, “enforcement”). Accord-
ingly, any MLA law will need to be actively enforced using random compli-
ance checks to maintain the retailers’ perception that there is a significant
risk that an illegal sale will be detected. The compliance checks are expected
to have a “specific” deterrent effect on tobacco retailers caught selling to
underage individuals, increasing the likelihood of future compliance by
these retailers. In addition, an awareness of the possibility of such checks
is expected to deter violations by the entire population of retailers who be-
lieve themselves to be at risk of compliance checks (“general deterrence”).
If MLA laws achieve high rates of compliance (through the combined ef-
fect of declaring the legal norm and enforcing it), tobacco availability to
underage consumers from commercial retail sources will likely be reduced.
If these effects were complete, underage users would not be able to obtain
tobacco from retailers. However, the more likely scenario is that enforce-
ment increases the number of compliant retailers (or clerks) and increases
the “search-time” costs incurred by underage users who are looking for a
noncompliant retailer (or clerk).

Reducing Availability by Increasing Search-Time Costs

To fully understand the effects of the MLA enforcement on search-time
costs, it is first necessary to consider that commercial retailers are only one
among a range of sources from which underage users obtain tobacco. As
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described in Chapter 5, other sources include commercial sellers such as
Internet vendors and non-licensed retail sellers (i.e., black market traffick-
ing of untaxed tobacco and single/unpackaged/loose cigarettes) and also
social sources. “Social sources” are primarily relatives and peers who give
tobacco to underage users or else proxy purchasers (including strangers as
well as relatives and peers) who purchase cigarettes on behalf of underage
users and are paid a small fee (e.g., a few dollars or a portion of tobacco)
for their service. If the law applies only to retailers or is not enforced against
noncommercial providers (i.e., social sources), it is likely that any decrease
in retail tobacco availability will result in a corresponding increase in access
from social sources, although this shift is likely to be incomplete. Neverthe-
less, if overall tobacco supply to underage users is successfully reduced, it
is likely that the overall cost of tobacco will increase to the underage users
who purchase tobacco outside the retail market. Together with the increase
in “search-time” costs, this increase in monetary cost will make tobacco
products more expensive and will likely reduce the demand for the products
by underage users, thereby reducing consumption.

One of the most basic and widely documented empirical regularities
in economics is the so-called law of demand, which is typically stated
as, “All else being equal, when the price of a good goes up, consumers
demand less of it.” There is ample literature documenting that the law
of demand applies to tobacco products (Chaloupka and Warner, 2000),
including for adolescents in the United States (Carpenter and Cook, 2008;
Ross and Chaloupka, 2003) and abroad (e.g., Kostova et al., 2011; Nikaj
and Chaloupka, 2014; Sen and Wirjanto, 2010). Indeed, there is consider-
able, although not unanimous, evidence that adolescents are more price
responsive than are older smokers (e.g., Ding, 2003; Franz, 2008; Harris
and Chan, 1999).

Although the law of demand is often stated informally in terms of
“price,” which would connote the monetary price paid by the customer to
the seller, the proper interpretation is broader. The underlying behavioral
model is that whenever the total opportunity cost of obtaining the good
goes up, then the quantity demanded will go down. This total cost includes
the monetary price, of course, but it also includes other costs such as the
time and inconvenience of locating the seller and consummating the trans-
action, which is sometimes referred to as search-time costs.

The modern American economy often offers low search-time costs; the
very term “convenience store” derives precisely from the idea that those
stores enable customers to obtain their goods quickly and easily. However,
search-time costs can dramatically affect market outcomes both in general
economic models (e.g., Stahl, 1989) and, specifically, for drugs whose pur-
chase is banned. Indeed, these costs can be important even for illegal drugs,
such as heroin, whose monetary price is so high that one might expect it
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to dominate other considerations because sellers have difficulty advertising
directly to banned customers, and parties to a transaction seek to avoid
being detected by the authorities (Moore, 1973; Rocheleau and Boyum,

1994).

Penalties for Users

Raising the MLA can be understood as an attempt to raise these non-
monetary costs for individuals who were not underage under the previous
policy but are underage under the new policy and who are trying to obtain
tobacco.* The costs are not infinite, so purchase and acquisition by those
under the legal age will not go to zero. But it is more convenient simply
to walk into a store and purchase what one wants than it is to enlist the
assistance of a proxy purchaser, and the counterfeit brands available from
the Internet and black markets are not always equivalent in the qualities

that smokers value.

Similarly, at least in theory, the demand for illegal drugs could be tem-
pered by increasing the risk that users will be apprehended and punished
for possession. There is some debate as to how effective that particular
deterrent is, however. Specifically, while some find that decriminalization
affects use (e.g., Model, 1993), others have argued that decriminalizing
prohibited drugs will not meaningfully increase demand (Bonnie, 1982;
Hughes and Stevens, 2010; MacCoun and Reuter, 2001), and still others
argue that the term “decriminalization” covers such a wide range of ac-
tions that generalizations concerning its effects are suspect (Pacula et al.,
2005). Presumably, however large the deterrent effect for illegal drugs,
it could well be smaller for underage tobacco use because the sanctions
imposed under purchase—use—possession laws tend to be much less severe
than the maximum sentences permitted for possession of illegal drugs (see
IOM, 2007). Nevertheless, to the extent that PUP provisions exist and are
enforced, raising the MLA could also be seen as increasing that aspect of

the total cost of underage smokers acquiring cigarettes.

Measures of Availability

To assess the overall effect of MLA laws and their enforcement on use,
tobacco availability as a mediating variable can be assessed in two ways.
First, it can be assessed as the “observed availability” measured as the num-

# In certain circumstances they may also increase the monetary cost (e.g., if only a subset of
retail stores are willing to sell to underage customers, and that restriction makes it harder for
youth to shop for the best prices, or when a youth enlists a proxy purchaser and the proxy

purchase charges a fee for that service).
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ber of noncompliant retailers (or rates of violations) within a specified area.
Second, it can be measured as “perceived availability,” a subjective measure
of how easy or difficult it is for underage users to get cigarettes, which is
also a reflection of an underage individual’s willingness to seek out tobacco
products and take up smoking. Presumably, “perceived availability” bears
some relationship to the perceived difficulty of accessing tobacco from retail
sources, which might be a function of the observed availability; whatever
its relationship with observed availability, however, reducing the perceived
availability itself may also serve as a mechanism that decreases demand,
deterring underage users from purchasing and using tobacco. This includes
deterring underage individuals from taking up or escalating smoking as well
as increasing likelihood of quitting. In addition to this pathway through
perceived availability, there is also likely to be a direct effect of the MLA
policy on underage tobacco use through the declarative effect of enacting
and enforcing the higher MLA as well as through any effects of enforcement
against users. Because social sources are another principal means of access-
ing tobacco, the impact of restricting retail access on the use of social sources
and the corresponding implications for the success of an MLA policy also
must be considered. Figure 6-3 illustrates the complete logic model, includ-
ing pathways through these various measures of availability.
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FIGURE 6-3 Complete logic model of the effects of prescribing and enforcing a
minimum age of legal access to tobacco products.
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The Tobacco Control Context

Youth access restrictions are implemented in the context of other
tobacco control programs. However, community-level natural experiments
and controlled experiments may not take into account the potential contri-
butions of existing tobacco control programs that may enhance or mitigate
the potential effects of increasing the MLA. Thus, this chapter also reviews
literature on the effects of an MLA policy and its enforcement in the context
of other tobacco control programs aimed at preventing or reducing tobacco
use among adolescents and young adults and across the population at large.

EFFECTS OF RETAILER INTERVENTIONS ON
ACCESS TO AND USE OF TOBACCO

Within the framework of the logic model, this section reviews the sci-
entific literature bearing on the effects of retailer interventions on underage
access to and use of tobacco. The first subsection summarizes studies that
assess the impact of enforcement activities on retailer compliance. Even if
the number of noncompliant stores (or unsuccessful purchase attempts) is
reduced, the question remains whether increased retailer compliance has a
discernible impact on the availability of tobacco to underage users and, if
so, whether it reduces underage use. The next two subsections summarize
studies addressing these two questions. The section closes with method-
ological observations.

Effect of Retail Enforcement and
Other Interventions on Retailer Compliance

In the previous chapter (Chapter 5), the committee reviewed the current
status of federal, state, and local youth tobacco access laws in the United
States as well as their enforcement under the Synar and the Food and
Drug Administration (FDA) inspection contract programs. As discussed,
the rates of illegal sales to minors under the Synar program have decreased
significantly over the past 20 years. However, these data are challenging to
assess because of a number of factors. For one, these data are derived from
compliance protocols that can vary significantly by locality in terms of the
frequency of inspections, the number of reinspections of a particular re-
tailer, the characteristics of the sales clerk and underage decoy, and the time
of day of purchase, among other factors. In addition, a number of other
factors aside from inspection protocol, such as the total number of inspec-
tions in a region, whether neighboring retailers have been inspected, and
whether a retailer has previously been cited for violations, may also influ-
ence compliance rates. Variations in each of these factors may influence a
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state’s or locality’s compliance rate. As such, it is difficult to compare data
collected under different enforcement programs and data collected over
time as well as to assess the impact of such compliance data on underage
tobacco use. It is also difficult to compare data across geographic regions
of both the same and different scales (e.g., across states or from the local
to state or state to national levels). These variations are equally a factor in
observational studies on the effects of youth access restrictions.
Notwithstanding these limitations, it is possible to draw out several
general findings from this body of research regarding the nature and direc-
tion of the effects of enforcing youth access restrictions against retailers, if
not their magnitude. It is clear, first of all, that restrictions on youth tobacco
access are much more seriously and consistently enforced and complied
with now than they were two decades ago, when they were first imple-
mented. Early studies (CDC, 1993; Cismoski and Sheridan, 1993; Erickson
et al., 1993) examining the effects of enacting an MLA law reported high
rates of sales, suggesting that tobacco retailers will not comply with MLA
laws absent of active enforcement. Studies of experiences in other countries
(Kuendig, 2011; Sanson-Fisher et al., 1992; Sundh and Hagquist, 2004,
2006, 2007) report similar findings. However, both the sales rates reported
to Synar and the limited scientific evidence suggest that active enforcement
of youth access restrictions using compliance checks paired with penalties
for violations are effective at increasing retailer compliance with youth
access laws. However, evidence bearing on the relationship between the
intensity of enforcement and the rate of compliance is inconsistent.

General Deterrence

Most studies evaluating enforcement programs investigate the effect of
these programs on the rates of illegal sales by retailers to underage buyers.
These studies support the existence of general deterrence stemming from
the threat of compliance checks. The studies are typically conducted at the
town level and evaluate sales rates before and after the implementation of
an active enforcement program. Most of these studies reported some reduc-
tion in sales rates following the implementation of enforcement activities,
but the reported declines in underage purchases varied, ranging from less
than 10 percent to as high as 68 percent (e.g., DiFranza et al., 2001a; Jason
et al., 1991, 1996, 1999a; Junck et al., 1997; Ma et al., 2001; Mawkes
et al., 1997; Pokorny et al., 2008; Rigotti et al., 1997; Tangirala et al.,
2006). In addition to looking at the rates of illegal sales, some studies (e.g.,
CDC, 1996; Cummings et al., 1998; DiFranza et al., 2001a,b; Schofield et
al., 1997) examined the effect of enforcement activities on other measures
of retailer compliance (e.g., more frequent and consistent age verification
using photographic identification, displaying requisite warning signs, and
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adherence to other point-of-sale marketing and advertising restrictions)
and typically reported that enforcement increased compliance with these
other requirements as well. A small number of studies (e.g., Bagott et al.,
1998; Cummings et al., 1998; Gemson et al., 1998) compared compliance
rates in jurisdictions with active enforcement to those without, and findings
were mixed.

Specific Deterrence

Several studies examined the effect of multiple or repeated inspections
on the same vendor. Each of these found that prior checks increased future
compliance, typically measured by reduced likelihood of future illegal sales
(Jason et al., 1996; Pearson et al., 2007; Schensky et al., 1996), while one
found increased age verification but no effect on sales (Cummings et al.,
1998). Taken together, these studies suggest that active enforcement using
compliance inspections may have the specific deterrent effect of increasing
compliance among retailers who have been detected and sanctioned for
illegally selling tobacco to minors as well as a general deterrent effect of
increasing retailers’ perceived threat of enforcement.

Retailer Education

Targeted retailer education has also been employed as a strategy to
increase retailer compliance with the MLA laws, either in lieu of or in
addition to active enforcement. Such education may include direct mailings
with information about the MLA law and potential penalties for violations,
personal visits delivering education kits and other resources, phone calls
presenting information, and letters from senior government officials (e.g.,
the mayor or police chief). Studies of retailer education are mixed. Many
(e.g., Abernathy, 1994; Altman et al., 1989, 1991, 1999; Dovell et al., 1998;
Feighery et al., 1991; Gemson et al., 1998; Keay et al., 1993; Naidoo and
Platts, 1985; Wildey et al., 1995; Woodruff et al., 1993) have found educa-
tion effective at increasing compliance as measured by decreases in the rates
of illegal sales, although some (e.g., Forster et al., 1992; McDermott et al.,
1998; Schofield et al., 1997) have found no effect. Other studies have found
that education increases compliance with other requirements—for instance,
age verification (Krevor et al.,, 2011) and warning signs (Skretny et al.,
1990). One study that specifically investigated an education intervention
alone compared with the education intervention combined with enforcement
(Feighery et al., 1991) observed a slight reduction in sales following the
education-only intervention and a much larger reduction when enforcement
was added. As such, retailer education programs appear to be more effective
when reinforced by enforcement activities than when implemented alone.
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Comprehensive Youth Sales Interventions

Comprehensive youth sales interventions comprise the active enforce-
ment of MLA laws, retailer and community education programs, and mass
media campaigns. For example, Forster and colleagues (1998) conducted
the Tobacco Policy Options for Prevention study, a controlled experiment
that mobilized treatment communities to introduce, pass, and enforce a
youth tobacco access ordinance. This and other studies examining the ef-
fect of such comprehensive MLA interventions on illegal tobacco sales to
underage users (e.g., Altman et al., 1999; Biglan et al., 1995, 1996; CDC,
1996; Cook et al., 2000; Glanz et al., 2007; Kan and Lau, 2010; Landrine
et al., 2000; Tutt et al., 2009; Watson and Grove, 1999) all found that
comprehensive interventions are effective at decreasing sales.

Summary

Limited evidence suggests that the active enforcement of MLA laws
using random, unannounced compliance checks of tobacco retailers and
sanctions for violations tend to reduce underage sales and, as a result,
probably reduces the availability of tobacco to underage individuals from
commercial tobacco retailers. Furthermore, additional measures such as
targeted retailer education about sales laws, community education and
mobilization, and mass media campaigns appear to bolster the effect of
enforcement activities on increasing retailer compliance. However, evidence
on the relationship between the intensity of the enforcement of the tobacco
MLA restrictions and retailer compliance is slim.

Finding 6-2: Active enforcement of restrictions on the minimum age
of legal access to tobacco products, including meaningful penalties for
violations, increases retailer compliance, and a reasonable inference can
be drawn that enforcement decreases the availability of retail tobacco
to underage persons. These effects can be increased by coupling en-
forcement with retailer and community education programs and media
campaigns about the minimum age policy.

Relationship Between Retail Interventions and Underage Tobacco Use

While the evidence concerning the effects of enforcement of the MLA
policies on retailer compliance inferentially supports the effectiveness of the
MLA policy, this finding does not directly answer the ultimate question of
interest: whether increased retailer compliance is associated with reduced
underage use. Three types of studies bear on this question: those investi-
gating whether the intensity of retailer enforcement is related to the levels
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of underage use; those investigating whether levels of retailer compliance
are related to levels of use; and those investigating whether comprehensive
youth access programs, including retailer interventions, have an impact on
underage use.

Studies attempting to ascertain the effects of retail enforcement on under-
age tobacco use primarily examine town-level interventions. Woodridge,
Illinois, was one of the first jurisdictions to restrict youth access to tobacco
from retailers; in 1989 it passed a cigarette ordinance with licensing, enforce-
ment using compliance checks, and possession provisions. An observational
study (Jason et al., 1991) assessing the impact of this ordinance on middle
school smoking rates found significant reductions in experimental smoking
(from 46 percent to 23 percent) and in smoking (from 16 percent to 5 per-
cent) nearly 2 years later. Follow-up studies nearly a decade later (Jason et
al., 1999a,b) found that low rates of regular smoking among middle school
students had been maintained (5.3 percent in 1997) as well as similarly
low rates of experimental (15.4 percent), social (19.5 percent), and regu-
lar (8.1 percent) smoking among high schoolers. Moreover, this rate of regular
smoking—S8.1 percent—in Woodridge, where there was active enforcement,
was significantly lower than in towns in the same region that lacked active
enforcement (15.5 percent). Similar results were observed elsewhere (e.g.,
Cook et al., 2000; DiFranza et al., 1992; Levinson and Mickiewicz, 2007),
although some studies (e.g., Bagott et al., 1997, 1998) saw no effect. Interest-
ingly, Rigotti and colleagues (1997) found an increase in adolescent smoking
in communities that received the enforcement intervention, but not in the
control communities, despite increasing retailer compliance.

Studies of retailer compliance are similar to those evaluating active
enforcement, but rather than investigating whether any enforcement ef-
forts affect underage tobacco use, studies of retailer compliance typically
examine the relationship between tobacco sales rates or retailer compliance
rates (as well as changes in those rates) and underage tobacco use. While
analyses of town-level interventions have found high retail compliance to be
associated with a number of reduced smoking outcomes (Cummings et al.,
2003; Dent and Biglan, 2004; DiFranza et al., 2009; Pokorny et al., 2003),
a meta-analysis that pooled studies of active enforcement into a single com-
pliance measure (compliance rate) (Fichtenberg and Glantz, 2002) found
no relationship between the level of retailer compliance and either 30-day
or regular smoking prevalence. While some (e.g., Cummings et al., 2003;
Rigotti et al., 1997) have hypothesized that sales restrictions and their en-
forcement must achieve high rates of compliance before they begin to affect
underage tobacco use, findings are mixed (see, e.g., Cummings et al., 2003;
Dent and Biglan, 2004; and Fichtenberg and Glantz, 2002).

Finally, findings about the effects of comprehensive interventions incor-
porating such actions as retailer and community education programs and
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mass media campaigns on underage smoking are mixed. While two studies
(Chen and Forster, 2006; Cook et al., 2000) found that comprehensive
programs decreased smoking prevalence, one study (Altman et al., 1999)
reported mixed results. A fourth study investigating effects of a compre-
hensive program on both adolescent and adult smoking (Rohrbach et al.,
2002) found that multicomponent exposure was associated with reductions

in adult but not adolescent smoking prevalence.

Overestimation of Retail Compliance

Some of the observed discrepancies in the effects of enforcement and
compliance on underage tobacco use may be due to methodological errors
that result in an inaccurate measurement of the true rate of illegal tobacco
sales to minors. Specifically, the standard compliance check protocol re-
quires the use of underage nonsmokers who have no experience purchasing
tobacco, whereas underage smokers deploy a wide range of strategies to
obtain tobacco from retail stores, including knowing and sharing knowl-
edge of specific stores and clerks that are more likely to sell to underage
persons and strategies to appear older (Crawford et al., 2002; DiFranza and
Coleman, 2001; Robinson and Amos, 2010). Studies comparing inexperi-
enced nonsmokers following the standard compliance inspection protocol
with underage smokers behaving as they normally do (Croghan et al.,
2005; DiFranza et al., 2001b) found that more realistic smoker protocols
substantially increased the likelihood of sale. These methodological issues
suggest that the standardized protocols may be too artificial and may cue
retailers that the purchase attempts are not sincere attempts but, in fact, are
enforcement inspections. Consequently, the rates of tobacco sales to under-
age persons reported through Synar and observed in enforcement interven-
tions may underestimate the true rates of sales to minors. Furthermore, if
enforcement interventions are unlikely to reduce commercial availability,
they are also unlikely to reduce overall tobacco availability to underage
individuals or the actual use of tobacco products. Indeed, in a recent review
of the literature on interventions to reduce the sale of tobacco to minors,
DiFranza (2012) argued that previous reviews of literature on MLA laws
and their enforcement may have failed to find an association between the
MLA laws and adolescent smoking because they did not distinguish in-
terventions that successfully reduce retail tobacco availability from those
that did not. Thus, in his review and analysis, DiFranza (2012) concluded
that active enforcement programs that disrupt the sale of tobacco to minors

will reduce adolescent smoking.
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A Key Variable: Reliance on Social Sources

While it is certainly likely that some of the inconsistencies in the find-
ings are due to measurement errors, some of the inconsistencies may also
be genuine. Some critics of youth access policies have suggested that high
rates of compliance may not affect use because of the shift to reliance on
social sources (e.g., Craig and Boris, 2007; Etter, 2006; Ling et al., 2002).
Given that only approximately 50 percent of underage tobacco users report
obtaining tobacco from commercial retailers (see Tables 5-2 through 5-8
in Chapter 5), even a complete cut-off of retail tobacco to underage users
will contain, but not eliminate, overall tobacco availability to them unless
there is a major crackdown on social distribution.

Although the evidence is slim, a handful of studies (Dent and Biglan,
2004; Kim et al., 2013; Levinson and Mickiewicz, 2007; Millett et al., 2011;
Rigotti et al., 1997; Rimpela and Rainio, 2004) suggest that the successful
restriction of retail tobacco will effectively decrease adolescent purchases of
tobacco from retail sources. At the same time, such a restriction is likely to
increase reliance on social sources, including both proxy purchases and be-
ing given tobacco (DiFranza and Coleman, 2001; Levinson and Mickiewicz,
2007; Millett et al., 2011; Rigotti et al., 1997; Rimpela and Rainio, 2004).
Interestingly, a study of Oregon adolescents (Dent and Biglan, 2004) found
that increased compliance was associated with an increased reliance on social
sources and a decreased use of commercial sources among 11th graders, but
that the opposite was true for 8th grade students. It is possible that the
younger students’ social networks were restricted to underage persons so
that increased retail compliance reduced access from these social sources,
leading to an increased need for the 8th graders to try to purchase tobacco
for themselves. On the other hand, the older students may have been more
likely to have social networks that included those who were old enough to
buy tobacco products on their behalf.

It seems clear that curtailing retail access will lead to greater use of
social sources. Whether the reduction in retail access has an effect on
underage use depends on whether the substitution of the social sources for
the commercial sources is complete. To the extent that this substitution of
social sources for commercial sources is incomplete, the search-time costs
for underage users to obtain tobacco will likely increase, and tobacco con-
sumption among underage users will likely decrease. All of the evidence
reviewed above is consistent with incomplete substitution.

Relationship Between Retail Interventions and Perceived Availability

Given the mixed findings regarding the relationship between retailer
interventions and levels of tobacco use in adolescents, it is instructive to
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consider whether the intensity of retailer intervention is related to sub-
jective measures of reduced “access” by underage users. Two subjective
factors reported by underage youth—the perceived availability of tobacco
and self-reported decreases in the use of retail sources—can be considered
to be proxy measures of actual underage access. Moreover, as intervening
variables, both measures may moderate the effect of an MLA restriction

and its enforcement on underage tobacco use.

Perceived Availability

One notable trend in adolescents’ access to cigarettes is that the perceived
ease of access has declined considerably in recent years. The Monitoring the
Future surveys ask 8th and 10th graders how difficult they think it would
be for them to get cigarettes, if they wanted to. Among 8th graders in 1996,
77 percent said they could get cigarettes “fairly easily” or “very easily,” while
in 2013 that figure had declined to 50 percent. Among 10th graders, the
corresponding decline was from 90 percent to 70 percent. Thus, although
most adolescents still believe they could easily obtain cigarettes, reports of
easy access have declined considerably over time (Johnston et al., 2014).
This finding is also consistent with reduced retail availability and incomplete

substitution by social sources.

Impact of Enforcement on Perceived Availability

The perceived availability of tobacco represents a subjective assessment
of an underage person’s actual opportunities to obtain tobacco (i.e., supply)
and can be assessed either in reference to specific sources or location types
(e.g., availability from home, school, or stores) or globally. Findings on the
relation between MLA laws and their enforcement and perceived avail-
ability are mixed. However, while these studies typically assess perceived
tobacco availability globally (e.g., Borland and Amos, 2009; Cummings
et al., 2003; Jason et al., 1999a; Rigotti et al., 1997; Rimpela and Rainio,
2004; Staff et al., 1998; Thomson et al., 2004), Forster and colleagues
(1997) assessed perceived availability in reference to specific sources and
found that the intervention decreased the perceived availability from com-
mercial but not social sources. This suggests that the MLA laws and their
enforcement, as expected, may increase the difficulty of obtaining tobacco
from commercial sources, but they do not have an impact on social sources.
It is likely that the inconsistent findings concerning the impact of the MLA
and its enforcement on perceived access may be due to the conflation of

sources.
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Relationship Between Perceived Availability and Underage Tobacco Use

The evidence on the relationship between perceived availability and
underage tobacco use is challenging to interpret because this relationship
is dependent on the relative availability of and reliance on tobacco from
social sources. For example, Doubeni and colleagues (2008) found that high
perceived availability increases the risk for multiple smoking outcomes and
that high perceived availability and peer smoking together increased the risk
of regular smoking and of smoking progression among initiators more than
either variable alone. This is logical given that adolescents with more peers
who smoke will likely have greater access to tobacco from these peers and
also more positive attitudes toward tobacco use.

Perceived Availability as a Reflection of Social Norms

Perceived tobacco availability may also reflect perceptions of the social
environment about tobacco use (e.g., social norms) as well as an under-
age individual’s willingness or intentions to attempt to get tobacco (i.e.,
demand). By bridging the interface between tobacco supply and demand,
perceived availability can be understood as a psychosocial mechanism by
which youth tobacco restrictions affect underage tobacco use. Interpreting
the impact of perceived availability on consumption is even more challeng-
ing precisely because it may reflect changes in both tobacco supply and
demand. For example, Gilpin et al. (2004) examined neighboring birth
cohorts before and after implementation of a comprehensive, statewide
tobacco control program in California and found that adolescents who
perceived cigarettes easy to access were more likely to initiate smoking than
those who perceived cigarettes hard to obtain, but only in the cohort under
higher enforcement conditions. The authors therefore suggest that perceived
availability was less a reflection of opportunities to obtain tobacco than
of the declarative effect of the tobacco control program changing social
norms and thereby decreasing demand to take up tobacco use. Finally, a
cross-sectional study (Speizer et al., 2008) examined perceived availability
from different sources and found that current and ever smokers were more
likely to perceive easy access to cigarettes from all sources (home, school,
and stores) than those who never smoked, which suggests that perceived
ease of access reflects both a greater demand for tobacco and opportunities
to access tobacco.

Summary

Findings about the effects of retail enforcement, retail compliance,
and comprehensive interventions on underage tobacco use are difficult to
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interpret. The difficulty is reflected in the discrepancy between observed
commercial availability (as measured by the rates of retail compliance) and
perceived tobacco availability, as self-reported by adolescents and young
adults. Whereas all states are currently in compliance with Synar and have
achieved average compliance rates of 90 percent, 50 to 70 percent of ado-
lescents report fair or very easy access to cigarettes (Johnston et al., 2014).
The apparent inconsistency may be partially attributable to an overestimate
of compliance rates in compliance checks. In addition, changes in perceived
availability may reflect changes not only in opportunities to obtain tobacco
but also in social norms and demand for tobacco.

Overall, this body of evidence suggests that the enforcement of MLA
laws increases the perceived difficulty of obtaining tobacco from commer-
cial sources. Additionally, MLA laws are likely to change social norms,
and thereby indirectly affect perceived ease of access from social sources,
especially among younger adolescents. Insofar as the substitution of non-
retail sources for commercial retail sources is incomplete, the total tobacco
available to underage individuals is probably reduced. However, reduced
access does not have a robust and easily measurable impact on use because
of the youths’ increased reliance on social and other non-retail sources,
especially by older adolescents and youth who are already daily smokers.

Finding 6-3: While increasing retailer compliance reduces the availabil-
ity of retail tobacco to underage persons, the magnitude of this effect
and its impact on underage consumption are highly uncertain due to
the continued availability of tobacco from noncommercial sources.
However, the level of substitution by social sources is likely to be lowest
for the youngest underage users.

UNDERAGE ACCESS RESTRICTIONS IN THE CONTEXT
OF OTHER TOBACCO CONTROL POLICIES

It is unlikely that any revised MLA laws will be aggressively enforced in
isolation, so examining the MLA laws and their enforcement in the context
of other tobacco control policies can help elucidate their likely effects in
circumstances that more closely resemble the likely real world scenarios in
which an MLA increase would be implemented. In particular, investigating
the effect of the MLA laws in this way may help explain some of the ob-
served variations in community-level natural experiments. Studies in these
small localities may not account for the contributions of other concurrent
tobacco control programs at the state and national levels (e.g., smoke-free
policies, excise taxes and price, mass media campaigns), and they also may
be subject to spillover effects from neighboring jurisdictions, in particular,
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smuggling.® The following section reviews the evidence on MLA retailer
interventions in the context of other youth access restrictions, followed by

other, general tobacco control programs.

Multiple Statewide Retailer Interventions and
Underage Tobacco Consumption

In addition to MLA laws and their enforcement, youth access policies
also include licensing requirements (i.e., requiring a license to sell tobacco
products), signage requirements at the point of sale (i.e., posting warning
signs about the MLA), vending machine restrictions, inspection require-
ments, clerk intervention policies (i.e., retailer and clerk education), penal-
ties for retailers found to be in violation (especially graduated penalties),
identification requirements, packaging restrictions (e.g., minimum pack
size, labeling standards), restrictions on free distribution (i.e., bans on free
samples), and establishing or designating a statewide enforcement authority.
These policies are typically examined at the state level and can be examined
both individually and in an aggregate measure of overall “extensiveness.”
When examined in the aggregate, having more policies constitutes a higher
score and is considered to be more extensive. In this context, it is imperative
to control for the impact of other policies in order to isolate the indepen-
dent effect of MLA on underage tobacco use and also to identify possible

interactions.

Of the studies that examined multiple youth access policies, includ-
ing an MLA and its enforcement, Chaloupka and Pacula (1998), Luke et
al. (2000), and Powell et al. (2003), found that more extensive policies
were associated with decreased teen current smoking prevalence. Further,
Chaloupka and Pacula (1998) also showed that, when measured individu-
ally, the use of compliance inspections versus only observing retailers and
the use of statewide sampling to measure compliance versus local or no
sampling were both associated with significantly lower adolescent smoking
prevalence. On the other hand, Thomson and colleagues (2004) examined
six types of youth access ordinances (licensing, fines for merchants who

5 Indeed, adolescents achieve increasing mobility as they begin to drive, and implementation
at the town or county level may have a smaller effect than state- or national-level implementa-
tion due to the potential smuggling of tobacco from neighboring jurisdictions where tobacco
availability is higher. Lessons from the alcohol experience suggest precisely this: Lovenheim
and Slemrod (2010) and Dejong and Blanchette (2014) examined the effect of a minimum legal
drinking age on fatal traffic accidents when states were implementing an MLDA of 21 in a
patchwork while the national MLDA remained 18. Their analysis of county-level data found
no reduction in fatal traffic crashes involving youth in counties with an MLDA of 21 that were
within 25 miles of a state with a lower minimum drinking age, but significant reductions in

fatal traffic crashes involving youth in counties further from the state borders.
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sell to minors, vending machine restrictions, self-service bans, bans of the
sale of single cigarettes, and bans on distributing free samples) in several
Massachusetts towns and statewide and found that none of the youth ac-
cess ordinances were associated with any measure of adolescent smoking.
One study examined how state youth access policies in effect when study
participants were age 17 affected their smoking after they became adults
(Grucza et al., 2013). The researchers examined the effects of the poli-
cies both individually and in multi-policy models and found that multiple
youth access policies together were associated with significant reductions
in prevalence of both ever and current smokers among females (although
not among males) despite the individual policies having only small effects in
isolation. These findings suggest that individual youth access policies alone
may have small, additive effects that contribute to more substantial impacts
when implemented together.

Comprehensive Tobacco Control Policies and
Underage Tobacco Consumption

Other policies that have an effect on tobacco use in addition to youth
access initiatives are smoke-free laws, state-level expenditures, excise taxes,
and minimum cigarette prices. As with studies of multiple youth access poli-
cies, studies of multiple tobacco control policies can examine the policies
individually or in aggregate.

Of the studies attempting to isolate the independent effects of MLA
laws in the context of other tobacco control policies, two (Botello-Harbaum
et al., 2009; Farrelly et al., 2013) found no association between youth ac-
cess policies and any adolescent smoking outcome after controlling for the
other policies. However, Ross and Chaloupka (2001) found that the deci-
sion to smoke and smoking intensity were each negatively associated with
retailer compliance in models that both included all policies together and
controlled for the effects from the other tobacco control measures. Tworek
et al. (2010) examined the effects of tobacco control policies, including
an index of the strength of youth tobacco sales restrictions on adolescent
smoking cessation, and found that youth access restrictions slightly in-
creased the odds of non-continuation of smoking, but they were not associ-
ated with any other cessation measure.

Other studies have investigated the effects of comprehensive tobacco
control programs; these can be considered to be studies of multiple to-
bacco control policies in aggregate. The multi-pronged tobacco-control
approaches integrate educational, clinical, regulatory, economic, and social
strategies to prevent or reduce tobacco use and to reduce tobacco-related
diseases (CDC, 2014b; HHS, 2000). For example, Helakorpi et al. (2008)
investigated the effects of the 1976 Tobacco Control Act in Sweden, which
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prohibited smoking in public places, including public transit; prohibited to-
bacco sales to those under 16; required health warnings on cigarette packs;
and established a tobacco tax whose revenue was earmarked for health
education and tobacco-related research on adult smoking by gender and
socioeconomic status. Among men, the researchers found that after the pas-
sage of the act, the prevalence of ever-daily smoking declined beyond secu-
lar trends for all SES groups, with the strongest declines observed among
the higher SES group (white-collar employees). Among women, there was
an increasing secular trend for all SES groups prior to the legislation, but
after the act women’s ever-daily smoking prevalence reversed in all groups.
A comprehensive tobacco control program in New Zealand was similarly
effective at reducing tobacco use in adolescents and adults and also reduc-
ing tobacco-related death and disease (Laugesen and Swinburn, 2000).

