Studies in Sweden

Modeéer, Lavstedt, and Allund studied the oral health effects of
smoking and snuff use in 232 Swedish school children ages 13 to 14
years (119 boys and 113 girls) (36). Thirteen (11 percent) of the boys used
snuff. The children were interviewed regarding their tobacco and tooth-
brushirg habits, and examiners (blind to the interview results) clinically
assessed the degree of gingival inflammation, oral hygiene, and the
presence of calculus (discussed in the next section). Standardized in-
dices were used to assess all oral conditions. Controlling for the
presence of dental plaque, gingival inflammation was the only variable
that was significantly different between snuff users and nonusers.
Snuff use was directly correlated with the degree of gingival inflasnma-
tion. The gingival inflammation noted was related to the site of smoke-
less tobacco placement.

Discussion

The relationship of smokeless tobacco use and the health of gingival
and periodontal tissue has received minimal study. Because of the
variation in study designs and diagnostic criteria, comparisons between
available studies are inappropriate. Thus the effects of smokeless tobac-
co use on these tissues are not clearly understood.

With regard to gingivitis, one cross-sectional study noted no differ-
ence between users and nonusers (9). Another study, however, empha-
sized that there was a significant difference between users and nonusers
and that snuff use was directly correlated with the degree of gingival
inflammation (36).

Gingival recession is a common finding among users of smokeless
tobacco/snuff. In the U.S. cross-sectional studies, gingival recession
was found in 25.6 to 60 percent of teenage users (7-9). In the two Col-
orado studies, all the gingival recession was specific to the site of to-
bacco placement (25.6 and 26.8 percent) (8). In the Georgia study, only
6.6 percent of the gingival recession was in the area of tobacco place
ment (9). In addition, several case reports have identified gingival reces-
sion at the site of habitual tobacco placement (10-13).

Between 76.6 and 86.6 percent of smokeless tobacco users who had
gingival recession also had concomitant mucosal pathology (7,8). These
soft tissue changes were found at the site of habitual tobacco placement.

Salivary Glands

Smokeless tobacco or its components may contribute to degenerative
changes and severe damage, such as undifferentiated carcinoma, to the
salivary glands and excretory ducts of humans and mice (18 20,28 37). In
a study that assessed the formation of tobacco-specific nitrosamines
from the major tobacco alkaloid nicotine, Hecht et al., reporting from the
histologic evaluation, noted two undifferentiated carcinomas of the
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salivary glands in two groups of mice that were given injections of
nitrosonornicotine (NNN) in saline or trioctanoin (37). Because of the
uncommonness of salivary tumors in strain A mice, Hecht et al. con-
cluded that the tumors were probably a result of systemic administra-
tion of NNN.

Sialadenitis and degenerative changes in minor salivary glands were
found in 16 of 50 habitual snuff dippers with a greater number belong-
ing to the groups that were classified clinically as having the most
severe snuff-induced lesions (18) (table 1). The findings from this study
included a decrease in oxidative enzyme activities and indications of
metabolic atypia that were based on enzyme histochemical tests. The
salivary glands appeared to manifest more damage than the oral epi-
thelium from snuff use. Variations in degrees of effect may be attrib-
uted to the variations in snuff dipping habits and brands of snuff.

In a recent study by Greer and his colleagues (20} (table 1), 45 smoke-
less tobacco users ages 13 to 74 years were clinically and histomorpho-
logically assessed for the effects of smokeless tobacco on the oral
tissues. Of 45 tissue specimens, 18 included salivary gland tissue.
Damage in the form of sialadenitis and other degenerative changes in
salivary glands was shown in 4 of the 18 specimens. A consistent pat-
tern for chronic sialadenitis was not found among any of the age groups.
The authors did not specify the other degenerative changes. However,
four patients, ages 21, 25, 50, and 60 years, demonstrated either a mild,
moderate, or severe salivary gland fibrosis. The most severe salivary
gland fibrosis was found in the 21-year-old subject who was considered
a short-term smokeless tobacco user; a definition for short-term user
was not provided. Unlike the findings of Hirsch, Heyden, and Thilander
(18), salivary gland fibrosis or changes were not related to the stage
{degree) of the clinical lesion. The authors concluded that there is no
doubt that salivary gland fibrosis can be shown and that it is likely to be
related to the damage from smokeless tobacco. They also commented
that ‘It is likely that the degree of salivary gland fibrosis and degenera-
tive change, along with sialadenitis, may be a factor that is associated
with tobacco brand rather than with a generalized reaction cavsed by all
tobacco.”

