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Msthodological considerations are discussed and research needs are.

identified. Chapter 2 presents results of a systematic review of the
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pertinent to the evaluation of smokeless tobacco as a potential cause

of cancer. Consensus summaries of the literature are presented in
each of five categories: (1) epidemiological studies and case reports
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epidemiologiczl studies of other cancers in relation to smokeless

tobacco; (3) chemical constituents, including carcinogens of
smokeless tobacco; (4) metabolism of constituents of smokeless
tobacco; and (5) experimental studies involving exposing laboratory

animals_to smokeless tobacco or its constituents: Chapter 3 addresses

the health effects of smokeless tobacco use on the oral tissues

through a systematic review of the relevant scientific literature of
animal and human studies. Chapter 4 examines the consequences of

exposure to nicotine from smokeless tobacco. The report concludes

that the oral use of smokeless tobacco represents a significant

health risk, can cause cancer and a number of noncancerous oral

conditions, and can lead to nicotine addiction and dependence.
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OREWORD

This report on 7%e Health Consequences of Using Smokeless Tobacco
completes the Puktlic Health Service's initial examination of smokeless

tobacco’s role in the causation cf cancer, noncancerous and precancer-

ous oral diseases or condltmns, addlctmn, and other adverse health

effects. Almost 30 years after the Public Health Service's first state-

ment on the health effects of cigarette smokmg, it is now possible to

issue the first comprehensive, indepth review of the relationship

between smokeless tobacco use and health;

Ironically, while cigarette smoking has declined during the past 20

years, the productmnf 'd apparent consumptlon of smokeless tobacco

products have risen significantly. These increases are in marked con-

trast to the decline in smokeless tobacco use in the United States during

the first half of this century. Indeed, smokeless tobacco products, par-

ticularly chewing tobacco.and snuff, have recently emerged as popular

products for the first time since the turn of the century. National esti-

mates indicate that at least 12 xmﬂlon Amencans used some form of

smokeless tobacco during 1985 with use increasing especially ameng
male adolescents and young male adults:. =~ =~ N
_ The increased use and appeal of this product assume major public

health significance because the evidence reveals that smokeless tobacco

can cause oral cancer, can lead to the development of oral leukoplakias

and other oral conditions, and can cause addiction to nicotine. The

strength of the association between these conditions and smokeless

tobacco use combined with the upward trend in this betmvior mcites the

same alarm as was true with the knowledge that spitting spread tuber-

culosis. That concern led to the original public rejection of tobacco
chewing and dipping as unsanitary and antisocial. It is critical that our
society prevent the use of this health hazard and avoid the tragic
mistake of replacmg the ashtray with the spittoon. .

_This report is the work of numerous experts within the Bepartment

of Health and Human Services and in the non-Federal scientific com-
munity. I express my gratitude for their contributions;

C. Everett Koop, M:D.
U.S. Surgeon General



PREFACE

This report discusses the health éaﬁéééjiié aces of smokeless tobacco

use. It constitutes a comprehensive review by an Advisory Committee

to the Surgeon General of the available scientific literature to determine

whether using smokeless tobacco increases the risk of cancer and non-
cancerous vral diseases and effects, leads to addiction and dependence,
and contnbutes to other hea.lth consequences

EP,IDEM,IQLOQLCL EXPERIMENTAL. AND CEINICAL DATA,
THE COMMITTEE CONCLUDES THAT THE ORAL USE OF
SMOKELESS TOBACCO REPRESENTS A SIGNIFICANT
HEALTH RISK. IT IS NOT A SAFE SUBSTITUTE FOR SMOK-
ING CIGARETTES. IT' CAN CAUSE CANCER AND A NUMBER
OF NONCANCEROUS ORAL CONDITIONS AND CAN LEAD TO

NICOTINE ADDICTION AND DEPENDENCE.
The maj or overall conclusions of thic report are the following:

1 It is estlmated that smokeless *obacco was used by at least 12

million people in the United States v 1985 and that half of these

were regular users:. The use of smokeless tobacco, particularly

moist snuff, is mcreasing, especially among male adolescents and

yvoung male adults:

2. The scientific evidence is strong that the use of snuff can cause
cancer in humans. The evidence for causality is strongest for
cancer of the oral cavity, wherein cancer may occur several times
more frequently in snuff dippers compared to nontobacco users.
'rhe excess risk of cancer of the cheek and gum may reach nearly
fiftyfold among long -term snuff users.