Comprehensive programs in the United States have been shown to
effectively reduce tobacco use among adolescents and adults (e.g., Farrelly
et al., 2008, 2013, 2014; Kuiper et al., 2005; Pierce et al., 2009; Stillman
et al., 2003; Tauras et al., 2005; Wakefield and Chaloupka, 2000; Zaza et
al., 2005) as well as to reduce tobacco-related death and disease (e.g., Jemal
et al., 2003; Kuiper et al., 2005). However, they frequently do not specify
the inclusion of youth access policies (e.g, because comprehensive tobacco
control efforts are frequently measured using state-level expenditures). De-
spite the lack of explicitly identified youth access program components, it
is reasonable to assume that studies of state-level comprehensive tobacco
control programs within the past two decades would have included youth
access restrictions conducted in compliance with Synar. Moreover, the inclu-
sion of youth access restrictions in comprehensive approaches is considered
best practice, and stronger state-level tobacco control programs are likely
to include extensive youth access measures (CDC, 2014b). Thus, it is likely
that these comprehensive approaches to tobacco control that have proved
effective at reducing tobacco use and tobacco-related morbidity and mortal-
ity include some youth access provisions.

Summary

Evidence on the independent effect of youth access policies in the
context of other tobacco control policies is mixed. However, studies of
multiple statewide retailer interventions that include active enforcement of
the MLA restrictions suggest that these interventions are effective in reduc-
ing underage use. Moreover, there is some evidence that comprehensive
tobacco programs that include youth access restrictions are effective at
reducing underage tobacco use, although it is difficult to isolate the relative
contributions of youth access restrictions in these comprehensive programs.
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Finding 6-4: Underage tobacco use is most substantially reduced when
the jurisdiction adopts a strong array of tobacco control measures,
including strongly enforced youth access restrictions.

TOBACCO PURCHASE, USE, AND POSSESSION LAWS

Although the focus of this analysis is on sales restrictions, it is also
important to consider the effects of supplementing bans on distribution
and sales with laws targeting underage tobacco PUP. As noted in Chapter 3,
the laws of 44 states and the District of Columbia penalize underage indi-
viduals for purchasing, using, or possessing tobacco products, typically by
civil fines or community service. Proponents of the laws argue that PUP
laws are another effective strategy for deterring underage tobacco use (e.g.,
Jason et al., 2009b; Lazovich et al., 2007; Livingood et al., 2001), while
critics argue that PUP laws shift blame from retailers and tobacco industry
marketing and advertising practices toward adolescents and young adults
and, furthermore, that PUP laws may actually increase the desirability of
tobacco as an aspirational, adult product, further enticing adolescents to
use tobacco (e.g., Wakefield and Giovino, 2003). Opponents of PUP laws
also suggest that enforcement would be difficult, expensive, and therefore
realistically infeasible (Tworek et al., 2011). The IOM’s report Growing
Up Tobacco Free (1994) elaborated on this, arguing that PUP laws lacking
enforcement would only serve as a symbolic deterrent, which would be
unlikely to deter tobacco use any more than laws punishing sellers, while
also undermining respect for the law.

There is currently no systematic surveillance of PUP laws, and thus
there is little information about either the extent to which they are enforced
or their efficacy. The only available data on statewide enforcement that the
committee was able to locate (Rogers et al., 2008) come from California,
an aggressive tobacco control state, and the data show that, in 2007, 76
percent of youth access enforcement agencies across the state indicated
that they did not “often” or “very often” issue citations to minors for PUP
violations. Additionally, the average number of citations issued in the past
12 months across all 249 enforcement agencies statewide was 24.1 cita-
tions, or an average of two per agency per month. Similarly, qualitative
studies also suggest that PUP laws are seldom enforced. Two studies using
key informant interviews with individuals responsible for enforcing PUP
laws (e.g., mayors, police officers, and school officials) found that PUP
laws are poorly enforced and that only a small number of citations are
issued (Hrywna et al., 2004); they also found that there was little knowl-
edge about PUP enforcement, that active enforcement of PUP laws was not
a priority, and that even when they were enforced, the enforcement was
inconsistent (Hahn et al., 2007). Indeed, any widely violated and under-
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enforced prohibition is likely to be plagued by selective enforcement, and
PUP laws are no exception. For example, Gottlieb et al. (2004) found differ-
ential enforcement of PUP laws, such that African-American and Hispanic
students had a significantly greater probability of receiving a citation than
white students.

Despite lax enforcement efforts, limited empirical data suggest that
active enforcement of PUP laws in addition to active enforcement of youth
tobacco sales restrictions may be effective at reducing tobacco sales to
underage persons and, ultimately, at reducing underage tobacco consump-
tion. Most of these findings come from a series of studies conducted by
Jason and colleagues in a convenience sample of small, suburban towns in
Illinois, which may not be representative of the rest of the state or the coun-
try as a whole. They found that active enforcement of PUP laws in addition
to sales restrictions is associated with reduced tobacco sales to underage
users (Jason et al., 2003); decreased observed and perceived adolescent
tobacco use (Jason et al., 2009a); slower increases in the rate of smoking
compared to enforcing sales restrictions alone (Jason et al., 2008); reduced
smoking, both among whites only (Jason et al., 2003) and, alternately,
among all groups (Jason et al., 2007¢); lowered rates of heavy smoking
(Jason et al., 2009b); reduced use of other drugs (Jason et al., 2010), and
reduced crime rates (Jason et al., 2000). They also found that underage
individuals who were fined for PUP violations were more likely to reduce
tobacco use or quit than those who participated in tobacco prevention
education programs (Jason et al., 2007b). Additionally, fines had a bigger
effect than education on changing parental and adolescent attitudes toward
tobacco use (Jason et al., 2007b). Finally, Jason and colleagues also found
that the presence of PUP laws facilitated the uptake of smoke-free policies
(Jason et al., 2007a). Studies by other researchers have further supported
these findings, including studies demonstrating that actively enforcing PUP
laws may be effective at reducing underage tobacco use (Gottlieb et al.,
2004; Lazovich et al., 2007; Livingood et al., 2001) and increasing adoles-
cent smoking cessation (Langer and Warheit, 2000). Moreover, Gottlieb et
al. (2004) found that the threat of driver’s license suspension as a penalty
for PUP violations reduced smoking intentions among adolescent ever-daily
smokers (but not ever or experimental smokers), suggesting a general de-
terrent effect. At the same time, having received a citation was associated
with reduced smoking intentions in only some of the schools sampled, thus
showing mixed findings with respect to specific deterrence.

On the other hand, two analyses also examined PUP laws in the context
of other youth access restrictions, and neither found that they decreased ad-
olescent smoking. Ross and Chaloupka (2001) found that punishing minors
for the use or possession of cigarettes increased the number of cigarettes
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adolescents smoked, while Tworek and colleagues (2010) found no associa-
tion between PUP laws and any measure of adolescent smoking cessation.

In sum, there continues to be some controversy about the relative
advantages and disadvantages of implementing PUP laws for tobacco.
Although a small number of observational studies of PUP interventions
suggest that they can contribute to the reduction of underage tobacco use if
enforced, there is scant evidence of enforcement. Moreover, the few existing
studies also suggest that, when enforced, the laws are selectively applied
and that minority populations may carry a disproportionate burden of PUP
violations.

Finding 6-5: Enforcement of purchase—use—possession laws is a contro-
versial strategy for reducing underage tobacco use. Although a small
number of studies suggest that enforcing these laws, in combination
with strategies that limit retail tobacco sales, can reduce use, they also
raise concerns about fair enforcement.

SUMMARY

This chapter reviewed the existing evidence on the effects of raising the
minimum legal age to purchase tobacco products, in particular the effect on
underage tobacco use. No published evidence is yet available on the effects
of raising the MLA to 21 in any of the localities in the United States that
have done so. Limited international evidence suggests that raising the MLA
from 16 to 18 in countries that already had an actively enforced MLA can
be implemented successfully to reduce the availability of retail tobacco to
newly underage persons and thereby reduce underage tobacco use. Experi-
ence with raising the minimum legal drinking age for alcohol in the United
States from 18 to 21 is instructive for tobacco control, in that it has led
to reductions in the use of alcohol and concomitant harms, such as motor
vehicle accidents in the underage population, although it also demonstrates
that the prevalence of underage drinking remains high.

In light of the dearth of direct evidence on the effects of raising the
MLA for tobacco, the committee focused its attention on the substantial
body of literature on the effects of enforcing the MLA restrictions that have
already existed in the United States for more than two decades. This litera-
ture suggests that the MLA policies that are actively enforced and supported
by other retailer interventions will likely increase retailer compliance and
thereby reduce retail tobacco availability to underage individuals. Further-
more, although increased retailer compliance is predictably accompanied
by a corresponding increase in the use of social sources to obtain tobacco,
this substitution of sources is likely to be incomplete, leading to decreased

Copyright © National Academy of Sciences. All rights reserved.
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use, especially if the youth access policy is implemented in a robust com-

prehensive tobacco control context.
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The Effect on Tobacco Use of
Raising the Minimum Age of
Legal Access to Tobacco Products

the public health implications of raising the minimum age of legal

access to tobacco products (MLA) through a review of the literature
on tobacco initiation, modeling, and other approaches, as appropriate.
This chapter provides the rationale for the committee’s consensus conclu-
sions about the likely effects of raising the MLA on tobacco initiation. The
committee’s conclusions serve as inputs to the two commissioned models,
which provide quantification of the likely effects of increases in the MLA
on smoking prevalence in the United States. The two simulation models
used for the findings presented in both this chapter and the next (the Cancer
Intervention and Surveillance Modeling Network [CISNET] and SimSmoke
models) are well established approaches for estimating the likely impact of
changes in tobacco control policies on population-level smoking initiation
and prevalence, and on population health outcomes. The next chapter
(Chapter 8) uses the results presented in this chapter (i.e., the estimates of
the effects of different MLA policies on smoking initiation) as inputs for
modeling several important public health outcomes, smoking-related mor-
bidity and mortality. Chapter 8 concludes with a discussion of the likely
effect of a change in the MLA on the many tobacco-related health effects
not modeled.

r I Yhe charge to the committee, as discussed in Chapter 1, was to assess

METHODS

The committee followed a principled and evidence-based process to
arrive at its estimates of the potential impact of a change in the MLA on
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tobacco initiation behavior. First, the committee conducted a review of rel-
evant literature and synthesized the background evidence relevant to under-
standing age-related effects of tobacco use. This review included attention
to the effects of MLA enforcement and the sources through which underage
adolescents and young adults get tobacco as well as the development of an
understanding of the biological, psychological, social, and environmental
influences on tobacco use during adolescence and young adulthood.
Second, through an iterative and consensus-driven process, the commit-
tee considered how these age-related effects would translate into potential
changes in rates of initiation across different age segments in adolescence
and young adulthood. The committee considered the likely magnitude of
changes in initiation effects that each of the three policy options under
consideration (raising the MLA to 19, 21, or 25 years of age) would have
on the different age segments and arrived at ordered, categorical estimates

labeled as “small,” “medium,” or “large.”

Third, once consensus about the magnitude of the effect at each age
segment and policy option combination was reached, the committee at-
tached numeric ranges to each of the magnitude estimate descriptors. These
ranges were developed through consideration of reasonable and conserva-
tive estimates of effects from a variety of public health interventions, includ-
ing prior tobacco-related policy changes and data from the experience of
changing the minimum age for alcohol purchase and use. These estimates
were well vetted over a series of discussions in the committee. The commit-
tee selected ranges that showed increasing relationships with the ordered
categories and which ranged in increments of 5 percent (to avoid implying
an unrealistic precision in the estimates) from 5 to 30 percent for potential

changes in initiation.

Finally, the committee discussed how to deal with the fact that there
is scant direct evidence about how raising the MLA would affect tobacco
use at different ages and thus that there is necessarily less confidence about
some effects than others. The committee has most confidence about the
estimates for the effects of raising the MLA to 19 and 21, and it is much
less confident in estimates for an MLA of 25 because of the greater degree
of extrapolation needed for estimating change. Thus, the inputs of esti-
mates for the simulation models in Chapters 7 and 8 also include a range

of potential values, with a broader range for the MLA of 25.

In assessing the possible impact of raising the MLA, the committee
made a number of assumptions that affect the conclusions about the mag-
nitude of the estimates and the inputs into the simulation models. Some
of these assumptions are discussed in this chapter; others are discussed in

Chapter 9. These assumptions include
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e While policies implemented in the past will continue to have effects
in the future, existing tobacco policies will remain in effect at their
current rates and no new policies will be implemented. This as-
sumption was made to isolate the effects of the new MLA.

e Levels of enforcement and of retailers’ compliance with age-based
laws will remain at levels similar to those that currently exist.

¢ Noncommercial or social sources (e.g., through social networks of
peers, families, and coworkers) of tobacco products will remain
essentially as they are now, and no new efforts will be made to en-
force the MLA restrictions against noncommercial or social sources
who provide tobacco products to underage users.

e Sanctions will be directed as they are now, primarily toward retailers
and not toward individual users.

e The new MLA will be applied to all tobacco products. However,

the estimates of the magnitudes of effects are based on decades of
research on cigarette use and not on other products. The committee
acknowledges that the tobacco use landscape is changing rapidly
with the introduction of a variety of tobacco products, including
electronic nicotine delivery systems (ENDS; e.g., “e-cigarettes”).
How these products may change existing patterns of cigarette use is
not yet known, however, and thus these potential sources of influ-
ence could not be reasonably considered in arriving at estimates.
The estimate of effects will be constant over time.
Subpopulation differences in tobacco use that currently exist and
that go into current initiation and prevalence rates will continue
into the future. The committee did not consider whether there
would be differential effects in subpopulations over future years.

e Rates of use of alcohol and other illicit drugs will not change in
response to a change in the MLA for tobacco.

RATIONALE FOR EXPECTED IMPACT OF
RAISING THE MINIMUM AGE OF LEGAL ACCESS
ON INITIATION OF TOBACCO USE

Estimating changes in the prevalence of tobacco use following a change
in the MLA requires consideration of how each of the dynamic and inter-
acting biological, psychosocial, and environmental factors contributing to
use may vary by age. At any age, prevalence is a function of the rates of
initiation (defined here as reaching a minimum of 100 cigarettes/lifetime)
and the rates of cessation (defined in models as no use for 2 years after
achieving the threshold for initiation). Both initiation and cessation are
strongly related to age: Initiation decreases dramatically after young adult-
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hood, and cessation rates start to increase during that same period. Thus,
changes in the MLA will have their strongest impact on rates of initiation.

The committee based its estimates on an understanding of factors that
are most relevant to achieving the threshold of 100 cigarettes for initiation,
the data about which come from the National Health Interview Survey
and are used in the simulation models in Chapter 8. The committee con-
sidered factors that operate both directly on tobacco use, such as access to
tobacco products, and factors that operate more indirectly or distally, such
as changes in biological vulnerability to the effects of nicotine with age or
changes in social norms that indirectly affect motives for use. Smoking at
least 100 cigarettes in one’s lifetime goes beyond occasionally trying ciga-
rettes or “experimentation.” To achieve the benchmark of 100 cigarettes,
an individual must have access to cigarettes over a period of time and is
also likely to have developed symptoms of dependence and stronger mo-
tives for use beyond any perceived peer or social group pressure (Dierker
and Mermelstein, 2010). Thus, the factors that influence vulnerabilities to
developing dependence are more central to achieving the initiation thresh-
old than factors related to the vulnerabilities to trying just one cigarette.

A critical component in the development of dependence and in contin-
ued tobacco use is the reinforcing effects of nicotine. As reviewed in Chap-
ter 3, adolescents are at a heightened sensitivity to the rewarding effects
of nicotine, and this sensitivity diminishes with age (Adriani et al., 2006;
Jamner et al., 2003). Thus, the probability of use escalating to dependence
after the first few trials is likely to decrease as one moves further away
from adolescence. In addition, better developed executive functions provide
young adults with increased decision-making capacity compared to younger
adolescents, especially during times of emotional arousal (Steinberg, 2007),
and, as a consequence, young adults may be less susceptible to cues to use
tobacco than adolescents. These changes in biological vulnerabilities with
age provide good support for suggesting that initiation rates and overall
prevalence will decline with each increase in the MLA.

However, changes in the prevalence of tobacco use may not necessarily
be linear with increases in the MLA or equal for all segments of under-
age individuals. Consider, for example, the declarative effect of raising
the MLA. Changing the MLA has an indirect effect of helping to change
norms about the acceptability of tobacco use, but this effect may take
time to build. In addition, norms about the acceptability of tobacco use
are also likely to vary by age, with a more stringent perceived unaccept-
ability the farther away one is in age from the MLA. For example, if the
MLA increases to 21, the social unacceptability of smoking is greater for a
16-year-old than it is for a 20-year-old.

Given this assumption that changes in the MLA will have different
effects on adolescents at different ages, the committee considered possible
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changes in initiation rates for three age divisions: (1) children and adoles-
cents under age 15, (2) adolescents between 15 and 17, and (3) individu-
als at age 18 (for estimates of MLA of 19) or individuals at ages 18-20
or 21-24, for an MLA change to either 21 or 25. These age groupings
reflect not just differences in years from the MLA but several important
life developmental transitions that play a role in tobacco use as well. These
developmental transitions include the increased mobility that comes with
driving privileges, changes in social networks as adolescents enter and leave
high school or transition to higher education, changes in employment lev-
els and venues, leaving home, and potential changes in relationship status
(e.g., marriage) and parenthood (Arnett, 2000, 2004; IOM and NRC,
2014; Settersten and Ray, 2010). Each of these life transitions and markers
changes both potential sources of access to tobacco as well as motives for
use (Bachman et al., 2002).

Adolescents Less Than 15 Years of Age

A substantial percentage of adolescents under age 15 are not yet in
high school and, importantly, not yet of driving age. Adolescents under 15
are less likely to have peer networks that include individuals who are over
the MLA (and the distance increases as the MLA increases), and these ado-
lescents are also unlikely to be working in established work environments
where they have coworkers who are over the MLA. Thus, social network
sources and mobility are most restricted for adolescents under age 15. So-
cial sources are the greatest access point for tobacco for underage youth
(see Tables 5-2 and 5-3 in Chapter 5), and changes to the MLA affect the
relative ease of availability of tobacco through social sources. For adoles-
cents under 15 years of age, raising the MLA from 18 to 19 may have only
a modest impact on reducing social sources, given the closeness in age. If
adolescents already have networks with 18-year-olds, then these networks
may also include 19-year-olds who have access to tobacco. Increasing the
MLA to 21, however, provides a greater distancing of social sources. Al-
though 19-year-olds may still be in high schools and thus potentially influ-
ence those under 135, it is far less likely that 21-year-olds are in the same
social networks. Increasing the MLA from 21 to 25, however, is not likely
to achieve any additional notable reductions in social sources for those
under 15 than what is achieved with the 21-year-old MLA policy.

Although social sources play a central role in establishing adolescent
tobacco use patterns, other factors that contribute to early adolescent to-
bacco use (for those who initiate before age 15) may place a limit on the
reductions that would be achieved with increases in the MLA. Adolescents
who reach a level of 100 cigarettes prior to age 15 may be those who are
most susceptible to the reinforcing effects of nicotine, given their neuro-
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developmental stage and the brain’s increased sensitivity to nicotine during
those prime adolescent years (Jamner et al., 2003; Slotkin, 2002; Spear,
2000). These adolescents are also likely to be ones who have higher levels of
psychological or substance use comorbidities, and ones for whom tobacco
use has critical mood management properties (Kassel et al., 2003). These
adolescents are the ones most likely to have a combination of problem be-
haviors, of which tobacco use is one manifestation (Ellickson et al., 2001;
Silk et al., 2003). Their early use may be accelerated by these reinforcing
and functional properties of nicotine, and these benefits of tobacco use may
outweigh perceived consequences (Baker et al., 2004). These more vulner-
able adolescents may also have social networks within which tobacco and
other substances are more readily available, regardless of age, or they may
have more contact with older individuals (Kobus, 2003). Thus, the com-
mittee expects that there may be a limit to the effect that changes in the
MLA have on this subset of adolescents who initiate prior to age 15 and
that changes in the MLA will not totally eliminate initiation at this young
age. Thus, considering the balance of these factors, the committee estimates
that, for adolescents under age 15, reductions in initiation will be small for
an MLA of 19 and medium for MLAs of 21 and 25.

Adolescents 15 to 17 Years of Age

The committee expects that the greatest gains in reducing tobacco use
will be achieved for adolescents between the ages of 15 and 17. This is
a critical period in which to intervene to prevent not only an initial trial
of tobacco use but also escalation to reach a threshold for initiation. A
substantial proportion of adolescents try tobacco during these high school
years, but most of these adolescents do not escalate beyond initial “experi-
mentation,” and continued access to tobacco products is a major factor in
this progression of use (Widome et al., 2007). Initial trials are often mo-
tivated by opportunity, social influences, as well as in-the-moment image
enhancement, curiosity, and emotional arousals (both positive and negative)
(Sarason et al., 1992). For this age group, negative consequences for to-
bacco use, through parental or school controls, are still relevant (IOM and
NRC, 2011), and changes in the MLA are likely to increase these negative
consequences as social norms adjust. Yet access to tobacco will still exist.
Adolescents in this age group are still most likely to get tobacco through
social sources (CDC, 2014; Johnston et al., 2014b). Between the ages of
15 and 17, youth mobility increases with the arrival driving privileges.
Adolescents’ social networks and potential social sources of tobacco start
to grow as some take on formal, part-time jobs with coworkers who may
be over the MLA. Changing the MLA for tobacco to 19 may not change
social sources substantially for these adolescents, but the committee expects
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that raising the MLA to 21 will have a substantial impact in reducing the
prevalence of tobacco use. Raising the MLA further to 25 may provide only
an additional modest reduction in prevalence over that achieved with an
MLA of 21, given that the resulting changes to social network sources may
not be substantially different. However, boosting the MLA to 25 does have
the additional benefit of social norm change.

Balancing these factors, the committee estimates that, for all the policy
options considered, the reduction in initiation in the 15- to 17-year-old age
group will likely be greater than the reduction in initiation among adoles-
cents less than 15 years of age. Furthermore, the committee estimates that
the higher the MLA is raised, the greater the effect on initiation rates is
likely to be.

Young Adults 18 to 20 Years of Age

By age 18, many adolescents graduate from high school and have
numerous transitions, including entering higher education, being exposed
to more adults in the workforce, leaving home, and often experiencing
significant changes in social networks (Arnett, 2000, 2004; Bachman et al.,
2002; IOM and NRC, 2014; Settersten and Ray, 2010). To date, patterns
of initiation have shown a tailing off in initiation by age 18 (see Table 2-8
in Chapter 2). The committee considered an estimate for this age group
specifically only in the case of a raise in the MLA to 19, when individuals at
age 18 are most directly affected by this policy change. Given that the social
networks of 18-year-olds overlap more with the 19-year-olds, the commit-
tee expected a small reduction in initiation for 18-year-olds under an MLA
of 19. The expected effect on initiation rates is higher for an MLA of 21 and
higher still for an MLA of 25. The committee expects the effects of increas-
ing the MLA to 21 or 25 on the initiation rates of 19- and 20-year-olds will
be similar to the effects on 18-year-olds. This expectation of increased effect
is due primarily to the increased social distancing expected when the MLA
is raised to 21 or 25, but it also takes into account the benefits of the ad-
ditional maturing of executive functions, the decreased sensitivity to the
rewarding properties of nicotine, the additional social norms proscribing
tobacco use, and the decreased social value of tobacco and motives for its
use as individuals enter the workforce or parenthood.

Young Adults 21 to 24 Years of Age

Changes in initiation rates for young adults in the 21-24 age group
were considered only for the case of raising the MLA to 25. The probability
of initiation at these ages is substantially less than at earlier ages, given the
developmental changes in life settings and milestones which are likely to
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reduce the various motives for smoking (Bachman et al., 2002). In addi-
tion, young adults who have not yet begun smoking have likely developed
coping strategies other than smoking for dealing with mood management
and life stressors. Thus, the overall probability of new initiation is substan-
tially lower. However, current patterns of tobacco marketing suggest that
young adults are increasingly being targeted in tobacco promotions (Ling
and Glantz, 2002), and tobacco promotions are frequently linked with bar
settings and alcohol consumption, which may also keep this age group
susceptible to initiation (Ling and Glantz, 2002). In addition, the commit-
tee considered that there may be more lax enforcement for an MLA of 25.
Considering the balance of factors, the committee anticipates that some
reduction in initiation would still occur with a raise in the MLA to 25 but
that this reduction will be small.

Rebound

Changes in the MLA for tobacco may also create some rebound
effects—that is, delaying initiation to a later age. Rebound will result in
increases in initiation over what has been seen historically in a given age
group. The committee anticipates that most of the potential rebound from
delayed initiation will occur in the first year after the new MLA and that
this effect is likely to be modest. The changes in the MLA are likely to have
an effect of further moving social norms and attitudes toward discouraging
tobacco use and making it less appealing. These social normative changes
may help to reduce rebound effects. Rebound may be most likely at the
lower end of young adulthood (18-21) and very unlikely after age 25, when
decision making has matured, individuals have established other coping
strategies, and normative developmental life changes often further push
individuals away from tobacco use.

Intensity

The models commissioned by the committee considered only changes
in initiation and not changes in intensity of smoking. Intensity is important
to consider both because of its strong association with nicotine dependence
(Fagerstrom et al., 1990; Prokhorov et al., 1996), and thus difficulties in
quitting tobacco use and also because of the strong dose-response rela-
tionship between smoking intensity and morbidity (Hu et al., 2006). It is
reasonable to expect that changes in the MLA for tobacco will also change
the intensity of smoking for underage individuals, given the likely resulting
changes in the ease of access to tobacco. At the same time, though, there is
a background of ongoing historical changes, with overall consumption and
intensity both decreasing among smokers, as there are more environmental
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restrictions on tobacco use and increasing prices (HHS, 2014). Thus, it is
difficult to estimate the independent gains in reducing intensity that will
result from changes in the MLA, although the committee expects that these
additional gains may be modest. Given this level of uncertainty and the lack
of data about potential reductions in intensity, changes in intensity are not
included in the modeling. For that reason the overall model estimates may
ultimately underrepresent the potential health gains of changes in the MLA
for tobacco.

Summary of Committee Estimates and Conclusions of the
Likely Effects of Raising the MLA on Tobacco Use Initiation

Table 7-1 summarizes the committee’s ordered, categorical estimates
of the effects that changes in the MLA will have in reducing initiation for
the different age groups. The committee has more confidence in its esti-
mates pertaining to the raising of the MLA to 19 or 21 than it does for
raising the MLA to 25 because of the greater level of extrapolation needed
for estimating change and other factors with increasing age. There are a
variety of reasons for the uncertainty in these estimates. One is the lack of
empirical evidence directly linking changes in the MLA and levels of MLA
enforcement with changes in tobacco use. Another is the changing array of
available tobacco products and uncertainty about how these new products
may change patterns of tobacco use. The estimates being used as inputs for
the simulation models include a range of potential values, with a broader
range for the MLA of 25.

Conclusion 7-1: Increasing the minimum age of legal access to tobacco
products will likely prevent or delay initiation of tobacco use by ado-
lescents and young adults.

Conclusion 7-2: Although changes in the minimum age of legal access
to tobacco products will directly pertain to individuals who are age 18
or older, the largest proportionate reduction in the initiation of tobacco
use will likely occur among adolescents 15 to 17 years old.

Conclusion 7-3: The impact on initiation of tobacco use of raising
the minimum age of legal access to tobacco products (MLA) to 21
will likely be substantially higher than raising it to 19, but the added
effect of raising the MLA beyond age 21 to age 25 will likely be con-
siderably smaller.

The previous section outlined, in qualitative terms, the expected effects
of raising the MLA on initiation of tobacco use. The modeling exercise
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TABLE 7-1 Committee Estimates Regarding Effects on Initiation

Reduction in Initiation by Age Group MLA 19 MLA 21 MLA 25
Reduction in initiation for adolescents under age 15 small medium  medium
Reduction in initiation for adolescents ages 15-17 small large large
Reduction in initiation for young adults age 18 small medium  medium
Reduction in initiation for young adults ages 19-20 n/a medium  medium
Reduction in initiation for young adults ages 21-24 n/a n/a small
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Characteristics of the Age Group That
Might Influence Responsiveness to an
MLA Increase

Factors Related to Effects on This Age Group
as the MLA Increase Is Larger

The youngest adolescents who have
access to tobacco products and who
persist in using tobacco beyond the first
experimentation with them are ones who
may be most susceptible to the reinforcing
effects of nicotine or who have higher
levels of psychological or substance use
comorbidities, placing them at greater risk
for escalation beyond 100 cigarettes and
into established initiation and smoking.
These youth may be less affected by
increases in the MLA than even slightly
older youth.

Changes in the MLA will increase the
negative social consequences of tobacco
use; adolescents at this age are most
likely to get tobacco from social sources,

including from coworkers above the MLA.

Most graduate from high school and
experience life transitions. However, some
18-year-olds are in high school with, or
are friends with, 19-year-olds who could
purchase tobacco products.

Young adults benefit from increased
executive functioning, as well as decreased
sensitivity to rewarding properties of
nicotine and decreased social value of
tobacco and motives for use as individuals
enter workforce or parenthood.

The probability of initiation among young
adults ages 21 to 24 is substantially

less than at earlier ages. Developmental
changes in life setting and milestones are
likely to reduce motives for smoking.
Young adults in this age group have likely
developed coping strategies other than
smoking.

Younger adolescents are less likely to be

in social groups with older adolescents

or young adults. Their mobility is most
restricted, depending on parents and other
adults for transportation, thus reducing ease
of access. Social sources remain the greatest
access point for tobacco products, so the
characteristics of social networks and the
problem behaviors in those networks matter.
Thus, the effect of MLA 19 will be less than
that of MLA 21 or MLA 25.

MLA 21 will begin to change access to
tobacco products from social sources, much
more so than MLA 19. MLA 25 will have
only modest additional changes to social
network, but includes benefits of social norm
change.

Networks of 18-year-olds overlap with
19-year-olds but less so with those 21 or over.

19- and 20-year-olds are often in college or
the workforce, and their network of friends
includes those age 21 and older. MLA 25 will
have only modest additional changes to their
social network, but includes benefits of social
norm change.

There could be more lax enforcement of
MLA 25 in this age group. The tobacco
industry engages in extensive marketing in
bars to which this age group will have legal
access; many young adults link smoking and
drinking behaviors.
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undertaken by the committee required quantification of these effects;
the next section details the process by which the committee translated the
qualitative terms into specific quantitative estimates of effects on the rate of
initiation of smoking for various age segments. The SimSmoke and CISNET
models used those committee-estimated initiation rates to project the effects
of a change in the MLA on smoking prevalence. Chapter 8 then translates
those quantitative estimates of effects on initiation and prevalence into
quantitative estimates of effects on smoking-related premature mortality,
lung cancer mortality, and maternal and child health outcomes using the
simulation models that track lifetime trajectories of smoking behavior
post-initiation. Chapter 8 also includes a discussion of the likely effect of
changes in tobacco use on the many important adverse health effects not
encompassed by the modeling exercises.

ESTIMATED INITIATION EFFECT SIZES

As described above, the committee used a consensus process to arrive at
estimates for changes in initiation rates. As shown above in Table 7-1, the
committee decided on three qualitative descriptors, labeled small, medium,
and large. The committee attached numeric ranges to each of these magni-
tude descriptors. The ranges increase in increments of 5 percent (to avoid
implying an unrealistic precision in the estimates) from 5 to 30 percent for
potential changes in initiation. Small effects were considered to be 5 and
10 percent; medium effects were 15 and 20 percent; and large effects were
25 and 30 percent.

These estimates can be compared to effect sizes from a variety of tobacco
control policies. The committee provides this brief summary not to make
direct comparisons between other researchers’ findings and the committee’s
estimates but to illustrate that the committee’s informed judgment about the
likely effects of raising the MLA falls within the range of relevant effect sizes
identified by or considered reasonable by other tobacco control researchers.

For example, tobacco control policy modules incorporated into the
SimSmoke model used estimates from an expert judgment process to project
the effects of a variety of interventions on adolescent, young adult, and
adult smoking behaviors. As shown in Table D-1, these effects range from
1 percent to 50 percent. Of note, the effect size of the youth access restric-
tion module in SimSmoke range from 2.5 percent to 30 percent. A modeling
exercise assessing the cost-effectiveness of raising the legal smoking age in
California, an effort not dissimilar from that in this report, used a range
of 10 to 50 percent decrease in initiation for the projected effect on those
under age 21 (Ahmad, 2005).

Flay (2007) summarized the effects of school-based prevention pro-
grams using a relative risk reduction calculation and estimated that the
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potential medium-term (2-4 years) effects of a national program of well-
implemented, school-based smoking prevention programs of proven effec-
tiveness would be approximately 28 percent, rising to a potential 31 percent
if the programming included a mass media component as well. A recent
review of the effectiveness of increases in tobacco product excise taxes
and fees on initiation of tobacco use in young people reports -0.43 as the
median estimate of the elasticity of adolescent initiation with respect to
price, meaning that a 10 percent increase in price would result in a 4.30 per-
cent decrease in initiation (CPSTE, 2012).

Table 7-2 summarizes the committee’s estimates for percent reductions
in initiation rates and potential rebound effects for the different age group-
ings assuming a change in the MLA to 19, 21, or 25 years of age, referred to
as MLA 19, MLA 21, or MLA 25, respectively. The effect sizes used in the
modeling reflect the committee’s judgment about the effect of an increase in
the MLA on the entire United States. Some regions or subpopulations might
experience larger effects, some smaller. The largest effect size used in other
modeling exercises identified by the committee is 50 percent. The committee
thinks that is overly optimistic and chose to use more conservative estimates
in the modeling, although upper estimates are provided.

In addition, the committee recognized that although there is limited
direct evidence about how raising the MLA might affect tobacco use at
different ages, there is less confidence about some effects than others. The
committee is the most confident about the estimates related to an MLA of
19 and 21 and is much less confident regarding estimates related to an MLA
of 25 because of the greater level of extrapolation needed for estimating
changes. To address this uncertainty, the committee includes ranges (upper
and lower estimates) around each mid-estimate that vary according to the
degree of the committee’s uncertainty. Thus, the estimates for the MLA of
25 used the broader range. The effect ranges do not represent bounds or a
measure of uncertainty in the classical statistical sense. Rather these values
reflect ranges that the committee deemed plausible (see Table 7-3). As will
be discussed, the models simulate national cigarette smoking patterns and,
in Chapter 8, their consequences. However, the committee’s effect sizes are
percentage decreases from the status quo and thus would apply to any ju-
risdiction of any size assuming the jurisdiction roughly mirrors the United
States as a whole. Absolute numbers of people affected would vary with the
size of the population. The implications of this are discussed in Chapter 9.

