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CHAPTER 1

Smoking Cessation
Alexander V. Prokhorov, Kentya H. Ford, and Karen Suchanek Hudmon

Overview

Tobacco use is a public health issue of enormous
importance, and smoking is the primary risk factor
for the development of lung cancer. Considerable
knowledge has been gained with respect to biobe-
havioral factors leading to smoking initiation and
development of nicotine dependence. Smoking ces-
sation provides extensive health benefits for every-
one. State-of-the-art treatment for smoking cessa-
tion includes behavioral counseling in conjunction
with one or more FDA-approved pharmaceutical
aids for cessation. The US Public Health Service Clin-
ical Practice Guideline for Treating Tobacco Use and De-
pendence advocates a five-step approach to smoking
cessation (Ask about tobacco use, Advise patients to
quit, Assess readiness to quit, Assist with quitting,
and Arrange follow-up). Health care providers are
encouraged to provide at least brief interventions at
each encounter with a patient who uses tobacco.

Introduction

More than two decades ago, the former US Surgeon
General C. Everett Koop stated that cigarette smok-
ing is the “chief, single, avoidable cause of death in
our society and the most important public health
issue of our time” [1]. This statement remains true
today. In the United States, cigarette smoking is the
primary known cause of preventable deaths [2],

resulting in nearly 440,000 deaths each year [3].
The economic implications are enormous: more
than $75 billion in medical expenses and over $81
billion in loss of productivity as a result of pre-
mature death are attributed to smoking each year
[4–8]. While the public often associates tobacco use
with elevated cancer risk, the negative health con-
sequences are much broader. The 2004 Surgeon
General’s Report on the health consequences of
smoking [9] provides compelling evidence of the ad-
verse impact of smoking and concluded that smok-
ing harms nearly every organ in the body (Table
1.1). In 2000, 8.6 million persons in the United
States were living with an estimated 12.7 mil-
lion smoking-attributable medical conditions [10].
There is convincing evidence that stopping smok-
ing is associated with immediate as well as long-
term health benefits, including reduced cumulative
risk for cancer. This is true even in older individu-
als, and in patients who have been diagnosed with
cancer [11].

Smoking and lung cancer

In the United States, approximately 85% of all
lung cancers are in people who smoke or who
have smoked [3]. Lung cancer is fatal for most
patients. The estimated number of deaths of lung
cancer will exceed 1.3 million annually early in the
third millennium [12]. Lung cancer is the leading
cause of cancer-related deaths among Americans
of both genders, with 174,470 estimated newly
diagnosed cases and 162,460 deaths [13,14]. The
number of deaths due to lung cancer exceeds the
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Table 1.1 Health consequences of smoking.

Cancer Acute myeloid leukemia
Bladder
Cervical
Esophageal
Gastric
Kidney
Laryngeal
Lung
Oral cavity and pharyngeal
Pancreatic

Cardiovascular
diseases

Abdominal aortic aneurysm

Coronary heart disease (angina pectoris,
ischemic heart disease, myocardial
infarction, sudden death)

Cerebrovascular disease (transient
ischemic attacks, stroke)

Peripheral arterial disease

Pulmonary Acute respiratory illnesses
diseases Pneumonia

Chronic respiratory illnesses
Chronic obstructive pulmonary
disease

Respiratory symptoms (cough,
phlegm, wheezing, dyspnea)

Poor asthma control

Reduced lung function in infants
exposed (in utero) to maternal
smoking

Reproductive
effects

Reduced fertility in women

Pregnancy and pregnancy outcomes
Premature rupture of membranes
Placenta previa
Placental abruption
Preterm delivery
Low infant birth weight

Infant mortality (sudden infant death
syndrome)

Other
effects

Cataract

Osteoporosis (reduced bone density in
postmenopausal women, increased risk
of hip fracture)

Periodontitis

Peptic ulcer disease (in patients who are
infected with Helicobacter pylori)

Surgical outcomes
Poor wound healing
Respiratory complications

Source: Reference [9].

annual number of deaths from breast, colon, and
prostate cancer combined [15]. Recent advances in
technology have enabled earlier diagnoses, and ad-
vances in surgery, radiation therapy, imaging, and
chemotherapy have produced improved responses
rates. However, despite these efforts, overall sur-
vival has not been appreciably affected in 30 years,
and only 12–15% of patients with lung cancer are
being cured with current treatment approaches
[16]. The prognosis of lung cancer depends largely
on early detection and immediate, premetastasis
stage treatment [17]. Prevention of lung cancer
is the most desirable and cost-efficient approach
to eradicating this deadly condition. Numerous
epidemiologic studies consistently define smoking
as the major risk factor for lung cancer (e.g. [18–
20]). The causal role of cigarette smoking in lung
cancer mortality has been irrefutably established
in longitudinal studies, one of which lasted as long
as 50 years [21]. Tobacco smoke, which is inhaled
either directly or as second-hand smoke, contains
an estimated 4000 chemical compounds, including
over 60 substances that are known to cause cancer
[22]. Tobacco irritants and carcinogens damage the
cells in the lungs, and over time the damaged cells
may become cancerous. Cigarette smokers have
lower levels of lung function than nonsmokers
[9,23], and quitting smoking greatly reduces
cumulative risk for developing lung cancer [24].

