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Personalized Periodontal Treatment for the Tobacco and
Alcohol-Using Patient

Mark . Ryder, Elizabeth T. Couch, and Benjamin W. Chaffee

Abstract

The use of various forms of tobacco is one of the most important preventable risk factors for the
incidence and progression of periodontal disease. Tobacco use negatively affects treatment
outcomes for both periodontal diseases and conditions, and for dental implants. Tobacco cessation
programs can mitigate these adverse dental treatment outcomes, and may be the most effective
component of a personalized periodontal treatment approach. In addition, heavy alcohol
consumption may exacerbate the adverse effects of tobacco use. In this review, the microbiology,
host/inflammatory responses, and genetic characteristics of the tobacco-using patient are presented
as a framework to aid the practitioner in developing personalized treatment strategies for these
patients. These personalized approaches can be used for patients who use a variety of tobacco
products including cigarettes, cigars, pipes, smokeless tobacco products, e-cigarettes, and other
tobacco forms, as well as patients who consume large amounts of alcohol. In addition, principles
for developing personalized tobacco cessation programs using both traditional and newer
motivational and pharmacological approaches are presented.

It is well established that tobacco use is among the most important, if not the most
important, preventable risk factor for the incidence and progression of periodontal diseases
(55, 59, 60, 73, 74, 78, 79, 96). In addition, tobacco use has negative adverse effects on the
full spectrum of periodontal treatment approaches, including mechanical debridement, local
and systemic antimicrobial therapy, surgery, regenerative procedures, and implants (61, 78,
79, 83, 163). The benefits of smoking cessation have been convincingly demonstrated both
directly and indirectly in studies that show reduced levels of periodontal destruction, fewer
missing teeth, and improved periodontal treatment outcomes in former smokers when
compared to current smokers (3, 19, 22, 61, 83, 96). Not only is assessing a patient's tobacco
use critical for understanding periodontal risks factors and gauging the predictability of
periodontal therapy, but the dental practitioner can also help the patient achieve tremendous
improvements in oral and systemic health by providing effective personalized tobacco
cessation counseling and treatment.

In addition to tobacco, the dental practitioner may consider alcohol use as a possible
contributing factor in periodontal diseases. Relative to tobacco use, the association between
alcohol consumption and periodontal disease is less clear (6, 41, 63, 130, 154, 180) and may
differ by gender or type of alcohol consumed (90, 124, 166). Recent evidence suggests that
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smoking combined with alcohol consumption could synergistically increase the risk of
periodontal diseases (102). Currently available epidemiologic studies of alcohol
consumption and periodontal disease are largely cross-sectional, thereby establishing alcohol
consumption as a potential “risk indicator” for periodontal diseases. To elevate alcohol
consumption as a “risk factor” for periodontal diseases requires the types of fongitudinal
epidemiologic studies that have been performed over the past several decades for tobacco
use (7, 153, 169). Therefore, this paper focuses on the evidence, underlying mechanisms,
and recommendations for a personalized dentistry approach for the tobacco-using patient
that can also be applied to the patient who is also consumes a relatively large amount of
alcohol. Where appropriate, the evidence for the mechanisms for a synergistic role of
alcohol consumption in developing personalized approaches for treatment of periodontal
diseases will be incorporated.

When encountering a tobacco-using patient in the dental office, particularly the tobacco-
using patient with some form of periodontal disease that may be caused or exacerbated by
tobacco use, the clinician is faced with a range of options on how to consult and treat this
patient. These options require the clinician to incorporate specific circumstances and
characteristics of each patient, including behavioral considerations, motivational approaches,
and clinical presentation. For example, one specific clinical presentation of cigarette
smokers is teeth with extrinsic tobacco staining surrounded by a pink fibrotic gingiva with
loss of stippling, deeper probing depths, gingival recession, loss of clinical attachment, and
less tendency for sites to bleed on probing (20, 21) (Fig. 1). In addition, diagnostic and
treatment decisions should consider the microbiology, host/inflammatory responses, and
genetic characteristics that are unique for each tobacco-using patient. Without a single
widely accepted algorithm to account for all the specific factors for each patient, the
practitioner must rely on the innate computer of human thought to assess and integrate each
of these diagnostic and treatment variables into a personalized approach for each individual
patient who uses tobacco in some form.

Throughout this review, we use the word "tobacco" to encompass a variety of tobacco-
derived products, not limited to cigarettes, cigars, pipe tobacco, conventional smokeless
tobacco (oral moist snuff and chewing tobacco), and several new or emerging products, such
as tobacco waterpipe smoking (commonly called hookah). The vast majority of existing
research on tobacco and periodontal diseases focuses on cigarette smoking. However, a
number of studies report strong associations between periodontal diseases and pipe or cigar
smoking (3, 97), smokeless tobacco use (49, 140), and waterpipe smoking (43). While it
cannot be assumed that all oral health risks associated with cigarette smoking will directly
translate to all tobacco products, the accumulating evidence supports a generally harmful
effect on periodontal tissues across multiple classes of tobacco products. Later in this review,
we present some specific considerations to help the dental practitioner take a personalized
approach to treating patients who use tobacco, or are contemplating using, non-cigarette
tobacco products. This includes electronic cigarettes, which frequently contain tobacco-
derived nicotine and are sometimes regulated as tobacco products.

The primary objective of this review is to present an overview of the major factors the dental
practitioner must consider in developing a personalized approach to the tobacco-using
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patient, with additional considerations for the patient who consumes larger amounts of
alcohol. We focus on the underlying causes of tobacco-related periodontal diseases, options
for periodontal treatment, and personalized approaches for facilitating tobacco cessation.

Microbial, host response, and genetic considerations for the tobacco-using

patient

Microbial considerations

Although tobacco use is generally considered the major preventable contributing risk factor
for the incidence, severity, and progression of periodontal diseases, tobacco use is one of
several patient variables that must be incorporated in estimating the overall periodontal
disease risk for the individual patient. Several periodontal disease risk calculators have been
developed, all of which incorporate tobacco as a major risk factor, along with age, gender,
medical history, dental history, clinical measures and findings, family history, microbiota,
and the inflammatory response (53, 54, 107). Of particular interest to the field of
personalized dentistry are the specific interactions of tobacco use, in general, and cigarette
smoking, in particular, with alterations of the periodontal microbiota, the protective and
destructive inflammatory responses, and genetic predisposition. Such specific interactions
may underlie differences in treatment approaches for the tobacco-using patient from what
would be recommended for tobacco non-users. While each of these interactions could
require an individual paper to discuss in full, several key examples are presented here to
illustrate how tobacco cessation and reducing the damage from tobacco use might be
incorporated into developing a personalized approach to periodontal treatment.