MODELING

For this report, the committee used the CISNET smoking population
model (hereafter referred to simply as the CISNET model) calibrated to
data from 36 National Health Interview Surveys covering the years 1965-
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2012 (Holford et al., 2014) to simulate age-specific smoking prevalence
and mortality outcomes for birth cohorts projected through 2100. Using
the smoking initiation estimates developed by the committee as inputs,
the model was used to assess the potential effects of raising the MLA on
U.S. smoking patterns by birth cohort and calendar year and the corre-
sponding smoking-attributable mortality, life expectancy, and lung cancer
deaths, using lung cancer projections from the CISNET Yale Lung Cancer
Model (Holford et al., 2012).This report also used a recently updated ver-
sion of the SimSmoke model that assumes the same smoking-rate inputs
used by the CISNET model based on NHIS (Holford et al., 2014) and
beginning in 1965. SimSmoke is able to reproduce the population smoking
patterns by gender and by age in the United States from 1965 through 2012
(Levy, under review; Levy et al., under review), and it predicts the impact
of current and future policies from 2015 through 2100. The initiation rates
from 2015 forward reflect the effect of past policies under the assumption
that policies other than raising the MLA will remain at 2014 levels into the
future. As such, the initiation rates remain constant in future years under
the status quo policy option. More details about the models can be found

in Appendix D.

The models focused on characterizing the potential effects of raising
the MLA on future rates of smoking initiation rates by age (the probability
of becoming an established smoker at a given age, conditional on not hav-
ing started before), considering both the prevention of smoking initiation
for individuals younger than the new MLA (prevented initiation) and the
delay of smoking initiation for some individuals who will start at an older
age because of the policy (delayed initiation). The modeled policy effects
varied by age, with assumed reductions in smoking initiation rates among
individuals younger than the new MLA, while allowing for a potential in-
crease (rebound) in the smoking initiation rates for individuals of or above

the MLA (delayed smoking initiation).

Effects of Raising the MLA on Smoking Initiation

Figure 7-1 shows the initiation rates for the baseline (the current MLA)
for both CISNET and SimSmoke and the corresponding mid-estimate for
the smoking initiation inputs for the MLA 21. The SimSmoke baseline
initiation rates are generally higher than those of the CISNET model. The
specific initiation rates used in both models can be accessed on the CISNET
webpage.! Applying the CISNET initiation rates directly to a hypothetical
birth cohort of 100,000 individuals would result roughly in 30,000 ever
smokers by age 40. Applying the reductions in the mid MLA 21 scenario

1 See https:/resources.cisnet.cancer.gov/projects/#shg/iomr.
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FIGURE 7-1 Initiation rates by age under baseline and middle scenarios for the
effects of raising the MLA to 21.

would translate into 10 percent fewer smokers, with approximately 3,000
individuals never initiating plus another 600 individuals delaying smoking
initiation until an older age (data not shown).

Smoking Prevalence

The models estimate the impact of reduced and delayed initiation on
future annual U.S. smoking prevalence (described below) and smoking-
related health outcomes (shown in Chapter 8), assuming that the MLA
would change in 2015 and go into full effect immediately (with progres-
sive staggered implementation evaluated in sensitivity analyses). Although
raising the MLA could also affect future rates of cessation and smoking
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intensity, the models did not incorporate effects on these rates because of
uncertainty about the potential impacts. Thus, this represents a conserva-
tive assumption (one that underestimates the health benefits of the MLA
policy), considering the substantial evidence linking delayed initiation with
higher smoking cessation and lower smoking consumption rates.

Status Quo Projections

Any projections into the future imply some uncertainty because one
cannot observe future outcomes before they occur. However, models provide
an opportunity to explore the potential outcomes associated with various
policy options and compare with the status quo, assuming all else remains
unchanged. Both of the models employed by the committee begin with the
creation of a baseline projection that assumes no change in the MLA; this
serves as the status quo projection. The models are then run assuming the
altered initiation rates provided by the committee (see Table 7-2) beginning
after 2015. To characterize the incremental impacts of policy changes that
are predicted by the model, the committee subtracted the outcome result for
the baseline or status quo policy from the outcome result for the new MLA
policy and then divided by the baseline outcome result, thus expressing the
change as a percentage.

Both models project the baseline smoking prevalence in the United
States from 2015 to 2100 assuming that smoking initiation and cessation
rates will remain the same in all future years, but they do so in different
ways and at different levels. CISNET projects that the age-specific initiation
and cessation rates by gender estimated for the 1980 birth cobort will apply
to all future birth cohorts. By contrast, SimSmoke assumes that the esti-
mated age-specific initiation and cessation rates by gender observed for the
year 2014 will persist throughout the modeled horizon (effectively assum-
ing that tobacco control policies will remain at current levels). Although
the differences may seem relatively minor, they lead to different projected
smoking rates at the baseline for the two models. To facilitate comparison
of the projected policy consequences associated with raising the MLA, the
focus here will be on the relative effects of the MLA policy (i.e., the per-
centage reductions in smoking, mortality, and other health outcomes) while
noting uncertainty about the absolute magnitude of the status quo.

Effects of Changing the MLA on Smoking Prevalence

Figure 7-2 shows projected smoking prevalence in the United States
from 2014 to 2100 by gender as estimated by the CISNET model for the
status quo and the three MLAs considered. The figure shows that even
under the status quo, the CISNET model predicts a decrease in adult smok-
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FIGURE 7-2 CISNET model-projected smoking prevalence for the three mid-MLA

scenarios for adults (18+), adult women, and adult men in the United States for
2014-2100.

ing prevalence from 18 percent in 2014 to 9 percent in 2100 (15 percent in
2014 to 7 percent in 2100 for females and 21 percent in 2014 to 11 percent
in 2100 for males).

The figure also suggests that the MLA 21 and MLA 25 options lead
to considerable further reductions in smoking prevalence relative to MLA
19. Switching to a progressive staggered implementation of the policy (i.e.,
for an MLA greater than 19, increasing the MLA by 1 year each calendar
year until reaching the desired MLA) did not significantly change the results
(not shown).

Figure 7-3 shows the corresponding projection from the SimSmoke
model. As can be seen, the SimSmoke model also projects a significant
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Adult Smoking Prevalence
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FIGURE 7-3 Projected smoking prevalence predicted by the SimSmoke model for
adults (18+), adult women, and adult men in the United States for 2014-2100.

reduction in adult smoking prevalence—from 17 percent in 2014 to 13 per-
cent in 2100 (15 percent in 2014 to 11 percent in 2100 for females and
19 percent in 2014 to 14 percent in 2100 for males)—to occur in the fol-
lowing decades. As shown in these figures, the SimSmoke model projects
smaller decreases in prevalence than does the CISNET model because of the
underlying lower baseline smoking initiation and higher (not shown) ces-
sation rates in the CISNET model. Both models project that MLA 21 and
MLA 25 would lead to larger reductions in smoking prevalence compared
to MLA 19.

Table 7-4 shows a comparison between the two models of the pro-
jected adult smoking prevalence and the absolute percentage reductions in
prevalence versus the status quo for selected years. The ranges in percentage
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reduction represent the results from the lower and upper estimate scenarios
(see Table 7-3) for effects on initiation for each MLA option. The results
in Table 7-4 demonstrate that although the absolute prevalence predictions
differ between the models, the two models predict similar percentage reduc-
tions in smoking for each MLA relative to the status quo. Specifically, both
models estimate a roughly 3 percent decrease in the 2100 prevalence for
the mid-MLA 19, an 11-12 percent decrease for the mid-MLA 21 scenario,

and a 15.7 percent decrease for the mid-MLA 25 scenario.

Summary of Smoking Prevalence Projections

The modeling analysis suggests that raising the MLA for tobacco prod-
ucts could lead to considerable reductions in smoking prevalence. Both
models suggest that it would take about a decade for the reductions in
population-wide smoking prevalence to become meaningful; the delay can
be attributed to the nature of the policy, which primarily affects children,
adolescents, and young adults, so the effects become apparent only after
those individuals affected by the policy have aged. Still, the projections
show that with time the potential reductions and delays in smoking initia-
tion would accumulate and lead to considerable decreases in prevalence.

Both models suggest that there is a considerable difference between the
results of MLA 19 and MLA 21. Increasing the MLA from 21 to 25 leads
to additional reductions, but they are smaller than the changes seen increas-
ing the MLA from 19 to 21. This reflects the uncertainty in the assumed
smoking initiation reductions for each MLA and the overlapping ranges for

MLA 21 and MLA 25 (wider effect ranges for MLA 25).

Finding 7-1: Two policy simulation models project significant reduc-
tions in smoking prevalence from 2015 to 2100 in the United States
in a status quo policy that captures the benefits from prior tobacco

control policies.

Finding 7-2: The models predict that raising the minimum age of legal
access to tobacco products would lead to additional reductions beyond
the status quo in smoking prevalence based on reasonably conservative
assumptions about the potential reductions in smoking initiation rates.

Finding 7-3: Raising the minimum age of legal access to tobacco prod-
ucts to 21 or 25 years would lead to larger reductions in smoking
prevalence than the status quo or an increase of the MLA to 19.
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Conclusion 7-4: Based on the modeling, raising the minimum age of
legal access to tobacco products, particularly to age 21 or 25, will likely

lead to substantial reductions in smoking prevalence.

As discussed in Chapter 2, tobacco use is far from uniform among vari-
ous subpopulations and varies, for example, by race and ethnicity, social
and economic status, geography, incarceration status, and the presence of
mental illness (Bachman et al., 2011; Cropsey et al., 2004, 2008; Goodman
and Capitman, 2000; Green et al., 2007; HHS, 2012; Johnson et al., 2000;
Johnston et al., 2014a; Kann et al., 2014; Melnick et al., 2001; Peek et
al., in preparation; SAMHSA, 2012; Welte et al., 2011; Ziedonis et al.,
2008). Tobacco control advocates interested in decreasing tobacco use are
particularly concerned about closing the “equity gap” by reducing tobacco
use among the highest-risk populations. An important consideration for
the committee is whether a change in the MLA would differentially affect
high-risk populations with initiation rates that vary significantly from the
national averages considered in this report, including the rates contained in
the modeling. One possibility is that groups with higher-than-average initia-
tion rates would remain relatively resistant to tobacco control interventions
and the effect would be smaller in those populations, widening the equity
gap. The equity gap could be narrowed if groups with lower-than-average
initiation rates respond less to an increase in the MLA. The third possibility

is that the effects will not vary significantly between groups.

The literature provides little evidence to clarify this issue. Two recent
systematic reviews of the effects of population-level tobacco control inter-
ventions on adolescents and young adults found no clear evidence of a
differential impact by social factors. One review found “little evidence of
policies that have the potential to increase inequalities” (Thomas et al.,
2008, p. 235). The second review identified price as the only intervention
with a consistent effect that would decrease the inequalities in smoking
initiation (Brown et al., 2014). Given the extremely limited data available
and the fact that the models are not equipped to analyze according to high-
risk populations, the committee did not produce separate analyses of the
effect of raising the MLA by subpopulation. The committee’s conclusions
also do not anticipate the changing landscape of tobacco products—in
particular, the burgeoning popularity of electronic nicotine delivery systems
(ENDS) (e.g., “e-cigarettes”). This new pattern of tobacco use creates vari-
ous unknowns. The committee has no basis on which to conclude that the
effect of a change in the MLA would have more or less effect on initiation
with ENDS than with other tobacco products. Both of these limitations are

discussed further in Chapter 9.
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Health Benefits of
Raising the Minimum Age of
Legal Access to Tobacco Products

ing the likely effects of raising the minimum age of legal access to

tobacco products (MLA) on initiation of tobacco use by adolescents
and young adults under each of the three policy options: MLA 19, MLA 21,
or MLA 25. The committee uses SimSmoke and Cancer Intervention and
Surveillance Modeling Network (CISNET) simulation modeling to project
numerical estimates of how, through to the year 2100, these effects on ini-
tiation would affect cigarette smoking prevalence, as the cohorts affected
by an MLA increase age into adulthood and, in fact, through middle and
older ages. This chapter uses those changes in initiation and prevalence
to model the likely effects on morbidity and mortality. Projections from
CISNET and SimSmoke include some measures of mortality (premature
deaths, years of life lost [YLL], and lung cancer deaths) and of morbidity
(low birth weight, pre-term birth, and sudden infant death syndrome, or
SIDS). The chapter concludes with the committee’s findings and conclu-
sions on the likely effects of raising the MLA on the many other important
health outcomes not included in the modeling exercise. See Appendix D for
a detailed discussion of the models.

r I Yhe preceding chapter describes the committee’s conclusions regard-

PREMATURE DEATHS PREVENTED

The CISNET model provided estimates of the smoking-attributable
mortality by birth cohort (generation) for each policy option for raising

219
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the minimum age of legal access to tobacco products.! The mortality pre-
dictions by birth cohort summarize in a single statistic the cumulative ef-
fects of raising the MLA on the mortality experienced by new generations

throughout their lifetime.

Table 8-1 presents the CISNET model projections of lifetime deaths
prevented by birth cohort (i.e., for the hypothetical population of U.S.
individuals born in 2000-2019, 2020-2039, . . ., and 2080-2099) for the
status quo as well as the premature deaths? prevented by the mid-scenario
of the three MLA policy options for initiation, along with the percentage
mortality reduction. The projections show that for each MLA the percent-
age reduction in premature deaths appears to be consistent across birth
cohorts; this makes sense because all the cohorts would reach adulthood
after—sometimes substantially after—implementation of the law. Nonethe-
less, the number of deaths prevented for each birth cohort varies because
of differences in the projected size of these different cohorts, with more
lives saved in a larger cohort than in a smaller cohort even with the same
proportionate reductions. The results show that MLA 19 could reduce the
lifetime smoking-attributable deaths versus the status quo by approximately
3 percent, with reductions of 11 percent for MLA 21 and 15 percent for
MLA 25. Hence, the projected reductions in smoking-related deaths track
the long-run projected declines in smoking prevalence. The results show
similar patterns for the upper and lower estimates® of smoking initiation

(see Appendix D).

Figure 8-1 shows the CISNET model estimates of the cumulative num-
bers of premature deaths prevented from 2014 to 2099 for each MLA;
these cumulative numbers aggregate over all individuals in the birth cohorts
alive during the time period. The lines represent the mid-estimate, and the
shaded regions correspond to the upper and lower (see Table 8-2). The fig-
ure shows the considerable gains achieved by both MLA 21 and MLA 25

1 Modeling results are presented as cohort effects or period effects. Cohort effects are pat-
terns that differentiate individuals born in the same epoch or generation. Period effects are
patterns that characterize individuals who happened to be alive at a certain point in time,

independent of their age or generation.

2 Premature deaths are the difference between the effective mortality rate versus the mor-
tality rate of never smokers multiplied by the corresponding age-specific population (see

Appendix D).

3 As described in Chapter 7, the simulation models include a range of potential values, re-
sulting in upper and lower estimates around the mid-estimate that vary according to the degree
of the committee’s uncertainty, with a broader range for the MLA of 25. The effect ranges do
not represent bounds or a measure of uncertainty in the classical statistical sense. Rather, these
values reflect ranges that the committee deemed plausible. The mid-estimate is treated as a
geometric mean rather than an arithmetic mean; thus, upper estimates are calculated as 1.2(x)
and lower estimates as x/1.2 for MLA 19 and MLA 21 and as 1.4(x) and x/1.4 for MLA 25,

resulting in slightly nonsymmetric ranges around the mid-estimates.
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FIGURE 8-1 Predicted number of premature deaths prevented (lives saved) for the
three MLA policies using the CISNET model. Lines correspond to the mid-scenario
for each MLA. Shaded regions represent the area between the upper and lower
scenarios for each MLA.

in comparison with MLA 19, with the mortality benefits beginning many
years after implementation of the policy, because smoking-attributed mor-
tality becomes more significant after age 40 and the policy primarily affects
adolescent and young adult initiation. The figure shows the preservation of
the general patterns across the mid, upper, and lower initiation scenarios.
Table 8-2 shows the predicted number of premature deaths due to
smoking for selected periods as well as the corresponding number of deaths
prevented and the percentage reduction for each of the MLA mid-estimate
scenarios. According to the CISNET model, raising the MLA to 19, 21, or
25 would save approximately 66,000, 250,000, or 330,000 lives, respec-
tively, by 2100. Of those lives saved, 23,000 (MLA 19), 90,000 (MLA 21),
and 120,000 (MLA 25) would be premature deaths avoided among people

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 8-2 Cumulative Premature Deaths Expected and Prevented by
Period—CISNET

MLA/Outcome 2020-2039 2040-2059 2060-2079 2080-2099  2015-2099
Status Quo

Premature deaths 6,782,000 4,568,000 2,927,000 1,996,000 18,978,000
expected

MLA 19

Deaths prevented — 3,000 20,000 43,000 66,000
Percentage reduction 0.0% 0.1% 0.7% 2.2% 0.0%
Deaths prevented — 3,000 11,000 9,000 23,000
(ages <63)

MLA 21

Deaths prevented — 11,000 75,000 163,000 249,000
Percentage reduction 0.0% 0.2% 2.6% 8.2% 0.3%
Deaths prevented — 11,000 43,000 36,000 90,000
(ages <63)

MLA 25

Deaths prevented — 14,000 99,000 216,000 329,000
Percentage reduction 0.0% 0.3% 3.4% 10.8% 1.3%
Deaths prevented — 14,000 57,000 47,000 118,000
(ages <65)

NOTE: This assumes the use of mid-scenarios and that the policy is implemented in 2015.
Although the table carries many significant figures to aid in reproducibility, precision is limited
to one or two digits.

younger than 65 years. The table shows that the percentage of premature
deaths prevented would increase progressively with time, going from ap-
proximately 0.1 percent, 0.2 percent, and 0.3 percent in 2040-2059 to
2.2 percent, 8.2 percent, and 10.8 percent in 2080-2099 for MLA 19,
MLA 21, and MLA 25, respectively, all based on the mid-estimate scenarios.

Figure 8-2 shows the SimSmoke model estimates of the number of
smoking-related deaths that would be prevented from 2014 to 2100 for
each MLA. The model projects more prevented deaths than the CISNET
model primarily because of the higher future smoking prevalence predicted
by the SimSmoke model and the model differences in assumed mortality
rates for current smokers. The CISNET model also allows for differential
age-specific mortality by smoking intensity, which is particularly relevant
due to the significant decreases in smoking intensity levels projected by the
CISNET model under the status quo (see Appendix D).

The relative proportion of deaths prevented between the three MLAs
appears consistent across the two models, with MLA 21 and MLA 25 lead-
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FIGURE 8-2 Number of premature deaths prevented (lives saved) for the three
MLA policies estimated using the SimSmoke model. Lines correspond to the mid-
input scenario for each MLA. Shaded regions represent the area between the upper
and lower scenarios for each MLA.

ing to significantly greater proportions of lives saved than with MLA 19.
In contrast with the SimSmoke model, the CISNET model’s projections of
premature deaths prevented for the upper MLA 21 scenario and the lower
MLA 25 scenarios overlap, although they still lead to significantly larger
gains compared to MLA 19, just as in SimSmoke. Table 8-3 shows the
SimSmoke model’s projected number of premature deaths due to smoking
for selected periods as well as the corresponding number of deaths pre-
vented and the percentage reduction for each of the MLA mid-scenarios.
The table shows that the SimSmoke model estimates that the percentage
reduction in smoking-attributed mortality increases progressively with time,
from approximately 0.1 percent, 0.8 percent, and 1.5 percent in 2040-2059
to 2.5 percent, 9.9 percent, and 14.5 percent in 2080-2100 for MLA 19,
MLA 21, and MLA 235, respectively. Thus, although the absolute numbers
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TABLE 8-3 Cumulative Premature Deaths Expected and Prevented by

Period—SimSmoke

MLA/Outcome 2020-2039 2040-2059 2060-2079 2080-2100  2015-2100
Status Quo

Premature deaths 8,108,000 6,393,000 4,963,000 4,277,000 26,840,000
expected

MLA 19

Deaths prevented — 9,000 50,000 106,000 165,000
Percentage reduction 0.0% 0.1% 1.0% 2.5% 0.6%
Deaths prevented — 9,000 28,000 23,000 60,000
(ages <65)

MLA 21

Deaths prevented 1,000 51,000 229,000 423,000 705,000
Percentage reduction 0.0% 0.8% 4.6% 9.9% 2.6%
Deaths prevented 700 51,000 108,000 89,000 249,000
(ages <65)

MLA 25

Deaths prevented 4,000 99,000 375,000 620,000 1,098,000
Percentage reduction 0.0% 1.5% 8.6% 14.5% 4.1%
Deaths prevented 4,000 94,000 156,000 129,000 383,000
(ages <65)

NOTE: Assumes the use of mid-scenarios and that the policy is implemented in 2015. Al-
though the table carries many significant figures to aid in reproducibility, precision is limited

to one or two digits.

of deaths prevented differ considerably between the models, the percent-
age reductions in smoking-attributable deaths appear relatively consistent,

especially for later years.

Tables 8-4 and 8-5 show estimates of the number of YLL in the United
States for each of the MLA scenarios by calendar-year (period) and birth
cohort, respectively. The calendar-year results (see Table 8-4) suggest the
gains in years of life would begin several decades after implementation
of the policy. Nonetheless, the birth cohort results (see Table 8-5) show
large reductions in the lifetime YLL (>10 percent) achieved by MLA 21 or
MLA 25 for new generations, starting with those born in 2000-2019, with
similar patterns observed for the upper and lower smoking initiation input

values (see Appendix D).

Finding 8-1: Model results suggest that reductions in smoking-related
mortality will not be observed for at least 30 years following the in-
crease in the minimum age of legal access to tobacco products.
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The CISNET Yale Lung Cancer Model, in combination with the CISNET
smoking population model, provides estimates of lung cancer deaths pre-
vented (Holford et al., 2012; Moolgavkar et al., 2012). The model uses a
multistage lung carcinogenesis model to translate the population patterns of
smoking projected by the CISNET smoking population model into predic-
tions of lung cancer deaths (Hazelton et al., 2012; Meza et al., 2008). More
details are provided in Appendix D. Figure 8-3 shows the projected number
of annual lung cancer deaths prevented for each of the MLA mid-scenarios.
Figure 8-4 shows the corresponding cumulative number of lung cancer
deaths prevented. The figures show that the reductions in lung cancer mor-
tality would not become observable until the late 2040s because of the time
delay between smoking exposure and lung cancer risk. As in the case with
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FIGURE 8-3 CISNET model estimates of the number of lung cancer deaths pre-

vented per year for the three MLAs (mid-scenario).
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FIGURE 8-4 CISNET model estimates of the number of cumulative lung cancer
deaths prevented per year for the three MLAs (mid-scenario).

overall mortality, the model predicts that raising the MLA to 21 or 25 would
lead to a considerably higher number of lung cancer deaths prevented than
if the MLA was raised only to 19. Table 8-6 shows the projected number of
lung cancer deaths and deaths prevented for selected periods for each MLA
(mid-scenario). The table shows the progressive increase in the percentage
of lung cancer deaths prevented, going from 0.1 percent, 0.3 percent, and
0.4 percent in 2040-2059 to 2.9 percent, 10.5 percent, and 13.6 percent in
2080-2099 for MLA 19, MLA 21, and MLA 235, respectively.

Finding 8-2: Raising the minimum age of legal access to tobacco prod-
ucts to 21 or 25 years would lead to larger reductions in smoking-
attributable mortality than keeping the status quo or raising the MLA
to 19 years.
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TABLE 8-6 Lung Cancer Deaths and Prevented Deaths by Period Under
Each MLA (CISNET)

2020-2039  2040-2059 2060-2079  2080-2099

Status Quo 1,388,000 771,000 510,000 431,000
MLA 19 0 1,000 5,000 12,000
averted percentage reduction 0.0% 0.1% 1.0% 2.8%
MLA 21 0 3,000 19,000 45,000
averted percentage reduction 0.0% 0.4% 3.7% 10.4%
MLA 25 0 3,000 24,000 59,000
averted percentage reduction 0.0% 0.4% 4.7% 13.7%

NOTE: Although the table carries many significant figures to aid in reproducibility, precision
is limited to one or two digits.

Finding 8-3: Modeling mortality outcomes by birth cohort estimates
that large reductions in lifetime smoking-attributable deaths and years
of life lost would be achieved by raising the minimum age of legal
access to tobacco products to age 21 or 25 for new generations starting
with the cohort born in 2000. It also projects the prevention of a large
number of lung cancer deaths under such scenarios, with most of these
prevented deaths realized after 2050.

MATERNAL AND CHILD HEALTH OUTCOMES

The fetal and early infancy periods in life are particularly critical
periods for future development, and, as such, adverse exposures are espe-
cially harmful during these periods (HHS, 2004). Cigarette smoke exposure
has potent adverse effects that negatively affect the likelihood of concep-
tion, degrade the health of pregnant women and the developing fetus,
increase the risk of pregnancy complications, and reduce the likelihood
of infant survival (HHS, 2004). An increase in the MLA would therefore
have a robust and immediate impact in improving maternal/fetal and infant
outcomes by reducing the likelihood of maternal/paternal smoking. Benefits
would be expected to occur immediately with a change in the MLA, and
they would at first be concentrated within the younger ages of the repro-
ductive years because of the short-term policy impact that would quickly
appear by reducing smoking prevalence in this age range. The impact of a
raise in the MLA would then increase over time as the early birth cohorts
affected by the MLA increase aged into the reproductive ages. The magni-
tude of the benefit would be directly associated with the magnitude of the
decrease in smoking prevalence.
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The SimSmoke model projected the effects of raising the MLA on the
incidence of pre-term births (PTBs), low birth weight (LBW), and SIDS.
The focus on maternal health outcomes required modification of the model
to distinguish the number of smoking women who become pregnant and
the number of children born to smoking women. The model calculated
the number of cases of smoking-attributable birth outcomes using stan-
dard attribution formulas based on relative risks and projected smoking
prevalence (HHS, 2010; Levin, 1953; Lilienfeld and Lilienfeld, 1980) (see
Appendix D).

Tables 8-7, 8-8, and 8-9 show the predicted cumulative numbers of
LBW, PTB, and SIDS, respectively, for each MLA for the mid-scenario and
the corresponding number of averted cases versus the status quo for se-
lected years. For mothers ages 15 to 49, the SimSmoke model predicts that
about 124,000 LBW cases, 82,000 PTBs, and 1,100 SIDS deaths would be
averted between 2015 and 2100 for MLA 19. These increase to 438,000
LBW cases, 286,000 PTBs, and 4,000 SIDS deaths averted under MLA 21
and to 597,000 LBW cases, 388,000 PTBs, and 5,400 SIDS deaths averted
under MLA 25. Thus, about three times more cases could be avoided under
MULA 21 than under MLA 19, while only about 1.35 times more cases could
be prevented under MLA 25 than under MLA 21.

TABLE 8-7 Smoking Attributable LBW Cases and Averted Cases by
Period Under Each Policy Option (Mothers Ages 15-49) (SimSmoke)

2015-2019  2020-2039  2040-2059 2060-2079  2080-2099

Status Quo 242,000 727,000 854,000 964,000 1,064,000
MLA 19 2,000 22,000 30,000 34,000 37,000
averted percentage 0.8% 3.0% 3.5% 3.5% 3.5%
reduction

MLA 21 10,000 78,000 104,000 117,000 129,000
averted percentage 4.1% 10.7% 12.2% 12.1% 12.1%
reduction

MLA 25 16,000 109,000 140,000 158,000 174,000
averted percentage 6.6% 15.0% 16.4% 16.4% 16.4%
reduction

NOTE: Although the table carries many significant figures to aid in reproducibility, precision
is limited to one or two digits.
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TABLE 8-8 Smoking Attributable PTB Cases and Averted Cases by
Period Under Each Policy Option (Mothers Ages 15-49) (SimSmoke)

2015-2019  2020-2049

2040-2059  2060-2079  2080-2099

Status Quo

MLA 19
averted percentage
reduction

MLA 21
averted percentage
reduction

MLA 25
averted percentage
reduction

148,000 442,000

1,000 14,000
0.9% 32%
6,000 51,000
4.3% 11.6%
11,000 71,000
8.2% 16.0%

520,000 587,000 648,000
20,000 22,000 24,000
3.8% 3.8% 3.8%
68,000 76,000 84,000
13.0% 13.0% 13.0%
91,000 103,000 113,000
18.5% 18.5% 18.5%

NOTE: Although the table carries many significant figures to aid in reproducibility, precision
is limited to one or two digits.

TABLE 8-9 Smoking Attributable SIDS Cases and Averted Cases by
Period Under Each Policy Option (Mothers Ages 15-49) (SimSmoke)

2015-2019  2020-2049

2040-2059  2060-2079  2080-2099

Status Quo

MLA 19
averted percentage
reduction

MLA 21
averted percentage
reduction

MLA 25
averted percentage
reduction

2,280 6,850
20 200
0.8% 3.0%
100 730
42% 10.7%
160 1,010
8.0% 14.7%

8,060 9,090 10,020
270 300 340
3.4% 3.4% 3.4%
950 1,070 1,180
11.7% 11.7% 11.7%
1,270 1,430 1,580
15.8% 15.7% 15.7%

NOTE: Although the table carries many significant figures to aid in reproducibility, precision
is limited to one or two digits.

Finding 8-4: Modeling estimates that immediate reductions in cases of
low birth weight, pre-term birth, and sudden infant death syndrome
will occur with changes in the minimum age of legal access to tobacco

products.
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TABLE 8-10 Reduction (percentage) in Smoking Prevalence for MLA 21

by Year

2020 2040 2060 2080 2100
Smoking prevalence—SimSmoke 2.0% 8.3% 10.3% 11.2% 11.20%
Smoking prevalence—CISNET 0.4% 6.4% 10.6%  11.9%  12.00%

TABLE 8-11 Reduction (percentage) in Health Outcomes for MLA 21 by

Period
2020-2039  2040-2059  2060-2079  2080-2099

Deaths prevented—SimSmoke 0.0% 0.8% 4.6% 9.9%
Deaths prevented—CISNET 0.0% 0.2% 2.6% 8.2%
Years of life lost—CISNET 0.0% 0.5% 4.3% 9.3%
Lung cancer deaths prevented 0.0% 0.3% 3.7% 10.5%
Low birth weight cases 10.8% 12.2% 12.2% 12.2%
Pre-term birth cases 11.6% 13.0% 13.0% 13.0%
Sudden infant death syndrome  16.0% 18.5% 18.5% 18.5%

cases

TIME TO ACCRUE BENEFITS

Tables 8-10 and 8-11 summarize the reductions in smoking prevalence
for selected years and health outcomes by 20-year periods for MLA 21,
showing the relative timing at which different benefits occur. The results
illustrate the longer times required for chronic outcomes compared to short-
term outcomes.

OTHER HEALTH EFFECTS

The previous section laid out the results of the simulation modeling
regarding the likely effects of raising the MLA on cigarette-related mortal-
ity and select health outcomes, limited to the capacity of the commissioned
models. However, such results can only begin to estimate the magnitude of
the effects of reduced tobacco use on individual and population health in
the United States. As the cohorts of adolescents and young adults affected
by a raise in the MLA age, the benefits accrue and grow over time. The
adverse health effects of tobacco use are well documented and described in
Chapter 4. Here, the committee describes qualitatively the wide spectrum
of likely benefits to health throughout the life span from decreased tobacco
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initiation in adolescents and young adults and the resulting lowered preva-
lence rates in adulthood. It should be stressed that most of the data about
adverse health effects of tobacco come from studies of cigarette smoking.

Immediate Health Effects

Cigarette smoking causes the immediate adverse health effects of in-
creased oxidative stress; depletion of selected bioavailable antioxidant
micronutrients; increased inflammation; impaired immune status; altered
lipid profiles; poorer self-rated health status; respiratory symptoms such as
coughing, phlegm, wheezing, and dyspnea; and nicotine addiction (HHS,
2004). As summarized above, increasing the MLA would be expected to
reduce the initiation of tobacco use by adolescents and young adults, which
would naturally lead to a decrease in the prevalence of tobacco use. Re-
ducing the prevalence of smoking by any amount will automatically lead
to immediate population health benefits that are directly proportional to
the size of the reduction. Each one of the immediate adverse health effects
caused by cigarette smoking itself compromises the health status of smok-
ers, and when combined, this constellation of immediate adverse health
effects leaves the smoker with a health status that is significantly impaired
and subpar compared to nonsmokers. For example, smokers are less able
to fend off acute infectious diseases and more likely to exhibit respiratory
symptoms (HHS, 2014). The cumulative toll leaves the smoker generally
feeling worse off about his or her health status soon after starting to smoke
(HHS, 2004, 2014). Nicotine addiction makes the smoker more likely to
keep smoking over the long term, which in turn makes the smoker more
and more prone to the immediate and long-term health effects as the life-
time extent of smoking grows.

The immediate adverse health effects of smoking affect people of all
ages, but the immediate impact upon adolescents who initiate smoking
is the most disconcerting from a population health perspective because
these adverse consequences occur during such a critical developmental
period of life. The immediate health effects result in adolescents and young
adults who smoke having compromised educational achievement, dimin-
ished athletic performance, reduced proficiency in performing occupational
duties, and, for those enlisted in the armed forces, having compromised
military performance (HHS, 2004). In fact, each of these populations of
students, workers, and military personnel can be viewed as having a sub-
population of smokers that is physiologically disadvantaged compared to
the nonsmoker portion of the population. Thus, a reduction in smoking
prevalence by any amount is a step toward reducing a population health
disparity that is created by cigarette smoking even in the ostensibly healthy
population of adolescents and young adults. The larger the reduction in
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smoking prevalence created by raising the MLA, the larger the commensu-
rate reduction will be in these smoking-caused health disparities. Reducing
the prevalence of these immediate adverse health effects would not only
benefit population health but also have downstream benefits on popula-
tion educational achievement, workforce productivity, and military per-
formance. The higher the MLA, the greater the public health benefit will
be in terms of reducing the size of the population of smokers and hence
decreasing the number who experience the corresponding health deficits.

Further public health benefits will occur from the delays in the age of
starting to smoke that would result from raising the MLA for tobacco.
Within the age range where the delays occur, the delayed age of initiation
would postpone the immediate adverse health effects until the individuals
are older. The child and adolescent population would directly benefit, with
a smaller percentage of the adolescent population smoking and a larger
percentage maintaining a more optimal health status. Delaying smoking in
adolescents until they are older would help protect the tissues and organ
systems that are still in the growth and maturation phase during adoles-
cence and hence are particularly vulnerable to the detrimental effects of
the toxicants in smoke (HHS, 2004). As with the prevention of smoking,
the extent to which smoking initiation will be delayed will be directly re-
lated to how high the MLA is set.