The association of smoking with the development
of lung cancer is the most thoroughly documented
causal relationship in biomedical history [25]. The
link was first observed in the early 1950s through
the research of Sir Richard Doll, whose pioneering
research has, perhaps more so than any other epi-
demiologist of his time, altered the landscape of dis-
ease prevention and consequently saved millions of
lives worldwide. In two landmark US Surgeon Gen-
erals’ reports published within a 20-year interval (in
1964 [26] and in 2004 [9]), literature syntheses fur-
ther documented the strong link between smoking
and cancer. Compared to never smokers, smokers
have a 20-fold risk of developing lung cancer, and
more than 87% of lung cancers are attributable to
smoking [27]. The risk for developing lung cancer
increases with younger age at initiation of smoking,
greater number of cigarettes smoked, and greater
number of years smoked [11]. Women smoking the
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same amount as men experience twice the risk of
developing lung cancer [28,29].

Second-hand smoke and
lung cancer

While active smoking has been shown to be the
main preventable cause of lung cancer, second-
hand smoke contains the same carcinogens that are
inhaled by smokers [30]. Consequently, there has
been a concern since release of the 1986 US Sur-
geon General’s report [31] concluding that second-
hand smoke causes cancer among nonsmokers and
smokers. Although estimates vary by exposure lo-
cation (e.g., workplace, car, home), the 2000 Na-
tional Household Interview Survey estimates that a
quarter of the US population is exposed to second-
hand smoke [32]. Second-hand smoke is the third
leading cause of preventable deaths in the United
States [33], and it has been estimated that expo-
sure to second-hand smoke kills more than 3000
adult nonsmokers from lung cancer [34]. Accord-
ing to Glantz and colleagues, for every eight smok-
ers who die from a smoking-attributable illness, one
additional nonsmoker dies because of second-hand
smoke exposure [35].

Since 1986, numerous additional studies have
been conducted and summarized in the 2006 US
Surgeon General’s report on “The Health Conse-
quences of Involuntary Exposure of Tobacco Smoke.” The
report’s conclusions based on this additional ev-
idence are consistent with the previous reports:
exposure to second-hand smoke increases risk of
lung cancer. More than 50 epidemiologic stud-
ies of nonsmokers’ cigarette smoke exposure at
the household and/or in the workplace showed
an increased risk of lung cancer associated with
second-hand smoke exposure [34]. This means that
20 years after second-hand smoke was first es-
tablished as a cause of lung cancer in lifetime
nonsmokers, the evidence supporting smoking ces-
sation and reduction of second-hand smoke expo-
sure continues to mount. Eliminating second-hand
smoke exposure at home, in the workplaces, and
other public places appears to be essential for re-
ducing the risk of lung cancer development among
nonsmokers.

Smoking among lung
cancer patients

Tobacco use among patients with cancer is a se-
rious health problem with significant implications
for morbidity and mortality [36–39]. Evidence in-
dicates that continued smoking after a diagnosis
with cancer has substantial adverse effects on treat-
ment effectiveness [40], overall survival [41], risk
of second primary malignancy [42], and increases
the rate and severity of treatment-related complica-
tions such as pulmonary and circulatory problems,
infections, impaired would healing, mucositis, and
Xerostomia [43,44].

Despite the strong evidence for the role of smok-
ing in the development of cancer, many cancer pa-
tients continue to smoke. Specifically, about one
third of cancer patients who smoked prior to their
diagnoses continue to smoke [45] and among pa-
tients received surgical treatment of stage I nonsmall
cell lung cancer [46] found only 40% who were ab-
stinent 2 years after surgery. Davison and Duffy [47]
reported that 48% of former smokers had resumed
regular smoking after surgical treatment of lung
cancer. Therefore, among patients with smoking-
related malignancies, the likelihood of a positive
smoking history at and after diagnosis is high.

Patients who are diagnosed with lung cancer may
face tremendous challenges and motivation to quit
after a cancer diagnosis can be influenced by a range
of psychological variables. Schnoll and colleagues
[48] reported that continued smoking among pa-
tients with head and neck and lung cancer is asso-
ciated with lesser readiness to quit, having relatives
who smoke at home, greater time between diag-
noses and assessment, greater nicotine dependence,
lower self-efficacy, lower risk perception, fewer per-
ceived pros and greater cons to quitting, more fa-
talistic beliefs, and higher emotional distress. Lung
cancer patients should be advised to quit smoking,
but once they are diagnosed, some might feel that
there is nothing to be gained from quitting [49].
Smoking cessation should be a matter of special
concern throughout cancer diagnosis, treatment,
and the survival continuum, and the diagnosis of
cancer should be used as a “teachable moment”
to encourage smoking cessation among patients,
family members, and significant others [37]. The
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Table 1.2 Percentage of current cigarette smokersa aged ≥18 years, by selected characteristics—National Health
Interview Survey, United States, 2005.