3. Some investigations suggest tha: the use of chewing tobacco may

also increase the risk of oral cancer; but the evidonee is ot so

strong and the risks have yet to be quantifiec.

4, Expenmental mvestlgatlons revea.l potent ¢ carcmogens in smroke-
less tobacco. These include nitrosamines, polycyclic aromatic
hyercarbons, and radiation-emitting polonium. The tobacco-
specific nitrosamines often have been detected at levels 100 or
more times higher than Government-regulated levels of other
nitrosamines permitted in foods eaten by Americans.
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. Smiokeless tobacco use can lead to the development of oral leuko-

plakias (white patches or plaques of the oral mucosa), particularly
at the site of tobacco placement. Based on evidence from several
studies, a portion of leukoplakias can undergo transformation to
dysplasie and further to cancer.

. Gmgwal recession is a commonly reported outcome of smoke]ess

tobacco use.

. A number of studies have shown 7that nicotine exposure from

smokmg cigarettes can cause addiction in humans. In this regard,

nicotine is similar to other addictive drugs such as morphine and

cocaine: Since mcotrmerleveis in the body resulting from smokeless

tobacco use are similar in magnitude to nicotine levels from

cigarette smoking; it is concluded that smokeless tobacco use also

can be addictive: Besides; recent studies have shown that nicotine

administered orally has the potential to produce a physiologic

dependence:

. Soriie eviderice suggests that nicotine may play a contributory or

supportive role in thé,péthogeneéis of coronary artery and periph-
eral vascular disease, hypertension, peptic ulcers, and fetal mortal-
ity and morbidity.
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INTRODUCTION, GVERVIEW
AND CONCLUSIONS

BEVEH’)PW#?«?‘?‘ ANB GEGANiZAfiGN 6i—' THE ﬁEﬁéiﬁ'

Health Lonsequences of Usmg Smokeless Tobacco represents the first
comprehensive assessment of the biomedical and behavioral literature
describing experimental and human_ evidence on the health conze-
quences of using smokeless tobacco. The content of this report is the
work of numerous experts within the Department of Health and
Human Services as well as distinguished scientists outside the
organization.

Each chapter of the report was prepared based on manuscripts writ-
ten by scientists who are recognized for their understanding of the spe-
cific content areas. Manuscripts were subjected to extensive peer
review by a large number of experts in the specific areas of interest.

Thereport includes a ‘‘Preface’ that presents the essence of the entire
report and an ‘‘Introduction, Overview, and Conclusions.” The body of
the report consists of the following four chapters:

e Chapter 1—Prevalence and Trends of Smokeless Tobacco Use

in the United States
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Smokeless Tbbacco Use

Chapter 3—Noncancerous and Preczncerous Oral Health Effects
Associated With Smokeless Tobacco Use

éhﬁp’téi' 4—Nicotine E;{posur,e: Pharmacokinetics, Addiction;
and Other Physiologic Effects

HISTORICAL PERSPECTIVE

The use of smokeless tobacco is a worldwide practice with numerous
variations in the nature of the product used as well as in the customs
associated with its use. In the United States, smokeless tobacco con-

sists of chewing tobacco and snuff. The predominant mode of use of
these nonsmoked tobaccos is oral, although they may be placed in or

inhaled into the nasal cav1ty Tobacco sniffing, however, has been and
remains a rare practice in the United States:

16 o
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Smokeless t,obacco was used in the Umt,ed States n the early 1600’s
when snuff made its way to the Jamestown Colony in Virginia through
the efforts of John Rolfe in 1611 {1). Evidence of tobacco chewing, how-
ever, was not found until a century later in 1704 (2).