The primary etiology of most periodontal diseases and conditions centers on the
development and maturation of the plaque biofilm and the emergence of a more
periodontopathic microbial profile. The potential effects of tobacco smoke on the
composition of the microflora has received considerable attention over the past several
decades. While some studies reported no significant differences from non-smokers in the
presence and relative proportion of selected periodontal pathogens in the plaque biofilms of
smokers (35, 132, 162), other studies have demonstrated significantly higher recovery rates
of periodontal pathogens in smokers (85, 88, 184) and earlier establishment of periodontal
pathogenic bacteria into the biofilm (98). One recent study also demonstrated a higher
recovery rate of periodontal pathogens in patients who consumed alcohol in larger quantities
(99).

In addition, significant shifts in biofilm ecology towards a microbiota associated with
periodontal health were reported following successful smoking cessation (98). Of note, some
recent studies using these newer microbial approaches have demonstrated in smokers higher
levels of periodontal pathogens in shallow, clinically healthy periodontal pockets and on oral
mucous membranes (64, 82, 109). In addition, significant differences in the microbiota
during the initial stages of plaque formation have been found between smokers and non-
smokers (98), as well as a higher recovery rate of pathogens around healthy peri-implant
tissues in smokers (172). Other differences in smoking versus non-smoking periodontal
patients include an increased recovery rate of superinfecting microorganisms such as
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Escherichia coliand Candida spp.(85), less reduction in periodontal pathogens in smokers
following scaling and root planing (34, 46, 174), a diminished healing response to systemic
antibiotic regimens, such as amoxicillin/metronidazole combinations (45), and a shorter
rebound period to a pathogenic flora following resolution of gingival inflammation (82).

Host response considerations

One intriguing mechanism proposed for how tobacco smoke could affect the oral microbiota
is via a genetic modification of Porphyromonas gingivalis after tobacco exposure, which
could impair the host response to this pathogenic species (11). Thus, the role of tobacco
smoking in promoting the growth of oral pathogenic bacteria may be either by directly
altering the growth environment or by impairing the protective response of the host,
including altering the inflammatory response, which itself would indirectly alter the biofilm
environment and allow for the growth of pathogenic organisms. The interactions between the
host response and oral microflora may be significantly altered both by acute exposures to
high concentrations of tobacco constituents during smoking or use of a smokeless tobacco
and by chronic exposures to chemicals that remain in the tissues, saliva, crevicular fluid, or
bloodstream in lower concentrations after tobacco use (144).

It is now well accepted that the major driving force in periodontal breakdown, particularly in
inflammatory periodontal diseases, is an imbalance been the protective/reparative and
destructive/inflammatory functions of the host response (42). These imbalances are
exacerbated by tobacco smoking, both during the initial host responses within the
periodontal pocket and subsequently in the deeper periodontal tissues (77). The first host
response events occur in the periodontal pocket between the plaque biofilm and neutrophils
that have migrated out of the tissue, aided by complement and antibody (70, 143). In an
effective response, these neutrophils would migrate to the plaque biofilm and engulf and kill
the target bacteria. While this neutrophil activity may effectively eliminate bacteria in
planktonic suspensions, it is virtually impossible for neutrophils to reach periodontopathic
bacteria deep within a dense and well-organized biofilm (70, 143). As a result, these
“frustrated” neutrophils release proteolytic enzymes and inflammatory mediators that can
resorb or stimulate resorption of the supporting periodontal tissues. The acute and chronic
exposure of the oral tissues to tobacco smoke, whether from a cigarette or cigar, has been
shown to tip this balance further from the protective functions of neutrophils and antibodies
in the periodontal pocket and towards greater destructive activity(70, 143).

For example, studies have demonstrated smoke-related impairment of protective host
response functions, including impaired immunoglobulin response to periodontopathic and
other bacteria (2, 9, 72, 80, 82, 116, 134), suppressed levels of chemokines required for a
protective response (158), and a reduction in potentially protective dendritic cells in the
epithelium (157). In addition, higher concentrations of products in tobacco smoke during
smoking can directly impair the protective functions of neutrophils (10), including
chemotaxis to target bacteria and engulfment (phagocytosis) of the bacteria (31, 95, 108).
Similar impairment of neutrophils to kill bacteria has also been reported in heavy alcohol
drinkers, including after adjustment for smoking (89). Tobacco smoke also stimulates the
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release of tissue destructive products from neutrophils, such as superoxide, hydrogen
peroxide, and proteolytic enzymes (111, 145).

The proteolytic enzymes that break down periodontal tissues include a variety of matrix
metalloproteinases, including several classes of collagenases, elastase, and gelatinase, which
are derived from the host’s own neutrophils, mononuclear cells, epithelial cells, or from
several periodontopathic bacteria species. The effects of smoking on these enzymes
themselves may not be as important as the balance between the activity of these enzymes
and the neutralizing activities of the intrinsic enzyme inhibitors in periodontal tissues.
Several studies have demonstrated elevated levels of tissue destructive enzymes in the
gingival crevicular fluid and serum of smokers with periodontitis (100, 117, 155, 156, 171),
as well as higher levels of Receptor activator of nuclear factor kappa-B ligand (RANKL), a
stimulator of bone resorption, and lower levels of the bone protective osteoprotegrin (117,
122). Other studies have shown no difference in levels (or even lower levels) of tissue
destructive enzymes in smokers (62, 125, 173). However, impaired activity of tissue enzyme
inhibitors may be even more critical in tipping the balance toward periodontal breakdown.
Indeed, reduced activity of these protective enzyme inhibitors have been reported
consistently in the gingival crevicular fluid and/or in the serum of smokers with chronic
periodontitis (121, 128, 129). Furthermore, high concentrations of nicotine during smoking
or using smokeless tobacco can impair healing through various mechanisms, such as
impairment of fibroblast attachment and collagen synthesis (65, 136, 167). It appears that
tobacco use contributes to periodontal tissue destruction by tipping the balance toward
greater proteolytic and resorptive activity and away from anti-proteolytic activity and repair
(86).