Characteristic Category Men (n = 13,762) Women (n = 17,666) Total (n = 31,428)

Race/ethnicityb White, non-Hispanic 24.0 20.0 21.9
Black, non-Hispanic 26.7 17.3 21.5
Hispanic 21.1 11.1 16.2
American Indian/Alaska Native 37.5 26.8 32.0
Asianc 20.6 6.1 13.3

Educationd 0–12 years (no diploma) 29.5 21.9 25.5
GEDe (diploma) 47.5 38.8 43.2
High school graduate 28.8 20.7 24.6
Associate degree 26.1 17.1 20.9
Some college (no degree) 26.2 19.5 22.5
Undergraduate degree 11.9 9.6 10.7
Graduate degree 6.9 7.4 7.1

Age group (yrs) 18–24 28.0 20.7 24.4
25–44 26.8 21.4 24.1
45–64 25.2 18.8 21.9
≥65 8.9 8.3 8.6

Poverty levelf At or above 23.7 17.6 20.6
Below 34.3 26.9 29.9
Unknown 21.2 16.1 18.4

Total 23.9 18.1 20.9

aPersons who reported having smoked at least 100 cigarettes during their lifetime and at the time of the interview reported
smoking every day or some days; excludes 296 respondents whose smoking status was unknown.
bExcludes 314 respondents of unknown or multiple racial/ethnic categories or whose racial/ethnic category was unknown.
cExcludes Native Hawaiians or other Pacific Islanders.
dPersons aged ≥25 years, excluding 339 persons with unknown level of education.
eGeneral Educational Development.
fCalculated on the basis of US Census Bureau 2004 poverty thresholds.
Source: Reference [7].

medical, psychosocial, and general health benefits
of smoking cessation for cancer patients provide a
clear rationale for intervention.

Forms of tobacco

Smoked tobacco
Cigarettes have been the most widely used form of
tobacco in the United States for several decades [51],
yet in recent years, cigarette smoking has been de-
clining steadily among most population subgroups.
In 2005, just over half of ever smokers reported be-
ing former smokers [3]. However, a considerable

proportion of the population continues to smoke.
In 2005, an estimated 45.1 million adult Americans
(20.9%) were current smokers; of these, 80.8% re-
ported to smoking every day, and 19.2% reported
smoking some days [7]. The prevalence of smoking
varies considerably across populations (Table 1.2),
with a greater proportion of men (23.9%) than
women (18.1%) reporting current smoking. Per-
sons of Asian or Hispanic origin exhibit the low-
est prevalence of smoking (13.3 and 16.2%, respec-
tively), and American Indian/Alaska natives exhibit
the highest prevalence (32.0%). Also, the preva-
lence of smoking among adults varies widely across
the United States, ranging from 11.5% in Utah to
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28.7% in Kentucky [51]. Twenty-three percent of
high school students report current smoking, and
among boys, 13.6% report current use of smoke-
less tobacco, and 19.2% currently smoke cigars [52].
These figures are of particular concern, because
nearly 90% of smokers begin smoking before the
age of 18 years [53].

Other common forms of burned tobacco in the
United States include cigars, pipe tobacco, and bidis.
Cigars represent a roll of tobacco wrapped in leaf to-
bacco or in any substance containing tobacco [54].
Cigars’ popularity has somewhat increased over the
past decade [55]. The latter phenomenon is likely
to be explained by a certain proportion of smok-
ers switching cigarettes for cigars and by adoles-
cents’ experimentation with cigars [56]. In 1998,
approximately 5% of adults had smoked at least one
cigar in the past month [57]. The nicotine content
of cigars sold in the United States ranged from 5.9
to 335.2 mg per cigar [58] while cigarettes have a
narrow range of total nicotine content, between 7.2
and 13.4 mg per cigarette [59]. Therefore, one large
cigar, which could contain as much tobacco as an
entire pack of cigarettes is able to deliver enough
nicotine to establish and maintain physical depen-
dence [59].

Pipe smoking has been declining steadily over the
past 50 years [60]. It is a form of tobacco use seen
among less than 1% of Americans [60]. Bidi smok-
ing is a more recent phenomenon in the United
States. Bidis are hand-rolled brown cigarettes im-
ported mostly from Southeast Asian countries. Bidis
are wrapped in a tendu or temburni leaf [61]. Visually,
they somewhat resemble marijuana joints, which
might make them attractive to certain groups of
the populations. Bidis are available in multiple fla-
vors (e.g., chocolate, vanilla, cinnamon, strawberry,
cherry, mango, etc.), which might make them par-
ticularly attractive to younger smokers. A survey
of nearly 64,000 people in 15 states in the United
States revealed that young people (18–24 years of
age) reported higher rates of ever (16.5%) and
current (1.4%) use of bidis then among older adults
(ages 25 plus years). With respect to sociodemo-
graphic characteristics, the use of bidis is most com-
mon among males, African Americans, and con-
comitant cigarette smokers [62]. Although featuring

less tobacco than standard cigarettes, bidis expose
their smokers to considerable amounts of hazardous
compounds. A smoking machine-based investiga-
tion found that bidis deliver three times the amount
of carbon monoxide and nicotine and almost five
times the amount of tar found in conventional
cigarettes [63].

Smokeless tobacco
Smokeless tobacco products, also commonly called
“spit tobacco,” are placed in the mouth to allow ab-
sorption of nicotine through the buccal mucosa. Spit
tobacco includes chewing tobacco and snuff. Chew-
ing tobacco, which is typically available in loose leaf,
plug, and twist formulations, is chewed or parked in
the cheek or lower lip. Snuff, commonly available as
loose particles or sachets (resembling tea bags), has
a much finer consistency and is generally held in
the mouth and not chewed. Most snuff products
in the United States are classified as moist snuff.
The users park a “pinch” (small amount) of snuff
between the cheek and gum (also known as dip-
ping) for 30 minutes or longer. Dry snuff is typically
sniffed or inhaled through the nostrils; it is used less
commonly [64].