Intermediate Health Effects

Cigarette smoking causes the intermediate adverse health effects of
increased absence from school and work, increased use of medical ser-
vices, subclinical atherosclerosis, impaired lung development and function,
increased risk of lung infections, diabetes, periodontitis, exacerbation of
asthma, subclinical organ injury, and adverse surgical outcomes (HHS,
2004). The reductions in smoking prevalence caused by increasing the
MLA will reduce the entire burden that these intermediate adverse health
effects pose to population health. The estimated amount of reduction in this
burden will be larger with a higher MLA and will grow in magnitude over
time as the policy impact matures.

Reducing the prevalence of smoking will lead to population health
benefits in the near term by reducing the burden of the intermediate adverse
health effects of cigarette smoking. Each of the intermediate adverse health
effects caused by cigarette smoking compromises an individual smoker’s
health status; in total, they combine to exact a severe toll on individuals
and on population health in general. They further widen the health status
differential between smokers and nonsmokers, which commences with the
immediate adverse health effects. The intermediate health effects leave the
smoker not only with subclinical diminished health status but also with
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clinically apparent morbidities across multiple organ systems (HHS, 2004).
In turn, the diminished health status and clinical morbidities have a detri-
mental influence on the national economy both by limiting workforce pro-
ductivity via absences and also by increasing health care costs (HHS, 2004).
The morbidities experienced by smokers during this intermediate period are
outward manifestations of the subclinical effects that begin immediately
after smoking initiation, a fact that reinforces the observation that the
health status of smokers is diminished throughout the life span compared
to nonsmokers, even before the impact of clinically apparent morbidities
and then mortality make this difference in health status obvious.

These intermediate adverse health effects affect the entire age con-
tinuum, generating clear smoker-nonsmoker health disparities during early
life (HHS, 2004, 2014). As with the immediate health effects, as smok-
ing persists into adulthood the divergence in markers of health status
between smokers and nonsmokers widens. Cigarette smokers constitute a
sub-population that is physiologically disadvantaged compared with the
nonsmoker population, and a reduction in smoking prevalence resulting
from an increase in the MLA is a step toward achieving a reduction in
smoking-caused population health disparities.

The public health benefits from delayed initiation would not simply
be seen in a decrease in the immediate adverse health effects, but would
continue to have a ripple effect over time, benefiting people at all ages and
stages of life. For example, the fact that delayed initiation reduces the dose
of cigarette toxins ingested by smokers would help to offset the population
burden of intermediate health effects, and because an older age of initiation
is associated with increased likelihood of cessation, this would further ben-
efit population health by leading to further reductions in cigarette smoking
prevalence during those stages of life affected by the intermediate adverse
health effects of cigarette smoking.

Long-Term Health Effects

Cigarette smoking is causally associated with a long list of long-term
health effects that includes 12 different types of cancer, vascular and heart
disease outcomes, respiratory disease, eye disease, rheumatoid arthritis,
and bone health (HHS, 2004, 2014). The immediate, intermediate, and
long-term adverse health effects of cigarette smoking are related as several
of these long-term outcomes are mechanistically linked to the immediate
and intermediate adverse health effects summarized above. Cancer, cardio-
vascular disease, and chronic obstructive pulmonary disease are caused by
smoking and are also the major causes of death in the United States (HHS,
2014); thus, these specific outcomes are also included indirectly in the sta-
tistical modeling of all-cause mortality. On the other hand, although such
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long-term adverse health effects as eye disease, rheumatoid arthritis, and
adverse effects on bone health are not direct causes of death, they do pose
a major burden of disability and impaired quality of life in the U.S. popula-
tion (HHS, 2004, 2014). Furthermore, regardless of the ultimate prognosis,
cancer, cardiovascular disease, and chronic obstructive pulmonary disease
all contribute to the burden of disability and impaired quality of life.
Unlike the case with the immediate and intermediate adverse health
effects caused by cigarette smoking, the impact of increasing the MLA on
long-term adverse health effects caused by cigarette smoking would not
become apparent until decades after the policy change occurred because
raising the MLA will primarily affect the initiation and delay of smoking
among children, adolescents, and young adults. Therefore, the impact of
raising the MLA on the long-term adverse health effects would not occur
until the initial birth cohorts affected by an MLA increase were old enough
to be in the older age groups where these chronic diseases typically occur.
The degree of morbidity reduction in these cohorts would be expected to be
directly correlated with the decrease in smoking prevalence and delayed ini-
tiation that the older MLA generated. The population health impact would
be profound even for modest decreases in smoking prevalence because of
the broad spectrum of the long-term health effects caused by smoking and
the population health burden caused by each of these diseases. Delays in
initiating cigarette smoking would result in further reductions in the long-
term adverse health effects caused by smoking because of reductions in
the population-level exposure to tobacco toxins; these reductions would
occur because a later age of initiation leads to individuals smoking fewer
cigarettes per day, on average, and also for fewer years because individuals

who start smoking later are more likely to eventually quit.

The focus here has been specifically on the public health effects of
reducing the prevalence of, and delaying initiation of, cigarette smoking.
Raising the MLA will also reduce the prevalence of smoking combustible
tobacco products other than cigarettes, such as pipes and cigars. As re-
viewed in Chapter 4, although less thoroughly studied than cigarette smok-
ing, smoking other tobacco products also causes significant adverse health
effects that will be prevented with a reduction in prevalence. Furthermore,
raising the MLA will lead to reductions in smokeless tobacco use and hence
a reduction in the adverse health effects caused by smokeless tobacco use.

By reducing the prevalence of smoking of all tobacco products in the
population, raising the MLA will also lead to a reduction in the popula-
tion exposure to secondhand smoke (SHS). A reduction in the prevalence
of exposure to SHS will benefit public health by reducing the spectrum of
adverse health effects, reviewed in Chapter 4, that have been causally as-

sociated with SHS exposure.
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IMPLICATIONS OF RAISING THE MINIMUM AGE OF
LEGAL ACCESS TO TOBACCO PRODUCTS ON HEALTH

The modeling analysis suggests that raising the MLA could lead to
considerable reductions in smoking-attributed mortality and morbidity over
time, mirroring the reductions in smoking discussed earlier. Both models
suggest a time delay of a few decades for the overall mortality benefits to
accrue at the population level because of the lag time between smoking
exposure and major health outcomes and because the policy primarily
affects adolescents and young adults. Nonetheless, more immediate effects
would be observed for maternal and child outcomes as well as other acute
outcomes. Moreover, the analysis shows that new generations, starting
with those born between 2000 and 2019, could see significant reductions
in mortality and years of life lost accumulated throughout their lifetimes.

Both models suggest that significant mortality gains occur when going
from MLA 19 to MLA 21. Increasing the MLA from 21 to 25 leads to
additional benefits, but the magnitude of these benefits is less than achieved
when going from MLA 19 to MLA 21, based on conservative assumptions
that reflect uncertainty about extrapolation to MLA 25.

The CISNET model predicts about one-third as many premature deaths
prevented as the SimSmoke model. This occurs largely because of the lower
smoking prevalence projected by the CISNET model for all cases and the
concomitant lower baseline smoking-attributable deaths. Furthermore, the
CISNET model allows for differential mortality by smoking intensity. Thus,
the large reductions in smoking intensity levels projected by this model
translate into fewer estimated smoking-attributable mortality in all cases
than in the SimSmoke model. Nonetheless, the estimated percentage mor-
tality reductions of the different MLAs appear consistent between the two
models, particularly for later years.

Raising the MLA would significantly reduce lung cancer mortality in
the long term, with most of the benefits realized after 2050. Similarly, as
with the overall mortality projections, the models predict considerably
larger reductions when raising the MLA to 21 or 25 versus 19. Raising the
MLA to 19, 21, and 25 will reduce LBW, PTB, and SIDS outcomes, with
these benefits occurring relatively earlier in time.

All models come with limitations because their results depend on the
model structure and assumptions. In this case, uncertainty also arises from
the assumptions about the effects of various MLA policies on smoking ini-
tiation scenarios. The committee used an evidence-driven process to create
the inputs regarding potential ranges for the assumed effects of the MLA
policies. While these inputs are assumptions, they are well reasoned based
on the existing evidence regarding adolescent and young adult smoking
behavior and tobacco control policy responses, as explained in Chapter 7.
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The use of two established tobacco control simulation models with
differences in the underlying assumptions related to future baseline initia-
tion and cessation rates led to different estimates of the absolute decrease
in smoking prevalence and different status quo estimates. However, the
two distinct models predict similar results for the percentage reductions
associated with the various MLA options considered. Similarly, although
the models differ in their predicted absolute numbers of deaths prevented,
they agree in their estimated relative reductions and relative effects among
the different MLAs. This provides some confidence about these overall
findings. Sensitivity analyses (see Appendix D) showed that the conclusions
about the relative effects of the different MLAs appear robust to alternative
assumptions on the initiation effects (upper and lower scenarios).

The projections provide somewhat conservative estimates, given that
the models did not account for the possible synergistic effects of reduced
and delayed initiation with increased cessation, and the committee estimates
accounted for greater uncertainty about projection to an MLA 25 policy.
Moreover, the models only considered smoking, ignoring the potential addi-
tional health benefits from reductions in the consumption of other tobacco
products. The models also ignored the potential additional health benefits
from reductions in the consumption of other tobacco products and the
likely synergistic effects of increased cessation on disease risk. The models
also ignore benefits that might accrue because nonsmokers engage in a va-
riety of healthy behaviors compared to smokers. Overall, the results from
both models are consistent with the conclusions from the literature review
and show that raising the MLA would lead to significant health benefits.
Some, such as maternal and child health outcomes, will occur immediately,
while others, such as overall mortality benefits, will take time to accrue.

Conclusion 8-1: Based on the modeling, raising the minimum age of
legal access to tobacco products will likely lead to substantial reduc-
tions in smoking-related mortality.

As described above and in Chapter 4, cigarette smoking causes numer-
ous adverse health effects, and these can be categorized as immediate, in-
termediate, or long term. In assessing the potential public health impact of
raising the MLA, it is worth keeping in mind that this lengthy catalogue of
well-established consequences of cigarette smoking and SHS exposure will
grow as more definitive evidence coalesces for additional health outcomes.
There are many additional adverse health effects currently suspected of
being causally associated with both cigarette smoking and SHS exposure,

Copyright © National Academy of Sciences. All rights reserved.



Public Health Implications of Raising the Minimum Age of Legal Access to Tobacco Products

HEALTH BENEFITS OF RAISING THE MINIMUM AGE 239

but the evidence currently falls short of being definitive; thus, the scope of
adverse health effects will grow over time.

Considering the causes of the health effects of cigarette smoking
throughout the entire life course more accurately characterizes the full ex-
tent of the public health burden imposed by cigarette smoking. It is impor-
tant to emphasize that because the spectrum of adverse health effects caused
by cigarette smoking is so extensive in both the near term and the long
term, even small reductions in smoking prevalence will benefit public health
substantially. The magnitude of the public health impact will be larger for
greater reductions in smoking prevalence; thus, the public health impact
will be greatest for an MLA of 25 years and least for an MLA of 19 years.

Conclusion 8-2: Based on a review of the literature, raising the mini-
mum age of legal access to tobacco products (MLA) will likely imme-
diately improve the health of adolescents and young adults by reducing
the number of those with smoking-caused diminished health status. As
the initial birth cohorts affected by the policy change age into adult-
hood, the benefits of the reductions of the intermediate and long-term
adverse health effects will also begin to manifest. Raising the MLA will
also likely reduce the prevalence of other tobacco products and expo-
sure to secondhand smoke, further reducing tobacco-caused adverse
health effects, both immediately and over time.

Conclusion 8-3: Based on a review of the literature and on the model-
ing, an increase in the minimum age of legal access to tobacco products
will likely improve maternal, fetal, and infant outcomes by reducing the
likelihood of maternal and paternal smoking.

As discussed in Chapter 7 with regard to effects of an increase in the
MLA on tobacco initiation, it is an open question whether raising the MLA
will have a greater or lesser impact on the health of population subgroups
with a higher prevalence of cigarette smoking than on the general popula-
tion. If the reduction in smoking prevalence was proportionally larger in the
subgroups of the population with the highest smoking prevalence, then the
public health impact of raising the MLA might be even greater than antici-
pated. If the converse were true, however, and these population subgroups
were more resistant to the influence of the policy with respect to reducing
smoking prevalence and delayed initiation, then the end result would be to
widen the existing disparities.
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Other Considerations for Policy Makers

he objective of this report is to predict what the health consequences

would be of raising the minimum age of legal access to tobacco

products (MLA) to 19, 21, or 25. As discussed in Chapter 5, few
jurisdictions, states, or localities in this country have undertaken such
changes, and no other country has done so. None of the state and local
initiatives has been followed by a rigorous evaluation published in the peer-
reviewed literature. Because a review and synthesis of existing empirical
literature cannot answer the question at hand, the committee drew on a
comprehensive review of the relevant scientific literature, on its collective
expertise, and on models of population-level smoking behavior to predict
changes in adolescent and young adult initiation attributable to raising the
MLA and to project the impact of these changes on the prevalence of use
and on health outcomes.

Using conservative assumptions about the enforcement of the MLA in-
creases, the committee concluded that raising the MLA will likely decrease
initiation of tobacco use by adolescents and young adults and thereby,
over time, reduce adult prevalence, leading to longer and healthier lives
for those who would have otherwise used tobacco. More specifically, the
modeling analysis concluded that raising the MLA, particularly to ages 21
and 25, would lead to substantial reductions in smoking prevalence and
thereby prevent considerable numbers of smoking-attributable deaths, in-
cluding lung cancer deaths, and poor maternal and child health outcomes.
However, the committee has greater uncertainty about the magnitude of
the effects of raising the MLA to age 25 rather than to 19 or 21. The re-
sults suggest a range of potential population health benefits that depend on
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a number of informed assumptions regarding enforcement practices and
behavioral responses to the policy change by retailers and other potential
sources of tobacco products and by underage individuals in different age

and gender groups.

The purpose of this chapter is to help policy makers translate the com-
mittee’s findings and conclusions into the policy context. First, the chapter
highlights a key constraint arising from the committee’s charge: Its quanti-
tative estimates and projections relate to the nation as a whole, while the
traditional responsibility for enacting and enforcing the MLA lies with
states and localities. Second, the chapter revisits several policy assumptions
that were explicitly made by the committee (or that are built into the simu-
lation models) as a basis for its estimates of the effects of raising the MLA
on adolescent and young adult initiation. These assumptions relate to
the scope and enforcement of the MLA policy and to the status of other
tobacco control policies. Reviewing them is important because it will enable
the policy maker to consider the possible effects of different assumptions.
Third, the chapter discusses the possible policy implications of increas-
ing scientific knowledge regarding adolescent development. Finally, the
chapter identifies two factors of possible public health relevance that were
not taken into account in making the estimates and projections described
in the report. The more important of these factors is the possible impact of
the marketing and use of new tobacco products, most notably electronic
nicotine delivery systems (ENDS). The other is the possible impact of rais-
ing the MLA for tobacco use on the use of alcohol or other drugs.

NATIONAL OR STATE ENACTMENT OF MLA

Traditionally, political responsibility for setting the MLA for tobacco
products has rested with the states and, depending on state constitutional
arrangements, with local governments. However, since 1992 the federal
government has played an increasingly significant role. The Family Smoking
Prevention and Tobacco Control Act (hereafter referred to as the Tobacco
Control Act), enacted by Congress in 2009, directed the Food and Drug
Administration (FDA) to revive its 1996 Tobacco Rule, which prescribed a
federal MLA of 18. At the same time, however, Congress precluded FDA
from raising the MLA without congressional action. In effect, the Tobacco
Control Act sets a “floor” of 18 while allowing states and localities to raise
the age if they choose to do so. Hence, unless Congress acts to raise the
age on a national basis or delegates authority to FDA to do so, one might
expect a patchwork of different MLAs in different states and localities, as
existed for alcohol for many decades, rather than a uniform MLA across

all of the 51 jurisdictions.
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It is important to emphasize that the simulations described in Chap-
ters 7 and 8 model a situation in which increases in the MLA would be
adopted and implemented on a nationwide basis. However, a state-by-state
implementation is more likely. Nationwide implementation would occur
only if Congress raises—or authorizes FDA to raise—the national MLA or
if every state raises the MLA. To the extent that states choose not to raise
the MLA, the effects estimated in Chapters 7 and 8 are not likely to be real-
ized. In addition, to the extent that people who are underage in a high-MLA
state could cross state borders to purchase in a low-MLA state, the effects
estimated in Chapter 8 may be somewhat optimistic, particularly for small

states surrounded by many low-MLA neighbors.

Even if Congress does not choose to set a national MLA higher than
18, there are other mechanisms through which universal or near univer-
sal adoption might be motivated. For example, Congress could provide
incentives for states to do so by making the level of funding under federal
grants contingent on the state raising the MLA. It could do this based on
the approach used in the Synar Amendment (up to 40 percent of a state’s
substance abuse prevention block grant funding is contingent on enforcing
the state’s MLA) by simply defining underage purchasers under the Synar
program as persons under 19, 21, or 25 as the case may be. Alternatively,
Congress can use an approach similar to that taken in the National Mini-
mum Drinking Age Act of 1984,' which penalized states that did not ban
the purchase and public possession of alcoholic beverages under age 21
by reducing their annual federal highway appropriations by 10 percent.
By 1995 all 50 states and the District of Columbia were in compliance,
thanks to this strong incentive. Although the highway appropriation may
not be seen as the most appropriate type of leverage for tobacco policy,
federal funds related to public health may be viewed as more suitable for

this purpose.

In sum, Congress could decide to raise the MLA at the national level,
to provide federal funding incentives for the states to do so, or to leave
the matter entirely to the states or local jurisdictions. In the absence of a
national MLA, however, the national public health impact of raising the
MLA for tobacco would be dependent, first and foremost, on the degree to

which local and state governments take up this policy.

EFFECTS OF OTHER TOBACCO CONTROL POLICIES

Both simulation models predict the potential effects on future initiation
of increasing the MLA. The SimSmoke model also includes modules for

! The National Minimum Drinking Age Act of 1984, Public Law 98-363. 98th Cong.

(July 17, 1984). 23 U.S.C. § 158.
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modeling the effects of other tobacco control policies: taxation, smoke-free
air, marketing restrictions, health warnings, media campaigns, and cessa-
tion treatment policies. Tobacco control policies are effective; they reduce
tobacco use and hence decrease the adverse health outcomes associated
with use. The effects of these policies are modeled as changes in the initia-
tion and cessation of smoking. The effects of past policies are incorporated
into the initiation and cessation rates in future years. While the models in
general have the capability to project future changes in policies, the models
as used here assume that all current policies other than the MLA will re-
main in effect at their current rates and that no new policies will be imple-
mented. This assumption is useful because it isolates the effects of raising
the MLA from other potential policy changes in the modeling of the effects
of nationwide implementation. However, a significant change, one way or
the other, in the intensity and effectiveness of tobacco control policies in
the country as a whole could alter the figures projected by the models for
prevalence and health outcomes presented in Chapters 7 and 8.

In this connection, it is important to emphasize that there are significant
variations in the strength and efficacy of existing state and local tobacco
control programs. These variations reflect differences in the number and
intensity of tobacco control activities and in the resources allocated to sup-
port them. A comprehensive approach to tobacco control integrates “edu-
cational, clinical, regulatory, economic, and social strategies” (CDC, 2014,
p. 6). Specifically, such an approach includes activities targeted at prevent-
ing initiation of tobacco use, reducing tobacco use and tobacco-related dis-
eases, promoting cessation, and reducing exposure to secondhand smoke,
combined with mass media campaigns and community mobilization efforts
(CDC, 2014; HHS, 2000). Comprehensive, multifaceted strategies have
been shown to effectively reduce tobacco use among adolescents (Farrelly
et al., 2013; Kuiper et al., 2005; Laugesen and Swinburn, 2000; Luke et al.,
2000; Tauras et al., 2005; Wakefield and Chaloupka, 2000), young adults
(Farrelly et al., 2014; Kuiper et al., 2005; Laugesen and Swinburn, 2000;
Pierce et al., 2009), and adults (Farrelly et al., 2008; Kuiper et al., 2005;
Laugesen and Swinburn, 2000; Stillman et al., 2003; Zaza et al., 2005),
as well as to reduce tobacco-related death and disease (Jemal et al., 2003;
Kuiper et al., 2005; Laugesen and Swinburn, 2000). Moreover, in a re-
view of comprehensive state-level tobacco control programs, Wakefield
and Chaloupka (2000) found that states were able to substantially reduce
teenage smoking despite differences in the specific program components
that the states used. On the other hand, comprehensive statewide tobacco
control programs that lacked optimal funding failed to achieve the full
magnitude of their potential effect, despite achieving substantial reductions
in tobacco use (Farrelly et al., 2008; Tauras et al., 2005). States and locali-
ties that have more comprehensive and intensive tobacco control activities
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and that devote more resources to support these activities are likely to have
a lower prevalence of tobacco use than states and localities with weaker
tobacco control programs.

As noted above, the national projections in Chapters 7 and 8 are
grounded in models that essentially aggregate each state’s tobacco con-
trol activities, whether they are strong or weak. To the extent that policy
makers in individual states want to try to derive state-based estimates from
the findings of national modeling exercise, they will have to take into ac-
count whether the existing level of tobacco control activity in their state is
comparable to the investment (and intensity of activity) in the “average”
state. If it is much weaker, the extrapolation from the modeling used in this
report may not be suitable. Similarly, if a state is among the nation’s leaders
in the tobacco control, the reduction in prevalence and in morbidity and
mortality may be greater.

SCOPE AND ENFORCEMENT OF MLA RESTRICTIONS

Before undertaking the task of estimating the effects of raising the MLA
on adolescent and young adult initiation, the committee agreed on certain
key assumptions about the scope and enforcement of the MLA (51 juris-
dictions aggregated nationally). First, the committee assumed that current
levels of enforcement and retailer compliance with the MLA restrictions
will be sustained for all underage purchasers, including those 18 or older
but under the new MLA, if the MLA is raised. Second, the committee as-
sumed that existing bans on noncommercial distribution of tobacco by
friends, proxy purchasers, and other “social sources” will continue to be
weakly enforced whether or not the MLA is raised and that these sources
will continue to provide substantial, though incomplete, substitution for
retail purchases for newly underage buyers. Third, the committee assumed
that the proportion of underage users who purchase tobacco on the illicit
commercial market will remain small. Finally, the committee assumed that
sanctions will continue to be directed primarily toward retailers and will
not be enforced against underage users on a significant scale. The committee
revisits these assumptions here.

Enforcement Against Retailers

Federal support for youth access enforcement, together with funding
incentives, has significantly strengthened state enforcement of youth access
policies and has thereby curtailed retail availability to underage persons.
The committee has assumed that the current levels of enforcement and pen-
alties for violators will continue, creating a credible threat of punishment
sufficient to sustain current levels of compliance. In addition, the committee
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assumes that the deterrent threat will be the same for selling to every under-

age purchaser, regardless of where the MLA line is drawn.

It is possible, of course, that the intensity of enforcement could be
significantly increased against all underage users, in which case the com-
mittee’s estimates in Chapter 7 about the impact of raising the MLA on
the adolescent and young adult initiation rates might be too conservative.
On the other hand, it is also possible that increasing the MLA into the
years of “adulthood” could generate a backlash and weaken public sup-
port for enforcing the law. As emphasized in Chapter 6, curtailing retail
access depends on active enforcement and retailer compliance. Those con-
ditions could be undermined if the MLA is set too high. Concerns about
under-enforcement would be particularly pronounced if the MLA were set
at age 25, and for this reason the committee is relatively more confident
about the assumption that current enforcement intensity is more likely to be
maintained if the age is increased to 19 or 21 than if it is set at 25. (This is
one of the reasons why the range between the lower and upper scenarios

is broader in the analysis of the MLA 25 policy option.)

If current levels of enforcement intensity are to be sustained and ex-
tended to the older ages, another key question is whether doing so will
require a significant increase in current funding for enforcement. Recall that
the 1992 Synar Amendment to the Alcohol, Drug Abuse and Mental Health
Administration Reorganization Act?> was designed to incentivize states to
enact, enforce, and continuously evaluate laws that prohibit the sale and
distribution of tobacco products to individuals under age 18. As discussed
in Chapters 1 and 3, states are required to follow specific guidelines for
random compliance inspections, surveillance, and reporting as a condition
of their receipt of federal Substance Abuse Prevention and Treatment block
grant funding. Failure to comply with Synar regulations could result in the

withholding of up to 40 percent of block grant funds.

The language of the Synar Amendment focuses specifically on restrict-
ing access to tobacco products among persons under age 18. Because
the amendment incentivizes states to enforce and track compliance with
tobacco purchase laws only for adolescents under age 18, it is not clear
whether additional resources would be required to extend significant en-
forcement activities to individuals above age 18. Ongoing surveillance and
the associated random inspections/compliance checks are essential, not only
for policy evaluation but also as a strong incentive for retailers and distribu-
tors to comply with the law. Extending the training and surveillance systems
in place for the Synar Amendment to ensure compliance with an MLA of
19 or above might require additional financial and human resource invest-

2 ADAMHA Reorganization Act of 1992, Public Law 102-321. 102nd Cong. (July 10,

1992).
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ments. Compliance checks must be done with age-appropriate confederates
(e.g., 20-year-olds cannot be used for compliance checks for Synar report-
ing, and under-18 purchasers are not appropriate for surveillance regarding

enforcement among 18- to 20-year-olds).

For an MLA of 21, local enforcement activities might dovetail with
those for alcohol, and assigning responsibility to the same agency, as some
states have already done, might actually reduce the costs of enforcement,

particularly given the overlap of licensees.

The committee understands that the relevant agencies in New York
State and New York City have reached an agreement that facilitates the
enforcement of the city’s new Tobacco 21 law without increasing the cost of
enforcement. The New York City Department of Consumer Affairs (DCA)
enforces the city’s Tobacco 21 law with funding from the state Department
of Health. Their agreement requires DCA to perform compliance checks
with adolescents ages 16 and 17 in compliance with state and federal laws
prohibiting tobacco sales to adolescents under age 18. The state will then
punish violators detected during these inspections. In addition, DCA will
employ a small team of young adults ages 18 to 20 to assess compliance
with the city’s MLA of 21, and will also punish violators.> The agreement
also requires DCA to verify that tobacco retailers post required minimum
age signage, perform age verification, and comply with other point-of-sale
restrictions. Because New York City’s Tobacco 21 law is more stringent
than both state and federal laws, New York State has agreed that DCA will
inspect for city Tobacco 21 signs (as opposed to state signs for MLA 18)
and to check that retailers ask for proof of age using photo identification
for customers who look under 30 years old (as opposed to state law requir-
ing age verification for customers who look under age 26) (NYCDOHMH,

2014).

In addition to the intensity of enforcement and retailers’ perceived risk
of getting caught, the severity of the penalty for violation would also play
a role in policy effectiveness. For example, in Hawaii County, failure to
post signage regarding the MLA 21 policy results in a $500 fine, and any
person who sells or distributes tobacco products to a person under age 21 is
subject to up to a $2,000 fine. Similarly, the penalties associated with New
York City’s recent Tobacco 21 law include a $500 fine for failure to post
required signage, a $1,000 fine for the first sales violation to someone ages
18 to 20 or any other violation in the same day, and a $2,000 fine for the
second and any subsequent violation within 3 years. In addition, a second
violation may result in the revocation of the retail tobacco license. Although
the committee is not aware of any systematic data regarding the severity of

3 Personal communication, K. Munn, New York State Department of Health, October 14,

2014.

Copyright © National Academy of Sciences. All rights reserved.



Public Health Implications of Raising the Minimum Age of Legal Access to Tobacco Products

248 MINIMUM AGE OF LEGAL ACCESS TO TOBACCO PRODUCTS

penalties imposed on violators, it seems likely that the imposition of penal-
ties at this level, particularly the loss of the tobacco license or, as in some
states, a lottery license, can achieve meaningful deterrence as long as there

is a credible threat of detection for a violation.

Enforcement Against Social Sources

As discussed in Chapter 6, cigarettes obtained from friends, family
members or fellow smokers, or from proxy buyers are very good substi-
tutes for the same product bought directly from a retail outlet. So if direct
sales become unavailable through effective enforcement efforts, underage
users will likely continue to substitute cigarettes obtained from these other
sources. Although existing bans on noncommercial distribution of tobacco
by friends, proxy purchasers, and other “social sources” are weakly en-
forced, the committee has concluded that access to social sources does not
fully substitute for convenient access to retail purchases because, as eco-
nomic theory suggests, the use of social sources is more costly. It requires
additional time and effort, in addition to money, for someone to obtain
cigarettes indirectly instead of purchasing them directly from a store. As
such, forcing underage smokers to find and use indirect sources raises their
costs of obtaining tobacco products, which in turn is likely to reduce their
consumption. It is these additional costs that account for the reduction
in underage use attributable to youth access restrictions, especially when
smoking is reduced among the members of social networks to which the
underage smoker has ready access. The committee has estimated that rais-
ing the MLA to ages 19, 21, or 25 will reduce tobacco use by secondary
school students who lack ready access to social networks of older youth.

That said, the committee expects that social sources, especially proxy
purchases, will remain the primary sources of tobacco for underage per-
sons, and it has been realistic about the high level of continuing availability
to adolescents and young adults who are in the workforce or in college
environments. Our estimates in this respect are predicated on relatively con-
servative assumptions. Although access to social sources could be reduced
significantly if the laws prohibiting transfers to underage persons were ag-
gressively enforced, the committee does not expect such a radical change
in enforcement policy in the foreseeable future, especially under a higher
MLA, because of likely public resistance. However, if a state or locality
decided to ramp up the threat of detection and punishment against social
sources and to sustain this policy, the impact on youth consumption could

be greater than the committee has projected.
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Black Market Supply to Adolescents and Young Adults

As noted in Chapter 5, a 2015 National Research Council report
(NRC, 2015) concluded that a sizable illegal market in untaxed tobacco
and cross-border shipments from low-tax states to high-tax states is emerg-
ing. (See also Joossens and Raw, 2012; Shelley et al., 2007.) Cigarettes
are fairly compact and are not highly perishable. A day’s supply weighs
about an ounce, which means that black market operators could smuggle
nontrivial quantities in the trunk of a car or other small spaces. Under a
policy regime that significantly hindered social sources and proxy buyers, it
is theoretically possible that a true black market serving underage smokers
could emerge (with entrepreneurs organizing their activities to target under-
age consumers). Nonetheless, it seems quite unlikely that enforcement of
the MLA restrictions against social sources and proxy buyers of tobacco
will be intensified so substantially as to create underage demand for black
market tobacco products. Also, it is difficult for a true black market to
emerge when everyone over a certain age is a legitimate purchaser (as has
been the experience with alcohol). As such, the committee thinks it highly
unlikely that raising the MLA will create a black market with “street deal-
ers” and associated violence, the way that prohibiting an entire product
class for all ages (e.g., marijuana) can do and has done. If this supposition
proves to be erroneous, the policy significance of an emerging black market
in tobacco on the streets of our communities goes way beyond the limited
task undertaken here.

Enforcement of PUP Restrictions

As noted in Chapter 5, bans against underage purchase—use—possession
(PUP) restrictions are common. Active enforcement of sanctions for PUP
violations has rarely been attempted and, in the committee’s judgment, is
unlikely to occur on a significant scale in the foreseeable future. However,
this is not to say that the bans have no instrumental effect; indeed, they
empower parents and schools to demand compliance and impose discipline.
If raising the MLA was to be accompanied by greater PUP enforcement
against underage users, then initiation rates could be reduced more than
the committee has estimated. The committee did not attempt to quantify
the effects of increased PUP law enforcement because there is so little basis
in either the deterrence literature or the tobacco youth access literature for
doing so.

Whether laws banning selling tobacco to minors should be accom-
panied by penalties against the underage purchasers themselves has been
debated for a more than a quarter of a century, ever since preventing ado-
lescent and young adult smoking emerged as a key component of tobacco
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control in the early 1990s. Tobacco control advocates have typically con-
centrated their attention on the retailers and distributers who provide the
tobacco rather than on the buyers themselves (Jason et al., 2007; Wakefield
and Giovino, 2003). In addition to making enforcement easier, concentrat-
ing policy efforts on the sellers also focuses the moral responsibility for
preventing youth access to tobacco products on the retailers and industry
distributors rather than on the minors themselves (Craig and Boris, 2007;
Forster and Wolfson, 1998).

The case against punishing underage users of tobacco was put force-
fully in Growing Up Tobacco Free:

Imposing penalties on minors for buying, possessing, or using tobacco
products is controversial. At least 21 states currently prohibit smoking and
the use of tobacco products by minors. Proponents of these penalties argue
that they may have some deterrent value, and that the failure to make
possession illegal sends a mixed message, reinforcing the idea that tobacco
use is a trivial infraction. However, the Committee believes that penalizing
minors is an unwise and ineffective strategy. Criminal sanctions or delin-
quency adjudications are grossly disproportionate to the seriousness of the
offense and would not be sought by prosecutors or imposed by judges.
Even if the offense were punishable with a civil fine, like a traffic ticket,
the penalty would rarely be enforced. Because lack of enforcement would
erode whatever deterrent effect the law might otherwise achieve, the only
remaining rationale for such a prohibition is a symbolic one: the failure
to make tobacco use an offense would somehow imply that tobacco use is
not harmful or that it is socially acceptable. In the Committee’s view, such
speculative fears are groundless—social disapprobation is (or should be)
strongly communicated by the laws on distribution, by warning labels, and
by all of the other policies outlined in this report. Young people will not
miss the point simply because their disapproved conduct is not against the
law. Furthermore, purely symbolic prohibitions—Ilaws that are not meant
to be enforced—are harmful because they undermine respect for the law.
Finally, imposing legal penalties on the underage purchaser also impedes
the use of underage buyers to monitor retailer compliance with youth ac-
cess restrictions. The need to obtain waivers unnecessarily increases the
cost of enforcement. (IOM, 1994, pp. 222-223)

Notwithstanding the argument set forth in the 1994 IOM report,
most states have prescribed penalties for underage purchasers, and some
tobacco control advocates have argued that youth access restrictions would
be more effective if sanctions against underage purchasers were prescribed
and enforced. First, their argument goes, PUP laws signal strong social
disapproval by making acquisition and use of tobacco punishable acts (the
declarative effect). Under this view, a law that penalizes retailers who sell
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tobacco products but does not penalize the underage individuals for pur-
chasing, possessing, or using the product is sending a “mixed message,”
thereby undermining the social norms against tobacco use that tobacco
policy makers are trying to instill among young adults in work environ-
ments, school settings, and other public and private places. Second, PUP
proponents contend, penalties against the underage purchaser would have
a significant deterrent effect on purchase and would also make it easier to
deter underage proxy sellers. Penalties against underage alcohol users ap-
pear to have been enforced to a greater extent than penalties for underage
tobacco users and may have functioned to some extent as a deterrent to the
purchase and public transport or use of alcohol. For example, some states
have implemented so-called brown jug laws under which businesses that
sell alcohol are allowed to report underage purchase/use and to receive the
fine payments from offenders (IOM and NRC, 2004).