While tissue neutrophils play both a protective and destructive role in periodontal diseases,
with protective functions impaired and destructive functions enhanced by tobacco products,
the principal component in the host response within the periodontal tissues center on
mononuclear cell populations (monocytes and lymphocytes). As with neutrophil activities,
resorption and/or repair of periodontal tissues centers on a balance between destructive
inflammatory cytokines and tissue resorption enzymes on one side and protective cytokines
and growth factors on the other. The inflammatory/destructive profile involves increased
secretion and activity of proteolytic enzymes, as well as cytokines, such as
interleukin-lalpha and interleukin-1 beta tumor necrosis factor-alpha, prostaglandins,
interleukin-6 and/or interleukin-8 (120). In contrast, protective/reparative cytokines and
chemokines include transforming growth factor-beta, insulin-like growth factor,
interleukin-4, and interferons (120). There is a large body of evidence that supports the
paradigm that smoking will tip the balance toward a more destructive cytokine profile (168).
As a general overview, some studies have shown that T-cell activation and the Th2 immune
response, which can stimulate this destructive inflammatory cytokine profile, is elevated in
smokers (36, 37). When examining the role of tobacco in enhancing or suppressing specific
cytokine activities, in vitro studies have demonstrated elevated levels of secreted
interleukin-1beta in isolated mononuclear blood cells when exposed to tobacco smoke (147)
and elevated interleukin-1beta and interleukin-8 from periodontal ligament cells exposed to
nicotine (183). In some clinical studies, the effect of tobacco smoke and other tobacco
products and substances on cytokine secretion have been inconclusive (23, 25, 26, 126, 127),
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including no significant differences in the levels of interleukin-6 (152) and tumor necrosis
factor-alpha (44). However, other studies have demonstrated that tobacco smoke enhances
these destructive inflammatory profiles. For example, in a study of experimental gingivitis,
smokers demonstrated an elevated level of the inflammatory cytokine, interleukin-8 but a
lower level of the protective cytokine interleukin-4 (56). Other studies reported elevated
interleukin-6 and interleukin-8, depressed interleukin-4 (56) and elevated tumor necrosis
factor-alpha (52) in smokers. In studies of early-onset periodontitis (aggressive
periodontitis), smokers exhibited elevated levels of several inflammatory cytokines,
including interleukin-1beta, interleukin-6 and interleukin-8, when compared with
nonsmokers (84). Elevated levels of the reparative cytokine transforming growth factor-beta
also have been reported in the gingival crevicular fluid of smokers (161), which may be a
response to the increased breakdown of periodontal tissues in smokers.

Genetic considerations

In the field of genetics and periodontal diseases there is a large body of evidence that both
Mendelian variants and single nucleotide polymorphisms make a significant contribution to
a patient’s overall risk for developing periodontal disease and to disease progression and
severity. In addition, as discussed later in the paper, genetic variants may influence the
response of an individual patient to pharmacological approaches to smoking cessation. In
recent years, there has been considerable focus on the role of single nucleotide
polymorphisms of the DNA coding for proteins critical to the host response or inflammatory
destruction of periodontal tissue. Comparative studies of genetic polymorphisms and effects
on periodontal diseases between smokers and non-smokers have included interleukin-1 (56,
139), tumor necrosis factor-alpha (33), interleukin-6 (33, 71), and vitamin D receptor (28),
among other candidates. Smoking may enhance the risk of periodontal disease incidence and
severity in patients with these genetic polymorphisms (40, 76, 104, 113, 114, 131). Heavy
alcohol use may also interact with genetics to enhance periodontal disease risk, particularly
for those patients with genetic variants in alcohol dehydrogenase, a key enzyme in alcohol
metabolism. (118). However, a recent study did not observe interactive effects between
tobacco and genetics polymorphisms for interleuken-1alpha or interleukin-1beta in the
success of dental implants (176). Additionally, there was no interaction between smoking
status and single nucleotide polymorphisms for complement component 5, part of the host
response to periodontopathic bacteria, but the small number of smokers in this study limited
statistical power to detect gene-environment interactions (27). Notably, polymorphic alleles
coding for enzymes involved in the neutralization of toxic substances from tobacco have
been associated with periodontal disease, suggesting elevated disease risk for tobacco-using
patients with such polymorphisms (91).

Epigenetics is a third area of gene expression in which tobacco use may affect periodontal
disease. Epigenetic changes are post-translational modifications of mMRNA through
methylation or acetylation, which may either stimulate or suppress translation to proteins.
Such epigenetic changes may tip the balance away from protective effects of the host and
towards a more inflammatory/destructive profile in periodontal diseases (16, 101, 106).
Methylation or acetylation of post translational mMRNA can be stimulated by environmental
factors, such as smoking and use of other forms of tobacco, as well as the periodontal
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microbiota and local inflammatory environment (14). Methylation or acetylation of mMRNA
can then lead to an increase or decrease in the synthesis of corresponding proteins, such as
destructive inflammatory cytokines, tissue resorption enzymes, and growth factors, or may
lead to a more active or inactive enzyme form. At present, the specific mechanisms by which
smoking may contribute to epigenetic modifications involved in periodontal disease is
unclear. Nevertheless, in the context of personalized dentistry, the topic of smoking and
epigenetics merits further investigation.

Implications of microbial, host response, and genetic considerations for

personalized periodontal therapy

Over the past several decades there has been a considerable body of literature on periodontal
diagnostic approaches and therapies that specifically target the patient's individual
microbiota, genetic predisposition, and inflammatory host response (138). Since tobacco use
in general and smoking in particular may exacerbate the deleterious local and systemic
changes seen in periodontal disease progression in non-smoking patients, such targeted
approaches may also benefit the tobacco-using patient. Broadly, therapeutic approaches fall
under two categories: first, microbial testing with application of specific antimicrobials
targeted to the identified microbiota; and secondly, host modulation therapies specifically
designed to reduce the activities of destructive inflammatory substances and enhance the
protective, regenerative effects of the host response. Currently available risk calculators for
future periodontal breakdown incorporate local and systemic components including local
periodontal and systemic diseases and conditions, genetic predisposition, and oral habits into
their algorithms (53). These risk components can also be considered for patients who may
require a personalized treatment approach and include:

1. Patients who use tobacco. In particular, moderate to heavy smokers who continue
to smoke despite repeated attempts at smoking cessation

2. Patients with aggressive forms of periodontal diseases

3. Patients with an underlying systemic disease or condition that places the patient
at higher risk such as uncontrolled diabetes

4, Patients who have a family history and/or genetic disposition to further
breakdown
5. Patients whose periodontal condition continues to deteriorate despite repeated

attempts at conventional periodontal therapy.