In 2004, an estimated 3.0% of Americans 12 years
of age and older had used spit tobacco in the past
month. Men used it at higher rates (5.8%) than
women (0.3%) [60]. The prevalence of spit tobacco
is the highest among 18- to 25-year-olds and is sub-
stantially higher among American Indians, Alaska
natives, residents of the southern states, and ru-
ral residents [61,66]. The consumption of chew-
ing tobacco has been declining since the mid-1980s;
conversely, in 2005, snuff consumption increased by
approximately 2% over the previous year [66], pos-
sibly because tobacco users are consuming snuff in-
stead of cigarettes in locations and situations where
smoking is banned.

Factors explaining tobacco use

Smoking initiation
In the United States, smoking initiation typically
occurs during adolescence. About 90% of adult
smokers have tried their first cigarette by 18 years
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of age and 70% of daily smokers have become
regular smokers by that age [67,68]. Because most
adolescents who smoke at least monthly continue
to smoke into adulthood, youth-oriented tobacco
preventions and cessation strategies are warranted
[67,68]. Since the mid-1990s, by 2004, the past-
month prevalence had decreased by 56% in 8th
graders, 47% in 10th graders, and 32% in 12th
graders [69]. In recent years, however, this down-
ward trend has decelerated [69]. The downward
trend is unlikely to be sustained without steady and
systematic efforts by health care providers in pre-
venting initiation of tobacco use and assisting young
smokers in quitting.

A wide range of sociodemographic, behavioral,
personal, and environmental factors have been ex-
amined as potential predictors of tobacco exper-
imentation and initiation of regular tobacco use
among adolescents. For example, it has been sug-
gested that the prevalence of adolescent smok-
ing is related inversely to parental socioeconomic
status and adolescent academic performance [68].
Other identified predictors of adolescent smoking
include social influence and normative beliefs, neg-
ative affect, outcome expectations associated with
smoking, resistance skills (self-efficacy), engaging in
other risk-taking behaviors, exposure to smoking in
movies, and having friends who smoke [70–75].

Although numerous studies have been successful
in identifying predictors of smoking initiation, few
studies have identified successful methods for pro-
moting cessation among youth, despite the finding
that in 2005, more than half of high school cigarette
smokers have tried to quit smoking in the past year
and failed [52]. These results confirm the highly
addictive nature of tobacco emphasizing the need
for more effective methods for facilitating cessation
among the young.

Nicotine addiction
Nicotine has come to be regarded as a highly addic-
tive substance. Judging by the current diagnostic cri-
teria, tobacco dependence appears to be quite preva-
lent among cigarette smokers; more than 90% of
smokers meet the DSM-IV (Diagnostic and Statisti-
cal Manual of Mental Disorders) criteria for nicotine
dependence [76]. Research has shown that nico-

tine acts on the brain to produce a number of ef-
fects [77,78] and immediately after exposure, nico-
tine induces a wide range of central nervous sys-
tem, cardiovascular, and metabolic effects. Nicotine
stimulates the release of neurotransmitters, in-
ducing pharmacologic effects, such as pleasure
and reward (dopamine), arousal (acetylcholine,
norepinephrine), cognitive enhancement (acetyl-
choline), appetite suppression (norepinephrine),
learning and memory enhancement (glutamate),
mood modulation and appetite suppression (sero-
tonin), and reduction of anxiety and tension
(β-endorphin and GABA) [78]. Upon entering the
brain, a bolus of nicotine activates the dopamine re-
ward pathway, a network of nervous tissue in the
brain that elicits feelings of pleasure and stimulates
the release of dopamine.

Although withdrawal symptoms are not the only
consequence of abstinence, most cigarette smok-
ers do experience craving and withdrawal on ces-
sation [79], and, therefore, relapse is common [80].
The calming effect of nicotine reported by many
users is usually associated with a decline in with-
drawal effects rather than direct effects on nicotine
[53]. This rapid dose-response, along with the short
half-life of nicotine (t1/2 = 2 h), underlies tobacco
users’ frequent, repeated administration, thereby
perpetuating tobacco use and dependence. Tobacco
users become proficient in titrating their nicotine
levels throughout the day to avoid withdrawal
symptoms, to maintain pleasure and arousal, and
to modulate mood. Withdrawal symptoms include
depression, insomnia, irritability/frustration/anger,
anxiety, difficulty concentrating, restlessness, in-
creased appetite/weight gain, and decreased heart
rate [81,82].

The assumption that heavy daily use (i.e., 15–
30 cigarettes per day), is necessary for dependence
to develop is derived from observations of “chip-
pers,” adult smokers who have not developed de-
pendence despite smoking up to five cigarettes per
day for many years [83,84]. Chippers do not tend
to differ from other smokers in their absorption and
metabolism of nicotine, causing some investigators
to suggest that this level of consumption may be too
low to cause nicotine dependence. However, these
atypical smokers are usually eliminated from most
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studies, which are routinely limited to smokers of
at least 10 cigarettes per day [83].

Signs of dependence on nicotine have been re-
ported among adolescent smokers, with approx-
imately one fifth of them exhibiting adult-like
dependence [85]. Although, lengthy and regular
tobacco use has been considered necessary for
nicotine dependence to develop [68], recent re-
ports have raised concerns that nicotine depen-
dence symptoms can develop soon after initiation,
and that these symptoms might lead to smoking
intensification [79,86]. Adolescent smokers, who
use tobacco regularly, tend to exhibit high craving
for cigarettes and substantial levels of withdrawal
symptoms [87].