This argument reflects very different views about the effects on PUP
laws on underage smoking than those set forth in Growing Up Tobacco
Free as well as a different perspective on the potential disadvantages and the
costs of punishing young people for this sort of minor transgression. There
are few rigorous studies regarding the effects of PUP laws on underage use,
mainly because the laws are so rarely enforced, and the limited evidence is
mixed. It seems likely, in the committee’s view, that meaningful enforcement
of PUP sanctions against underage persons for purchasing, possessing, or
using tobacco products would deter tobacco use by some underage persons,
most likely those who are at least risk for becoming addicted. However, the
PUP laws on the books in 47 U.S. jurisdictions are essentially unenforced.
Under these circumstances, the operative policy is to capture the declarative
effects of making the behavior illegal and empowering parents and schools
to enforce it without incurring the costs of having to impose legal punish-
ment. The committee assumes that this will be the operative policy in the
foreseeable future, and its estimates reflect this conservative assumption.

ADOLESCENT DEVELOPMENT AND THE MLA FOR TOBACCO

In accordance with the committee’s charge, this report addresses the
“public health implications” of raising the MLA for tobacco products.
However, federal, state, and local lawmakers will likely take into account
factors other than public health benefits, including the economic interests
of tobacco retailers and other businesses that profit from tobacco use. Leg-
islators also will likely give some weight to arguments by and on behalf of
young adults that they should be entitled to make their own decisions about
whether to use tobacco products, especially in light of the fact that the “age
of majority” for many legal purposes is 18 in all but four states (JRank,
2014). This argument may be grounded in a deeper concern about the role
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of government, especially in the realm of public health, and these ethical
concerns about the “nanny state” may affect not only the level of political
support for proposals to raise the MLA* but also the level of community
willingness to enforce a higher MLA if it is enacted. Naturally the strength
of these concerns is likely to increase as the proposed MLA is raised from
19 to 21 to 235, all the more so when the policy lever is an outright prohibi-
tion rather than an excise tax or a public smoking restriction, which would
limit use without banning it completely. A lack of public support could
erode the potential public health benefits of raising the MLA.

The policy judgment regarding where to draw the line for the MLA
involves a burgeoning scientific literature on adolescent development on
which the Supreme Court has recently relied to explain why the Constitu-
tion mandates differential treatment of adolescents in the context of crimi-
nal punishment (Bonnie and Scott, 2013). That body of research, reviewed
in the National Research Council’s report Reforming Juvenile Justice: A
Developmental Approach (2013) and summarized in Chapter 3, docu-
ments various distinctive features of adolescent judgment as compared with
adults, including a heightened sensitivity to rewards, lower impulse control,
and tendencies to take risks—especially when in the presence of peers—and
to discount the long-term consequences of actions. These behavioral ten-
dencies are rooted in the different pace of maturation between the brain’s
motivational and reward systems and the systems in the brain that are
responsible for self-regulation and cognitive control. These developmental
factors, along with adolescents’ vulnerability to the rewarding effects of nic-
otine and their risk of addiction, are widely thought to justify policies that
curtail access to tobacco products by teenagers (IOM, 1994, 2007; IOM
and NRC, 2011). It is noteworthy that John Stuart Mill’s justly famous
defense of the anti-paternalism principle in his essay On Liberty (1859)
acknowledged that the individual’s sovereign control over self-regarding
choices applies only to persons “in the maturity of their faculties.” Indeed,
these same concerns about adolescent vulnerability and immature judgment
have been invoked to justify non-prohibitory efforts to curtail smoking by
addicted adults. As explained in Ending the Tobacco Problem in 2007:

It can also be argued that paternalism in this context is a justified response
to irremediable deficiencies in smokers’ capacity to successfully exercise
self-interested decision making about whether they should continue to
smoke. Although the committee’s blueprint need not rest on this argument,
many committee members do find elements of it convincing, and that is

4 A recent publication indicates that more than 70 percent of adults surveyed support raising
the age of sale of tobacco products to 21 years of age; majority support is seen across smoking
status, geographic region, race, sex, education, and age (Winickoff et al., 2015).
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why we summarize it here. The argument runs as follows: (1) Virtually all
addicted adults begin smoking (and probably become addicted) while they
are adolescents, before they have developed the capacity to exercise mature
judgment about whether or not to become a smoker; (2) the preferences
expressed when people begin to smoke, which tend to ignore long-term
health risks, are inconsistent with the health-oriented preferences they later
come to have, and they soon regret the decision to have become a smoker;
and (3) once smokers begin to be concerned about the health dangers of
smoking, their judgment is often distorted by optimism bias (“the harms
will happen to other people, not to me”), thereby weakening their motiva-

tion to quit. (IOM, 2007, p. 150)
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Although adolescents’ vulnerability to addiction and immaturity of
judgment support an underage access restriction, these developmental con-
cerns do not resolve the policy question about the specific age at which
the line should be drawn. The argument against raising the MLA above
18 is predicated on the assumption that adolescents older than 17 are
mature enough to make their own decisions about what is in their best
interests. However, experts on developmental psychology and neuroscience
(e.g., IOM and NRC, 2014; Steinberg, 2012) and also specialists in family
and adolescent and young adult policy (Goldfarb, 2014; Hamilton, 2012;
Scott, 2013) have called attention to the evidence that capacities related to
mature judgment, especially judgment in emotionally charged situations or
in situations in which peer influence plays are role, are still developing into
the early 20s. (See also Chapter 3.) Authorities on adolescent development
generally agree that the period of development that is typically labeled ado-
lescence stretches from the onset of puberty into the early 20s (Steinberg,
2012). Many young people in their late teens and early 20s may also still
be at elevated risk, developmentally speaking, to becoming addicted to

nicotine.

A review of age-specific public policies demonstrates that policy judg-
ments about where to draw age lines relating to adulthood are highly
contextual, ranging from ages 14 to 16 (medical decision making) to
age 21 (the purchase, use, and possession of alcohol and firearms, fiduciary
appointments, and most professional occupational licenses).’ In short, a
balance needs to be struck between the personal interest of young adults in
making their own choices and society’s legitimate concerns about protect-
ing the public health and protecting young people from decisions they may
later regret (IOM, 2007; IOM and NRC, 2004). None of this is to say that
the line should be drawn based solely on developmental science; it is only

5 Although not directly relevant in the present context, it is worth noting that the legally
relevant age of eligibility for various types of parental and social support in young adulthood

is often around 25 or 26 (IOM and NRC, 2014).
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to say that 18 is not the only developmentally plausible place to draw the
line. The so-called age of majority functions as a default, and every state
sets the legal age for certain activities higher or lower for different policy
purposes. In short, state legislators will likely continue to draw the line in
different places in different policy contexts, and tobacco will be no excep-
tion (Bonnie and Scott, 2013; Hamilton, 2010; Steinberg, 2012).

One inevitable comparison in any discussion of the MLA for tobacco
is the 21-year-old MLA for alcohol in all states. The developmental jus-
tification for such a comparison is fairly strong in light of the addictive
properties of these drugs and the long-term consequences of initiating use
during adolescence. However, the intoxicating properties of alcohol are also
associated with harm to other persons, especially in relation to driving and
aggression, and not only with harm to oneself. The likely counterargument
is that the public health burden of tobacco use exceeds the toll associated
with any other self-regarding behavior or with the use of any other legal
product, making a case for “tobacco exceptionalism” in public health
policy (Collin, 2012; Malone and Warner, 2012). Whether this argument
is sufficient to trump otherwise strong commitments to individual choice is
being played out in the policy arena.

POSSIBLE PUBLIC HEALTH EFFECTS OF
NEW TOBACCO PRODUCTS

The prevalence of use of electronic nicotine delivery systems among
adolescents and young adults appears to be increasing substantially (see
Chapter 2; Arrazola et al., 2013; Wadley and Bronson, 2014). ENDS in-
clude electronic cigarettes (e-cigarettes), e-hookahs, and other vapor emit-
ting devices. FDA has begun the process of deeming these products to be
“tobacco products” under the Tobacco Control Act and thereby bringing
them within the agency’s regulatory jurisdiction. States have also been
gradually including these products in youth access statutes. The committee
assumes that FDA will eventually regulate these products, that they will be
subject to the MLA in all states, and that the committee’s findings regarding
enforcement of the MLA will apply to ENDS and other novel products. It is
also important to emphasize that the simulation models used in Chapters 7
and 8 are calibrated to project cigarette use and related outcomes and do
not include the public health effects of use of other tobacco products.

The question of greatest relevance to the committee’s task is how the
use of ENDS or other novel tobacco products is likely to affect the public
health impact of increasing the MLA. Assessing this impact is difficult,
given the relatively recent introduction of these products and the lack of
detailed data on the patterns of ENDS use over time, its relation to ciga-
rette use, and its health effects. Nevertheless, it is possible to speculate in
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broad terms about several ways in which ENDS use might affect initiation
and prevalence of cigarette use and the public health and possibly alter the
projections described in Chapters 7 and 8.

Preliminarily, it should be emphasized that even if increasing ENDS use
has no effect on current patterns of initiation of cigarette use, it is likely
to affect the prevalence of cigarette use over the long term. The challenge
in evaluating its impact is that the net effect on conventional cigarette use
could be in either direction. For example, it is plausible that some persons
already using conventional cigarettes may quit using cigarettes and instead
switch to ENDS. In this scenario, there is likely a public health benefit in
that early data suggest that, while not harm free, ENDS are probably less
harmful than conventional cigarettes (Bhatnagar et al., 2014; Farsalinos
and Polosa, 2014; Grana et al., 2014). However, it is also plausible that
some persons already using conventional tobacco cigarettes may become
dual users of conventional cigarettes and ENDS (Bhatnagar et al., 2014;
Dutra and Glantz, 2014; Grana et al., 2014; Pearson et al., 2012; Regan et
al., 2013) because it costs less, helps the user reduce conventional cigarette
consumption, or serves as a “bridge” for nicotine use during times when
smoking conventional cigarettes is prohibited or inconvenient. Emergence
of this “dual use” scenario may increase the public health harm attribut-
able to tobacco use if it increases nicotine dependence (due to increased
consumption of nicotine), making smoking cessation more difficult, or
otherwise prolongs conventional cigarette smoking. While these scenarios
are postulated to have no effect on the initiation of cigarette use and are
therefore unaffected by raising the MLA, they would affect the quantita-
tive estimates of health benefits attributable to raising the purchase age by
reducing the estimated benefits in the first scenario (of increased conven-
tional cigarette cessation) and increasing them under the latter scenario (of
increased nicotine dependence and prolonged smoking).

The question of greatest relevance to this report is whether and how use
of ENDS will affect initiation of cigarette use. Broadly speaking, there are
three possibilities. One scenario is that initiation of ENDS use will reduce
initiation of cigarette use; that is, some portion of adolescents and young
adults who otherwise would have initiated cigarette use will not do so, be-
coming ENDS users instead. Under this scenario, there may be net public
health benefits over the long term, but some portion of those benefits would
be attributable to the initiation of ENDS, not to the raising of the MLA.
A second possibility is that initiation of ENDS would delay conventional
tobacco use, as adolescents and young adults who begin with ENDS switch
to conventional cigarettes at a later time, due in part to nicotine dependence
and to the relatively lower levels of nicotine delivery from ENDS compared
to conventional cigarettes. This scenario, involving the possibility of ENDS
serving as a gateway to conventional cigarettes, would be particularly wor-
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risome because it would increase the prevalence of cigarette use, possibly
offsetting some portion (if not all) of the public health gains of raising the
MLA. Finally, as more recent data suggest (Wills et al., 2015), it is possible
that some of those who have never considered using conventional tobacco
products will initiate with ENDS and only use ENDS. In that case, the
net public health effect would be entirely attributable to the yet unknown
health effects of ENDS use.

All three of these patterns and trajectories of tobacco use—as well as
other variations—are likely to emerge, and the committee has no basis for
estimating the proportions of adolescents and young adults that will take
each path, much less the net effect of ENDS use on initiation of cigarette
use. What can be said, then, about the possible effects of raising the MLA
for ENDS use on the likelihood of these scenarios? For this purpose, the
committee assumes that the MLA will be increased for all tobacco products,
including ENDS, and that the intensity of enforcement will be the same for
all products. The committee sees no reason to believe that the effects of the
legal norm and its enforcement on retailer compliance, retail availability, or
access to social sources would differ materially for ENDS compared with
other tobacco products. Given the evidence that adolescents who currently
initiate tobacco use with ENDS rather than with conventional tobacco
products are younger (Wills et al., 2015), the main effect of raising the
MLA for ENDS will likely be to reduce the number of adolescents who
initiate tobacco use with ENDS. That may translate into reduced initiation
of cigarette use for some, but it also may translate into delayed initiation
of cigarette use for others, including some proportion who would not have
otherwise used conventional cigarettes. Presumably FDA and state policy
makers will take these possibilities into account in setting the MLA and
will carefully monitor the promotion and use of ENDS, especially by ado-
lescents and young adults.

POSSIBLE EFFECTS OF RAISING THE TOBACCO MLA
ON USE OF ALCOHOL AND OTHER DRUGS

In summarizing the estimated health effects of raising the tobacco MLA
presented in Chapter 8, the committee has not taken into account the pos-
sibility that reducing adolescent and young adult tobacco use could affect
the use of alcohol, marijuana, or other illegal drugs and thus has ignored
the substantial mortality and morbidity associated with use of those sub-
stances. However, it is possible that raising the MLA for tobacco could
have indirect effects on the use and abuse of other substances, either by
increasing their use (and thereby having a negative effect on public health
that might offset some of the effects of reduced tobacco use) or by decreas-
ing their use (and thereby augmenting the public health benefit of reducing
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tobacco use). Because tobacco use is correlated with the use of many other
substances, it could be important to consider the indirect effects of reducing
tobacco use on the use of other substances, but definitive statements are
difficult to make since the associations need not be causal. The mere fact
that people who smoke today have greater rates of abuse or dependence
on other substances is not sufficient to infer that an intervention that re-
duces smoking—such as raising the MLA—would necessarily reduce rates
of abuse or dependence on that second substance. There is, however, some
literature examining the effects of tobacco control interventions on the use

of other substances.

The empirical literature on spillover effects of tobacco policies on alco-
hol use and abuse is mixed. Picone et al. (2004) found that smoking bans
reduce alcohol consumption in older adult females. Gallet and Eastman
(2007) obtained a similar but more general result, but Hahn et al. (2010)
found no such effect. Young-Wolff et al. (2014) reported that increasing
tobacco taxes was associated with modest to moderate reductions in al-
cohol use in vulnerable groups. McKee and colleagues, in a series of three
studies (Kasza et al., 2012; McKee et al., 2009; Young-Wolff et al., 2013),
found evidence for the proposition that smoking bans reduce alcohol use
and related problems. However, Bernat et al. (2013) did not observe a
decline in alcohol-related vehicle accidents when analyzing California and

New York’s statewide smoke-free policies.

There is also a modest literature investigating whether tobacco and
alcohol are “substitutes” or “complements” in the economic sense of these
terms. Although some studies find that cigarettes are substitutes for either
alcohol in general (Decker and Schwartz, 2000) or liquor in particular
(Goel and Morey, 1995), a more common finding is that they are instead
complements (e.g., Bask and Melkersson, 2004; Cameron and Williams,
2001; Jones, 1989; Pierani and Tiezzi, 2009; Tauchmann et al., 2013; Zhao
and Harris, 2004); that is, they enhance each other’s value to a user, and a
decrease in the use of one is likely to be associated with a decrease in the
use of the other. Thus, the research would suggest that interventions that
reduce tobacco use will not increase alcohol use. A study by Hughes (1993)
found that smoking cessation treatment among adults does not increase

alcohol intake, even among former alcohol abusers.

In theory, tobacco control policies could have indirect effects on the
consumption of illicit drugs. However, the literature on this subject is quite
sparse and mostly limited to effects on marijuana use. A few studies, such
as Cameron and Williams (2001), Chaloupka et al. (1999), and Zhao and
Harris (2004), find “complementarity” between tobacco and marijuana;
that is, when cigarette prices go up, marijuana use declines. However,
Cameron and Williams (2001) found that increases in tobacco prices did

not affect cannabis use.
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A conceptually separate issue concerns how changes in marijuana policy
might affect tobacco use and, hence, the effects of raising the MLA on
tobacco use. Marijuana policy is in a state of flux, and there is consider-
able overlap between the populations who use marijuana and those who
use tobacco. Thus, changes in marijuana policy might spill over to affect
tobacco use, and vice versa. It is extremely challenging to estimate legaliza-
tion’s effects on marijuana use (Kilmer et al., 2010), let alone its spillover
effects on the use of other substances, including whether any spillover effects
would enhance or undermine the value of raising the MLA for tobacco. This,
however, does not imply that any such effects would be small. If marijuana
and tobacco were substitutes, increased marijuana use might lead to lower
tobacco use. As noted above, however, what little literature exists on the
subject suggests that marijuana and tobacco are more likely to be comple-
ments, not substitutes.

Furthermore, although the overlap in North America has tended to be
by user (with marijuana smokers more likely than others to smoke tobacco
and vice versa), in Europe it is quite common to mix tobacco and marijuana
in the same cigarette (UNODC, 2006), as also occurs already in the United
States with “blunts.” Hence, it is plausible that what adolescents and young
adults primarily construe as “marijuana use” might become the vehicle for
first exposure to nicotine. Also, the relaxation of marijuana laws has been
accompanied by a proliferation of modalities of use, including vaporization
as opposed to combustion. It is conceivable that a proliferation of vaporizer
pens or other devices acquired initially for marijuana use might facilitate
the uptake of consumption of nicotine via ENDS or increase the social ac-
ceptability of “vaping.”

In sum, it seems plausible that to the extent that raising the MLA
reduces tobacco use, it might have some beneficial spillover in the form
of indirect effects on the use of and harm from alcohol and, potentially,
marijuana. And it seems plausible that changes in marijuana policy and
patterns of use could modulate the effects of raising the MLA on tobacco
use. However, the existing empirical literature does not allow estimating a
specific magnitude or even a potential range of estimates of those effects
in the population overall, let alone among adolescents and young adults
specifically.

CONCLUDING REMARKS

The committee was charged with assessing the potential public health
implications of raising the minimum age of legal access to tobacco products.
Studies investigating the effects of setting or raising the MLA for tobacco
are sparse. In order to carry out its charge, the committee undertook a
thorough review of the available evidence related to tobacco use by ado-
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lescents and young adults, the effects of raising the MLA for alcohol, and
enforcement of the existing MLA restrictions for tobacco products. This
evidence provided a solid foundation for the critical phase of the commit-
tee’s work—using its collective expert judgment to estimate the effects of
raising the MLA on initiation rates at various ages. Using these estimates
as inputs, the committee commissioned new modeling studies of aggregate
smoking behavior with which to project likely population-level outcomes
of changes in the MLA. The most important assumptions required for
these estimates have been discussed in this chapter, as have been additional
policy-relevant considerations.

Among the key assumptions are relative stability in the intensity of
tobacco control activities and the continuation of the MLA enforcement at
existing levels. These are relatively conservative assumptions, and the public
health benefits could be greater if tobacco control policies and the MLA
enforcement were substantially strengthened. It is important to recognize,
however, that public health gains also have to be weighed against the costs
and other social consequences of enforcing more restrictive MLA policies.

It is also important to emphasize that the committee’s modeling esti-
mates are based on nationwide adoption of the increased MLA, although
public health benefits of that magnitude will occur only if Congress facili-
tates federal action or if states with a substantial portion of the nation’s
population raise the MLA. Over the short term, at least, the projected
public health benefits will need to be translated into state-by-state estimates.

Although the full benefits of preventing initiation of tobacco use will
take decades to accrue, some direct health benefits, including those from
reduced secondhand smoke exposure, will be immediate. Perhaps the great-
est uncertainty in the committee’s assessment is the currently unpredictable
effects of the marketing and use of electronic nicotine delivery systems and
other novel tobacco products. However, in the absence of transformative
changes in the tobacco market, social norms and attitudes, or the epidemi-
ology of tobacco use, the committee is reasonably confident that raising the
MLA will reduce tobacco initiation, particularly among adolescents 15 to
17 years of age, will improve health across the life span, and will save lives.
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Appendix A

State and Local Laws on the
Minimum Age of Legal Access
to Tobacco Products

lished 18 as the minimum age of legal access to tobacco products

The 2009 Family Smoking Prevention and Tobacco Control Act estab-

(MLA) while also allowing states and localities to impose a higher
MLA. In the last decade, this has been an active area of tobacco control
policy. In Massachusetts, in particular, where state law grants local Boards

of Health authority to make “reasonable health regulations,”!

nearly two

dozen communities have raised the MLA above age 18, and numerous
others are currently considering proposals. A smaller number of jurisdic-
tions outside of Massachusetts, most notably New York City, have also
taken similar steps. This appendix provides a set of tables detailing activi-
ties at the state and local levels to raise the MLA. These tables provide a
selection of the recent activity in this area of the law and aim to provide
examples of the type, range, and scale of such activity as of September
2014. As such, this appendix should be considered a list of illustrative
examples rather than a comprehensive and exhaustive list of jurisdictions
that have raised or are considering raising the MLA. Tables A-1 and A-2
list states and localities that have raised the MLA to 19 and 21, respectively.
Tables A-3 and A-4 list select states and localities that are considering pro-
posals to raise their MLA to 19 and 21, respectively. Tables A-5 and A-6 list
select states and localities that have considered but not enacted proposals

to raise the MLA.

1 MASS. GEN. LAWS ch. 111 § 31.

265
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MINIMUM AGE OF LEGAL ACCESS TO TOBACCO PRODUCTS

TABLE A-1 Select States and Localities That Have Established a
Minimum Age of Legal Access to Tobacco Products of 19

Jurisdiction
(state/county/ Year Regulation/
town) Enacted Legislation Status Details of Law
Alabama® 1997 Legislation Enacted. Defines a “minor” for the
purposes of this tobacco
law as any individual
under 19 years of age.
Alaska® 1988 Legislation Enacted. It is illegal to sell or give
tobacco or any product
containing nicotine to a
minor, defined as someone
under 19 years of age.
Massachusetts—Select Towns
Brookline 2013 Special town  Approved. Voted to raise the MLA
(Parker, 2013) meeting from 18 to 19 years.
action to
amend town
law
Newburyport 2014 Town board  Approved. The board of health
(Hendrickson, of health initially proposed raising
2013; Quinn, regulation the MLA from 18 to 21
2014; Wade, years. Mayor Donna
2013) Holaday vowed to fight
the measure and litigate
if necessary. The board
subsequently considered
and approved a measure
to raise the age to 19.
Sudbury¢ 2013 Town board  Approved. The board of health held a
of health public hearing and, at the
regulation subsequent board meeting,
approved raising the MLA
for tobacco products from
18 to 19 years.
Walpoled 2013 Town board  Approved. The board of health
of health Further action approved raising the MLA
regulation to raise the for tobacco products from

MLA to 21 will
be discussed in
mid-2015.

18 to 19 years. The board
also discussed phasing

in an MLA of 21 years,
and will revisit the issue
in mid-2015 to consider
further action.
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TABLE A-1 Continued

Jurisdiction
(state/county/ Year Regulation/
town) Enacted Legislation Status Details of Law
Watertown® 2012 Town board  Approved. The board of health
of health adopted a new tobacco
regulation regulation that defines
a “minor” (relative to
tobacco) as someone
under 19 years of age.
Westwood/ 2013 Town board  Approved. The board of health
of health adopted a new tobacco
regulation regulation that defines
a “minor” (relative to
tobacco) as someone
under 19 years of age.
New Jersey$ 2006 Legislation Enacted. Amended earlier tobacco

laws, raising MLA for
purchase and sale of
tobacco products from 18
to 19 years.

New York—Select Counties

Nassau” 2006 Legislation Enacted. Local laws amended to
add provisions to Nassau
Administrative Code
to raise the MLA for
tobacco products from 18
to 19 years.

Onondaga’ 2009 Legislation Enacted. Raised the MLA for
tobacco products from
18 to 19 years, with the
exception of individuals
who are 18 years of age
and have a valid military
ID, who are exempt and
may purchase tobacco
products.

continued
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TABLE A-1 Continued

Jurisdiction

(state/county/ Year Regulation/

town) Enacted Legislation Status Details of Law

Suffolk/ 2005 Legislation Enacted, but New law filed, repealing
amended by earlier legislation raising
2014 law minimum purchasing age
raising the age from 18 to 19 years.
to 21. (See
table of U.S.

Jurisdictions
with an
MLA of 21
to Purchase
Tobacco
Products—
Enacted.)

Utah* 1973 Legislation Enacted. New Prohibits sales tobacco
legislation and tobacco products to
to raise the individuals under 19 years
MLA from 19 of age. Prohibits business
to 21 years owners from allowing
introduced individuals under age 19
in 2013. (See from entering businesses
table of U.S. while the underage
Jurisdictions person is using tobacco.
with an “Smoking paraphernalia”
MLA of 21 was added in 2010.
to Purchase
Tobacco
Products.)

4 The Code of Alabama 1975 § 13A-12-3, 28-11-9, 28-11-13.

b Alaska Statutes § 11.76.100, 11.76.105-109.

¢ Sudbury, Massachusetts, Board of Health. Minutes of Meeting of September 10, 2013. Avail-
able: https://sudbury.ma.us/boardofhealth/?attachment_id=283 (accessed February 25, 2015).
4 Walpole, Massachusetts, Board of Health. Minutes of Meeting of March 12, 2013.
Available: http://www.walpole-ma.gov/sites/walpolema/files/minutes/minutes-file/minutes_
march_12_2013.pdf (accessed February 25, 2015).

¢ Watertown, Massachusetts, Board of Health. Minutes of Meeting of August 15, 2012. Avail-
able: http://www.ci.watertown.ma.us/Archive/ViewFile/Item/1824 (accessed February 25, 2015).
f Town of Westwood, Massachusetts, Board of Health Regulations. Regulation restricting the
sale of tobacco products and nicotine delivery product (February 12, 2013).

¢ New Jersey State Legislation. P.L. 2005 c. 384; S2783 (January 15, 2006).

b The Nassau County Administrative Code. Title H § 9-25.1-9-25.7. Local Law 5-2006
(April 26, 2006).

" Onondaga County, New York, Local Law No. 2-2009 (January 12, 2009).

7 Suffolk County, New York, Local Law No. 5-2005 (January 3, 2005).

kUtah State Legislature. Ban on sale of smoking paraphernalia to minors section 76-10-104.1
(March 29, 2010).
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TABLE A-2 States and Localities That Have Established a Minimum Age
of Legal Access to Tobacco Products of 21

Jurisdiction
(state/county/ Year Regulation/
town) Enacted Legislation Status Details of the Law

California—Select City

Healdsburg 2014 Regulation Passed by city Prohibits the sale of
(Alexander council. cigarettes, chew, and

and Williams, other tobacco products
2014; Mason, to anyone under age 21
2013) and institutes new annual

license to sell tobacco,
with revenues earmarked
for enforcing tobacco

laws.
Hawaii—Select County
Hawaii 2013 Legislation Enacted. In The bill raised minimum
County” effect June 30,  purchasing age from 18
2014. years of age to 21.
Illinois—Select City
Evanston 2014 Regulation Passed by city The new ordinance raises
(Blakley, council. the MLA from 18 to
2014) 21. An earlier version of

the ordinance proposed
making underage
possession a crime, but
the final ordinance holds
only retailers responsible
for violations.

Massachusetts—Select Towns

Arlington®< 2013 Town board  Approved May  From July 1, 2013, to

of health 2013, in effect  July 1, 2014, the MLA is
regulation July 2013, and  19. From July 1, 2014, to
subject to a July 1, 2015, the MLA is

3-year phase-in, raised to 20. As of July 1,
raised to 20 on 2015, the MLA is raised
July 1,2014. o 21.

Ashland? 2013 Town board  Approved. Raised the MLA from 18
of health to 21. Discussed but did
regulation not vote on e-cigarette

regulations.
continued
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TABLE A-2 Continued

Jurisdiction
(state/county/ Year Regulation/
town) Enacted Legislation Status Details of the Law

Belmont® 2012 Town board  Approved. Amendment of existing

(Eisenstadter, of health regulations of the sale

2014) regulation of tobacco to minors to
raise the age of a “minor”
(relative to tobacco
purchasing) from 18 to
19 years of age. The MLA
raised to 21 in September
2014, to take effect on
January 1, 2015.

Braintree 2014 Town board  Approved. Regulation raises the

(Aicardi, of health MLA to 21 products and

2014) regulation establishes an MLA of 21
for electronic cigarettes
and other “nicotine-
delivery” products.

Canton 2013 Town board  Approved. Raises minimum

(Donga, 2013; of health purchasing age from 18

Turner, 2013) regulation to 21 years. Contains
a “sunset” clause,
whereby, in 5 years,
the MLA will revert to
18 years if there is no
major reduction in teen
smoking rates. If there is
a demonstrable reduction,
the MLA of 21 years will
automatically renew. With
approval from the school
superintendent, the board
of health will conduct an
annual survey of Canton
middle and high school
students to determine
the efficacy of the new
regulation.

Dedham/ 2013 Town board  Approved. Amended existing
of health regulations, raising the
regulation MLA from 18 to 21.

Dover# 2013 Town board  Approved. Amended existing
of health regulations, raising the
regulation MLA from 18 to 21.
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Jurisdiction
(state/county/ Year Regulation/
town) Enacted Legislation Status Details of the Law
Foxborough” 2013 Town board  Approved. Held a public hearing
of health and adopted regulations
regulation restricting the sale of
tobacco, including raising
the MLA from 18 to 21.
Hudson 2014 Town board  Approved. Raised the MLA from 18
(Bartlett, of health to 21.
2014b; regulation.
Malachowski,
2014)
Hull (Hanson, 2014 Town board  Approved. Raised the MLA from
2014) of health 18 to 21 and bans
regulation smoking in town parks,
playgrounds, and adjacent
parking lots.
Malden (City 2014 Town board  Approved. Amends board of health
of Malden, of health rules and regulations,
2014) regulation raising the MLA from 18
to 21.
Medway’ 2013 Non- Approved by Board of selectmen voted
(Comeau, binding the board of unanimously in March
2014) referendum  selectmen for 2014 to include the
question. a public vote proposed raising of the

at the annual
town election,

May 20, 2014.

MLA to purchase tobacco
products from 18 to 21 as
a non-binding referendum
question on the May 20
town election ballot, one
of three legal options to
put the question up for
public vote. In 2013 the
board of health discussed
raising the MLA from 18
to 21 in May, June, and
July 2013, but it could
not agree whether to
make changes to tobacco
regulations as a board,
wait for quorum, or to go
to a public vote.

continued
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Jurisdiction
(state/county/ Year Regulation/
town) Enacted Legislation Status Details of the Law
Melrose 2014 Town board  Approved. Prohibits the sale
(Sacco, 2014) of health of cigarettes, cigars,
regulation electronic “vaping
devices,” snuff, and
related products to
persons under age 21.
Needham/ 2003 Town board  Approved. From April 1, 2003, to
of health In effect April 1, 2004, the MLA
regulation April 1, 2003, was raised to 19. From
and subject to a  April 1, 2004, to April
3-year phase-in. 1, 2005, the MLA was
raised to 20. As of April
1, 2005, the MLA was
raised to 21.
Newton* 2014 Town board  Passed Revised town ordinances
of aldermen  ordinance. to raise the MLA to
21 and also cover all
nicotine delivery products
(including e-cigarettes).
Norwood! 2014 Town board  Approved. The board of health
of health issued new regulations
regulation defining “minor” as “any
individual who is under
the age of twenty-one
(21).”
Scituate 2014 Town board  Approved. Raised the MLA from 18
(Bartlett, of health to 21.
2014a,b) regulation
Sharon™ 2013 Town board  Approved. Raised the MLA from 18
of health to 21.
regulation
Wakefield” 2014 Town board  Approved. Raised the MLA from 18
of health to 21.
regulation
Wayland 2014 Town board  Approved. In Raised the MLA from 18
(Wagner, of health effect beginning  to 21 and bans electronic
2014) regulation January 1, smoking devices anywhere
2015. smoking is prohibited in
workplaces.
Wellesley© 2014 Town board  Approved. Raised the MLA from 18

of health
regulation

to 21.
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Jurisdiction
(state/county/ Year Regulation/
town) Enacted Legislation Status Details of the Law
Westford 2014 Town board  Approved. Prohibits the sale of
(Allen, 2014) of health cigarettes and electronic
regulation cigarettes to persons
under age 21.
Winchester 2014 Town board  Approved. Raises the MLA and
(McLean, of health nicotine delivery products
2014) regulation (including e-cigarettes)
from 18 to 21.
New Jersey—Select Towns
Englewood 2014 City board Approved. Raises the MLA from 19
(Noda, 2014; of health to 21 for the purchase
Perez, 2014) resolution of tobacco or tobacco-
related products from any
vendor in the city.
Sayreville 2014 Borough Approved. Raises the MLA from 19
(Loyer, 2014) council to 21.
ordinance
New York— Select Counties
New York 2013 Legislation Passed by city Local law amends the
City? council and administrative code of
signed into the city of New York
law by mayor. (including New York,
In effect as of Bronx, Kings, Queens,
May 2014. and Richmond Counties),
raising the MLA from
18 to 21 years of age.
Establishes an MLA of 21
for electronic cigarettes.
Suffolk 2014 Legislation Signed into law, Raises the MLA from 19
County? to go into effect to 21.
(Schwartz, January 1,
2014) 2015

9 The Hawaii County Code 1983 (2005). Bill no. 135. Ordinance no. 13 124 (December 13,

2013).

b Town of Arlington, Massachusetts, Department of Health and Human Services; Office of
the Board on Health. Regulation restricting the sale of tobacco products and nicotine delivery

products (May 15, 2013).