For patients who use tobacco, personalized periodontal therapy may include systemic and/or
local antimicrobial therapy, host modulation therapies, and rigorous and customized
smoking cessation strategies.

Systemic or local antibiotic therapies may have a beneficial effect on reducing
periodontopathic bacteria in both clinically healthy and diseased sites. As previously
discussed previously in this paper, the literature suggests that periodontopathic bacterial
species can be isolated with a greater frequency in smokers in clinically healthy sites with
shallower pockets and around dental implants without clinical evidence of inflammation.
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Any potential clinical benefit of reducing these bacterial populations must be weighed
against the significant and well-documented possibility of contributing to development of
antimicrobial resistant strains. Therefore, the current evidence to support systemic
antibiotics as a personalized approach to managing periodontal diseases in patients who use
tobacco is limited at best.

In contrast, with the current understanding of the role of a destructive inflammatory host
response in periodontal breakdown, and the role of smoking in exacerbating this response,
current and future host modulation therapies offer a promising option as personalized
dentistry approaches. Perhaps the most widely used host modulators that may tip the balance
toward regeneration/repair and away from destruction/inflammation are the tetracycline
antibiotics, including tetracycline itself, doxycycline and minocycline. The tetracycline
family of antibiotics may neutralize inflammation-inducing substances that are particularly
elevated in tobacco-associated periodontal diseases. In particular, the tetracyclines have been
shown to depress the activity of several matrix metalloproteinases (including collagenases),
inhibit the release of interleukin-1beta from mononuclear cells, and act as a scavenger for
destructive oxygen species (such as superoxide), which are released during the oxidative
burst (1, 57, 177). As previously discussed in this paper, all these inflammatory substances
have been reported to be elevated, either in level and/or activity with tobacco smoke
exposure. Although smokers may still have a less favorable response than non-smokers to
local application of this group of tetracycline antibiotics (92, 182), several clinical studies
have demonstrated that either low doses of doxycycline given systemically, or higher
concentrations of minocycline and doxycycline given in a local controlled delivery system,
can have beneficial effects on periodontal status. For example, in a study of patients with
advanced periodontitis, including a majority with a history of past or current smoking, there
were marked added benefits of systemic low-dose doxycycline combined with scaling and
root planing when compared with scaling and root planing alone (119). In addition, studies
on the local delivery of either a doxycycline gel (146) or minocycline microspheres (123)
demonstrated an improved response to non-surgical periodontal therapy in smokers. These
studies indirectly support the concept that the locally applied antibiotics of the tetracycline
family may not only have an antimicrobial effect, but may also exert a local host modulating
effect by protecting against some of the effects of tobacco smoke on the destructive/
inflammatory arm of the host response.

As of this writing, systemic delivery of low dose antibiotics in the tetracycline family or
local high dose controlled delivery of these antibiotics are the only widely used approaches
for host modulation therapies, particularly for their effects on the suppression of destructive
host response in smokers. However, the emergence of new host modulation approaches to
suppress inflammation and promote repair, which are now in at the animal model or early
human trial stage, may have additive benefits in the treatment of periodontal diseases in
smokers. These include current work on the local and systemic application of inflammation
resolving molecules under the broad umbrella of resolvins (148). In particular, resolvins may
mitigate the destructive effects of tobacco on the host response discussed in this paper, such
as impairment of neutrophil migration and enhanced bone resorption (51, 175, 179). Indeed,
any host modulation approach that reduces periodontal tissue destruction may be of
particular benefit for tobacco users.
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Nevertheless, from the large body of cross sectional and longitudinal studies comparing
periodontal disease incidence and progression between non-smokers, former smokers, and
current smokers, it is apparent that the single most important personalized dentistry
approach to the prevention and treatment of periodontal disease in the tobacco-using patient
is an effective smoking cessation strategy. Strategies for developing a personalized dentistry
approach to tobacco use prevention and tobacco cessation are discussed in this next section.

Understanding tobacco dependence

To provide comprehensive, personalized cessation counseling, dental professionals must
understand the physiological, psychological, behavioral, and social aspects of nicotine
addiction (178). From a physiological standpoint, nicotine from tobacco products stimulates
the brain to release chemicals that result in feelings of pleasure, cognitive arousal, appetite
suppression, improved short-term memory, mood enhancement, decreased anxiety and stress
reduction. Over time, with continued exposure to nicotine, the brain becomes tolerant and
adapts by producing additional nicotine receptors and develops tolerance: requiring higher
levels of nicotine to yield the same physical effects (17). Reductions in nicotine exposure
lead to symptoms of nicotine withdrawal, including cravings, depression, irritability,
frustration, anger anxiety, and difficulty concentrating. The severity of these withdrawal
symptoms varies greatly across individuals. Levels of nicotine dependence and withdrawal
are key considerations in determining the type and intensity of tobacco cessation strategies.
For example, nicotine replacement therapy may be more appropriate for the dependent
patient. (29, 137)

While physical aspects of nicotine addiction undoubtedly influence tobacco use, certain
psychological, behavioral, and social factors also play an important role in tobacco cessation
success. Patients may use tobacco products as a coping mechanism to relieve stress,
depression and anxiety. For some, tobacco use may be part of a social identity. For example,
smokeless tobacco use may be a bonding activity within peer groups, often associated with
outdoor activities or sporting events (32, 69). For many tobacco users, environmental and
social situations can pose major challenges to cessation. Indeed, individuals whose family,
peers, or significant others are tobacco users are less likely to quit successfully (30).
Moreover, many tobacco-using patients will develop behavioral responses to certain
environmental stimuli, such as finishing a meal, driving in their car, or drinking alcohol, that
generate an urge to use (178). These behavioral responses are often responsible for relapses
in individuals with short-term cessation success. Understanding the socio-behavioral aspects
of nicotine addiction can be just as critical as the physical aspects in helping to personalize a
patient’s tobacco use and dependence treatment plan.