The iise of tobacco, including smokeless tobacco, has been controver-
sial sirice its introduction. In the past, tobacco use was considered by
somé as beneficial. As early as 3500 B.C., there are indications that
tobacco was an article of established value to the inhabitants of Mexico
and Peru. It appears that people who frequently lacked sufficient food
alleviated their hiinger pains by chiewing tobacco (3). Sitiokeless tobacco
WéS éle thbught tb have SéVérél med.lcmal uses Ai’i’ibhg N étiVe Amen

Moreover, dunng the 19th and early 20th centuries in America, dent&
snuff was advertised to relieve toothache pain; to ciire neuralgia, bleed-
ing gums, and scurvy; and to preserve and whiten teeth and prevent
decay (1).

On the other hard, tobacco use historically has had numerous adver-
saries, mcludmg the followmg 1)

* In 1590 in Japan, tobacco was prohibited: Users lost their property
and were Jaﬂed

smoking advocate who increased taxes on tobacco 4,000 percent in
an attempt to reduce the quantity imported to England.

+ In 1633, the Siiltan Murad IV of Tiirkey made any use of tobacco a
capital offense, punishable by death from hanging, beheading, or
Starvation. He maintained that tobacco caused infertility and
réduced the fighting capabilities ot his soldiers.

e The Russian Czar Michael Fedorovich, the first Romanov
(1613-1645), prohibited the sale of tobacco, stating that users
would be subjected to physical punishment and that persistent
users would be killed.

* A Chinese law In 1683 threatened that anyone possessing tobacco
i%ibiﬂ& Be Bé}}éé&é&'

Cathol]c Church

 Other religious groups also banned snuff use: John Wesley, the
founder of Methodism, attacked its use in Ireland; the Mormons;,
Seventh-Day Adventists, Parsees and Sikhs of India, Buddhist

monks of Korea, members of the Tsai Li sect ¢f China, and some

Ethiopian Christian sects forbade the use of tobacco:
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. Fredenck the Great, ng of Prussxa, ‘prevented his mother, the

Dowager Queen of Prussia, from using snuff at his coronation in
1790:

e Louis XV, ruler of France from 1723 to 1774; banned snuff use
froi the Coiirt of Fratice.

Scientific observations concerning the health effects of smokeless

tobacco use were first noted in 1761 by John Hill, a London physician

and botanist who reported five cases of polypuses; a “swelling in the

nostril that: was hard, black and adherent with the symptoms of an open

cancer” (5). He concluded that nasal cancer could develop as a conse-

quence of tobacco snuff use (sniffing).
Evidence that suggested a possible association between smokeless

tobacco use and oral conditions in North America and Europe was not

reported until 1915 when Abbe identified several tobacco chewers

among a series of oral cancer patients and commented that smokeless
tobacco “1se may be a risk factor for this cancer {6). In the late 1930's;

Ahblom observed in Sweden that more patieats with buccal, gingival,

and *“mandibular”’ cancers than with other cancers reported the use of

snuff or chewing tobacco (7): In the United States, case reports of oral

cancer among users of snuff or chewing tobacco appeared in the early

1940's (8). The first epidemiologic study of smokeless tobacco was not

conducted until the early 1950's (9). Since that time, several scientists

have described & pattern of increased risk of oral cancer among smoke-

less tobacco users..
Investigations of other possxble health >ffects of smokeless tobacco

use (e.g., noncancerous oral effects; addiction, and other physiologic
consequences) are more recent subjects of scientific inquiry that have
been underteken primarily in the past two decades. .

A brief review of the health consequences of smokeless tobacco was pre-
sented in the 1979 Surgeon General’s report on smoking and health {10}
Since that review; the results of additional studies addressing the role of
smokeless tobacco in health have become available and thus provide the
basis of this current comprehensive review:

REVIEW METHODS

__ For the purpose of evaluating the scientific evidence to be included in
this report, the Advisory Committee called upon the same criteria to
determine causality as have been used for a number of Surgeon
General's reports on smoking for the past two decades. The following
criteria were used as the primary guidelines for assessing whether any
associations between smokeless tobacco use and each of the disease
areas or health conditions under examination were likely to be causal in

nature: -
., 18



« Consistency of the association—similar observations by multiple
investigators in different locations and situations, at different
times; and using different methods of study:

* Strength of the association—high ratio of disease rate for the popu-
lation exposed to the suspected risk factor compared to the popula-
tion unexposed to the risk factor.