Genetics of tobacco use and
dependence

As early as 1958, Fisher hypothesized that the link
between smoking and lung cancer could be ex-
plained at least in part by shared genes that predis-
pose individuals to begin smoking as young adults
and to develop lung cancer later in adulthood [88].
More recently, tobacco researchers have begun to
explore whether genetic factors do in fact contribute
toward tobacco use and dependence.

Tobacco use and dependence are hypothesized to
result from an interplay of many factors (includ-
ing pharmacologic, environmental and physiologic)
[77]. Some of these factors are shared within fam-
ilies, either environmentally or genetically. Studies
of families consistently demonstrate that, compared
to family members of nonsmokers, family members
of smokers are more likely to be smokers also. How-
ever, in addition to shared genetic predispositions,
it is important to consider environmental factors
that promote tobacco use—siblings within the same
family share many of the same environmental in-
fluences as well as the same genes. To differentiate
the genetic from the environmental influences, epi-
demiologists use adoption, twin, twins reared apart,
and linkage study designs [89].

Key to the adoption studies is the assumption that
if a genetic link for tobacco use exists, then tobacco
use behaviors (e.g., smoking status, number of years

smoked, number of cigarettes smoked per day) will
be more similar for persons who are related geneti-
cally (i.e., biologically) than for persons who are not
related genetically. Hence, one would expect to ob-
serve greater similarities between children and their
biological parents and siblings than would be ob-
served between children and their adoptive parents
or adopted siblings. Indeed, research has demon-
strated stronger associations (i.e., higher correlation
coefficients) between biologically-related individu-
als, compared to nonbiologically-related individu-
als, for the reported number of cigarettes consumed
[90]. In recent years, it has become more difficult
to conduct adoption studies, because of the reduced
number of intranational children available for adop-
tion [91]. Additionally, delayed adoption (i.e., time
elapsed between birth and entry into the new fam-
ily) is common with international adoptions and
might lead to an overestimation of genetic effects
if early environmental influences are attributed to
genetic influences [92].

In twin studies, identical (monozygotic) twins
and fraternal (dizygotic) twins are compared. Iden-
tical twins share the same genes; fraternal twins,
like ordinary siblings, share approximately 50% of
their genes. If a genetic link exists for the phe-
nomenon under study, then one would expect to
see a greater concordance in identical twins than
in fraternal twins. Thus, in the case of tobacco
use, one would expect to see a greater proportion
of identical twins with the same tobacco use be-
havior than would be seen with fraternal twins.
Statistically, twin studies aim to estimate the per-
centage of the variance in the behavior that is
due to (1) genes (referred to as the “heritability”),
(2) shared (within the family) environmental ex-
periences, and (3) nonshared (external from the
family) environmental experiences [91]. A num-
ber of twin studies of tobacco use have been con-
ducted in recent years. These studies have largely
supported a genetic role [91,93]; higher concor-
dance of tobacco use behavior is evident in identical
twins than in fraternal twins. The estimated aver-
age heritability for smoking is 0.53 (range, 0.28–
0.84) [93,94]; approximately half of the variance
in smoking appears to be attributable to genetic
factors.
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Recent advances in the mapping of the human
genome have enabled researchers to search for
genes associated with specific disorders, including
tobacco use. Using a statistical technique called link-
age analysis, it is possible to identify genes that pre-
dict a trait or disorder. This process is not based on
prior knowledge of a gene’s function, but rather it
is determined by examining whether the trait or
disorder is coinherited with markers found in spec-
ified chromosomal regions. Typically, these types
of investigations involve collection of large family
pedigrees, which are studied to determine inheri-
tance of the trait or disorder. This method works
well when a single gene is responsible for the out-
come; however, it becomes more difficult when
multiple genes have an impact, such as with to-
bacco use. In linkage studies of smoking, it is com-
mon for investigators to identify families, ideally
with two or more biologically-related relatives that
have the trait or disorder under study (referred to
as affected individuals, in this case, smokers) and
other unaffected relatives. For example, data from
affected sibling pairs with parents is a common de-
sign in linkage analysis. A tissue sample (typically
blood) is taken from each individual, and the sample
undergoes genotyping to obtain information about
the study participant’s unique genetic code. If a
gene in a specific region of a chromosome is as-
sociated with smoking, and if a genetic marker is
linked (i.e., in proximity), then the affected pairs
(such as affected sibling pairs) will have increased
odds for sharing the same paternal/maternal gene
[91].

As genetic research moves forward, new clues
provide insight into which genes might be promis-
ing “candidates” as contributors to tobacco use and
dependence. Currently, there are two general lines
of research related to candidate genes for smoking.
One examines genes that affect nicotine pharmaco-
dynamics (the way that nicotine affects the body)
and the other examines genes that affect nicotine
pharmacokinetics (the way that the body affects
nicotine). A long list of candidate genes are being
examined—some of the most extensively explored
involve (a) the dopamine reward pathway (e.g.,
those related to dopamine synthesis, receptor acti-
vation, reuptake, and metabolism) and (b) nicotine

metabolism via the cytochrome P450 liver enzymes
(specifically, CYP2A6 and CYP2D6).