Incorporating a personalized approach to tobacco cessation

Dental professionals are in a unique position to help their periodontal patients be successful
in tobacco cessation. Combined findings from 14 studies with over 10,500 participants
demonstrated that tobacco interventions by dental professionals helped tobacco users to quit
cigarettes and smokeless tobacco (47). However, it is important to keep in mind that a
personalized dentistry approach is more effective than “one size fits all” when considering
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the broad range of individual patient attitudes, behaviors and level of dependence. The
dental provider must be able to guide a patient to the awareness that their tobacco habit is
the most important preventable risk factor for developing systemic and oral disease,
including periodontitis and oral cancer. While a comprehensive review of tobacco cessation
strategies would require its own paper, the aim of this section is to describe a general
framework for treating tobacco use and dependence in a dental setting and helpful strategies
for implementing a personalized approach within this framework. For additional information
and resources for the dental provider and patient, see Table 1.

Behavior Change and Motivational Interviewing

To effectively communicate with patients about their tobacco use, clinicians must first
understand their patient’s readiness to change their behavior. The Stages of Change model
(or Transtheoretical model) is a model developed by researchers that describes the process of
behavior change in 5 steps: pre-contemplation, contemplation, preparation, action, and
maintenance (133). When applied to tobacco cessation, the model demonstrates that
individuals cycle through each of the five stages of change in both a linear and non-linear
process depending on their personal circumstances (Fig. 2). It is important that clinicians
understand where patients are in the stage of change process in order to provide effective
tobacco cessation counseling.

Dental practitioners must ask detailed questions and listen to each patient in order to
understand their readiness and individual motivations to quit. Motivational interviewing is a
method used by practitioners to stimulate a patient’s intrinsic motivation to change a
behavior, such as tobacco use. There are four general principles of motivational
interviewing: expressing empathy, developing discrepancy, rolling with patient resistance
and supporting self-efficacy (Table 2). These principles can be used to inform patients about
negative health risks and help guide them to make changes that fit their unique needs (141).
It is important that dental practitioners listen and acknowledge the patients’ perspective,
support their initiative to change, and provide them with relevant health and treatment
information. In addition, practitioners must resist the urge to tell their patients what they
should or should not do (181). This desire to persuade patients into making a behavior
change tends to result in increased resistance and greater focus on the disadvantages of
quitting. Rollnick at al. (2008) suggest that providers resist this “righting reflex” by listening
and determining where the patient is in their own process of change (141).

One strategy to determine a patients’ readiness for change is to listen for change talk.
Change talk is the use of certain words that suggest a willingness or openness to behavior
change (Table 3). When a patient voices change talk, providers should respond with
particular interest in what the patient is saying. This response can be non-verbal, such as a
simple head nod, or a verbal response, asking the patient to elaborate (115). The ability to
identify when a patient is ready for change is a motivational interviewing technique that is
central to assisting them in taking the next step.

The 5 A’s: Ask, Advise, Assess, Assist and Arrange—The established framework
for the treatment of tobacco use and dependence is the 5 A’s approach to care (47). This
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approach involves asking clients about their tobacco use, advising users to quit and
encouraging nonusers to remain tobacco free, assessing readiness to quit, assisting with the
quitting process, and arranging follow-up. The 5 A’s framework is best designed for
practices and organizations that have cessation medications, counseling, and behavioral
interventions available. When there is limited time or resources, clinicians are encouraged to
apply a condensed 5 A’s model, known as the “2 A’s & R” model, whereby they ask about
tobacco use, advise tobacco users to quit, and refer patients who are willing to quit to a
telephone quitline or other community-based tobacco cessation program. Regardless of a
patient’s readiness to quit, the “5 A’s” or “2 A’s & R” model are essential interventions for
every patient.

It is important that dental professionals ask about tobacco use with every patient at every
appointment. With increasing popularity of non-cigarette tobacco products, dental
professionals must expand their inquiry beyond cigarettes and verbally ask about all tobacco
and nicotine products, recognizing that many tobacco-using patients do not consider
themselves "smokers." In addition to tobacco products used, dental providers must also ask
about frequency of use and their history of previous quit attempts (including methods used).
If a patient does not use tobacco products, it is important to congratulate that patient and
encourage continued abstinence.

If a patient reports tobacco use, the next step in the 5 A’s framework is to advise that patient
to stop using tobacco in an effort to prevent associated oral and systemic health risks. While
advising patients about their tobacco use, it is important that dental professionals incorporate
a personalized approach that is clear and relevant to that particular patient. One potential
strategy that may be effective for some tobacco-using patients is to appeal to their sense of
appearance, as esthetic concerns may be a major reason a patient seeks dental care. For those
patients and others, a clear demonstration of the effects of tobacco on the appearance of their
teeth, gum recession, and tooth mobility may be a motivational tool. The effect of showing a
patient the immediate effects of tobacco use has parallels to other smoking-related disease or
conditions. For example, studies have demonstrated that cigarette smoking patients who
have had a heart attack or been diagnosed with acute coronary heart disease can have fairly
high levels of tobacco cessation success, exceeding those reported for healthier individuals
in the general population (15). As a personalized dentistry approach, incorporating a visual
demonstration of the effects of tobacco on the appearance of their teeth and soft tissues,
while certainly not as dramatic as the patient’s experience of a heart attack, provides a
“teachable moment” and may have a higher maotivational impact on their efforts to quit long-
term (135).

Once a tobacco-using patient has been advised to quit, the next step in the 5 A’s approach is
to assess the patient’s readiness to quit. If a patient has expressed motivation to quit, the
chances for success are far greater than if the patient is uninteresting in quitting or wishes to
postpone the start of a cessation program. The patient’s response to the question, “Would
you like to quit smoking in the next month?” is a branching point for the dental provider in
customizing a tobacco counseling strategy.
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For patients who are uninterested in quitting, dental providers should implement the “5 R’s”
Relevance, Risks, Rewards, Roadblocks and Repetition (48). This approach involves: asking
the patient to explore why quitting is personally relevant to them; asking the patient to
identify potential risks of tobacco use and rewards or benefits of quitting; asking the patient
to identify roadblocks or barriers to quitting; and repeating these motivational interventions
with patients at each visit (Table 4) (48).