¢ Specificity of the association—associations with the exposure exist
for a specific or limited set of diseases; and associations with the
disease exist for a specific or limited set of exposures.

e Temporal relationship of the association—exposure to the
suspected etiologic factor precedes the disease.

o Coherence of the association—epidemiologic observations are con-
sonaat with all else that is known about the disease.

~ In addition to these criteria, the general principles employed by the

International Agency for Research on Cancer (IARC)* in evaluating

the carcinogenic risk of chemicals or complex mixtures (table 1) were

used as needed to supplement the primary causation criteria (11).

OVERVIEW
The use of smiokeless tobacco products in the United States was wide-

spread until the end of the 19th century. With the advent of antispitting

laws, loss of social acceptability, and increased popularity of cigarette
smoking, its use declined rapidly in this century. However, recent na-
tional data indicate a resurgence in smokeless tobacc habits with more
tobacco in 1985. An upward trend in use is emerging, particularly

among young males. o ) } o o
Given the evidence that smokeless tobacco is regaining popularity;

serious questions have been raised about its adverse health effects,

Most notably, this behavior has been linked to cancer, specifically, oral

cancer. Analytic epidemiologic studies now indicate that the use of oral

snuff increases the risk of oral cancer several fold and that among long-

reach nearly fiftyfold. This conclusion is cons:stent with the judgment
of a recent working group of the IARC, which assessed the carcinogenic
risk associated with tobacco habits other than smoking (11).

The conclusion that smokeless tobacco causes cancer results from
several lines of evidence: the presence of high levels of carcinogens in
smokeless tobacco; the metaoolic conversion of products of smokeless

* The IARC was established-in 1965 by the World Health Assembly as an independen lz financed organization
within the framework of the World Health Organization. It conducts a program of research concentrating particu-
larly on the epidemiology of cancer and the study of potential carciiogens in the human environment.
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TABLE 1.—General Principles in Evaluating =
Carcinogenic Risk of Chemicals or Complex Mixtures
(Internstinnal Agency for Research on Cancer)

* Evidence for carcinogenicity in experimental animals:
- Q]iﬁliﬁﬁ@é Esgecgiﬁiﬁiﬁ e ) )
{a) Experimental parameters under which chemical was tested;
(b) Consistency with which chemical showti to be carcinogenic.
{¢) Spectrum of necplastic response, S
{d) Stage of tumor formation in which chemical involved.
(e) Role of modifying factors.
— Hormonal carc cinogenesis.
— Complex mixtures.
— Quantitative aspects; increasing incidence of neoplasms with increasing
exposure.
* Evidence for activity in short-term tests:
— Use of valid test system.
— Sufficiently wide dose range and duration of exposure to the agent and
appropriate metabolic system employed in test;
— Use of appropriate controls.
— Specification of the purity of the compound, and in the case of complex

mixtures, source and representativeness of sample tested:

. Eﬁaéﬁéé oi éﬁrﬁﬁégemf*Jéify m humans:

— For studies skiowing positive association:
{a) Existence of no identifiable bias; o
(b) Possibility of positive confounding considered.
(c) Association unlikely to be due to chance alone.
{d) Association is strong. L
{e) Existence of dose-response relationship.