Included among the many questions concerning the effects of smoke-
less tobacco use on the salivary glands is that of changes on the flow
and buffering capacity of saliva. In a sample of 48 Finnish snuff users
ages 17 to 21 years {mean 18.9), the resting and stimulated salivary flow
was measured (21) (table 1). The subjects refrained from the use of snuff
for 1 hour before collection of saliva. The saliva of 10 nonusers was
similarly collected. The statistically significant findings demonstrated
a higher resting salivary flow of snuff users compared with controls.
Although the stimulated salivary flow was also higher among the snuff
users than the controls, this difference was not statistically significant.
Buffering capacity was the same between the two groups. Although
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these findings offer additional information regarding the effects of
smokeless tobacco on the salivary glands, the clinical significance of
these effects has not been systematically assessed, nor have the out-
come differences related to the different products. Replication studies
of these findings are needed before firm conclusions can be made.

In contrast to the effects just cited, Archard et al. were unable to
identify lesions or dysfunctions associated with smokeless tobacco use
(23) (table 2). These investigators carried out histochemical tests on le-
sions in the oral cavity that were in close proximity to the salivary
glands. These tests revealed no evidence of an inflammatory reaction
associated with the glands.

Discussion

The interpretation of data within this general area requires caution.
Limited evidence suggests a possible relationship between the use of
snuff and damage to the salivary glands. Should this be the case, the
loss of salivary gland function can result in the decreased production of
saliva and the ultimate loss of a protective buffer for the oral epithelium
and the teeth against numerous exogenous factors such as infectious
agents, including dental caries.

THE EFFECTS OF SMOKELESS TOBACCO USE ON TEETH

Background and Definitions

This section of the chapter addresses the role of various forms of
smokeless tobacco in causing or contributing to diseases or conditions
of the teeth. Specific effects that are examined include dental caries,
abrasion, erosion, plaque and calculus buildup, and staining. For pur-
poses of discussion, definitions are offered for a number of terms that
are considered to represent commonly held concepts of diseases and
conditions of the teeth as evidenced in the relevant scientific literature.

e Dental caries—Clinically detectable cavitation of the coronal or

root surfaces of the tooth that is caused by acid demineralization of
colonizing bacteria on tooth surfaces.

¢ Abrasion—Clinically evident wear of the coronal portion of teeth

either generally or focally that appears excessive for a patient of a
given age. This is a mechanical effect that is caused by the action of
abrasive substances or objects during normal functioning or by
oral habits.

¢ Erosion—Loss of tooth structure that is attributable to a chemical

" agent.
¢ Plaque—Bacterial-laden, proteinaceous material that is continu-
ally deposited in the oral cavity through the proliferation of bac-
terial types.
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¢ Calculus—A concretion that forms on the coronal and exposed root
surfaces of teeth through the calcification of bacterial plaques.

s Staining—An extrinsic stain deposit that results in discoloration
on tooth surfaces.

Dental Caries

Evidence for the effects of smokeless tobacco use on the teeth is avail-
able from several cross-sectional studies (table 1), from a limited number
of case reports (table 2), and from a limited number of related investiga-
tions of the potential for constituents of smokeless tobacco to serve as
predisposing or etiologic factors in the development of dental caries.

As previously mentioned, Offenbacher and Weathers reported on the
oral soft and hard tissue effects of smokeless tobacco use in a study
population that comprised 565 males with a mean age of 13.8 years (9).
This population typifies the age group that is commonly described as
“the cavity-prone years.” Although caries rates expressed as decayed,
missing, or filled teeth (DMFT) were higher for smokeless tobacco users
without gingivitis than for nonusers without gingivitis, these differ-
ences were not statistically significant. However, when DMFT scores
for smokeless tobacco users with gingivitis were compared with scores
for nonusers without gingivitis, a significantly higher caries prevalence
was found among users. Among students who used both snuff and
chewing tobacco, the DMFT score was 6.56 + 0.71. This score is
significantly elevated compared with scores of nonuser gingivitis-free
students and the nonuser group that had gingivitis. There was a
2.4-fold increase in disease experience. In this study, the presence of
gingivitis was presented as a cofactor with smokeless tobacco use in the
increased prevalence of dental caries. This finding has not been reported
elsewhere, and the biologic explanation is unclear.