Some patients may not be ready to quit completely, but instead express a readiness to “cut
down” on their tobacco use or switch to a different tobacco product that they perceive to be
less harmful. One example would be a cigarette smoking patient that expresses an interest in
switching to using cigars or pipes. Several large-scale epidemiologic studies have shown that
pipe and cigar smokers have comparable levels of periodontal diseases to cigarette smokers
(3, 97). In addition, when considering the overall local and systemic effects of pipe and cigar
smoking, increased risks of developing cancers of the lung, mouth, and esophagus, as well
as pulmonary diseases and cardiovascular disease should be discussed (12, 93). A second
question patients may ask is whether cutting back on the number of cigarettes smoked per
day would reduce the risk and progression of periodontal diseases. Several studies have
indeed demonstrated a dose-dependent association between the number of daily cigarettes
and loss of periodontal support or teeth (38). While these findings may suggest benefits from
cutting back, they need to be carefully interpreted. For example, blood and urine levels of
nicotine metabolites in smokers who reduced their daily numbers of cigarettes are higher
than found in smokers who had continually smoked fewer cigarettes/day (67). This
discrepancy may be due to the habituating effects of nicotine, which compel the smoking
patient to inhale each cigarette more fully to maintain constant nicotine intake from fewer
cigarettes consumed. Compared to hon-smokers, even adults who smoke no more than 1
cigarette daily exhibit substantially elevated risk of lung cancer and death, suggesting that
there is no risk-free level of tobacco smoke exposure (75).

Yet another alternative the patient may propose is to substitute other tobacco products, such
as smokeless tobacco, for a cigarette smoking. While smokeless tobacco use may produce
fewer toxins than burned cigarettes, potentially decreasing smoking-related health risks,
health conditions associated with smokeless tobacco include severe loss of clinical
periodontal attachment, precancerous and cancerous lesions of the oral mucosa, pancreatic
cancer, and elevated nicotine in the bloodstream, which can lead to an intractable habituation
and increased risk for smoking initiation, smoking relapse, or continued use of both
products(4, 24, 50, 58, 105, 150). In addition, patients may consider whether cannabis use
poses oral health risk. However, there appears to be a dose related association between
cannabis smoking and the prevalence of periodontal diseases (151, 170). Patients may view
use of other forms of tobacco, such as cigars and tobacco waterpipe (hookah), as less
damaging to health than cigarette smoking (110). However, much like cigarette smoking, use
of these products is associated with worse periodontal health (3, 43, 97). There is not yet
strong direct evidence connecting use of electronic cigarettes to poor oral health, although
these products are not harm free. The implications of the emergence of electronic cigarettes
for the tobacco-using periodontal patients will be further discussed later in this review.
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When patients do express an interest in quitting all tobacco products, they should be
encouraged to set a quit date within the next month. During the assisting phase of the 5 A’s,
dental practitioners should provide brief counseling and referral to an internal or external
cessation program. These programs can be part of the dental practice in which the
practitioner works, or a community-based program, such as tobacco cessation websites (e.g.
www.smokefree.gov) or telephone quit lines (e.g. 1-800-QUIT-NOW). It is important that
patients have social support during a quit attempt. Thus, dental professionals should
encourage patients to tell their family and friends about their desire to stop using tobacco.
Using the motivational interviewing strategies discussed above allows the patient to begin
hearing their own motivation for change. It also creates an opportunity to use the Elicit-
Provide-Elicit model to guide the patient towards a personalized cessation plan. This model
is promoted by the Mayo clinic for tobacco cessation and is based on the dental
practitioner’s ability to elicit the patient’s perspective, provide information about tobacco
products and cessation strategies in a non-judgmental way, and elicit the patient’s thoughts
and feelings about the information shared and their ideas about next steps. This approach
helps dental practitioners understand the personal reasons a patient is interested in quitting
and engages a patient's internal motivation.

Studies have shown that personalized behavioral counseling and pharmacological
medications improve tobacco cessation efficacy, particularly when used in combination
(159, 160, 164). Pharmacological aids may be especially important to personalize tobacco
cessation strategies for the highly nicotine dependent patient. Dependence on nicotine can
often be determined by asking about a patient’s age of initiation, frequency of tobacco use,
and time of tobacco use after waking. Several assessment tools have been developed to help
practitioners quantify a patients’ degree of dependence (Table 5). This degree of dependence
can help predict the behavioral counseling and pharmacological treatment required and the
level of difficulty a patient will experience during their quit attempt (68). Over the counter
pharmacological aids are nicotine replacement therapies, which include nicotine-containing
transdermal patches, chewing gum, lozenges, nasal spray, and inhalers (47). Prescription
medications include varenicline (Chantix®) and buproprion (Zyban®, Wellbutrin®) and
have been shown to improve smoking cessation success, especially in combination with
nicotine replacement therapy (81). Contraindications and potential adverse psychological
effects of prescription medications, such as buproprion should be considered before
prescribing to patients.

The final step in the 5 A’s approach involves arranging follow-up with patients who have
quit using tobacco products, or those who are thinking about quitting in the future. These
follow-up visits are opportunities to reinforce the importance of tobacco cessation and
modify cessation strategies for those who have been unsuccessful. Tobacco users who have
failed in previous quit attempts should be encouraged to continue trying to quit and be
reminded that successful cessation often involves multiple attempts. If a person has been
successful, they should be congratulated and encouraged to continue abstinence in the
future. Regardless of whether a patient has successfully quit using tobacco, clinicians must
be mindful that tobacco dependence is a chronic and relapsing disorder that requires ongoing
assessment and motivational interventions (47).
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Recent developments affecting personalized tobacco cessation

One recent mode of tobacco use that merits more extensive discussion for consulting with
patients in this era of personalized medicine and dentistry is the emergence and increasing
popularity of electronic cigarettes, or “e-cigarettes.” While the types and formulations of e-
cigarettes varies considerably, the basic principle is that these devices produce an inhalable,
heated aerosol, commonly called a vapor, that delivers nicotine and flavoring agents but does
not contain (or contains at much lower levels) the several hundred other toxic substances
present in tobacco smoke. The short and long-term safety and other adverse and/or
beneficial effects of e-cigarettes have been the subject of controversy both within and
between countries, with some countries, such as Brazil and Norway, placing heavy
restrictions or bans on their sale. Of particular note to the dental profession, one safety
consideration is the possibility that poorly manufactured e-cigarette devices could explode
during use, potentially leading to dental or facial injuries (94). While e-cigarettes may offer
a less harmful form of nicotine delivery than combustible tobacco, e-cigarettes are not harm
free. Recent studies suggest immediate cardiovascular changes in healthy volunteers after
using e-cigarettes (8) and showed the release of inflammatory cytokines by isolated
periodontal fibroblasts exposed to e-cigarette aerosols (165). Long-term habituation to
nicotine and subsequent use of other tobacco products is a concern supported by a recent
study that demonstrated children who initially used e-cigarettes were more likely to progress
to using combustible tobacco (13).