— For studies showing no aesociation:
{a) Existence of no identifiable negative bias. B
(b) Possibility of negative confounding considered.
{c) Possible effects of misclassification of exposure or outcome have been

weighed. )

tobacco into genotoxic agents; the consistency of the oral cancer

smokeless tobacco association across epidemiologic investigations con-
ducted in diverse locations; the trend in increasing oral cancer risk with
duration of exposure; the strength of the association with oral cancer;
and the occurrence of the highest risks for cancers at the anatomic sites

where the tobacco exposures are the greatest: =~
In addition, a rumber of clinical observations and studies show an

association between smokeless tobucco use and some noncancerous and
precancerous oral health conditions: The development of a portion of

oral leukoplakias in both teenage and adult users can be attributed to

the use of smokeless tobacco. The risk of developing these leukoplakic

lesions increases with increased exposure, and a number of studies now

suggest that some snuff-induced leukoplakias can undergo transforma-




tion to dysplasia and further to carcinoma: The evidence conicerring the

adverse health effects of smokeless tobacco use o other oral soft and
hard tissues is only suggestive at this time: ) i o

" The magnitiide of blood nicotine levels resulting from smokeless
tobacco iise has been shown to be similar to that from cigarette smok-
ing. Therefore, the nicotinerelated health consequences of smoking
would also be expected to result from smokeless tobacco use. Given the
nicotinie content of smokeless tobacco, the user’s ability to sustain
olvated blood levels of nicotine, and the well-established data implicat-
ing nicotine as an addictive substance, it is reasonable to expect that
smokeless tobacco is capable of producing nicotine addiction in users.

There is also some suggestive evidence that nicotine may play a con-
tributory or supportive role in the development of coronary artery and
peripheral vascular disease, hypertension, peptic ulcer disease, and fetal
mortality and morbidity. - -

The coriclusions in this report on the relationship between smokeless
tobacco use and cancer, noncancerous and precancerous oral conditions,

and addiction and dependence are substantially in agreement with
those published at & recent National Institutes of Health (NIH) Consen-

sus Development Conference on the Health Implications of Smokeless
Tobacco Use (12).

CONCLUSIONS
Prevalence and Trends of Smokeless Tobacco Use
In the United States

1. Recent national data indicate that over 12 million persons used

some form of smokeless tobacco (chewing tobacco and snuff) in

1985 and that approximately 6 million used smokeless tobarco

weekly or more often: Use is increasing, particulatly among
young males.
9. The highest rates of use are seen among teenage and young adult

males. A recent national survey indicates that 16 percent of

males between 12 and 25 years of age have used some form of
smokeless tobacco within the past year and that from one-third to
one-half of these used smokeless tobacco at least once a week. Use

by ferales of all ages is consistently less than that of males;
about 2 percent have used smokeless tobacco in the last year.
3. State and local studies corroborate the national survey findings.

The prevalence of smokeless tobacco use by youth and young
adults varies widely by region, but useis not limited to a single re-

gion. In several parts of the country, as many as 25 to 35 percent of

adolescent males have indicated current use of smokeless tobacco.




Carcinogenesis Associated With
Smokeless Tobacco Use

1.

The scientific evidence is strong that the use of smokeless tobacco
can cause cancer in humans. The association between smokeless

tobacco use and cancer is strongest for cancers of the oral cavity:

- Oral cancer has been shown to occur several times more fre-

quently among snuff dippers than among nontobacco users; and

the excess risk of cancers of the cheek and gum may reach nearly

fiftyfold among long-term snuff users.

. Some investigations suggest that the use of chewing tobacco also

may increase the risk of 6'rélrééjiééf;

. Evidence for an association between smokeless tobacco isé and

cancers outside of the oral cavity in humans is sparse. Some

investigations suggest that smokeless tobacco users may face in-
creased risks of tumors of the upper aerodiges:ive tract, but

results are currently inconclusive.

. Experimental investigations have revealed potent carcinogens in

snuff and chewing tobacco. These include nitrosamines, poly-
cyclic aromatic hydrocarbons, and radiation-emitting polonium;

The tobacco-specific nitrosamines N-nitrosonornicotine and
4-{methylnitrosamino)-1-(3-pyridyl)-1-butanone have been

detected in smokeless tobacco at levels 100 times higher than the
regulated levels of other nitrosamires found in bacon, beer, and

other foods. Animals exposed to these tobacco-specific nitro-
samines; at levels approximating those thought to be accumu-

lated during a human lifetime by da’ly smokeless tobacco users,

have developed an excess of a variety of tumors. The nitro-
samines can be metabolized by target tissues to compounds that

can modify cellular genetic material.