In summary, each of these types of study designs
supports the hypothesis that genetics influence the
risk for a wide range of tobacco-related phenotypes,
such as ever smoking, age at smoking onset, level
of smoking, ability to quit, and the metabolic path-
ways of nicotine (e.g., see [45,89,95–99]). But given
that there are many predictors of tobacco use and
dependence, of which genetic predisposition is just
one piece of a complex puzzle, it is unlikely that so-
ciety will move toward widespread genotyping for
early identification of individuals who are at risk
for tobacco use. Perhaps a more likely use of ge-
netics as related to tobacco use is its potential for
improving our treatment for dependence [91]. If
genetic research leads to new knowledge regarding
the mechanisms underlying the development and
maintenance of dependence, it is possible that new,
more effective medications might be created. Fur-
thermore, through pharmacogenomics research we
might gain improved knowledge as to which pa-
tients, based on their genetic profiles, would be best
treated with which medications. Researchers are be-
ginning to examine how DNA variants affect health
outcome with pharmacologic treatments, with a
goal of determining which genetic profiles respond
most favorably to specific pharmaceutical aids for
cessation (e.g. [98,100–103]).

Benefits of quitting

The reports of the US Surgeon General on the
health consequences of smoking, released in 1990
and 2004, summarize abundant and significant
health benefits associated with giving up tobacco
[9,104]. Benefits noticed shortly after quitting (e.g.,
within 2 weeks to 3 months), include improvements
in pulmonary function and circulation. Within
1–9 months of quitting, the ciliary function of
the lung epithelium is restored. Initially, patients
might experience increased coughing as the lungs
clear excess mucus and tobacco smoke particu-
lates. In several months, smoking cessation results
in measurable improvements of lung function. Over
time, patients experience decreased coughing, sinus
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congestion, fatigue, shortness of breath, and risk for
pulmonary infection and 1 year postcessation, the
excess risk for coronary heart disease is reduced to
half that of continuing smokers. After 5–15 years,
the risk for stroke is reduced to a rate similar to
that of people who are lifetime nonsmokers, and
10 years after quitting, an individual’s chance of
dying of lung cancer is approximately half that of
continuing smokers. Additionally, the risk of devel-
oping mouth, larynx, pharynx, esophagus, bladder,
kidney, or pancreatic cancer is decreased. Finally,
15 years after quitting, a risk for coronary heart dis-
ease is reduced to a rate similar of that of people who
have never smoked. Smoking cessation can also lead
to a significant reduction in the cumulative risk for
death from lung cancer, for males and females.

Smokers who are able to quit by age 35 can be
expected to live an additional 6–9 years compared
to those who continue to smoke [105]. Ossip-Klein
et al. [106] recently named tobacco use a “geriatric
health issue.” Indeed, a considerable proportion of
tobacco users continue to smoke well into their 70s
and 80s, despite the widespread knowledge of the
tobacco health hazards. Elderly smokers frequently
claim that the “damage is done,” and it is “too late
to quit;” however, a considerable body of evidence
refutes these statements. Even individuals who
postpone quitting until age 65 can incur up to four
additional years of life, compared with those who
continued to smoke [24,106]. Therefore, elderly
smokers should not be ignored as a potential target
for cessation efforts. Health care providers ought to
remember that it is never too late to advise their
elderly patients to quit and to incur health benefits.

A growing body of evidence indicates that con-
tinued smoking after a diagnosis of cancer has
substantial adverse effects. For example, these
studies indicate that smoking reduces the over-
all effectiveness of treatment, while causing com-
plications with healing as well as exacerbating
treatment side effects, increases risk of developing
second primary malignancy, and decreases over-
all survival rates [36–38,107–109]. On the other
hand, the medical, health, and psychosocial bene-
fits of smoking cessation among cancer patients are
promising. Gritz et al. [37] indicated that stopping
smoking prior to diagnosis and treatment can have a

positive influence on survival rates. Although many
smoking cessation interventions are aimed at pri-
mary prevention of cancer, these results indicate
that there can be substantial medical benefits for
individuals who quit smoking after they are diag-
nosed with cancer.

Smoking cessation interventions

Effective and timely administration of smoking ces-
sation interventions can significantly reduce the risk
of smoking-related disease [110]. Recognizing the
complexity of tobacco use is a necessary first step
in developing effective interventions and trials for
cessation and prevention. The biobehavioral model
of nicotine addiction and tobacco-related cancers
presents the complex interplay of social, psycho-
logical, and biological factors that influence tobacco
use and addiction (Figure 1.1). These factors in turn
mediate dependence, cessation, and relapse in most
individuals, and treatment has been developed to
address many of the factors noted in the model [38].

The health care provider’s role
and responsibility
Health care providers are uniquely positioned to
assist patients with quitting, having both access to
quitting aids and commanding a level of respect that
renders them particularly influential in advising pa-
tients on health-related issues. To date, physicians
have received the greatest attention in the scien-
tific community as providers of tobacco cessation
treatment. Although less attention has been paid to
other health care providers such as pharmacists and
nurses, they too are in a unique position to serve
the public and situated to initiate behavior change
among patients or complement the efforts of other
providers [64,111].

Fiore and associates conducted a meta-analysis
of 29 investigations in which they estimated that
compared with smokers who do not receive an in-
tervention from a clinician, patients who receive
a tobacco cessation intervention from a physician
clinician or a nonphysician clinician are 2.2 and
1.7 times as likely to quit smoking at 5 or more
months postcessation, respectively [112]. Although
brief advice from a clinician has been shown to
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CancerTobacco use,
Dependence,
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Behavioral,
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• Personality
• Stress

Biological factors
• Genetics
• Nutrition

Figure 1.1 Biobehavioral model of nicotine addiction and tobacco-related cancers. (Adapted from [38].)

lead to increased likelihood of quitting, more in-
tensive counseling leads to more dramatic increases
in quit rates [112]. Because the use of pharma-
cotherapy agents approximately doubles the odds
of quitting [7,112], smoking cessation interventions
should consider combining pharmacotherapy with
behavioral counseling.