How and whether e-cigarettes should be incorporated into customized approaches to tobacco
cessation is a topic of much debate. For example, while in the United Kingdom, use of e-
cigarettes is widely accepted by the public health community, citing the potential of e-
cigarettes to reduce smoking-related disease(112) in the United States, more concern and
caution has been raised, noting the rising prevalence of e-cigarette use among youth (149).
To date, randomized controlled trials of e-cigarettes as a smoking cessation tool have not
consistently demonstrated superior outcomes over existing cessation aids, but more trials are
ongoing (66). For the dental practitioner, there is a responsibility to remain up-to-date as
more research regarding the potential risks and benefits of e-cigarettes emerges. As always,
the most important advice the practitioner can give to a patient in any personalized dentistry
approach is to encourage evidence-based cessation strategies with the ultimate goal of
reaching long-term cessation from all tobacco.

Looking toward the future of personalized tobacco cessation approaches, emerging research
suggests that genetic factors may play a key role in nicotine dependence and smoking
cessation outcomes. The liver enzyme cytochrome P450 (CYP) 2A6 is responsible for
breaking down nicotine in the body. Genetic variation in the CYP2A6 gene determines the
rate at which individuals metabolize nicotine: a phenotype reliably measured in blood, urine,
or saliva as a ratio of nicotine breakdown products (nicotine metabolite ratio) (5). Variation
in nicotine metabolite ratio has been associated with cigarette consumption behaviors and
smokers' ability to quit successfully (18, 87, 103). Variation in tobacco cessation
effectiveness according to nicotine metabolite ratio and specific pharmacologic aids supports
personalized interventions based on patient phenotypes, for example, nicotine replacement
therapy for slow metabolizers and varenicline for normal metabolizers (5). While there is not
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yet a rapid chair-side test for determining nicotine metabolite ratio, the dental practitioner
may soon have the option of using genetic information or other biomarkers to tailor tobacco
cessation treatment or tobacco prevention education to individual patients.

Improving periodontal outcomes for the tobacco-using patient

Tobacco use is quite possibly the most influential preventable risk factor for periodontal
diseases and periodontal treatment outcomes. Understanding how a patient's tobacco-related
behaviors interact with specific microbial, host response, and genetic determinants of
periodontal health will better position the practitioner to choose appropriate therapies that
best address the specific circumstances of each individual patient. While the relationship
between the consumption of alcoholic beverages and at what quantities to periodontal
disease progression both as a stand-alone risk factor and as a co-factor with tobacco use has
yet to be determined, the dental practitioner can also inform the patient of new evidence
regarding alcohol use and their periodontal condition as it becomes available. Use of tobacco
and alcohol constitute one aspect of a personalized periodontal assessment, in which the
practitioner aims not only to diagnosis existing disease, but to identify potentially modifiable
risk factors and to center prevailing conditions within the larger context of the patient's
behaviors and environment. A summary of the various biological and behavioral
considerations for the evaluation, consultation, and treatment approaches for the tobacco-
using patient presented in this paper is presented in Fig. 3. Equipped with a better
understanding of the patient, the practitioner can align both periodontal treatment options
and tobacco cessation counseling with patient-specific biological and behavioral factors
(Fig. 3). In tailoring clinical approaches to each patient, the practitioner must incorporate the
scientific evidence and clinical findings, as well as sound judgment and excellent patient
communication in order to incorporate patient behavior and motivation into personalized
approaches. The dental practitioner has a tremendous opportunity to improve patient health
and wellbeing through encouraging and facilitating that all patients live tobacco-free. While
patients can be expected to face significant challenges in overcoming nicotine dependence to
quit tobacco use, dental practitioners can enhance the chances of cessation success with
evidence-based personalized approaches.
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Fig. 1.

Clgijnical views of two heavy smokers with a moderate (top) and severe (bottom) chronic
periodontitis. In both of these clinical examples there is considerable accumulation of
plaque, calculus and tobacco stain. As often seen in heavy smokers, the gingiva generally
appears enlarged and fibrotic, with loss of surface stippling, and with the exception of a few
areas, with a less overt margin-papillary erythema when compared to similar levels of
inflammatory periodontal diseases in non-smokers. There also often less of a tendency for
bleeding on probing when compared to non-smokers. (Special thanks to Stacey Lee and
Iman Mohammadi)
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Pre-contemplation:

No change is intended in the
foreseeable future.

Contemplation:
Maintenance: The individual is not prepared

PRI ; to quit at the present but is
f TTe 'ndlvtlgual has qltjrllt considering quitting and has
or longer than Six motns. intention to do so in the next

6 months

Action:

The individual is making
attempts to quit.
However, quitting has
not been in effect for
longer than six months.

Preparation:
Individual is actively

considering quitting in
the immediate future
(within the next month)

Fig. 2.
Stages of Change Model Related to Tobacco Cessation
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Personalized Patient Assessment

Tobacco & Alcohol Use
History & current use

Addiction & dependence

Multiple tobacco product use

Page 28

Periodontal Condition

Disease history & current status

Prognosis
Patient expectations

Patient Context

Behaviors, beliefs, & values
Community & social factors

Oral health barriers & facilitators

Personalized Treatment Considerations

~ N ™

Tobacco-Related Treatment Options
Dlse_ase P.athways Antimicrobial therapy
Microbiology Host modulation
Host Response Surgical or

Genetics non-surgical care

N N\ _J

Fig. 3.

Personalized
Tobacco Cessation

Counseling (5 A’s)
Motivational interviewing
Pharmacological aids
N _/

In evaluating, counseling, and treating the tobacco-using periodontal patient, the dental care
provider should consider personalized factors, such as patient values, nicotine dependence,
and microbiology, to develop appropriately tailored therapies.
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Table 1

Resources for Dental Professionals and Patients

Dental Professionals:

Motivational | nterviewing Resources
- Motivational interviewing in healthcare: Helping patients change behavior. Rollnick, Miller and Butler (2008).

- Motivational interviewing, second edition: Preparing people for change. Miller & Rollnick (2002).