The differences that were noted in caries rates could not be accounted
for based upon differences in oral hygiene or the frequency of dental
visits—two factors that could potentially affect DMFT scores. The ex-
aminers had no knowledge from the self-reported survey forms of the
history of smokeless tobacco use among the group that was examined;
thus, a degree of study ‘‘blindness” was attained. Absolute blindness in
these types of surveys is difficult because it is likely that some evidence
of smokeless tobacco use {e.g., tobacco residues, stain, odor, and soft tis-
sue effects) is observable. No quantifiable dose-response effect for
smokeless tobacco use and dental caries was reported in this study.
Dental caries is highly age dependent, and no age adjustment was made
in the statistical analysis.

A cross-sectional study by Greer and Poulson of 1,119 teenage
smokeless tobacco users and nonusers from urban Colorado demon-
strated neither “‘tobacco-associated dental caries”” nor occlusal or in-
cisal abrasion of the teeth (7). This finding is not surprising because
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abrasive effects are cumulative and would likely require a number of
years to become evident. The abrasion that has been reported in smoke-
less tobacco users has been in adults who have used smokeless tobacco
products, generally leaf and plug forms of tobacco, for years (10,13). The
Greer and Poulson study reported a single case of cervical erosion on
the mandibular central incisors.

Some case reports have implied a causative role for smokeless tobac-
co in the development of dental caries (38,39), while others have postu-
lated a potential protective effect from caries (13,40). The presumed
mode of protection would be through a greatly increased salivary flow
that may provide a buffering action. Additionally, there is evidence that
various forms of smokeless tobacco contain fluoride, from a few tenths
to several parts per million, which may offer some cariostatic protection
(41). At the same time, various types of smokeless tobacco contain up to
five different forms of caries-promoting sugars (42). Two studies
reported that constituents in smokeless tobacco products either cause a
proliferation of caries-producing bacteria in vitro or, at the least, do not
inhibit bacterial growth in vitro (43,44). The fluoride and sugar contents
of smokeless tobacco vary by product type (41). This may explain the in-
consistent and equivocal results obtained by different investigators.
Variations in reported caries rates, if truly reflective of the larger
population of smokeless tobacco users, may represent the clinical out-
come of a number of antagonistic or synergistic factors that operate
while smokeless tobacco is used.

Other Hard Tissue Effects

Plaque, calculus, and staining are extrinsic factors that may be asso-
ciated with smokeless tobacco use. This is clinically important because
dental plaque and calculus that is coated with plaque harbor bacteria
that can produce acids and toxins and thus bring about dental caries
and diseases of the periodontal structures. The staining of teeth, restor-
ations, and prosthetic appliances have been described as resulting from
smokeless tobacco use (13,22,45,46). Van Wyk also reported a constant
finding of chronic inflammation of tooth pulps that were extracted from
oral snuff users (22). He attributed this as being ‘probably due to the
irritation of the snuff overlying the exposed dentine and cementum.”
No quantifiable evidence currently documents the risk of smokeless
tobacco use compared with nonuse in the development of plaque, calcu-
lus, or staining or the relationship of staining to oral disease conditions.

CONCLUSIONS

1. Smokeless tobacco use is responsible for the development of a
portion of oral leukoplakias in both teenage and adult users. The
degree to which the use of smokeless tobacco affects the oral hard
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and soft tissues is variable depending on the site of action, type of
smokeless tobacco product used, frequency and duration of use,
predisposing factors, cofactors (such as smoking or concomitant
gingival disease), and other factors not yet determined.

2. Dose response effects have been noted by a number of investiga-
tors. Longer use of smokeless tobacco results in a higher preva-
lence of leukoplakic lesions. Oral leukoplakias are commonly
found at the site of tobacco placement.

3. Some snuff-induced oral leukoplakic lesions have been noted
upon continued smokeless tobacco use to undergo transforma-
tion to a dysplastic state. A portion of these dysplastic lesions
can further develop into carcinomas of either a verrucous or
squamous cell variety.

4. Recent studies of the effects of smokeless tobacco use on gingival
and periodontal tissues have resulted in equivocal findings. While
gingival recession is a common outcome from use, gingivitis may
or may not occur. Because longitudinal data are not available, the
role of smokeless tobacco in the development and progression of
gingivitis or periodontitis has not been confirmed.