To assist clinicians and other health care providers
in providing cessation treatment, the US Public
Health Service has produced a Clinical Practice Guide-
line for the Treatment of Tobacco Use and Dependence
[112]. The Guideline is based on a systematic re-
view and analysis of scientific literature which yields
a series of recommendations and strategies to as-
sist health care providers in delivering smoking
cessation treatment. The Guideline emphasizes the
importance of systematic identification of tobacco
users by health care workers and offering at least
brief treatment interventions to every patient who
uses tobacco. Among the most effective approaches
for quitting are behavioral counseling and pharma-
cotherapy, used alone or, preferably, in combination
[112].

Behavioral counseling
Behavioral interventions play an integral role in
smoking cessation treatment, either alone or in con-
junction with pharmacotherapy. These interven-
tions, which include a variety of methods ranging

from self-help materials to individual cognitive–
behavioral therapy, enable individuals to more ef-
fectively recognize high-risk smoking situations, de-
velop alternative coping strategies, manage stress,
improve problem-solving skills, and increase social
support [113]. The Clinical Practice Guideline out-
lines a five-step framework that clinicians can apply
when assisting patients with quitting. Health care
providers should: (a) systematically identify all to-
bacco users, (b) strongly advise all tobacco users to
quit, (c) assess readiness to make a quit attempt, (d)
assist patients in quitting, and (e) arrange follow-up
contact. The steps have been described as the 5 A’s:
Ask, Advise, Assess, Assist, and Arrange follow-up
(Table 1.3). Due to the possibility of relapse, health
care providers should also provide patients with
brief relapse prevention treatment. Relapse preven-
tion reinforces the patient’s decision to quit, reviews
the benefits of quitting, and assists the patient in re-
solving any problems arising from quitting [112].
The outlined strategy has been termed the 5 R’s
(Table 1.3): Relevance, Risks, Rewards, Roadblocks,
and Repetition. In the absence of time or expertise
for providing more comprehensive counseling, clin-
icians are advised to (at a minimum), ask about to-
bacco use, advise tobacco users to quit, and refer
these patients to other resources for quitting, such
as a toll-free tobacco cessation quitline (1-800-QUIT
NOW, in the US).
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Table 1.3 The 5 A’s and 5 R’s for smoking cessation interventions.

5 A’s Ask about tobacco use Identify and document tobacco use status for every patient at every visit
Advise to quit Urge every tobacco user to quit in a clear, strong, and personalized manner
Assess readiness to make a

quit attempt
Assess whether or not the tobacco user is ready to make a quit attempt in

the next 30 days
Assist in quit attempt Use counseling and/or pharmacotherapy with the patient willing to make a

quit attempt to help him or her quit
Arrange follow-up Schedule follow-up contact, preferably within the first week after the quit

date

5 R’s Relevance Encourage the patient to indicate why quitting is personally relevant,
being specific as possible

Risk Ask the patient to identify the negative consequences of tobacco use,
including acute risks (e.g., short breath), long-term risks (e.g., cancer, and
environmental risks, e.g., cancer among family)

Rewards Request that the patient identify potential benefits of stopping tobacco
use (e.g., improved health)

Roadblocks Ask the patient to identify barriers or impediments to quitting and note
the elements of treatment that could address such barriers (e.g.,
withdrawal symptoms, fear of failure, lack of support)

Repetition Repeat the motivational intervention every time an unmotivated patient
visits the clinic setting

Adapted from [112].

Pharmaceutical aids for
smoking cessation

According to the Clinical Practice Guideline [112],
all patients attempting to quit should be encour-
aged to use one or more effective pharmacother-
apy agents for cessation except in the presence of
special circumstances. These recommendations are
supported by the results of more than 100 controlled
trials demonstrating that patients receiving pharma-
cotherapy are approximately twice as likely to re-
main abstinent long-term (greater than 5 mo) when
compared to patients receiving placebo (Figure 1.2).
Although one would argue that pharmacotherapy
is costly and might not be a necessary component
of a treatment plan for each patient, it is the most
effective known method for maximizing the odds
of success for any given quit attempt, particularly
when combined with behavioral counseling [112].

Currently, seven marketed agents have an FDA-
approved indication for smoking cessation in the
US: five nicotine replacement therapy (NRT) for-
mulations (nicotine gum, nicotine lozenge, trans-
dermal nicotine patches, nicotine nasal spray, and

nicotine oral inhaler), sustained-release bupropion,
and varenicline tartrate. These are described in brief
below, and summaries of the prescribing informa-
tion for each medication are provided in Table 1.4.