¢ Arlington, Massachusetts, Board of Health. Minutes of Meeting of May 15, 2013. Available:
http://www.arlingtonma.gov/Home/ShowDocument?id=1084 (accessed February 25, 2015).
4 Ashland, Massachusetts, Board of Health. Minutes of Meeting of September 10, 2013. Avail-
able: http://www.ashlandmass.com/document-center/minutes (accessed February 25, 2015).

continued
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TABLE A-2 Continued

¢ Belmont, Massachusetts, Board of Health. Minutes of Meeting of April 30, 2012. Available:
http://www.belmont-ma.gov/sites/belmontma/files/minutes/minutes-file/4-30-12.pdf (accessed

February 25, 2015).

fBoard of Health Regulations, Dedham, Massachusetts, Part IV: Regulation affecting smoking
and the sale and distribution of tobacco and nicotine delivery products in Dedham (November

25,2013).

¢ Dover, Massachusetts, Board of Health. Minutes of Meeting of May 13, 2013. Available:
http://www.doverma.org/wp-content/uploads/2013/02/boh-5-13.pdf (accessed February 235,

2015).

b Foxborough, Massachusetts, Board of Health. Minutes of Meeting of June 24, 2013.
Available: http://www.foxboroughma.gov/Pages/FoxboroughMA_HealthMin (accessed Feb-

ruary 25, 2015).

i Medway, Massachusetts, Board of Health. Minutes of Meeting of July 22, 2013, and Novem-
ber 20, 2013. Available: http://www.townofmedway.org/Pages/MedwayMA_Bcomm/BOH/

Minutes/2013 (accessed February 25, 2015).

/ Town of Needham Board of Health Regulations. Section 1.6. Retail sale of tobacco products

(updated February 4, 2014).
k City of Newton Board of Alderman. Ordinance No. A-42 (June 16, 2014).

! Norwood, Massachusetts, Board of Health Regulations. Restricting the sale of tobacco

products and nicotine delivery products (February 27, 2014).

" Sharon, Massachusetts, Board of Health. Minutes of Meeting of April 8, 2013. Available:

http://www.townofsharon.net/node/2013/minutes (accessed February 25, 2015).

" Wakefield, Massachusetts, Board of Health Regulations. Regulation of the Wakefield Board
of Health restricting the sale of tobacco and nicotine delivery devices (March 19, 2014).

° Wellesley, Massachusetts, Board of Health. Minutes of Meeting of September 12, 2013.
Available: http://www.wellesleyma.gov/Pages/WellesleyMA_HealthMin/2013 (accessed Febru-

ary 25, 2015).

? New York City Administrative Code. Section 17-706a-c, as amended by Local Law 69-2009

(November 19, 2013).

9 A local law to raise the legal age for the sale of tobacco products in Suffolk County. Resolu-

tion No. 1039-2014. Suffolk County Legislation (January 2, 2014).
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TABLE A-3 States and Localities Currently Considering Proposals to
Raise the Minimum Age of Legal Access to Tobacco Products to 19

Jurisdiction
(state/county/ Year of  Regulation/
town) Proposal Legislation Status Details of Law
Massachusetts—Select Town
Franklin? 2013 Town board  Proposal The board of health

(Tota, 2014)

Missouri—Select City

Columbia 2014

(Denney,
2014)

New York—Select County
Westchester 2014

(Ganga, 2014)

of health
regulation

Legislation

Legislation

discussed and
currently open
for public
comment.

Under review
by the city’s
board of health
and substance
abuse advisory
commission.

Proposed
and under
consideration
by the county
board of
legislators.

held a public hearing
on new proposed
tobacco regulations,
including raising the
MLA from 18 to 19
years.

Proposal raises the
MLA to 21 and also
bans e-cigarette use
indoors.

New law would
raise the MLA for
“cigarettes and
tobacco-related
products” from 18
to 19.

@ Town of Franklin, Massachusetts, Code. Chapter 262: Regulation affecting smoking and
the sale and distribution of tobacco and nicotine delivery products in the town of Franklin

(March 19, 2014).
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TABLE A-4 States and Localities Currently Considering Proposals to
Raise the Minimum Age of Legal Access to Tobacco Products to 21

Jurisdiction
(state/county/ Year of  Regulation/
town) Proposal Legislation Status Details of the Law
Hawaii—Select City
Honolulu 2014 Legislation Bill advanced Bill would make it illegal

(Sadoy, 2014)

Massachusetts—Select Towns

Andover
(Lima, 2014b)

Lawrence
(Tennant,
2014)

Saugus
(Gaffney,
2014)

2014

2014

2014

Town board
of health

regulation

Town board
of health

regulation

Town board
of health

regulation

by the
Honolulu

city council’s
Public Safety
and Economic
Development
Committee.

Board of
health expected
to vote on
proposed
regulations on
November 17,
2014 (Lima,
2014a).

Public hearing
scheduled for
November 18,
2014.

Public hearing
scheduled for

November 3,

2014.

for people under age
21 to purchase tobacco
or electronic smoking
devices.

Proposed regulations
include raising the MLA
to 21 and requiring
tobacco retailers to
include at least two
smoking cessation
products on half of a sales
display featuring tobacco
and nicotine products.

New antismoking
regulations include several
sales restrictions (e.g.,
permitting restrictions,
minimum pack size and
bans on other tobacco
products, etc.) as well

as raising the MLA to
purchase tobacco to

age 21.

Proposed amendment to
town tobacco regulations
includes raising the
MLA to purchase
tobacco to age 21 and
banning flavored tobacco
products.
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Jurisdiction

(state/county/ Year of  Regulation/

town) Proposal Legislation Status Details of the Law

New Jersey® 2014 Legislation Passed by Amendment of existing

(Wilson, 2014) State Senate, laws, raising the MLA
awaiting House  for purchase and sale of
vote in 2014 tobacco and electronic
(Mickle, 2014).  smoking devices from 19

to 21.
Washington 2014 Legislation  King County Resolution calls for

(Rhodan, 2014)

(covers Seattle)
Alcoholism

and Substance
Abuse
Administrative
Board approved
resolution, for
consideration
by Washington
State legislators.

Washington State
legislators to change

the legal age of tobacco
purchase to 21 across the
state.

9 Raises minimum age for purchase and sale of tobacco products and electronic smoking
devices from 19 to 21. New Jersey Senate Bill 602. State of New Jersey 216th Legislature,
passed Senate June 30, 2014. Received in the Assembly July 11, 2014; referred to Health and
Senior Services Committee; New Jersey Assembly Bill 3254.
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TABLE A-5 States and Localities That Have Considered But Not Enacted
Proposals to Raise the Minimum Age of Legal Access to Tobacco Products

to 19

Jurisdiction
(state/county/
town)

Year of
Proposal

Regulation/
Legislation

Status

Details of Law

Illinois®

Maine?

Massachusetts®

2001

2003

2005

Legislation

Legislation

Legislation

Proposed. Not
enacted.

Proposed. Not
enacted.

Proposed. Not
enacted.

Proposed to amend
existing law to raise

the MLA for tobacco,
tobacco products, and
other smoking herbs from
18 to 19 years.

Proposed to amend
existing law to raise the
MLA from 18 to 19 years.

Proposed to prohibit
the sale and possession

of tobacco products to
persons under 19 years
of age.

New York¢ 2005 Legislation Proposed. Not

enacted.

Proposed raising the MLA
from 18 to 19. Proposed
to prohibit the sales of
tobacco products and
herbal cigarettes to any
individual under the age
of 19.

North Dakotafs 2005 Legislation Failed to pass. Proposed to amend the
North Dakota Century
Code to raise the MLA
for sales, purchase,
possession, and use of
tobacco to 18, and to

provide a penalty.

@ An act concerning tobacco. HB1034, 92nd Illinois General Assembly Legislation, 2001-2002
regular sess. (2001).

b An act to increase the legal age for the purchase of tobacco products, Title 22, Chapter 262-A
§ 1555-B, § 1557, § 1558, and § 1559, Maine Revised Statutes 121st Legislature, 1st reg. sess.
¢ HB 1824, Part IV, Title I, Chapter 270, § 6, Commonwealth of Massachusetts, presented
by Rep Jones (2005).

d Regulation of Tobacco Products and Herbal Cigarettes; Distribution to minors (also known
as “Adolescent Tobacco Use Prevention Act”), Article 13-F, § 1399-aa-§ 1399-ee, New York
State Public Health Laws.

¢ An act to amend the public health law and the penal law, in relation to increasing the pur-
chasing age for tobacco products from eighteen to nineteen. Bill No. A5883-A, New York
State Public Health Laws, reg. sess. (March 2, 2005).
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TABLE A-5 Continued

 Miscellaneous Offenses, Title 12.1-31-03, Criminal Code, North Dakota Century Code,
North Dakota Legislative Branch.

& A bill for an Act to amend and reenact section 12.1-31-03 of the North Dakota Century
Code, relating to the sale of tobacco to individuals under the age of nineteen and the use
of tobacco by minors; to provide a penalty; and to provide for application. HB 1183, 59th
Legislative Assembly of North Dakota, introduced by Rep. DeKrey (January 7, 20035, date of
last action on bill).
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TABLE A-6 States and Localities That Have Considered But Not
Enacted Proposals to Raise the Minimum Age of Legal Access to Tobacco

Products to 21

Jurisdiction
(state/county/ Year of  Regulation/
town) Law Legislation Status of Law Details of the Law
California” 2003 Legislation Proposed. Not  Proposed to amend
enacted. existing Code to raise the
MLA from 18 to 21.
Colorado® 2014 Legislation House Finance ~ Amends existing law to
(Lee, 2014) Committee raise the MLA from 18
voted 7 to 6 to 21 for sales and other
to reject the forms of distribution.
bill, March 19,  Would grandfather in
2014. persons born on or before
June 30, 1996 (currently
18).
Connecticut®4¢ 2003 Legislation Proposed. Not  Proposed that the general
enacted. statutes be amended to
raise the legal age for
use of tobacco products
to 21.
District of 2013 Legislation Introduced. The bill would raise
Columbia’ Failed to prohibition of sales of
make it out of tobacco products to
committee. minors by redefining
minors from age 18 to
21. Prohibits licenses to
operate vending machines
selling tobacco products
for establishments that
admit individuals under
age 21.
Maryland® 2014 Legislation Introduced. The bill raises prohibition
Unfavorable of sales of tobacco
report by products to minors and
judiciary restricting minors from
committee. purchasing or possessing

tobacco by redefining
minors from age 18 to 21.
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Jurisdiction

(state/county/ Year of  Regulation/

town) Law Legislation Status of Law Details of the Law

Massachusetts—

Select Towns

Cohasset 2014 Town board  Proposed. Not  Board approved a ban
(Dale, of health enacted. on selling tobacco
2014a,b) regulation products at pharmacies
and restricting the sale of
e-cigarettes, but kept the
MLA at 18. The proposal
would have raised the
MLA from the state
minimum of 18 to 21.
Hopkinton 2013 Town board  Rejected. The Proposal would amend
(Krantz, 2013) of health board of health  regulations to raise the
regulation discussed MLA from 18 to 21.
holding a town
meeting for
public vote.
New York State” 2005 Legislation Proposed. Not  Proposed raising the MLA
enacted. from 18 to 19 to 20 to 21
over time.
Ambherst 2014 Legislation Proposed. Not  City council dropped
(Habuda, enacted. provision to raise the
2014; Rey, MLA from 18 to 21 in
2014) final approved resolution
to prevent and reduce
underage smoking.
Nassau 2014 Legislation  Introduced into  Proposed raising the MLA
(Brodsky, Nassau County  from 19 to 21, in line
2014) legislature, with neighboring Suffolk
and blocked County and New York
from a vote City.
by Republican
county
legislators.

Oregon/ 2013 Legislation Introduced. Proposed new laws and
Failed to amendments to make
make it out of it a crime to distribute,
committee. sell, or cause to be sold

tobacco in any form to an
individual under the age
of 21.

continued
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Jurisdiction
(state/county/ Year of  Regulation/
town) Law Legislation Status of Law Details of the Law
South 2003 Legislation Introduced. Proposed amending the
Carolina®’” Failed to Code of Laws of South
make it out of  Carolina raising the MLA
committee. from 18 to 21.
Texas” 2013 Legislation ~ Proposed. Proposed raising the MLA
Not enacted. from 18 to 21.
Similar bill also
introduced in
2003.
Utah® 2014 Legislation State senate Proposes raising the
voted against MLA from 19 to 21.
the measure on  Prohibits sales of tobacco
March 3, 2014.  and tobacco products to
individuals under 21 years
of age. Prohibits business
owners from allowing
individuals under age 21
from entering businesses
while the underage person
is using tobacco.
Vermont? 2005 Legislation Introduced. Proposed raising the MLA
Failed to from 18 to 21.
make it out of
committee.

9 An act to amend Sections 17537.3, 22952, 22956, 22958, and 22963 of, and to add Section
22964 to, the Business and Professions Code, and to amend Section 308 of the Penal Code,
relating to tobacco, SB1821, California General Assembly, 2003-04 reg. sess., introduced by
Sen. Dunn (February 20, 2004).

b A bill for an act concerning the probibition of tobacco transactions for persons under
twenty-one years of age, HB14-1263, 69th General Assembly, State of Colorado, 2nd reg.
sess. (March 19, 2014).

¢ General Statutes of Connecticut. Vol. 4, Title 12: Taxation, Chapter 214 § 12-295 (a, b, ¢, d
& e), Vol. 13, Title 53: Crimes, Chapter 946 § 53-344 (revised to January 13, 2013).

4 An Act Raising the Legal Age for Use of Tobacco Products. Proposed SB 769, LCO No.
2394, Connecticut General Assembly, January sess. (January 27, 2003).

¢ An Act Prohibiting the Possession of Tobacco by Minors. Proposed HB 5035, LCO No.
2850, Connecticut General Assembly, January sess. (February 6, 2003).

I Prohibition Against Selling Tobacco Products to Individuals Under 21 Amendment Act of
2013. B20-0567, 20th Council of the District of Columbia, 23rd sess. (November 5, 2013).
& An Act Concerning Criminal Law—Tobacco Products—Minimum Age. HB 278, Maryland
General Assembly, Department of Legislative Services, Regular sess. (February 17, 2014).

b New York State Regulation of Tobacco Products, Herbal Cigarettes and Smoking Parapher-
nalia; Distribution to Minors. Article 13-F, § 1399-aa—§ 1399-ee. 2012.
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i Raises the minimum age for the sale of tobacco and tobacco products from 18 years of age
to 19 years of age to 20 years of age to 21 years of age over time. Bill no. S05301, New York

State Assembly (2005).

I A bill for an act relating to tobacco; creating new provisions; and amending ORS 163.575,
165.800, 165.813, 167.400, 167.401, 167.402, 167.404, 167.407, 323.718, 339.883,
431.840, 431.853, 433.835 and 807.500. HB 2974, 75th Oregon Legislative Assembly, 2009

regular sess. (June 29, 2009).

k South Carolina Code of Laws, Title 16 Crimes and Offenses, Chapter 17 Offenses Against

Public Policy § 16-17-500-504 (eff. June 7, 2013).

'HB A35, R67, H3538, 120th sess., South Carolina General Assembly (signed June 7, 2013).
" HB 3084, general bill, South Carolina General Assembly, 115th sess., sponsored by Rep.

Talley and others (2003-2004).

" A bill to be entitled an Act relating to the distribution, possession, purchase, consumption,
and receipt of tobacco products; providing penalties. SB No. 313, 83rd Texas State Senate,

83rd sess. (2013).

© Ban on Smoking Paraphernalia to Minors. HB 206, Section 1 § 76-10-104.1, 56th Utah

House of Representatives, 2010 general sess. (2010).

P An Act Relating to Increasing the Legal Smoking Age. H.0105, General Assembly of the

State of Vermont, 2005-2006 legislative sess. (2005).
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Appendix B

State Laws—
Tobacco Transfers to Minors

he following table (see Table B-1) summarizes state laws for all

50 states and the District of Columbia specifically in reference to the

transfer of a tobacco product to a minor by both commercial and
noncommercial sources.

The information for this table is adapted from the State Legislated
Actions on Tobacco Issues (SLATI) database,’ which is maintained by the
American Lung Association. It should not be considered a comprehensive
analysis of state law but rather an illustration of state-level variance in
tobacco control legislation.

I American Lung Association. State Legislated Legal Actions on Tobacco Issues (SLATI)
State Pages. http://www.lungusa2.org/slati/about.php (accessed October 8, 2014).
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TABLE B-1 State Laws—Tobacco Transfers to Minors

Applies to Explicitly Classification
State Whom Illegal to... Product in Question  of the Transfer
Alabama Any person Sell, barter, Cigarettes, cigarette  Not specified*
exchange, or tobacco, cigarette
give away™ paper or substitute
for either of them*
Permit holder,
member,
employee,
officer
Alaska Any person Sell, exchange,  Cigarette, cigar, or Violation
(non licensee)  or give* tobacco product; a
product containing
nicotine™
Licensee Not specified
Arizona Any person Knowingly sell, Tobacco product, Petty offense
give, or furnish  vapor product
including
e-cigarettes, or any
instrument designed
for smoking/
ingestion of tobacco
Arkansas Any person Sell, give, or Tobacco products Not specified
barter* or cigarette papers;
alternative nicotine
product, cartridge or
component of such;
e-cigarette*
Licensee Violation

* Applies to all tobacco transfers in the given state.
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Increase for
Penalty for Subsequent  Suspend Employee or Affirmative
First Offense Offenses? License? Licensee Punished? Defense?
Fine, 10<x<50 Not specified Not Not specified* Not specified*
and may also be specified
imprisoned for
<30 days
Fine Yes Yes
Fine >300 Not specified Not Not specified* Not specified*
specified
Suspend license +  Yes Yes
civil penalty
Not specified Not specified Not Not specified Not specified
specified
Fine* Not specified Not Employee of Not specified
specified retail permittee in
violation is subject
to fine <100
in addition to
business owner’s
fine*
Yes Yes Yes
* Applies to all tobacco transfers in the given state. )
continued
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Tllegal to... Product in Question  of the Transfer
California Person, firm, Knowingly sell, Tobacco products Misdemeanor

corporation give, or furnish  or paraphernalia or civil action

including blunt
wraps; e-cigarettes

Colorado Any person Sell, distribute,  Cigarettes or Class 2 petty
or offer for sale tobacco products offense
including
Retailer Sell or permit e-clgarettes, cigars, . Not specified
the sale of cigarillos and pipes*
Connecticut Any person Sell, give, or Tobacco Not specified*
deliver to*
Dealer or Cigarettes or
distributor tobacco products
Delaware Any person; Sell or Tobacco product Not specified
excluding distribute,
parent/ purchase on
guardian behalf of

* Applies to all tobacco transfers in the given state.
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Penalty for
First Offense

Increase for
Subsequent
Offenses?

Suspend
License?

Employee or
Licensee Punished?

Affirmative
Defense?

Fine

Fine

Written warning

Fine <200*

Fine

Yes

Not specified

Yes

Yes

Yes—
retailer and
employee

Yes

Not
specified

Not

specified*

Not
specified

Yes

California
Department of
Health Services
may assess civil
penalties against a
the owner/licensee
in addition to

the criminal/civil
penalties against
an individual.

An employee
against whom
civil penalties are
sought cannot
additionally have
criminal penalties

Not specified*

The dealer/
distributor is
assessed a penalty.
The employee
who perfomed the

transaction may
also be fined*

Licensee/owner
is responsible for
fine, employee
may ALSO be
charged

Yes

Yes™

Yes™

Yes: affirmative
defense for
licensee if can
prove that
purchaser showed
valid or seemingly
valid proof of
age, affirmative
defense for
retailer/employer
if can prove that
policies were in
place to prevent
illegal sales

* Applies to all tobacco transfers in the given state.

continued
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Tllegal to... Product in Question  of the Transfer
District of Any person Sell, give or Tobacco product Misdemeanor
Columbia furnish
Florida Any person Sell, deliver, Tobacco product Misdemeanor
barter, or (2nd degree)
furnish,
directly or
indirectly
Georgia Any person Knowingly Cigarettes or Misdemeanor
sell or barter, tobacco related
directly or object, including
indirectly, to cigar wraps
advise, counsel,
or compel

any minor to
smoke, inhale
chew, or use
cigarettes or
tobacco-related

objects
Hawaii Any person Sell or furnish ~ Tobacco, including ~ Not specified
chewing tobacco
and snuff, and
electronic smoking
device
Idaho Non-permittee  Sell, distribute, Tobacco products or Not specified*
or offer e-cigarettes
Permitee Sell or Tobacco products
distribute

* Applies to all tobacco transfers in the given state.
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Increase for

Penalty for Subsequent  Suspend Employee or Affirmative
First Offense Offenses? License? Licensee Punished? Defense?

Fine 100<x<500  Yes Yes Not specified Not specified
and/or

imprisonment

<30 days

Fine Yes Yes May mitigate Yes

penalties against a
dealer if employee
performed illegal
sale and dealer

had provided
adequate training
beforehand
Not specified Not specified Not Not specified Not specified
specified
Fine Yes Not Retail clerks, and ~ Not specified
specified not the owners or
licensees are cited
for violations
Fine Not specified Not Penalty appears to  Yes*
specified be for permittee
ONLY
‘Warning Yes Yes

* Applies to all tobacco transfers in the given state. )
continued
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Tllegal to... Product in Question  of the Transfer
Illinois? Any person Sell, buy for, Tobacco products Petty offense
distribute
samples of, or
furnish
Knowingly sell, Cigarette papers Class C
deliver, or give  or other tobacco misdemeanor
away accessories

Wrapping paper or  Petty offense
leaf for rolling

Indiana Any person Knowingly sell ~ Tobacco products, Class C
or distribute, including dissolvable infraction
purchase for tobacco products
delivery to a and e-cigarettes™
minor
Retailer Sell or Not specified
distribute
Towa Any person Sell, give, or Tobacco products®™  Simple
otherwise misdemeanor
supply*
Retailer/ Not specified
employee of
retailer

2 In Illinois, “classification of transfer” and “penalty for first offense” vary based on the
product and the illegal action (e.g., knowingly selling a pack of cigarette papers is a Class C
misdemeanor while knowingly selling a leaf for rolling is a petty offense).

* Applies to all tobacco transfers in the given state.
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Increase for

Penalty for Subsequent  Suspend Employee or Affirmative

First Offense Offenses? License? Licensee Punished? Defense?

Fine 200 Yes Not Not specified* Not specified*
specified*

Not specified Not specified

Fine 100<x<1,000 Not specified

Fine <500 Not specified Yes* Not specified* Yes*

Fine 200<x<1,000 Yes

Not specified Not specified Yes* If an employee Not specified*
of the retailer
commits the
violation, the
retailer is not
charged if the
employee took
the proper
state tobacco
compliance
training.
Otherwise, penalty

. . to the retailer
Fine + potential Yes

additional civil
penalty

* Applies to all tobacco transfers in the given state. )
continued
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Tllegal to... Product in Question  of the Transfer
Kansas Any person Sell, furnish, or  Cigarettes, Class B
distribute e-cigarettes, or misdemeanor
tobacco products
Kentucky Any person Sell or cause to  Tobacco products Not specified
be sold, solicit
a minor to
purchase
Louisiana Any person Sell or Tobacco products™® Not specified*
distribute*
Permittee
(manufacturer,
distributor,
dealer, retailer)
Maine Any person Sell, furnish, Tobacco products Civil violation

give away, or
offer to sell,
furnish or give
away

* Applies to all tobacco transfers in the given state.
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297

Increase for
Penalty for Subsequent
First Offense Offenses?

Suspend
License?

Employee or
Licensee Punished?

Affirmative

Defense?

Fine >200 Not specified

Fine 100<x<500  Not specified

Fine <50 Yes*

Subject to

suspension or
revocation of
permit and/or
civil penalties

Fine 50<x<1,500  Not specified
+ court costs

Yes

Not
specified

The person who
violates the law

is the individual
directly selling the
tobacco product.
A licensee can be
assessed additional
civil penalties for
selling to minors

Not specified

Sale of tobacco
products to a
minor by a retail
dealer’s employee
is considered an
act of the retailer
for the purpose
of suspension

or revocation of

a permit or the
assessment of civil
penalties, unless
employee attends
state approved
training program®

The employer of
the person who
violates the law
also commits a
civil violation
which can be fined
50<x<1,500 +
court costs. The
district court can
also impose fines
listed above or
suspend/revoke
licenses for
violation of sales
laws

Yes

Not specified

Not specified*

* Applies to all tobacco transfers in the given state.
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Tllegal to... Product in Question  of the Transfer
Maryland® Retailer Distribute Tobacco products or  Not specified
paraphernalia
Any person Purchase for, Tobacco products or  Not specified

deliver to, sell ~ paraphernalia

Sell, distribute,  Electronic device Misdemeanor
or offer for sale that can be

used to deliver

nicotine, including

e-cigarettes, cigars,

cigarillos, and pipes

Massachusetts®  Any person Sell or give Tobacco in any form  Not specified*
excluding
parent/

guardian Sell Rolling papers

Michigan Any person Sell or furnish ~ Tobacco products Misdemeanor
excluding
parent/
guardian

Minnesota Any person Sell or furnish ~ Tobacco or tobacco- Misdemeanor
related devices;
product containing
or delivering
nicotine or lobelia
intended for
consumption that is
not tobacco

b In Maryland, the law applying to “any person” applies different penalties according to the
type of item and transfer. For example, the penalty for purchasing tobacco products on behalf
of a minor is a fine not to exceed $300, while the misdemeanor offense of selling an e-cigarette
to a minor is punishable by a fine of up to $1,000 per violation.

¢ In Massachusetts, the penalty for first offense depends on the product in question. For ex-
ample, the sale of tobacco to a minor is punishable by a fine no less than $100, while the sale
of rolling papers is punishable by a fine of no less than $25.

* Applies to all tobacco transfers in the given state.
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Increase for
Penalty for Subsequent  Suspend Employee or Affirmative
First Offense Offenses? License? Licensee Punished? Defense?
Not specified Not specified Not Not specified* Yes*
specified*
Fine <300 Yes
Fine <1,000 per Not specified
violation
Fine >100 Yes* Not Not specified* Not specified*
specified*
Fine >25
Fine <50 Not specified Not Not specified Yes
specified
Not specified Escalation in  Yes If a licensee or Yes
criminality an employee of a
with licensee violates
subsequent the law, the
offenses licensee is charged
an administrative
penalty. The
individual must
also be charged
an administrative
penalty. Penalty
can escalate with
subesequent
offenses
* Applies to all tobacco transfers in the given state. )
continued
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Tllegal to... Product in Question  of the Transfer
Mississippi Any person or  Sell, barter, Tobacco products or  Not specified*
retailer deliver, or give  rolling papers
Directly or Alternative
indirectly nicotine product,
(by agent, any cartridge or
employee, component of an
or vending alternative nicotine
machine) sell, product
offer for sale,
give, or furnish
Missouri Any person Sell, provide, Tobacco products or  Not specified
(excluding or distribute rolling papers
family
members
on private
property)
Montana Any person Sell or Tobacco products Not specified
distribute

* Applies to all tobacco transfers in the given state.
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301

Increase for
Penalty for Subsequent
First Offense Offenses?

Suspend
License?

Employee or
Licensee Punished?

Affirmative
Defense?

Fine 50* Yes* Yes*

Fine 100 Yes Yes

Verbal Yes Yes
notification

The permittee will
be sent a warning
letter for the first
violation, and
required to enroll
in and complete
a state tobacco
retailer education
program. If

the retailer

has directed
employees to sign
an agreement
stating that

they understand
the state laws
regarding youth
tobacco sales*

Owner of
establishment
issued a reprimand
in addition to
penalties listed.
Exempt from
above penalties
if they have

an employee
compliance
program in place

Employee pays
$25 per violation
if not licensee

Yes

Not specified

Not specified

Not specified

* Applies to all tobacco transfers in the given state.

continued
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Tllegal to... Product in Question  of the Transfer
Nebraska Any person Sell or furnish ~ Tobacco products®*  Class III

misdemeanor*

Licensee Sell, give, or
furnish in
any way, or
allow to be
taken from
their place of
business

Nevada Any person Sell, distribute, Tobacco in any form Not specified
or offer to sell  or cigarette papers

New Any person Sell, give, Tobacco products, Violation
Hampshire furnish, or e-cigarettes, or (2nd and on,
cause or allow  liquid nicotine misdemeanor)

or procure to
be sold, given,

furnished

Sell, give, or Rolling papers Violation
furnish

* Applies to all tobacco transfers in the given state.
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Penalty for
First Offense

Increase for
Subsequent
Offenses?

Suspend
License?

Employee or
Licensee Punished?

Affirmative
Defense?

Not specified*

Fine <500 + civil
penalty <500

Civil penalty
<250

<250

Not Yes™
specified*

Not specified Not
specified

Licensee is subject
to forfeiture. Any
officer, director,
or manager of

the business of
any corporation
that violates the
provision, if they
are aware, is
subject to the same
penalty*

The owner of an
establishment

is not held
responsible for
an employee
violation of the
law if they had
no knowledge of
the violation and
establish employee
education to
prevent future
violations

Not specified*

Not specified*

Not specified

* Applies to all tobacco transfers in the given state.

continued
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Tllegal to... Product in Question  of the Transfer
New Jersey Any person Directly or Cigarettes, cigarette  Petty
indirectly paper, tobacco in disorderly
(by agent, any form including  persons
employee, smokeless, or any offense
or vending electronic smoking
machine) sell, device including
offer for sale, e-cigarettes, cigars,
distribute for cigarillos, pipes,
commercial or any cartridge
purpose at or component or
no cost or related product
minimal cost
with coupons
or rebate
offers, give or
furnish
New Mexico Any person Knowingly sell ~ Tobacco products Misdemeanor
or offer to sell
New York Retailer Sell Tobacco products, Not specified
herbal cigarettes,
shisha, e-cigarettes,
or smoking
paraphernalia
North Any person Distribute, aid, Tobacco products, Class 2
Carolina assist, or abet  including tobacco- misdemeanor
in distribution,  derived products
purchase on or vapor products,
behalf of cigarette wrapping
papers
North Dakota  Any person Sell or furnish,  Tobacco products Infraction,
procure on criminal
behalf of misdemeanor
Ohio Manufacturer,  Sell or Tobacco products 4th degree
distributor, otherwise misdemeanor
wholesaler distribute

or retailer,
or employee
thereof

* Applies to all tobacco transfers in the given state.
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Increase for
Penalty for Subsequent  Suspend Employee or Affirmative
First Offense Offenses? License? Licensee Punished? Defense?
Civil penalty 250  Yes Yes The licensee Yes
is subject to
administrative
charges, although
the individual
responsible for the
sale is liable for
the penalty
Imprisonment Not specified Not Not specified Not specified
<year +/or fine specified
<1,000
Fine 300<x<1,000 Yes Yes Not specified Yes
Not specified Not specified Not Not specified Yes
specified
Not specified Not specified Not Not specified Not specified
specified
Not specified Escalation in  Not Not specified Yes
criminality specified
with
subsequent
offenses
* Applies to all tobacco transfers in the given state. )
continued
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Tllegal to... Product in Question  of the Transfer
Oklahoma Any person Sell, give, or Tobacco products Not specified
furnish in any
manner
Oregon Any person Knowingly Tobacco product or  “Endangering
distributes, device for the use of the welfare of
sells, or causes  tobacco a child”/Class
to be sold A violation
Pennsylvania ~ Any person Sell or furnish*  Tobacco products®  Summary
offense*
Retailer
Rhode Island  Any person Sell, give, Tobacco in the form  Not specified*

South Carolina

Licensee or
employee
thereof

Any person

deliver

Sell, distribute,
or deliver

Sell, furnish,
give, distribute,
purchase for or
provide

of cigarettes, bidi
cigarettes, cigars,
little cigars (flavored
and unflavored),
blunt wraps,
cigarette rolling
papers, cigarillos,
tiparillos, pipe
tobacco, chewing
tobacco, or snuff

Tobacco product

Tobacco product or
alternative nicotine
product

Misdemeanor

* Applies to all tobacco transfers in the given state.
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Penalty for
First Offense

Increase for
Subsequent
Offenses?

Suspend
License?

Employee or
Licensee Punished?

Affirmative
Defense?

Fine <100

Fine >100

Fine 100<x<250

Fine 100<x<500
Not specified

Fine 250

Fine 100<x<200

Yes Yes

Not specified Not
specified

Not specified

Yes Not
specified

If the sale is made
by the employee
of the licensee,
the employee
shall be guilty of
the violation and
subject to the fine.
Each violaton by
an employee shall
be a violation
against the owner
for purposes of a
license suspension

Not specified

Not specified*

The licensee is
responsible for

all violations

that occur at

the location for
which the license
is issued. If courts
find the licensee
has taken adequate
measures to ensure
employees are not
performing illegal
transactions, courts
may chose to not
suspend license*

Not specified

Yes

Not specified

Not specified

Yes
Not specified*

Not specified

* Applies to all tobacco transfers in the given state.

continued
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Tllegal to... Product in Question  of the Transfer
South Dakota  Any person Knowingly Tobacco products Class Two
distribute, misdemeanor

purchase on
behalf of, give

Tennessee Any person Sell, distribute, Tobacco product or  Not specified
or purchase e-cigarette
on behalf of.
Persuade,

entice, send, or
assist a minor
to purchase,
acquire, receive
or attempt

to purchase,
acquire or
receive

Texas Any person With criminal ~ Cigarette or tobacco  Class C
negligence, sell, product misdemeanor
give, or causes
to be sold or
given

* Applies to all tobacco transfers in the given state.
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Penalty for
First Offense

Increase for
Subsequent
Offenses?

Suspend
License?

Employee or
Licensee Punished?

Affirmative
Defense?