Tobacco Cessation Resources

- Fiore, M. C., et al. "Treating tobacco use and dependence: 2008 update." Rockville, MD: US Department of Health and Human
Services (2008)

- Treating Tobacco Use and Dependence. Quick Reference Guide for Clinicians, October 2000. U.S. Public Health Service

- Centers for Disease Control and Prevention, Tips from Former Smokers Campaign, For Dental Professionals: www.cdc.gov/tobacco/
campaign/tips/partners/index.html?s_cid=OSH_tips_D9395

- UCSF Smoking Cessation and Leadership Center: www.smokingcessationleadership.ucsf.edu/

Patients:

Online Resources
- Smokefree.gov Program: www.smokefree.gov/
- Tobacco Free Kids: www.tobaccofreekids.org/research/factsheets/pdf/0326.pdf
- Centers for Disease Control and Prevention, Tips from Former Smokers Campaign: www.cdc.gov/tobacco/campaign/tips/
- QuitNet: www.quitnet.com

- Smokefree Teen: www.teen.smokefree.gov

Smartphone applications
- QuitGuide: www.smokefree.gov/apps-quitguide

- QUuIitSTART: www.smokefree.gov/apps-quitstart

Telephone Quitlines
- California Smoker’s Quitline: 1-800-NO-BUTTS, www.nobutts.org
- National Tobacco Quitline: 1-800-QUIT-NOW

Smokel ess Tobacco Cessation Resources
- Chew Free Program: www.chewFree.com

- My Last Dip Program: www.mylastdip.com

Mobile Cessation Support

- Smokefree TXT: www.smokefree.gov/smokefreetext

Support Groups

1 Nicotine Anonymous: www.nicotine-anonymous.org/
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Table 2

Four Main Principles of Motivational Interviewing

Principle 1: Expressing empathy
- Complete acceptance
- Reflective and skillful listening

- Ambivalence is normal

Principle 2: Developing discrepancy
- Patient argues for change

- Create a change in perception of difference between present behavior and
personal goals and values

Principle 3: Roll with resistance
- Avoid arguing for change
- Resistance is not directly opposed
- Invite new perspectives

- Patient is the primary resource in finding answers

Principle 3: Support self-efficacy
- Patients belief that change is possible
- Patient is responsible to carrying out change

- Provider’s own belief of patients ability to changes becomes a self-
fulfilling prophecy
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Table 3

Listening for Change Talk

Type of change talk |

Examples

Desireto change: |

“l wish” “l want” | like the idea”

Abilityto change:

“I could probably try replacing my smoke breaks with a short walk.”

“I might be able to cut out dipping at practice”

Reasons to change:

“I’'m sure 1'd feel better if | quit”

“Smoking keeps me from running”

Need'to change:

“I’ve must get healthier for my family”

“I’ve got to get my habit under control”

Commitmentto change

Higher level:

Lower level:

“l will try to cut back”
“l promised my kids | would quit this year”

“I plan on calling a quitline today”

“I will think about what we discussed”

“I really hope | can quit”

Examples of "change talk," which represents language and phrases that a tobacco-using patient may express prior to committing to tobacco

cessation. Adapted from Rollnick, et al.(142)
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Table 4

Examples of Risks, Rewards and Roadblocks to Tobacco Cessation

Components of the
5

R’s Approach:

Potential Personal Examples:

Risks

Acute risks: shortness of breath, asthma exacerbation, pregnancy harm, impotence, infertility

Long term risks: Cardiovascular disease, cancer, chronic obstructive pulmonary disease, long term disability,
etc

Environmental risks: health risks for children and other family members exposed to second hand smoke,
higher rates of tobacco use in children of tobacco users

Rewards

Improved health

Improved taste and sense of smell
Money saved

Feel better mentally and physically
Set a positive example for family
Healthier children

Improved physical performance

Reduced wrinkling and aging of skin

Roadblocks

Withdrawal symptoms
Fear of failure

Weight gain

Lack of support
Depression

Enjoyment of tobacco

The "5 R's" Approach, adapted from Fiore, et al(47).
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Table 5

Nicotine Dependence Assessment Examples

Fagerstrom
Test for
Nicotine
Dependence
(FND) (68)

How soon after you wake up do you smoke your first cigarette?
Within 5 minutes (3)
6 to 30 minutes (2)
31 to 60 minutes (1)
After 60 minutes (0)

Do you find it difficult to refrain from smoking in places where it is forbidden (e.g., in church, at the library, in the
cinema)?

No (0)
Yes (1)
Which cigarette would you hate most to give up?
The first one in the morning (1)
Any other (0)
How many cigarettes per day do you smoke?
10 or less (0)
11t0 20 (1)
211030 (2)
31 or more (3)
Do you smoke more frequently during the first hours after waking than during the rest of the day?
No (0)
Yes (1)
Do you smoke when you are so ill that you are in bed most of the day?
No (0)
Yes (1)

How to interpret Nicotine Dependency Score:

Score of 6 or higher: Indicates high nicotine dependency and represents individuals who would be particularly likely to
benefit from tapering and/or the prescription of nicotine replacement therapy (gum or patch) to decrease nicotine withdrawal
symptoms as an adjunct to standard counseling.

Score of 5 or less: Suggests low to moderate nicotine dependency and represents individuals who may be less likely to
require tapering and/or the prescription of nicotine replacement therapy (gum or patch). Standard counseling is most
appropriate.

Hooked on
Nicotine
Checklist
(HONC) (39)

1 Have you ever tried to quit, but couldn’t?
Yes (1)
No (0)
2 Do you smoke now because it is really hard to quit?
Yes (1)
No (0)
3 Have you ever felt like you were addicted to tobacco?
Yes (1)
No (0)
4 Do you ever have strong cravings to smoke?
Yes (1)
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No (0)
5 Have you ever felt like you really needed a cigarette?
Yes (1)
No (0)
6 Is it hard to keep from smoking in places where you are not supposed to?
Yes (1)
No (0)

When you haven’t used tobacco for a while...OR, When you tried to stop smoking...
7 Did you find it hard to concentrate because you couldn't smoke?
Yes (1)
No (0)
8 Did you feel more irritable because you couldn't smoke?
Yes (1)
No (0)
9 Did you feel a strong need or urge to smoke?
Yes (1)
No (0)
10Did you feel nervous, restless or anxious because you couldn't smoke?
Yes (1)
No (0)

How to interpret Nicotine Dependency Score: The HONC as an indicator of diminished autonomy.
Score 0: Individuals enjoy full autonomy over their use of tobacco.

Score 1 or higher: An individual has lost full autonomy if any symptom is endorsed. The number of symptoms a
person endorses functions as a measure of the extent to which autonomy has been lost.
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