Nicotine replacement therapy
In clinical trials, patients who use NRT products are
1.77 times as likely to quit smoking than are those
who receive placebo [7]. The main mechanism of
action of NRT products is thought to be a stimula-
tion of nicotine receptors in the ventral tegmental
area of the brain, which results in dopamine release
in the nucleus accumbens. The use of NRT is to re-
duce the physical withdrawal symptoms and to al-
leviate the physiologic symptoms of withdrawal, so
the smoker can focus on the behavioral and psy-
chological aspects of quitting before fully abstaining
nicotine. Key advantages of NRT are that patients
are not exposed to the carcinogens and other toxic
compounds found in tobacco and tobacco smoke,
and NRT provides slower onset of action than nico-
tine delivered via cigarettes, thereby eliminating the
near-immediate reinforcing effects of nicotine ob-
tained through smoking (Figure 1.3). NRT products
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Figure 1.2 Long-term (≥6 mo) quit rates for FDA-approved medications for smoking cessation. (Data adapted from
[4–7].) (From Rx for Change: [114] Copyright c© 1999–2007, with permission.)

should be used with caution in patients who have
underlying serious arrhythmias, serious or worsen-
ing angina pectoris, or a recent (within 2 weeks)
myocardial infarction [112]. Animal data suggest
that nicotine is harmful to the developing fetus,
and as such prescription formulations of nicotine
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Figure 1.3 Plasma nicotine concentrations for various nicotine-containing products. (From Rx for Change: [114];)
Copyright c© 1999–2007, with permission.)

are classified by the Food and Drug Administration
as pregnancy category D agents. Yet despite these
concerns, most experts perceive the risks of NRT to
be small relative to the risks of continued smoking.
Use of NRT may be appropriate in patients with un-
derlying cardiovascular disease or in women who
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are pregnant if these patients are under medical su-
pervision [112]. Patients with temporomandibular
joint disease should not use the nicotine gum, and
patients smoking fewer than 10 cigarettes daily
should initiate NRT with caution and generally at
reduced dosages [112]. The safety and efficacy of
NRT have not been established in adolescents, and
currently none of the NRT products are indicated
for use in this population [112,115].

Sustained-release bupropion (Zyban)
Initially marketed as an atypical antidepressant,
sustained-release bupropion is hypothesized to pro-
mote smoking cessation by inhibiting the reuptake
of dopamine and norepinephrine in the central
nervous system [116] and acting as a nicotinic
acetylcholine receptor antagonist [117]. These neu-
rochemical effects are believed to modulate the
dopamine reward pathway and reduce the cravings
for nicotine and symptoms of withdrawal [112].

Because seizures are a dose-related toxicity
associated with bupropion, this medication is
contraindicated in patients with underlying seizure
disorders and in patients receiving concurrent ther-
apy with other forms of bupropion (Wellbutrin,
Wellbutrin SR, and Wellbutrin XL). Bupropion also
is contraindicated in patients with anorexia or bu-
limia nervosa and in patients who are undergo-
ing abrupt discontinuation of alcohol or sedatives
(including benzodiazepines) due to the increased
risk for seizures. The concurrent administration
of bupropion and a monoamine oxidase (MAO)
inhibitor is contraindicated and at least 14 days
should elapse between discontinuation of an MAO
inhibitor and initiation of treatment with bupro-
pion [118]. Although seizures were not reported in
the smoking cessation clinical trials, the incidence
of seizures with the sustained-release formulation
(Wellbutrin) used in the treatment of depression
was 0.1% among patients without a previous his-
tory of seizures [119]. For this reason, bupropion
should be used with extreme caution in patients
with a history of seizure, cranial trauma, patients
receiving medications known to lower the seizure
threshold, and patients with underlying severe hep-
atic cirrhosis. Bupropion is classified as a pregnancy
category C drug, meaning that either (a) animal
studies have demonstrated that the drug exerts ani-

mal teratogenic or embryocidal effects, but there are
no controlled studies in women, or (b) no studies are
available in either animals or women. Correspond-
ingly, the manufacturer recommends that this agent
be used during pregnancy only if clearly necessary
[118].

Varenicline tartrate (Chantix)
The efficacy of varenicline, a partial agonist selec-
tive for the a4b2 nicotinic acetylcholine receptor
[120,121), is believed to be the result of sustained,
low-level agonist activity at the receptor site com-
bined with competitive inhibition of nicotine bind-
ing. The partial agonist activity induces mod-
est receptor stimulation, which leads to increased
dopamine levels, thereby attenuating the symptoms
of nicotine withdrawal. In addition, by competi-
tively blocking the binding of nicotine to nicotinic
acetylcholine receptors in the central nervous sys-
tem, varenicline inhibits the surges of dopamine
release that occur following the inhalation of to-
bacco smoke. The latter effect might be effective in
preventing relapse by reducing the reinforcing and
rewarding effects of smoking [120]. The FDA classi-
fies varenicline as a pregnancy category C drug, and
the manufacturer recommends that this medication
be used during pregnancy only if the potential ben-
efit justifies the potential risk to the fetus [121].

Summary
Tobacco use remains prevalent among the popula-
tion and represents a matter of special public health
concern. It is the primary risk factor for the devel-
opment of lung cancer. It has been shown to cause
malignancies in other locations, as well as numerous
other diseases. The body of knowledge of various
aspects of smoking behavior has largely increased
over the past two decades. Studies of factors predis-
posing to smoking initiation among youth may pro-
vide important clues for the development of feasi-
ble and effective smoking prevention activities. The
knowledge of biobehavioral factors leading to devel-
opment of nicotine dependence may assist in pro-
viding more effective treatments to patients who use
tobacco products. The five A’s approach (Ask about
tobacco use, Advise patients to quit, Assess readiness
to quit, Assist with quitting, and Arrange follow-
up) is described in the US Public Health Service
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Clinical Practice Guideline for Treating Tobacco Use and
Dependence. Health care providers are encouraged to
implement at least brief interventions at each en-
counter with a patient who uses tobacco.
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