5. Evidence concerning the effects of smokeless tobacco use on the
salivary glands is inconclusive.

6. Negative health effects on the teeth from smokeless tobacco use
are suspected but unconfirmed. Present evidence, albeit sparse,
suggests that the combination of smokeless tobacco use in individ-
uals with existing gingivitis may increase the prevalence of dental
caries compared with nonusers without concomitant gingivitis.
Reports of tooth abrasion or staining have not been substantiated
through controlled studies; only case reports are available.

RESEARCH NEEDS

The review of the literature for this component of the report has iden-
tified the need for research in each of the areas discussed: the oral soft
tissues, the periodontium, the salivary glands, and the teeth. Basically,
the effects of the various types and forms of smokeless tobacco in all
age groups should be investigated. Controlled studies and comparisons
between users and nonusers of smokeless tobacco are needed. Estab-
lished criteria for assessing tissue changes and disease presence should
be applied to permit comparability between studies.

Studies should include the identification and control of variables that
also may affect these tissues. Such variables may include alcohol use,
diet, oral hygiene practices, microbial flora changes, and salivary flow
rate, composition, and pH. In addition to these variables, consideration
should be given to the effects of concurrent disease states. For example,
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the effects of smokeless tobacco on dental caries in the presence or
absence of gingivitis should be investigated.

The natural history of smokeless tobacco-induced lesions resulting
from continued, intermittent, and discontinued smokeless tobacco use
needs investigation. Histopathologic evaluations and clinical examina-
tions to determine the natural history of oral leukoplakia/mucosal
pathology and salivary gland pathology are desirable to understand
completely the extent and severity of smokeless tobacco oral effects.

In general, incidence and prevalence studies should be implemented.
Prospective study designs should be pursued to dssess the temporal
relationship between smokeless tobacco use and various health effects.
In addition, dose-response studies are needed to assess dose in terms of
both duration of use (in months and years) and daily exposure (in
minutes and hours).
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INTRODUCTION

This chapter examines the consequences of exposure to nicotine from
smokeless tobacco. It draws from the vast literature on the effects of
nicotine delivered via smoking and intravenously and includes recent
evidence of the effects of orally delivered nicotine.

The first section describes the pharmacokinetics of nicotine, includ-
ing absorption, distribution, and elimination. The data presented indi-
cate that nicotine is present in smokeless tobacco in significant
amounts and that users attain blood levels of nicotine similar to those
produced by cigarette smoking.

The second section reviews the established evidence that nicotine is
an addictive and dependence-producing substance, having a number of
important characteristics in common with prototypic addictive and
dependence-producing substances, as well as substantial experimental
evidence of its abuse liability and dependence potential. Given the nico-
tine content of smokeless tobacco, its ability to produce high and sus-
tained blood levels of nicotine, and the well-established data implicating
nicotine as an addictive substance, one may deduce that smokeless
tobacco is capable of producing addiction in users. In addition, very re-
cent studies provide direct confirmation that nicotine delivered orally
from smokeless tobacco and nicotine chewing gum is addictive, produc-
ing abuse liability and dependence potential.

The final section of the chapter reviews the multisystem physiologic
effects of nicotine and examines the evidence pertaining to the potential
contributory role of nicotine in the causation of several diseases.

PHARMACOKINETICS OF NICOTINE
Levels of Nicotine in Smokeless Tobacco

Tobacco is a plant product, and therefore differences exist in nicotine
content among and within different strains of tobacco. Nicotine content
among smokeless tobacco products also differs: moist snuff contains
4.56 to 15.1 mg nicotine per gram (1}; plug tobacco has been measured to
contain 17.2 mg per gram (2). Assuming a daily consumption of 10
grams of smokeless tobacco, the habitual user can be exposed to
roughly 130 to 250 mg nicotine per day, of which varying amounts may
be absorbed. By comparison, cigarette tobacco averages 15 mg nicotine
per gram or 9 mg nicotine per cigarette (3). A person who smokes a pack
of cigarettes per day therefore can be exposed to 180 mg nicotine per day.

Absorption of Nicotine

Nicotine is a weak base {pKa 7.9). In its ionized form, as in the acidic
environment of most cigarette smoke, nicotine crosses membranes
poorly. As a consequence, there is virtually no buccal absorption of nico-
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tine from cigarette smoke. In contrast, smokeless tobacco products are
buffered to an alkaline pH that facilitates absorption.