Not specified

Warning letter

Not specified

Not specified Not
specified

Yes Not
specified

Not specified Not
specified

Not specified

Commissioner

of Agriculture

is authorized to
assess the penalty
against any
person or persons
determined to be
responsible, in
whole or part,

for contributing
to or causing the
violation to occur,
including but not
limited to the
owner, manager,
or employee of the
store at which the
violation occurred

If the offense
occurs in
connection
with a sale by
an employee
of a licensee,
the employee
is criminally
responsible
and subject to
prosecution

Yes

Yes

Yes

* Applies to all tobacco transfers in the given state.

continued
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Tllegal to... Product in Question  of the Transfer
Utah Any person Knowingly, Cigar, cigarette, Class C
intentionally, e-cigarette or misdemeanor*
recklessly, or tobacco in any
with criminal form, or tobacco
negligence paraphernalia
provides
Sell, offer for Clove cigarette
sale, give, or
furnish
Vermont Any person Sell or provide  Tobacco products, Not specified
tobacco substitutes
(e-cigarette and
related products),
or related
paraphernalia
Virginia Any person Sell, distribute, Tobacco product Not specified
purchase for, including but not
or knowingly limited to cigarettes,
permit the cigars, bidis and
purchase by wrappings
Washington Any person Sell, give, Cigar, cigarette, Gross
(non licensee)  permit to be cigarette paper or misdemeanor®
sold or given*  wrapper, tobacco in
any form or a vapor
product*
Licensee
West Any person Sell, give or Tobacco product or ~ Misdemeanor*
Virginia furnish, cause  cigarette paper®
to be sold or
furnished*
Firm or
corporation

* Applies to all tobacco transfers in the given state.
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Increase for
Penalty for Subsequent  Suspend Employee or Affirmative
First Offense Offenses? License? Licensee Punished? Defense?
Not specified* Escalation in ~ Yes* If the licensee Not specified*
criminality or employee
with thereof has
subsequent sold tobacco to
offenses* someone <19 years
old, the agency
may impose
adminstrative
penalties on the
licensee*
Fine <100 Yes Yes Not specified Not specified
Fine <100 Yes Not Not specified Yes
specified
Fine 50 Yes* Yes* Not specified* Yes*
Fine 100
Fine <100 Yes* Not The employer Yes
specified* may dismiss
an employee
for selling or
Fine 50 furnishing tobacco
products to
minors*
* Applies to all tobacco transfers in the given state. )
continued
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TABLE B-1 Continued

Applies to Explicitly Classification
State Whom Illegal to... Product in Question  of the Transfer
Wisconsin Any person Purchase on Cigarettes, tobacco ~ Not specified*
behalf of, or products or nicotine
provide to products*

Retailer, direct  Sell or
marketer, provide for
manufacturer,  nominal or no
distributor or  consideration

agent/employee
thereof
Wyoming Any person Sell, offer for Tobacco products*  Misdemeanor*
sale, give, or
deliver
Retailer Sell, permit the

sale of, offer
for sale, give,
or deliver

* Applies to all tobacco transfers in the given state.
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Increase for

Penalty for Subsequent  Suspend Employee or Affirmative
First Offense Offenses? License? Licensee Punished? Defense?
Fine <500 if Yes* Yes* Not specified* Not specified

no violation
in previous 30
months or
Fine <500
+/or 1 month
imprisonment
if violation in
previous 30

months
Fine <500 Yes
Fine <50* Yes* Yes* No penalty to Yes*

the permittee for
first violation if
permittee can
prove plan in place
to prevent illegal
sale to minors*

* Applies to all tobacco transfers in the given state.
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Appendix C

State Laws—
Tobacco Purchase—Use—Possession
by Minors

he following table (see Table C-1) summarizes state law for all

50 states and the District of Columbia specifically in reference to

purchase—use—possession laws (PUP) of a tobacco product by a mi-
nor. Throughout this report, the minimum age of legal access to tobacco
products (MLA) focuses on youth access laws and enforcement policies
that curtail retail access to tobacco products by underage persons, with
little emphasis on punishing underage users of tobacco products. Despite
that focus, MLA in the following table, as in the report, therefore covers
youth access restrictions that both punish distributors of tobacco products
to underage users and the underage users themselves.

The information for this table is adapted from the State Legislated
Actions on Tobacco Issues (SLATI) database,! which is maintained by the
American Lung Association. It should not be considered a comprehensive
analysis of state law but rather an illustration of state-level variance in
tobacco control legislation.

I American Lung Association. State Legislated Legal Actions on Tobacco Issues (SLATI)
State Pages. http://www.lungusa2.org/slati/about.php (accessed October 8, 2014).
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TABLE C-1 State Laws—Tobacco Purchase—Use—Possession Laws for

Minors
Penalties for PUP
Explicitly Illegal for Violations Among
State MLA  Minors to... Classification ~ Minors
Alabama 19 Purchase, use, Not listed Fine and notify parent/
possess, transport guardian
Alaska 19 Knowingly possess Violation Not listed
Arizona 18 Purchase, possess, Petty offense Fine or community
knowingly accept service
Arkansas 18 Use, possess, Not listed Confiscate the tobacco
purchase, or attempt product, may require
to purchase community service and
enrollment in tobacco
education program
California 18 Purchase, receive, Not listed Fine and community
possess service
Colorado 18 Purchase or attempt ~ Class two Fine or participate
to purchase petty offense in tobacco education
program; may perform
community service
instead of fine
Possession Noncriminal Not listed
offense
Connecticut 18 Purchase Not listed Fine
Delaware 18 Purchase, accept Not listed Fine and community
receipt of, use a service
coupon for
District of 18 Purchase, attempt to  Not listed Fine
Columbia purchase, possess,
attempt to possess
Florida 18 Knowingly possess, Not listed Fine or community
purchase, attempt to service; minor must
purchase attend anti-tobacco
education
Georgia 18 Purchase, attempt to  Not listed Community service,

purchase, possess

attendance at a lecture
on the hazards of
smoking or both
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Illegal to Suspend
Present Fake or Driver’s
Graduated Penalty? Applies to... Borrowed ID License?
Not listed Tobacco, tobacco products, v
alternative nicotine products
Not listed Tobacco products
Not listed Tobacco products, vapor product v
including e-cigarettes, hookah,
waterpipe
Not listed Tobacco in any form, cigarette v
papers
Not listed Tobacco product or
paraphernalia
Not listed Tobacco products
Not listed Tobacco products
Yes; increasing fines Tobacco products v
only
Yes; more community  Tobacco products v
service hours for
second and subsequent
offenses
Yes; increasing fine for  Cigarette or other tobacco v
fake ID product
Yes Tobacco products v v
Not listed Cigarettes or tobacco related
objects
continued
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Explicitly Illegal for

Penalties for PUP
Violations Among

State MLA  Minors to... Classification ~ Minors
Hawaii 18 Purchase Not listed Fine
Idaho 18 Purchase, receive, Misdemeanor  Imprisonment and/or a
sell, possess, use, fine; may also require
distribute, consume attendance at tobacco
awareness programs,
community service
Illinois 18 Purchase, possess Petty offense Fine and community
service
Indiana 18 Purchase, accepts Class C Fine
for personal use or Infraction
possess
Towa 18 Smoke, use, possess,  Violation Fine and community
purchase, or attempt service
to purchase
Kansas 18 Purchase, attempt to  “Tobacco Fine
purchase; possess or  infraction”
attempt to possess
Kentucky 18 Possess or use Not listed Product is confiscated
Purchase or accept Not listed Fine and community
receipt of service
Louisiana 18 Purchase or possess Not listed Fine
Maine 18 Present fraudulent Civil violation  Fine and/or community
ID for the purposes service
of purchasing/
possessing/using
Maryland 18
Massachusetts 18
Michigan 18 Purchase, attempt to  Misdemeanor  Fine and community

purchase, possess,
attempt to possess,
use

service, health
promotion program
participation
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Illegal to Suspend
Present Fake or Driver’s

Graduated Penalty? Applies to... Borrowed ID License?
Yes, fine increases and ~ Tobacco product or electronic
community service for  smoking device
second and subsequent
offenses
Not listed Tobacco products or electronic v

cigarettes
Yes Tobacco products v
Not listed Tobacco products or electronic

cigarettes
Yes; higher fines and Tobacco products v
more community
service
Not listed Cigarettes, e-cigarettes, or

tobacco products
Not listed Tobacco products v
Yes; higher fines and Tobacco products
more community
service
Yes; increase in fine Tobacco products
Yes; increase in fine Tobacco products v
and community service
Yes; increase in Tobacco product v
number of hours; fine
stays the same

continued
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Explicitly Illegal for

Penalties for PUP
Violations Among

State MLA  Minors to... Classification ~ Minors

Minnesota 18 Use fraudulent ID to  Misdemeanor  If fake ID is used—
purchase, attempt to driver’s license is
purchase suspended
Possesses, smokes, Petty If fake ID is used—
chews, ingests, misdemeanor  driver’s license is
purchases, attempts suspended
to purchase

Mississippi 18 Purchase, possess Not listed Fine and/or community

service

Missouri 18 Purchase, attempt to  Infraction Confiscation of
purchase, possess product

Montana 18 Knowingly possess or Not listed Fine and/or community
use; purchase service/tobacco

cessation education
Nebraska 18 Use Class V Not listed
misdemeanor

Nevada 18

New 18 Purchase, attempt Violation Fine and/or community

Hampshire to purchase, use, service, maybe also
possess tobacco education

New Jersey 19

New Mexico 18 Procure or attempt to  Not listed Fine or community
procure service

New York 18

North 18 Purchase, accept Class two Not listed

Carolina receipt, attempt to misdemeanor
purchase or accept
receipt

North Dakota 18 Purchase, possess, Noncriminal Fine
smoke, use offense

Ohio 18 Consume, possess, Not listed Fine and/or tobacco

purchase, attempt to
purchase

education
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Illegal to Suspend
Present Fake or Driver’s
Graduated Penalty? Applies to... Borrowed ID License?
Not listed Tobacco or tobacco related v v
devices
Not listed Tobacco or tobacco related
devices
Not listed Tobacco product v
Second offense: Cigarettes or tobacco products v
tobacco education/
smoking cessation
program; none else
listed
Yes; increased fines Tobacco products
listed
Not listed Tobacco products v
Not listed Tobacco product, e-cigarette, v
liquid nicotine; rolling paper
Not listed Tobacco products v
Not listed Tobacco products including v
tobacco derived products or
vapor products
Not listed Tobacco products v
Yes; increase fine, Tobacco products v v
require community
service, suspend
license/learner permit
continued
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Explicitly Illegal for

Penalties for PUP
Violations Among

State MLA  Minors to... Classification ~ Minors
Oklahoma 18 Purchase, receive, Not listed; Fine, imprisonment
possess if does not (only for the
provide seller ~ misdemeanor)
when asked,
misdemeanor
Oregon 18 Purchase, attempt to ~ Violation Tobacco education or
purchase or acquire community service
Possess Class D Not listed
violation
Pennsylvania 18 Purchase, attempt to ~ Summary Fine and/or tobacco
purchase offense education/community
service/suspend license
Rhode Island 18 Purchase Not listed Not listed
Smoke, chew, possess Not listed Community service or
tobacco education
South 18 Purchase, attempt to ~ Noncriminal Fine or tobacco
Carolina purchase, possess, offense education or
attempt to possess community service
South Dakota 18 Purchase, attempt Class Two Not listed
to purchase, receive,  misdemeanor
attempt to receive,
possess, consume
Tennessee 18 Purchase, possess, Civil offense Fine
accept
Texas 18 Possess, purchase, Not listed Fine and tobacco
consume, accepts education or
community service
Utah 19 Purchase, attempt to ~ Class C Fine and tobacco
purchase, possess misdemeanor  education
Vermont 18 Possess, purchase, Not listed Confiscate product
attempt to purchase and fine
Virginia 18 Purchase, attempt to ~ Not listed Fine or community

purchase, possess

service
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Illegal to Suspend
Present Fake or Driver’s
Graduated Penalty? Applies to... Borrowed ID License?
Increase in fine; may Tobacco products v v
suspend driver’s license
Yes; subsequent Tobacco products v v
offense = fine, suspend
license
Not listed Tobacco products
Not listed Tobacco product v v
Not listed Tobacco in the form of cigarettes,
bidi cigarettes, cigars, pipe
tobacco, chewing tobacco, snuff
Not listed Tobacco in any form, cigarette
papers
Not listed Tobacco product, alternative v v
nicotine product
Not listed Tobacco products
Yes; add tobacco Tobacco products v
education and
community service for
subsequent offenses
Not listed Cigarette or other tobacco v v
product
Not listed Cigar, cigarette, e-cigarette, or v
tobacco in any form
Not listed Tobacco products, tobacco v v
substitutes or paraphernalia
Yes, higher fine or Tobacco product
more community
service hours
continued
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TABLE C-1 Continued

Penalties for PUP

Explicitly Illegal for Violations Among

State MLA  Minors to... Classification ~ Minors

Washington 18 Purchase, possess, Class Three Fine and/or community
attempt to purchase, civil infraction service; maybe tobacco
or obtain education

West Virginia 18 Possess Not listed Fine and community

service

Wisconsin 18 Possess, purchase Not listed Not listed

Wyoming 18 Possess, use, Misdemeanor  Fine or community
purchase, attempt to service or tobacco
purchase cessation
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Illegal to Suspend
Present Fake or  Driver’s

Graduated Penalty? Applies to... Borrowed ID License?

Not listed

Yes, higher fine and
more community
service hours

Not listed

Yes, increase in fine

Tobacco products

Tobacco products

Tobacco products, nicotine
products

Tobacco products
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Appendix D

Supplemental Information
About the Models

By Theodore R. Holford and David T. Levy

and U.S. birth cohort beginning in 1864 as the individuals progress

The CISNET smoking population model tracks individuals by age

through various smoking stages (i.e., reconstructed smoking preva-
lence, initiation, and cessation rates) to estimate the smoking prevalence
and the rates of smoking initiation, cessation, and intensity in the United
States by age and gender from 1964 through 2012 (Anderson et al., 2012;
HHS, 2014; Holford et al., 2014a). The model reports population levels of
smoking, non-lung cancer mortality, and overall mortality (Anderson et al.,
2012; Holford and Clark, 2012; Holford et al., 2014b; Jeon et al., 2012).
The CISNET smoking population model can also simulate individual smok-
ing trajectories using a “smoking history generator” (Jeon et al., 2012). The
CISNET smoking population model was recently used to assess smoking
patterns and estimate the smoking rates of initiation and cessation in the
United States from 1964 to 2012 (Holford et al., 2014a) and the number
of premature deaths prevented in the United States by tobacco control
from 1964 to 2014 (Holford et al., 2014b). The model can also simulate
lung cancer incidence and mortality when coupled with lung cancer natural
history models (de Koning et al., 2014; McMahon et al., 2014; Meza et
al., 2014; Moolgavkar et al., 2012). The CISNET smoking and lung can-
cer models were used to estimate the number of lung cancer deaths in the
United States prevented by historical tobacco control efforts from 1975 to
2000 (Moolgavkar et al., 2012). More recently, the CISNET smoking and
lung cancer models were used to provide estimates of the potential ben-
efits and harms of computerized tomography lung cancer screening in the
United States (de Koning et al., 2014; McMahon et al., 2014; Meza et al.,

327
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2014). The CISNET smoking population model accounts for differences in
mortality rates by gender, age, birth cohort and smoking status (Holford et
al., 2014b; Rosenberg et al., 2012), and it breaks the population into never
smoked, former smoker, and six categories of current smokers varying by
intensity. The same approach is applied to projections of U.S. mortality
rates based on the Lee-Carter model (Sprague, 2009). The CISNET smok-
ing model does not account explicitly for the effects of tobacco control
policies. Instead, the model uses historical U.S. rates of smoking prevalence,
initiation, cessation and intensity by age, gender, and birth cohort estimated
from National Health Interview Survey (NHIS) data. These rates capture
the temporal variations in U.S. smoking patterns and the indirect effects of
tobacco control policies as implemented historically.

The SimSmoke model tracks the number of never, current, and former
smokers by age and gender in the modeled population by year and evalu-
ates the impacts of tobacco control policies through their effects on smoking
prevalence as a function of the assumed associated changes in smoking initia-
tion and cessation rates based on literature review and expert judgment (Levy
et al., 2005, 2010b, 2012a). The SimSmoke model estimates the number of
annual smoking-attributable deaths and the effects of tobacco control poli-
cies on smoking prevalence and attributable mortality, with applications to
the entire United States (Levy and Friend, 2000, 2001; Levy et al., 2000a,b,
2001a, 2004, 2005, 2010b) as well as at the state level (Levy et al., 2007,
2008, 2012b), and other countries (Levy et al., 2010a, 2012a, 2013a,b,
2014, in press).

The tobacco control policies modeled in SimSmoke include tax changes,
smoke-free air laws, health warnings, the Fairness Doctrine, advertising
restrictions, mass media interventions, availability of cessation treatments,
and youth access policies considered individually and in combination (Levy
et al.,, 2005, 2010b, 2012a). The initial development and validation of
the SimSmoke model used data from the Tobacco Use Supplement of the
Current Population Survey (TUS-CPS) (Levy et al., 2005). The SimSmoke
model does not consider smoking intensity and does not account for vary-
ing patterns by birth cohort.

As is the case with CISNET, the SimSmoke model considers differential
mortality rates by gender, age, and smoking status (Holford et al., 2014b;
Rosenberg et al., 2012) and breaks the population into never smoked, current
smoker, and 16 categories of former smokers differentiated by the number
of years since they quit. The SimSmoke model explores the potential effects
of raising the minimum age of legal access to tobacco (MLA) on smoking
initiation rates in order to make predictions of the policy effects on future
smoking prevalence and smoking-attributable deaths and maternal and child
health outcomes (i.e., low birth weight, pre-term births and sudden infant
deaths) while simultaneously accounting for ongoing tobacco control efforts.
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CISNET MODEL (BY HOLFORD)

Smoking History Summary for the United States, 1965-2012

The data from 36 NHISs conducted from 1965 to 2012 were analyzed
using the method employed by CISNET (Holford et al., 2014b). Results
from this analysis provided summary estimates for birth cohorts starting
in 1864 and ending in the calendar year 2012. These estimates included

Current smoker prevalence;

Former smoker prevalence;

Never smoker prevalence;

Yearly smoking initiation probabilities for never smokers;

Yearly smoking cessation probabilities for current smokers; and
Distribution of categories for reported daily cigarettes per day (CPD):
CPD<5, 5<CPD<15, 15<CPD<25, 25<CPD<35, 35<CPD<45,
45<CPD.

o oo o

Smoking Prevalence Model

A compartment (macro) model that characterizes a typical smoking
history in which a subject begins to smoke at some point (never — current
smoker) after which they may quit (current — former smoker) was used.
While this over simplifies what can be much more complex in reality, it does
provide a useful characterization of the experience for most of the popula-
tion. Smoking cessation can be especially difficult to characterize because
it is often not successful on the first attempt. Hence, we adopted the rule
that subjects who report quitting must have done so at least 2 years before
the interview, otherwise their period of observation is regarded as being
truncated at the given age at cessation.

We defined the basic quantities of interest conditional on a hypothetical
case with no transitions to death. Let a represent age, ¢ period or calendar
year, and c cohort or year of birth, and all three temporal components may
play a role when constructing the basic parameters affecting smoking his-
tory. These temporal indicators are related by ¢ = ¢ - a, therefore, when
presenting the relationships among the basic model parameters, we can
without loss of generality represent them as functions of age and cohort.
The smoking initiation probability, p(a,c), is the conditional probability of
smoking initiation at age a for cohort ¢, if not a smoker at a - 1, i.e.,

pla,c) = Pr{Smoker at a | Not smoker at (a — 1),c}.
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It is related to the cumulative proportion of ever smokers at a conditional

on remaining alive,

PE(a,c)zl—ﬁ[l—p(i,c)]

=1-[1-P(a-1,c)][1-p(a,c)]

where P(0,c) = 0, which is equivalent to the actuarial approach for estimat-
ing the survival curve. If smoking did not affect mortality then one would
expect equation (1), which is conditional on remaining alive, to also hold
in a population followed over time. But, of course, mortality is affected
by smoking so that the observed proportion of the population who have
ever smoked at a particular age is given by P *(a,c) < Pg(a,c). Initiation
probabilities estimated at a particular survey would be similarly affected
by differential mortality; and we represented these by p*(a,c) = p(a,c)/Cp
where C, > 1 is a constant correction factor introduced to adjust for this
effect. \’{/)e assumed that differential mortality among smoking categories
had little effect early in life and the impact intensified with age. Cohorts
born before 1935 would only have survey data for ages over 30 when one
might expect differential mortality to begin to introduce substantial bias
in the unadjusted estimate, p *(a,c). In recent cohorts, almost all smoking
initiation occurred before age 30, but for those born early in the twentieth
century it was not so uncommon for initiation to occur later in life, espe-
cially in women. Later smoking initiation would also tend to postpone the
effect of differential mortality in the cohort. We assumed that the differ-
ential mortality resulting from cigarette smoking occurred at ages, a > 4,
and Pp*(a,c) = Pg(a,c) for a < a,. Initiation probabilities corrected for dif-

ferential mortality were found by solving

P (ag,¢) = 1—ﬁ[1—Cpp*(i,c)]

for C,, i.e., by matching the cumulative initiation rates to the estimated
prevafence at age a,. We assumed that 4, was the age at first survey in 1965

or 30, whichever was older.

Smoking cessation was assumed to be a function of age for each cohort.
The smoking cessation probability conditional on the subject being alive

and currently smoking is

q(a,c) = Pr{Former smoker at a | Smoker at (a — 1),c}.
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We assumed that g(a,c) = 0 for a < 15 and we estimated it for 15 <a < 99.
The cumulative proportion of smokers in cohort ¢ who had not ceased
smoking by age a is given by

a
Q(ﬂ,6)=H[1—q(i=C)]~ (2)
i-15
For simplicity, we assumed that this quantity does not depend on the
age an individual started smoking, number of cigarettes per day or other
factors that may be related to an individual’s success in quitting. Because
initiation tends to occur in a fairly narrow age range, variation in age of
initiation becomes less of a factor affecting mortality as a cohort gets older.
Introducing intensity of smoking into a model for cessation would require
detailed lifetime histories of smoking which were not commonly obtained
by NHIS, a limitation in the available data.
Current smokers represent ever smokers who have not quit, and given
our assumption that this only depends on age for a given cohort, the preva-
lence is

PC(CZ,C) = PE((J,C)Q(d,C).

Former smokers are those who have smoked at some point in their
lives, but quit before age a, and the proportion of these individuals is

P(a,c) = Ppla,c) = P(a,c)
= Pyla,c)[1 - Qla,c)l.

Finally, the proportion of cohort ¢ who have never smoked is the
complement of those who ever smoked,

Pyla,c) =1 = Pga,c).

For a given age and cohort, the sets of current, former, and never smokers
are exhaustive, i.e.,

Pasc) + Prla,c) + Pylasc) = 1.

Estimation of smoking parameters Data were only obtained for a re-
stricted range of ages, a in [amin,amax], and periods, t in [tmin,tmax]
so that the earliest cohort would be cmin - tmin - amax and the latest
cmax = tmax — amin. Available data for a given cohort ¢, would cover an
age range that would vary by cohort, i.e., a in [tmin - ¢, tmax - ¢]. To fill
in smoking history that was not represented in the survey, we represented
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each temporal effect as a nonparametric function that we applied outside

the range of observed data.

Cross-sectional estimates of ever smokers For years covered by sur-
veys, i.e., 1965-2012, participants provided information that could be used
to estimate the prevalence of ever smokers by age, a, for the corresponding
cohort, ¢ = ¢ - a. Let Y, be 1 if the i-th individual ever smoked and 0 other-
wise, where the probability of the response is a function of age and cohort,

Pp(a,c). We assume an additive logistic model for Y, so that

logit {Pp(a,c)} = By + B,(a) + B,(c)

where f, is an intercept and f.(s) is a function given by a constrained
natural spline. The model was fitted using PROC GENMOD in SAS® with

knots specified as

Age: 40, 50, 60, 70

Cohort: 1910, 1920, 1930, 1940, 1945, 1950, 1955, 1960, 1965, 1970, 1980

We assumed that the cohort effect remained constant for those born after
1979, the most recent cohort that would provide data to a survey regarding
smoking history after age 30 in 2012 which was the age used to identify
C,. Values used for subsequent cohorts were set to be identical to those for

the 1982 birth cohort.

Smoking initiation probability Unadjusted estimates of annual age-
specific smoking initiation probabilities for a given cohort, p*(a,c), were
directly derived from NHIS data. For each cohort represented in a survey,
we determined the number of subjects who started to smoke, d(a,c), and
who had never smoked to that point, #(a,c). These comprised the response
data introduced into a linear logistic model in which the temporal factors
were nonparametric functions to be estimated. Each NHIS survey repre-
sented participants who survived until that time, and because this group
would overrepresent individuals in a cohort who started smoking late or
not at all, these cohort-specific initiation probabilities would be biased
downward. The correction factor was found by specifying the target value
for the estimated cumulative initiation at a specific age, 4,, to be equal to

the value estimated from the cross-sectional analysis, i.e.,
a}{'
Py (@) =1-T][1-C,p*(a,0)]
i=1

and finding C, which satisfies this condition.

To determine the crude initiation probability estimates, an age-period-
cohort model was fitted to the tabulated data given number of subjects who

start smoking and are at risk of starting at a given age,
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logit {p =B, + B,(a) + B,(t) + B.(c)

where B is an intercept and f.(¢) is given by a constrained natural spline.
We were only interested in the fitted values for the initiation probabilities,
which were not affected by the well-known identifiability problem in age-

period-cohort models. Knots were specified as:

age: 10, 15, 20, 50, 60
period: 1910, 1920, 1930, 1940, 1950, 1960, 1970, 1980

cohort: 1910, 1920, 1930, 1940, 1945, 1950, 1955, 1960, 1965, 1970, 1980

Age for the target used to determine the correction factor was age in
1965 (year of the first NHIS survey) or 30, whichever was older,
a* = max{1965 - ¢,30}. The target value for the cumulative probability of
being a smoker was the estimate derived in the analysis of the prevalence

curve, T(a*,c).

Smoking cessation probability An individual was identified as having
quit smoking if they had not smoked for 2 years. Because of the 2-year lag
used in the definition of quitting, an individual who reports cessation at age
a - 2 or later could not be classified and they would be truncated at that
age. Hence, current smokers were similarly truncated at age a — 2. Data
used for this analysis were from surveys conducted from 1970-2012, in-
cluding subjects reporting ages from 17-98. If the reported age of cessation
was younger than 8, it was set to 8. For each year of age following smoking,
a binary response was created based on our definition of quitting. Yearly
estimates of the linear logistic age-period-cohort model were fitted in which

logit {g(a,t,c)} = B, + B,(a) + B,(t) + B.(c)

where 3 is an intercept and f.(s) are given by a constrained natural splines.
We were only interested in the fitted values for the cessation probabilities,
which are not affected by the well-known identifiability problem in age-

period-cohort models. Knots were specified as follows:

age: 30, 40, 50, 60
period: 1920, 1930, 1940, 1950, 1960, 1970, 1980
cohort: 1910, 1920, 1930, 1940, 1950, 1960, 1970

Estimates of the yearly cessation probability for age a and cohort ¢
were the fitted values for ages 15-99, g (a,a + c,c). The conditional cessa-
tion probabilities were used to generate the cumulative probabilities of not

quitting, QO (a,a + ¢,c), using equation (2).
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Cigarettes smoked per day Reports of the number of cigarettes
smoked per day showed an extremely high degree of digit preference, espe-
cially concentrated at half or whole U.S. packs. Therefore, dose was ana-
lyzed as an ordered categorical response with half pack being at the center
of the category, which was also usually the mode and close to the mean.
The intervals (approximate interval center) employed were: CPD<S (3);
5<CPD<15 (10); 15<CPD<25 (20); 25<CPD<35 (30); 35<CPD<45 (40);
and 45<CPD (60). A cumulative logistic model was fitted to the data us-
ing PROC LOGISTIC in SAS® with age, period and cohort represented by
additive nonparametric factors function of time using constrained natural

splines. Knots were specified as:

age: 25, 30, 35, 40, 45, 50, 55, 60, 65, 70
period: 1970, 1975, 1980, 1985, 2000, 2005
cohort: 1910, 1920, 1930, 1940, 1950, 1960, 1970, 1980

The fitted estimates of the probabilities for each category of smoking dose
for each cohort for ages 0 to 99 were used as parameters for the smoking
history generator. Estimates for cohorts born before 1920 were constrained
to be the same as for the 1920 birth cohort. Similarly, estimates for cohorts
born after 2002 were constrained to be identical to those of the 2002
cohort, who would be 7 in 2012, i.e., the year before the earliest age at

initiation considered in this analysis.

Estimation of current, former, and never smokers for 1-year cohorts
Estimates of smoking prevalence were derived from the estimated curves
for ever smokers, Py(a,c), and the corresponding survival function for not
quitting, O (a,c). The estimated prevalence of current smokers by age and

cohort is
Pe(ae) = Pylayc) Q (as0).

Prevalence of former smokers is

A

Pu(ayc) = Pula,c) - P (ayc)
E

Finally, prevalence of never smokers is

A

Pylayc) = 1 = Py(ay0).
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Estimated Smoking History Measures, 2012-2100

In order to assess the impact of a change in the minimum legal age
of purchase of cigarettes we assume that the impact will primarily affect
smoking initiation probabilities and not cessation probabilities or smoking
intensity distribution, which were assumed to remain unchanged for future
birth cohorts who would experience the policy change. The model status
quo initiation and cessation rates are available on the CISNET resources
website.! We assumed that a change to the MLA in 2015 would primarily
affect those who were 15 or older, i.e., the 2000 or later birth cohorts.
Using the methods described elsewhere (Holford et al., 2014b), the pos-
tulated changes in initiation probabilities yielded ever-smoker prevalence
estimates in the subsequent birth cohorts. In addition, using the methods
described, we obtained estimates of current and former smoker prevalence
estimates. The distribution of smoking intensity categories was assumed to

remain the same in future birth cohorts.

Smoking status-specific death rates (current smoker by intensity, for-
mer smoker, and never smoker), u(t), were obtained using the Human
Mortality Database (HMD) mortality rates for the United States by age, cal-
endar year and gender combined with the method described by Rosenberg
et al. (2012). HMD rates were then projected to 2100 using the Lee-Carter
model (Sprague, 2009) and then further broken down by smoking status
using the Rosenberg et al. method. The death rate at age ¢ for a particular
scenario was determined by the given distribution of smoking status, p(z),

ﬁ(t)=zpi(t).“i(t)s

where i represents the various smoking status/intensity combinations. These
death rates were used to modify the population distribution in order to re-
flect the effect of the change in mortality rate (Holford et al., 2014a). The
resulting death rates and estimated populations for 2012-2100 were used

to obtain summary measures of the effect of a given scenario.

Premature Deaths Due to Tobacco Use

The excess death rate resulting from tobacco use was estimated by the
difference between the death rate under the given scenario and the death
rate for never smokers, [ﬁ(t)— Uo (t)], where 1,(2) is the death rate at age
t for never smokers. If P(t) is the population size at age ¢, then the number

of premature deaths due to tobacco use is given by

1 See https://resources.cisnet.cancer.gov/projects/#shg/iomr.
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2P)[a() -1 (2)].

Population estimates by single years of age (0-84 and 85+) were ob-
tained from the U.S. Census for years 1964 through 2060 (USCB, 2013a,b).
Population estimates going to 2100 were obtained by following the popu-
lation from the previous year and assuming that the proportional change
would remain the same. For age 0, we assume that after 2060 the propor-
tional increase will be the same as the change estimated by the U.S. Census
for 2059 to 2060.

Years of Life Lost

Using the age-specific death rates for a cohort, the expected years of
life remaining at age ¢, e(t), was calculated. For a death that occurs at age
t, life expectancy for never smokers, ¢ (z), would estimate the mean number
of years of life lost. The total years of life lost by smokers who died early
is given by

D P(e)[A(2)~ o (2) ]eo (2)-

Lung Cancer Deaths Avoided

The two-stage clonal expansion (TSCE) model (Hazelton et al., 2012;
Meza et al., 2008) was used to estimate the lung cancer mortality rate.
For current smokers, the model gives the rate at age ¢ as a function of
age at initiation and smoking intensity. We assume that the age at initia-
tion is independent of intensity, so the joint distribution is obtained as the
product of the probability of initiation at a given age and the probability
of a particular smoking intensity level. These were then used to obtain the
mean lung cancer mortality rate for current smokers. Similarly, for former
smokers we obtain the mean lung cancer mortality rate for a particular age
of interest by first determining the joint distribution of age at initiation,
age at cessation, and smoking intensity. Multiplying this joint distribution
by the lung cancer mortality rate obtained from the TSCE model and then
summing over all combination of initiation and cessation times provides the
probability of lung cancer death at age ¢. Finally, we obtain the overall rate
for a particular scenario by taking a weighted average of the lung cancer
mortality rates for never, current, and former smokers. The excess rate is
obtained by taking the difference between the rate for the scenario and the
rate for never smokers. Multiplying this by the population gives the number
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of lung cancer deaths avoided for a given age, and taking the sum over all
ages provides the overall number of lung cancer deaths avoided.

Birth Cohort and Period Temporal Perspectives

The models used to estimate the fundamental parameters of smoking
initiation, cessation, intensity, and ever-smoker prevalence were derived
from the birth cohort perspective. This captures the life course of different
generations, and it provides useful summaries of the groups that would
have experienced a change in the MLA at a point in life in which they are
most likely to initiate cigarette smoking. Viewed from this perspective, we
determined life expectancy, premature deaths from smoking, and excess lung
cancer deaths caused by smoking from the temporal perspective of following
these individuals through life. Because these individuals would be classified
as belonging to a group upon enactment of a change in the MLA, the model
assumptions would result in no further changes in the birth cohort smoking
history, which would result in constant age-specific death rates for all causes
and specific causes. Any changes in the number of subjects affected reflect
trends in the size and the age structure of the population.

Results are also presented from the period or calendar year perspective,
which describe the view experienced by the health community. Mortality
rates differ little in absolute magnitude until after age 40, and diseases like
lung cancer have long latency. Hence, the effect of changing MLA would
not be discernable until decades after enactment of a change. However, once
the effect becomes observable, it will continue to increase until it reaches
steady state. The summaries from the period perspective include estimates
of the number of premature deaths from all causes or from a specific cause
in a given calendar year. Life expectancy estimates given for a period rep-
resent a summary of the age-specific death rates in a given year, which is
identical to the traditional demographic summary that is commonly used
as one summary measure of the health of the country. In contrast to the
estimates derived from the cohort perspective, this summary does not cor-
respond to the life course of a population.

SIMSMOKE (BY LEVY)

The U.S. SimSmoke Model

SimSmoke divides the population in 1965 into (1) never smokers
(Neversmokers, indicated in subscripts by “ns”), (2) smokers (Smoker,
indicated in subscripts by “s”), and (3) 15 categories of former smokers
(Formersmokers,, where k = 1, . . . ,14, 15+, corresponding to the year

quit). Individuals are classified as never smokers from birth until they initi-
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ate smoking or die, as shown below, where t is the year and a is the age of

the individual:

Neversmokers, , =
,

Neversmokers_, ., * (1 — MortRate )*(1 — Initiation rate

t-1,a-1,ns

Never smokers can become smokers through initiation. Once they have
become smokers, individuals continue in that category until they quit or
die. Former smokers continue in that category until they die or re-enter the
group of smokers through relapse. The number of smokers is tracked as:

Smokerst’a =

Smokers_; _*(1 — MortRate _, ,

)*(1 = Cessation ratet_l,a_l)

15+ S *
+ zk:z Former smokerst_l’ a1k (1 - MortRatet_]’a_l,k) (Relapse ratea_hk)

+ Neversmokerst_L .1 (1 —MortRate lains

)*Initiation rate

First-year former smokers are determined by the first-year cessation
rate applied to surviving smokers in the previous year. After the first year
quit, individuals who have been former smokers for k = 2, . .., 14 are

defined as:

Former smokers,, , =
’a’

Former smokerst_l’a_l’k_l*(l - MortRatea’k)"‘(l — Relapse ratea’k_l).