The rate of absorption of nicotine from smokeless tobacco depends on
the product and the route of administration. With fine-ground nasal
snuff, blood levels of nicotine rise almost as fast as those that are
observed after cigarette smoking (4). The rate of nicetine absorption
with the use of oral snuff (and presumably chewing tobacco) is more
gradual (5).

People who use oral smokeless tobacco, particularly those who chew
tobacco, generate large amounts of saliva, some of which is expecto-
rated and some of which is swallowed. Due to first pass metabolism in
the liver following absorption from the intestines, the bioavailability of
swallowed nicotine is approximately 30 percent (6 By changing how
much is chewed, how much is held inside the mouth, and how much
saliva is expectorated or swallowed, the user of smokeless tobacco has
considerable control over the dose of nicotine that is absorbed.

Distribution of Nicotine

Smoking is a unique form of drug administration in that entry into
the circulation is through the pulmonary rather than the portal or sys-
temic venous circulations. The lag time between smoking and the
appearance of nicotine in the brain is even shorter than after intrave-
nous injection. Nicotine enters the brain quickly, but then brain levels
decline rapidly as it is distributed to other body tissues. The rapid brain
uptake of nicotine from smoking allows easy puff-to-puff titration of
desired nicotine effects and partly may explain the highly addictive
nature of cigarette smoking.

In contrast, the concentrations of nicotine that enter the brain from
smokeless tobacco use are likely to be lower (6), and the pharmacologic ef-
fects may differ. The rate of exposure to psychoactive drugs is an impor-
tant determinant of their effects. Thus there could be differences in the ef-
fects of nicotine that is taken by smoking compared to using smokeless
tobacco, even with the same average body concentrations of nicotine.

Nicotine Elimination

Nicotine is rapidly and extensively metabolized primarily in the liver
but also to a small extent in the lung and kidney. Renal excretion
depends on urinary pH and urine flow and accounts for 2 to 35 percent
of total elimination (7,8. The half-life of nicotine averages 2 hours,
although there is considerable individual variability that ranges from 1
to 4 hours (9. The major metabolites of nicotine are cotinine and
nicotine-N-oxide. Neither metabolite appears to be pharmacologically
active (8). Because of its long half-life, cotinine is commonly used as a
marker of nicotine intake in survey and cessation studies. It should be
recognized, however, that first pass metabolism of swallowed nicotine

142



may result in cotinine levels that are disproportionately higher than
nicotine levels with the use of smokeless tobacco compared to the use of
cigarettes.

Nicotine and Cotinine Levels in
Users of Smokeless Tobacco

Blood or plasma concentrations of nicotine in cigarette smokers who
were sampled in the afternoon generally ranged from 10 to 50 ng/ml (10).
The increment in blood nicotine concentration after a single cigarette is
smoked ranges from 5 to 30 ng/ml, depending on how the cigarette is
smoked (11,12).

In users of moist oral snuff or chewing tobacco, the levels of nicotine
increase an average from 2.9 to 21.6 ng/ml during 8 hours of repeated
use (I1). In habitual users of nasal snuff, blood levels of nicotine increased
on average by 12.6 ng/ml after a single dose of snuff, and levels aver-
aged 36 ng/ml after multiple doses (4). Similarly, blood cotinine concen-
trations averaged 197 ng/ml and 411 ng/ml in groups of oral and nasal
tobacco users, respectively, compared to an average cotinine level of
300 ng/ml for cigarette smokers described in many studies (1,4). These
comparisons indicate that the intake of nicotine and nicotine levels in
habitual users of smokeless tobacco are similar to those that are ob-
served in habitual cigarette smokers.

Time Course of Nicotine Turnover During
Daily Tobacco Use

Tobacco use is commonly considered to be a process of intermittent
dosing of nicotine, which in turn is rapidly eliminated from the body.
Smoking produces considerable variations from highest to lowest blood
nicotine levels from one cigarette to the next cigarette. However, con-
sistent with a half-life of 2 hours, nicotine accumulates over 6 to 8 hours
of regular smoking, and nicotine levels persist overnight, even as the
smoker sleeps (13). The same accumulation is probable with repeated
smokeless tobacco use. Thus as with the smoker, the smokeless tobacco
user may be exposed to nicotine for 24 hours each day.
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