For those who have quit smoking for 15 or more years, 15+, the equa-
tion above includes all individuals who have quit more than 15 years from

the previous year.

Data on smoking rates are from Holford et al. (2014a) and are based
on NHIS. Smoking prevalence is defined as the percentage of people in the
population who have smoked 100 cigarettes during their lifetime and cur-
rently smoke. Initiation rates through age 30 are based on responses for age
of initiation and having smoked 100 cigarettes. Cessation is tracked from
age 16, because data from NHIS on cessation begins at that age. Cessa-
tion rates are 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. After 19635, relapse rates are also distinguished by age and gender,
and the number of years since quitting (HHS, 1990; Hughes et al., 2008).
The SimSmoke model status quo initiation and cessation rates are available

on the CISNET resources website.2

2 See https://resources.cisnet.cancer.gov/projects/#shg/iomr.
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Smoking-Attributable Deaths

To estimate smoking-attributable deaths (SADs), we used age- and
gender-specific current and never-smoker mortality rates used by Holford et
al. (2014b) based on the Cancer Prevention Studies (CPS-I and CPS-II) and
the Nutrition Follow-up to CPS-II. For smokers, SADs are defined in terms
of the excess death rate of current smokers (smoker mortality rate minus
never-smoker mortality rate). Mortality rates for former smokers decrease
progressively from the current smoker toward the never-smoker level as
years since quitting increase, according to CPS-II data (Burns et al., 1997).
SADs are estimated for current and former smokers by age (a), gender (g),

and year (t) by summing over age (a) as:

85 .
Za_ 40 €XCess death risk, .. * prevalence,, . * projected population, ,

Policy Analysis

Separate policy modules estimate the effects of past tax changes, smoke-
free air laws, health warnings, advertising restrictions, mass media, cessa-
tion treatment, and youth access policies. The original policy parameters
used to generate the predicted effects are based on thorough reviews of the
literature and the advice of an expert panel (Friend and Levy, 2001, 2002;
Levy and Friend, 2000, 2001, 2002a,b; Levy et al., 2000a,b, 2001a,b,
2004). The policy effects (PEs) are calculated in percentage terms, i.e., PE =
(post-policy rate — initial rate)/initial rate, with PE < 0, assuming an effective
policy where the post-policy rate is less than the initial rate. For most poli-
cies, the greatest effect will occur in the first few years in which the policy
is in effect, modeled as a permanent additive effect on smoking prevalence,
i.e., Smokers  * (1 +PPE, ) for policy i at time t, age a, with PPE defined
as the prevalence of PE. If the policy is maintained, the effects of the policy
are sustained throughout future years as: Initiation rate, * (1 + IPE, ), with
IPE defined as the initiation PE. The effect of a mamtamed policy increase in

the cessation rate over time is given as: Cessation rate, * (1 — CPE,

CPE defined as the cessation PE. SimSmoke projects smoklng rates through
2014, based on policies that were implemented over the period 1964-2014.

The effect sizes are shown in Table D-1.

Data on the levels of policies were input into the SimSmoke model for
the years 1965 through 2012. We calibrated model cessation rates against
data on smoking prevalence through 1985, leading to a reduction in those
rates of 9 percent for females, 10 percent for males ages 55-64, and 20 per-
cent for males of ages 65 and above. Table D-2 shows the sources and

specifications for the data used in SimSmoke in this report.
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TABLE D-1 Policy Inputs and Effect Sizes in SimSmoke

Policy

Description

Potential Percentage Effect?

Cigarette Taxes (Levy et al., 2000a)

Cigarette price

The state level average price for

a pack of cigarettes (including
branded and generic), including
state and federal excise taxes.
Tobacco Institute (Orzechowski
and Walker, 2012), adjusted for
inflation using the consumer price
index (www.bls.gov/cpi/home.htm)

Smoke-free Air Laws (Levy et al., 2001b)

Worksite ban,
well-enforced

Worksite restrictions,
weak

Restaurant and bar ban,
well-enforced

Restaurant ban, weak

Other places bans

Enforcement and
publicity

Smoking banned in all indoor
worksites in all areas

Smoking in restricted areas only

Ban in all indoor restaurants in
all areas

Smoking in restricted areas only

Ban in three of four (retail stores,
arenas, public transportation, and
elevators)

Compliance reflecting norms
and publicity as tobacco control
campaign variable

For each 10% price
increase:

6% reduction ages 15-17,
4% reduction ages 18-24,
2% reduction ages 25-34,
and

1% reduction ages 35 and
above

6% reduction
2% reduction
2% reduction
1% reduction

1% reduction

Effects reduced by as much
as 50% if no compliance
or publicity

Fairness Doctrine and Advertising Restrictions (Lewit et al., 1981; Warner, 1989; Warner

and Murt, 1983)

Existence of fairness
doctrine

Airing of antismoking messages
on radio and television from July
1, 1967, to January 1, 1971, and
banning of cigarette advertising
on radio in 1970 and television
in 1971

Tobacco Control Campaigns (Levy and Friend, 2001)

Well-funded campaign

Moderately funded
campaign

Low funded campaign

Campaign expenditures meeting
the pre-2009 CDC minimum
recommended

Campaign expenditures meeting
50% of the pre-2009 minimum
recommended

Campaign expenditures meeting
<25% of the pre-2009 minimum
recommended

39% reduction in

initiation rates, 8%

increase in cessation rates

6.5% reduction

3.6% reduction

1.2% reduction
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Policy

Description

Potential Percentage Effect?

Health Warnings (Azagba and Sharaf, 2013; Hammond et al., 2007; Huang et al., 2014)

Weak health warnings

Non-graphic warning covers less
than one-third of the package.
Reports, score = 2

1% reduction in
prevalence and 2%
increase in cessation only

Cessation Treatment Programs (Levy and Friend, 2002a; Levy et al., 2010b)

Availability of NRT and
Bupropion

Provision of treatments

Quit line

Comprehensive
cessation treatment

If NRT is provided by either
general store or pharmacy with
Rx =1 and = 2 If NRT is provided
by general store or pharmacy

(no Rx required). If Bupropion is
provided by either general store or
pharmacy with Rx = 1.

Types of facilities distinguished,
specified as primary care facilities,
hospitals, offices of health
professionals. Community and
other. MPOWER: 0 = None, Yes
in some = 1, Yes in most = 2.

Operating active quit line

A proactive quit line with NRT,
complete treatment coverage
through insurance

Youth Access Restrictions (Levy et al., 2001a)

Strongly enforced and
publicized

Moderate enforcement

Low enforcement

Compliance checks are conducted
4 times per year per outlet,
penalties are potent and enforced,
and with heavy publicity and
community involvement

Compliance checks are conducted
at least once per year per outlet,
penalties are moderate, and with
some publicity

Compliance checks are conducted
sporadically, penalties are weak,
there is little merchant awareness
and minimal community
participation

1% reduction if score of 3¢

2.25% reduction if
indicator = 2 for all
facilities and program is
well publicized®

0.5% reduction®

~3% reduction in
prevalence, and 20%
increase in cessation”

20% reduction for those
ages 16-17 and 30%
reduction for those

age <16¢

10% reduction for those
ages 16-17 and 15%
reduction for those

age <16°¢

2.5% reduction for
those ages 16-17 and
4% reduction for those
age <16°¢

9 The effect sizes are shown relative to the absence of any policy. Unless otherwise specified,
the same percentage effect is applied as a percentage reduction in the prevalence in the initial
year and as a percentage reduction in initiation rate and a percentage increase in the cessation
rate in future years, and is applied to all ages and both genders.

b Applied to prevalence and first year quit rates only.

¢ Applied to initiation and prevalence only.
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TABLE D-2 Data Used in SimSmoke

MINIMUM AGE OF LEGAL ACCESS TO TOBACCO PRODUCTS

Variable

Current Source

Current Specifications

I. Population model

A. Population

B. Mortality rates

1965-2065 Census and Census
Projections and Projections by Ted
Holford from 2066 through 2100

1965-2065 Multiple Cause-of-Death File
and Cancer Prevention Study I and II and
the Nutrition Follow-up to CPS-1I
Projected U.S. mortality rates based on
the Lee-Carter model (Sprague, 2009)

Breakdowns by age and
gender

Breakdowns by age,
gender, and smoking
status (current, former,
never)

II. Smoking model—initialized in 1965, with future changes in initiation and cessation
rates due to policies through policy modules

A. Baseline smoking
rates for current
and ex-smokers

B. Initiation rates

C. First year
cessation rates

D. Relapse rates

E. Excess death risks
of smokers and
ex-smokers

1965 National Health Interview Survey
(NHIS) for age 10+

1965 National Health Interview Survey
(NHIS) for age 10+

1965 National Health Interview Survey
(NHIS) for age 16+

Previous studies (Gilpin et al., 1997;
HHS, 1990; Hughes et al., 2008)

1965-2100 death rates by current,
former, and never smokers as developed
by CISNET (Holford et al., 2014b)

III. Policy modules—levels from 1965-2014

A. Price and taxes

B. Smoke-free air
laws

C. Media and other
educational
campaigns

D. Cessation
treatment
programs

Orzechowski and Walker, (2013) www.
bls.gov/cpi/home.htm

www?2.cdc.gov/nccdphp/osh/state/report_
index.asp and www.impacteen.org

CDC and tobaccofreekids.org

MPOWER Reports (Levy et al., 2010b;
WHO, 2008, 2013)

100+ cigarettes
lifetime, distinguished
by current and former
smokers. (<1, 1-2,
3-5, 6-10, 11-14,
15+ years) by age and
gender

Breakdowns by age and
gender

Breakdowns by age and
gender

Breakdowns by age and
gender

Breakdowns by age,
gender, and smoking
status

Prices and CPI for
1965-2014

Different types of laws
and their stringency
and compliance rates

Expenditures per capita
by state

Indicators of when
pharmacotherapies
became available,
cessation treatment
locations and quitlines
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TABLE D-2 Continued

Variable Current Source Current Specifications
E. Health warnings HHS (2014) Indicator of strength
F. Fairness doctrine Warner (Warner, 1989; Warner and Indicator of extent of
Murt, 1983) implementation
G. Youth access CDC, SAMHSA (Levy et al., 2001a) Enforcement checks,
enforcement penalties, community

campaigns, self-service
and vending machine
bans

The percent changes in smoking prevalence from SimSmoke were vali-
dated against the percent change in NHIS rates for four age groups (18-24,
25-44,45-64, 65+) over the period 1965-2012. By 2012 male adult smok-
ing prevalence (18 and above) from both NHIS and SimSmoke showed
a decline of 61 percent relative to the initial 1965 level. Female smoking
prevalence from the NHIS declined 54 percent, compared with 53 per-
cent from SimSmoke. Generally, SimSmoke predicted prevalence rates for
females and males that were similar to the NHIS rates, except for under-
estimating the reduction for males between the late 1970s and late 1990s.
By 2012 SimSmoke obtains estimates for male smoking prevalence by age
group that are very similar to the NHIS estimates, but it underestimated
rates during the 1980s and early 1990s. For females, SimSmoke predicted
the relative decline in smoking prevalence by 2012 well for all age groups,
except for the 65-and-above age group.

The effects of a change in the MLA are modeled through initiation
rates beginning in 2015. The 20135 initiation rates used to predict the ef-
fects of the change in the MLA are those derived from SimSmoke based on
the policy effects applied to changes in policy levels between 1965 through
2014. The initiation rates are constant from 2015 through 2100.

Estimating Smoking-Attributable Birth Outcomes?

SimSmoke considers three smoking-attributable adverse birth outcomes
(SAABOs): sudden infant death syndrome (SIDS), low birth weight (LBW),
and pre-term birth (PTB). To calculate the number of cases of modeled
SAABO, we use the method employed in the Smoking-Attributable Mortal-
ity, Morbidity, and Economic Costs (SAMMEC) software (Melvin et al.,

3 The methods and data regarding maternal and child health outcomes are presented in
more detail than other outcomes for transparency, because they have not yet been published.
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2000). SAFs, based on the attributable-fraction formula originally described
by Levin (1953) and expanded upon by Lilienfeld (1980), are multiplied by
the total number of events of each modeled outcome. Separate estimates are
calculated for each year (t) by age group (a), i.e, for each outcome.

SAABO, , = Number of Observed Events ,  x SAF_,

Number of Observed Events represents the total observed adverse
birth cases for a given outcome in the population, including those for both
smoking and nonsmoking mothers. Measures of outcome prevalence are
multiplied by the size of the corresponding population. In SimSmoke, the
number of outcomes is available for each smoking outcome by age of the
mother for SIDS, LBW, and PTB as well as for others aggregated over all
maternal ages. SAFs are calculated using the smoking prevalence and rela-
tive risk of current maternal smokers aged 15-49, or some subset thereof.
SAFs for each outcome by year (t) and age group (a) are derived using the
following formula:

SAF, =[(1-p,)+p, x RR-1]/[(1-p, ) +p,, x RRJ, where
p = percentage of pregnant women who are nonsmokers during pregnancy, and
RR = relative risk of outcome where maternal smokers relative to nonsmokers.

While the maternal smoking prevalence can vary by age and year in
the above formulation, we assume that relative risks are constant over time
and by age since past studies do not adequately distinguish by age. Sum-
ming across age categories for a particular year (t) provides the estimate of
SAABO for each health outcome for that year.

Figure D-1 provides a flowchart of the estimation process for maternal
and child health (MCH) outcomes.

Data

Adverse MCH outcomes For LBW and PTB, National Center for Health
Statistics (NCHS) data on adverse MCH outcomes by age and gender for
2012 were obtained from CDC Wonder, the epidemiological database
operated by the Centers for Disease Control and Prevention (CDC) (HHS
et al., 2014b). For SIDS, data were obtained for all ages from CDC Wonder
for 2011 (the most recent year) (HHS et al., 2014a), and the propor-
tions by age group were based on overall infant mortality (Matthews and
MacDorman, 2013). Because overall rates for each MCH outcome have
been relatively constant in recent years, the percent of maternal outcomes
in 2012 is maintained for all future years. The data by age are presented in
Table D-3. LBW, PTB, and SIDS are highest at younger ages and for above
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Intermediate

Inputs ’ Outputs
Calculations
Prenatal smoking prevalence:
Constant within age-group, . Number of smoking-
modified over time by the Srrfoklng- > attributable MCH
effect of policies on smoking Attributable outcomes by age
Fraction (SAF)

outcome for maternal relative
to maternal non-smokers

Y

Tables: Numberand
prevalence of smoking-
attributable MCH
outcomes

Number of births by age of
mother and year from fertility
and population levels

Number of MCH
Outcomes

rates of females by age
Relative Risk (RR) of MCH /

Prevalence of MCH outcomes
by age

FIGURE D-1 Relationship of the components for each maternal and child health
(MCH) outcome.

TABLE D-3 Gestational Age and Birth Weight, 2012

PTB,  PTB FTB,  All All FTB,
Age group  LBW NW LBW PTB LBW NW Total
<15 8.8% 12.1% 3.7% 20.9% 12.5% 75.4% 3,657
15-19 7.3% 7.3% 3.5% 14.6% 10.8% 81.9% 309,849
20-24 5.1% 6.4% 3.2% 11.6% 8.3% 85.2% 904,623
25-29 5.4% 5.7% 2.5% 11.2% 7.9% 86.3% 1,130,250
30-34 5.1% 5.9% 2.4% 10.9% 7.5% 86.7% 1,011,765
35-39 6.0% 6.8% 2.6% 12.8% 8.6% 84.6% 471,499
40-44 8.3% 8.7% 3.4% 17.0% 11.7% 79.6% 103,127
45-49 14.0% 10.7% 5.1% 24.7% 19.1% 70.2% 7,122

NOTE: FTB = non-preterm; LBW = low birth weight; NW = normal weight; PTB = pre-term
birth.
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age 40. In addition, it should be noted that there is overlap between PTB
and LBW, especially at younger ages. We assume that the rates are constant
from 2012 onward, but the model is flexible enough to allow for trends in
the prevalence of MCH outcomes over time.

The total number of adverse MCH outcomes over time depends on
fertility rates. The fertility rates were obtained from the NCHS through
CDC WONDER (U.S. Department of Health and Human Services for the
year 2012 categorized by age of the mother) (HHS et al., 2014b). We use
projected fertility rates by the United States (CDC, 2014; USCB, 2014)
through 2060 to extrapolate for future years through 2100. The projec-
tions show fertility rates that are slowly decreasing over time, and it is as-
sumed that rates after 2060 stay constant. Since the projected rates are not
distinguished by age, the age distribution from 2012 is assumed to remain
constant. The fertility rates are multiplied by the projected population used
in the model (see above) to obtain the total number of births by age.

Relative risks to MCH The estimates of relative risks to MCH are based
on reviews (Cnattingius, 2004; HHS, 2004) and recent studies (Aliyu et al.,
2010, 2011; Anderka et al., 2010; Dietz et al., 2010; Steyn et al., 2006; van
den Berg et al., 2013; Zhang and Wang, 2013) for each of the outcomes:
PTB, LBW, and SIDS. We estimate a relative risk of 1.4 for PTBs, 2.0 for
LBW and 2.5 for SIDS. We assumed the same relative risks for all women
(ages 15 to 49) and for all years. In addition, we do not distinguish risks
by smoking intensity or by the month of quitting if the women stopped
smoking at some point during pregnancy. The relative risks used to estimate
MCH outcomes are shown in Table D-4.

Maternal smoking prevalence Data were developed based on women
reporting smoking while pregnant. Data on the prevalence of pregnant
women for the United States were obtained from NCHS for 2012 dis-
aggregated by age-group (15-19, 20-24, . . ., 40-44, 45-49) (HHS et al.,
2014b). These data are based on birth certificates and now cover most
of the states. Many states were excluded after the 2003 revision in how

TABLE D-4 Relative Risks Used in Estimating Maternal and Child
Health Outcomes in SimSmoke

MCH Outcome Best Estimate  Lower Bound ~ Upper Bound
Pre-term Birth (PTB) 1.4 1.1 1.7
Low Birth Weight (LBW) 2.0 1.5 2.5
Sudden Infant Death Syndrome (SIDS) 2.5 1.4 4.0
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tobacco was reported because they did not adopt the 2003 revision, but by
2012 only 13 states (Alabama, Alaska, Arizona, Arkansas, Connecticut,
Hawaii, Maine, Michigan, Mississippi, New Jersey, Rhode Island, Virginia,
and West Virginia) were excluded. We confined the analysis to the year
2012, when most states’ reports had adopted the 2003 revisions, and proj-

ect forward from that year. The data are shown in Table D-5.

After comparing the prenatal smoking rates from NCHS to estimates
from the Pregnancy Risk Assessment Monitoring System (PRAMS) and the
National Survey on Drug Use and Health (NSDUH) for 2011, the most re-
cent year for which data from all three datasets are available, we found the
rates from NCHS (9.0 percent) were lower than from PRAMS (10.5 percent)
and NSDUH (15.9 percent). The NCHS data and also the PRAMS data are
known to consistently underestimate smoking rates because of underreport-
ing. For example, Tong et al. (2013) analyzed the PRAMS 2008 question-
naire and the eight states that also used the 2003 BC revision. Using the same
age stratification, the 20-24 age group again had the highest prevalence in
both the BC and PRAMS prevalence, but the combined prevalence for the
<20 age group had a slightly higher prevalence (22.6 percent compared to
22.5 percent). Tong and colleagues also found that the NCHS data under-
stated smoking prevalence compared to the combined estimates by 65 per-

TABLE D-5 Tobacco Use by Pregnant Women by Age of Mother, Data

from NCHS

Age 2012

Group <15 15-19  20-24 25-29 30-34 35-39 40-44 45-49

Total

Total 3.0 2544 761.8 939.5 846.6 395.7 91.8 6.1
births*

Y% 28% 109% 13.5% 89% 5.6% 43% 42% 2.6%

tobacco
use

Y% 26%  2.0% 2.0% 1.7% 1.6% 1.7% 1.8% 2.2%

not
stated

% 171% 16.7% 16.9% 16.4% 16.5% 162% 16.2% 15.4%

births,
tobacco
use not
reported

3,298.8

8.6%

1.7%

16.5%

* In thousands; “total births” limited to births in those states for which tobacco use is re-
ported. Births in states that used incompatible birth certificates version are omitted from the
“total births.” “% births, tobacco use not reported” is the percentage of all births from all

states for that year.
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cent for the <20 age group (13.7 percent in NCHS versus. 22.6 percent
combined), by 35 percent for the 20-24 age group (16.7 percent in NCHS
versus. 22.5 percent combined), by 27 percent for the 25-29 age group
(13.2 percent NCHS versus. 16.7 percent combined) and by 30 percent for
the 30 and above group (6 percent NCHS versus. 7.8 percent combined).
We applied these correction factors to the NCHS data.

We calibrated the 2012 smoking prevalence from SimSmoke to the
adjusted NCHS maternal smoking prevalence by determining adjustment
factors that equilibrated the smoking prevalence to the adjusted maternal
prevalence by 5-year age groups (15-19, 20-24, . . ., 45-49). In SimSmoke,
estimates of prenatal smoking prevalence may change as a result of policies
through changes in prevalence, initiation or cessation rates (see above). For
changes in the MLA, the changes only take place through the initiation rate.

Detailed Results for the MLA from SimSmoke

The status quo policy level for smoking rates among female adults (age
18 and above) is predicted to decline from 15 percent in 2015 to 10.8 per-
cent in 2065 and then to remain steady at that rate. The prevalence shows
little fluctuation throughout the years for females in age group 15-17, with
only small reductions for those ages 18-20 and 21-24.

The results for changes in the MLA are based on best estimates of
their effects with the lower and upper plausible ranges in parentheses. The
relative percentage reductions in smoking rates for each age group increase
with the MLA. For example, by implementing the new MLA in 2015, the
smoking prevalence of adult (ages 18 and above) females in the year 2010
is projected to fall relative to the status quo by 3.1 percent (range 2.2 to
4.1 percent) under an MLA of 19, 11.6 percent (range 9.4 to 14.2 percent)
under MLA 21, and 16.5 percent (range 11.7 to 23.2 percent) under MLA
25. Due to the assumption of a 2-year initiation rebound for MLA 19 and
MLA 21, slight increases in smoking prevalence and MCH outcomes for the
age of the MLA and the next age are predicted in the early years.

LBW Under the status quo, in 2015 the incidence rate of smoking-at-
tributable LBW babies is about 0.8 percent among the total births for all
the women of childbearing age (ages 14-49), but 1.3 percent for the ages
20-24 years. The rates decrease after 2015, except for the maternal age
group 15-19, in which the rate increases to 1.6 percent in 2100 due to the
sustained growth of the fertility rate. For all women of childbearing age, an
estimated 3.8 million LBW infants are projected to be born between 2015
and 2100 because of the mother’s prenatal smoking.

By raising the MLA to 19, SimSmoke estimates that there will be a
cumulative total of 2,000 LBW outcomes averted (range 1,200-2,800)

Copyright © National Academy of Sciences. All rights reserved.



Public Health Implications of Raising the Minimum Age of Legal Access to Tobacco Products

APPENDIX D

in the first 5 years (2015-2020), 60,700 (range 44,600-79,000) within
50 years, and 122,800 (range 90,700-159,200) within 85 years. If the
MLA is increased to 21, the number of averted cases each year will be
more than twice as high as for MLA 19. For all women of childbearing
age, an MLA of 21 is predicted to avert about 217,900 LBW cases (range
176,700-267,000) from 2015 to 2065 and about 435,100 cases (range
353,500-532,600) between 2015 and 2100. Increasing the MLA to 25 is
predicted to avert a total of 593,000 LBW cases averted (range 419,100-

842,800) within 85 years.

PTB Under the status quo, the smoking-attributable PTB incidence rate
for mothers of age 15-19 increases slightly, from 0.94 percent in 2015 to
0.95 percent in 2100, while the rates for other age groups all show slight
declines. For all women of childbearing age, the incidence rate is 0.51 per-
cent in 2015, decreasing to 0.49 percent by 2100. Because of escalating
birth rates, however, the number of smoking-attributable PTBs is estimated
to increase from 20,800 in 2015 to 28,200 in 2065 and 33,500 in 2100. A
total of about 2,307,000 smoking-attributable PTBs are predicted between

2015 and 2100.

An MLA of 19 is estimated to prevent a total of 1,300 smoking-
attributable PTBs (range 810-1,880) for all women of childbearing age
compared to the status quo level over the first 5 years, an additional 39,000
(range 29,500-52,000) within 50 years, and a total of 81,000 (range
60,000-105,000) for the entire span from 2015 to 2100. By increasing the
MLA to 21, the number of averted cases is predicted to be more than two
times higher than for an MLA of 19 for the age group 15-19 and more than
three times higher for age groups 20-24, 25-34, and 35-49. For all women,
MLA 21 is predicted to prevent a total of about 142,000 PTB cases (range
116,000-174,000) by 2065 and 283,300 cases (range 231,000-346,000) by
2100. Increasing the MLA to 235 is predicted to prevent a total of 385,000

PTBs (range 273,000-543,000) between 2015 and 2100.

SIDS Under the status quo policy, the incidence rate of smoking-attribut-
able SIDS for the maternal age group 15-49 is 0.008 percent in 2015. Since
birth rates are projected to increase, the estimated smoking-attributable
SIDS cases will slightly increase over time. From 2015 to 2100, the total
number of annual SIDS cases will increase by about 200 (from 320 to 520),
with a total of 35,600 smoking-attributable deaths over that period.

Over the period from 2015 to 2100, SimSmoke predicts a total of 1,100
(range 832-1,455) SIDS deaths would be averted by raising the MLA to
19; a total of 3,980 (range 3,200-4,900) deaths would be averted (range
3,200-4,900) under MLA 21; and 5,400 (range 3,800-7,700) deaths would

be averted under MLA 235.
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In summary, raising the MLA to 19, 21, or 25 is projected to have an
increasingly larger impact on LBW, PTB, and SIDS, especially in raising the
MLA to 21. Between 2015 and 2100, about 122,800 LBW cases, 80,900
PTBs, and 1,100 SIDS cases are projected to be averted under MLA 19;
this would increase to 435,100 LBW cases, 283,300 PTBs, and 3,980 SIDS
cases under MLA 21; and it would become 593,000 LBW cases, 384,600
PTBs, and 5,400 SIDS cases under MLA 25. Thus, about three times more
cases would be averted under MLA 21 than MLA 19, and about 1.35 times
more cases would be prevented under MLA 25 than MLA 21.

In applying SimSmoke to estimate adverse birth outcomes, five limita-
tions merit consideration: (1) The analysis does not distinguish the overlap
in diagnosis between LBW babies and PTBs. Consequently, the sum of the
two outcomes is an overstatement. (2) The analysis does not specifically
incorporate the time quit or the amount of cigarettes smoked by those who
continue smoking while pregnant. The analyses can be extended to consider
these factors as well as to allow for age-specific variations in relative risks as
better information becomes available. (3) In examining maternal smoking
over time, important differences in smoking behaviors by socioeconomic
status were not considered. (4) The under-diagnosis and underreporting
of adverse MCH outcomes merit further consideration as they apply to
estimating smoking-attributable risks. (5) The model does not directly in-
corporate changes in policies that target pregnant smokers such as smoking
cessation and other health care-related programs.

RESULTS FROM UPPER AND LOWER SCENARIOS
FOR INITIATION RATE ASSUMPTIONS FOR
DIFFERENT MLA POLICY OPTIONS

We present smoking prevalence, mortality, and health outcome projec-
tions from both models under the upper and lower initiation scenarios.
Corresponding figures and tables for the mid-initiation scenario are shown
in Chapter 8. Figures D-2 through D-5 show projections of smoking preva-
lence from 2015 to 2100. Tables D-6 through D-9 show premature deaths
prevented for selected years for both models. Tables D-10 through D-13
show projected years of life lost for the CISNET model. Figures D-6 and
D-7 show projected cumulative lung cancer deaths prevented according to
the CISNET model.

ADDITIONAL MODEL OUTPUTS

In this section we present additional outcomes from the CISNET model.
Figures D-8 and D-9 show projections of premature deaths due to smoking
from 2000 to 2100 by gender for all initiation scenarios. The figures also
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FIGURE D-2 CISNET model-projected smoking prevalence for the upper scenarios
of the three MLA policy options for adults (18+), adult women, and adult men in
the United States for 2014-2100.

show projections under an idealized scenario where all smoking initiation
stops in 2015 (Ideal).

Figures D-10 and D-11 show projected mean-pack years for adults ages
40 or older for all initiation scenarios.
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Adult Smoking Prevalence
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FIGURE D-3 CISNET model-projected smoking prevalence for the lower scenarios
of the three MLA policy options for adults (18+), adult women, and adult men in
the United States for 2014-2100.
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Adult Smoking Prevalence
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FIGURE D-4 SimSmoke model-projected smoking prevalence for the upper sce-
narios of the three MLA policy options for adults (18+), adult women, and adult
men in the United States for 2014-2100.
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Adult Smoking Prevalence
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FIGURE D-5 SimSmoke model-projected smoking prevalence for the lower sce-
narios of the three MLA policy options for adults (18+), adult women, and adult
men in the United States for 2014-2100.
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TABLE D-6 Cumulative Premature Deaths Expected and Prevented by
Period: CISNET Upper Scenarios

MLA/Outcome 2020-2039 2040-2059 2060-2079 2080-2099 2015-2100
Status Quo

Premature deaths 6,782,000 4,568,000 2,927,000 1,996,000 18,978,000
expected

MLA 19

Deaths prevented — 4,000 26,000 57,000 87,000
Percentage reduction 0.0% 0.1% 0.9% 2.9% 0.5%
MLA 21

Deaths prevented — 13,000 91,000 199,000 304,000
Percentage reduction 0.0% 0.3% 3.1% 10.0% 1.6%
MLA 25

Deaths prevented — 20,000 140,000 306,000 465,000
Percentage reduction 0.0% 0.4% 4.8% 15.3% 2.4%

NOTE: Assumes upper scenarios and that the policy is implemented in 2015. Although the
table carries many significant figures to aid in reproducibility, precision is limited to one or
two digits.

TABLE D-7 Cumulative Premature Deaths Expected and Prevented by
Period: CISNET Lower Scenarios

MLA/Outcome 2020-2039  2040-2059 2060-2079 2080-2099 2015-2100
Status Quo

Premature deaths 6,782,000 4,568,000 2,927,000 1,996,000 18,978,000
expected

MLA 19

Deaths prevented — 2,000 16,000 36,000 55,000
Percentage reduction 0.0% 0.0% 0.5% 1.8% 0.2%
MLA 21

Deaths prevented — 9,000 62,000 136,000 207,000
Percentage reduction 0.0% 0.2% 2.1% 6.8% 1.1%
MLA 25

Deaths prevented — 10,000 70,000 154,000 234,000
Percentage reduction 0.0% 0.2% 2.4% 7.7% 1.2%

NOTE: Assumes lower scenarios and that the policy is implemented in 2015. Although the
table carries many significant figures to aid in reproducibility, precision is limited to one or
two digits.
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TABLE D-8 Cumulative Premature Deaths Expected and Prevented by
Period: SimSmoke Upper Scenarios

MLA/Outcome 2020-2039 2040-2059 2060-2079 2080-2099 2015-2100
Status Quo

Premature deaths 8,108,000 6,393,000 4,963,000 4,277,000 26,840,000
expected

MLA 19

Deaths prevented — 14,000 71,000 142,000 226,000
Percentage reduction 0.0% 0.2% 1.4% 3.3% 0.8%
MLA 21

Deaths prevented 1,000 65,000 285,000 521,000 873,000
Percentage reduction 0.0% 1.0% 5.7% 12.2% 3.3%
MLA 25

Deaths prevented 5,000 139,000 528,000 873,000 1,546,000
Percentage reduction 0.1% 2.2% 10.6% 20.4% 5.8%

NOTE: Assumes upper scenarios and that the policy is implemented in 2015. Although the
table carries many significant figures to aid in reproducibility, precision is limited to one or
two digits.

TABLE D-9 Cumulative Premature Deaths Expected and Prevented by
Period: SimSmoke Lower Scenarios

MLA/Outcome 2020-2039  2040-2059 2060-2079 2080-2099 2015-2100
Status Quo

Premature deaths 8,108,000 6,393,000 4,963,000 4,277,000 26,840,000
expected

MLA 19

Deaths prevented — 5,000 32,000 73,000 109,000
Percentage reduction 0.0% 0.1% 0.6% 1.7% 0.4%
MLA 21

Deaths prevented — 39,000 180,000 341,000 561,000
Percentage reduction 0.0% 0.6% 3.6% 8.0% 2.1%
MLA 25

Deaths prevented 4,000 92,000 339,000 550,000 985,000
Percentage reduction 0.0% 1.4% 6.8% 12.9% 3.7%

NOTE: Assumes lower scenarios and that the policy is implemented in 2015. Although the
table carries many significant figures to aid in reproducibility, precision is limited to one or
two digits.
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FIGURE D-6 CISNET model-estimated number of cumulative lung cancer deaths
prevented per year for the three MLA policy options: Upper scenarios.
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FIGURE D-7 CISNET model-estimated number of cumulative lung cancer deaths
prevented per year for the three MLA policy options: Lower scenarios.
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FIGURE D-8 CISNET model-projected number of female deaths prevented per
year for MLA 21. Ideal represents a scenario where no smoking initiation occurs
after 2015.
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FIGURE D-9 CISNET model-projected number of male deaths prevented per year

for MLA 21. Ideal represents a scenario where no smoking initiation occurs after
2015.
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FIGURE D-10 CISNET model-projected mean smoking pack-years for women age
40 or older for MLA 21.

Copyright © National Academy of Sciences. All rights reserved.



Public Health Implications of Raising the Minimum Age of Legal Access to Tobacco Products

APPENDIX D 363

20
18
16
14
12
10

—
—

Mean Pack-Years for Ages 40+

o N B OO

2000 2020 2040 2060 2080 2100
Year

Status quo =——Estimate =——Ideal

FIGURE D-11 CISNET model-projected mean smoking pack-years for men age
40 or older for MLA 21.
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