- Bioassays exposing animals to smokelsss tobacco, however, have

generally shown little or no increased tuixor production, although

some bioassays suggest that snuff mmiay cause oral tumors when

tested in animals that are infected with herpes simplex virus.

Noncancerous and Precancerous Oral Health Effects

Associated With Smokeless Tobacco Use

1

Smokeless tobacco use is responsible for the development of a por-
tion of oral leukoplakias in both teenage and adult users. The

degree to which the use of smokeless tobacco affects the oral hard
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 tiot yet determined.
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2. Dose response effects have been noted by a number of mvestxga

tors. Longer use of smokeless tobacco results in a higher preva-

lenice of leukoplakic lesions. Oral leukoplaklas are commonly
found at the site of tobacco placement

3. Some snuff-induced oral leukoplalnc lesions have been noted

npon contmixed smokeless tobacco use to undergo transforma

tion to a dysplastic state: A portlon of these dysplastic lesions

can further develop into carcinomas of either a verrucous or

squamous cell variety:

4. Recent studles of the effects of smokeless tobacco useon gmglvai

and periodontal tissues have resulted in equivocal findings. While

gingival recession is a common outcome from use, gingivitis may

or may fiot occur. Because longitudinal data are not available, the

role of smokeless tobacco in the development and progression of

gingivitis or penodontltls has not been confirmed:

v

The evidence ¢ concerning the effects of smokeless tobacco use on
the salivary glands is inconclusive.

6. Negative health effects on the teeth from smokeiess 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 avaxlable

Nicotine Exposure: Pharmacokinetics; Addletlon,

and Gther Physiologic Effects

1. Theuse of smoksless tobacco products can lead to nicotine depen-
dence or addiction.

2. An examination of the pharmacokmetxcs of mcotme {ie., nicotine

absorptlon distribution, and elimination) resulting from smokmg

and smokeless tobacco use indicates that the magnitude of nico-

tine exposure is similar for both:

3. Desplte the complex1tles of tobacco srnoke self-administration,
systematic analysis has confirmed that the resulting addiction is
similar to that produced and maintained by other addictive drugs
it both hiimans and animals. Animals can learn to discriminate
nicotine from other substarices because of its effects on the cen-
tral nervous system. These effects are related to the dose and rate
of admlmstratlon, as 1s also the case with other drugs of abuse;

4; It has been shown that nicotine ftmctmns asa remfort,er under a

variety of conditions: It has been confirmed that nicotine can
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function in all of the capacities that characterize a drug with a
liability to widespread abuse. Additionally, as is the case with
most other drugs of abuse; nicotine produces effects in the user
that are considered desireble to the user. These effects are caused
by the nicotine and not simply by the vehicle of delivery (tobacco
or tobacco smoke).

. Nicotitie is similar in all eritical measures to prototypic driigs of

abuse such as morphine and cocaine: The metheds and criteria
used to establish these similarities are identicel to those used for
other drugs suspected of having the potential to produce abuse and
physiologic dependence. Specifically, nicotine is psvchoactive,

producing transient dose-related changes in mood and feeling. It

is a euphoriant that produces dose-related increases in scores on
standard measures of euphoria: It is a reinforcer {or reward) in

both human and animal intravenous self-administration para-
digms, functioning as do other drugs of abuse: Additionally, nico-
tine through smoking produces the same effects, and it causes
neurcadaptation leading to tolerance and physiologic depen-
dence. Taken together, these results confirm the hypothesis that
the role of nicotine in the compulsive use of tobacco is the same as

the role of morphirne in the compuisive use of opium derivatives or

of cocaine in the compulsive use of coca derivatives,

 The evidence that smokeless tobacco is addicting includes the

pharmacologic role of nicotirie dose in regula ating tobacco intake;

the commonalities between nicotine and other prototypic

dence potential of nicotine; and the direct, albeit imited at present,
evidence that orally delivered nicotine rétains the characteristics of

an addictive drug.

dependenceproducing substances; the abuse liability and depen-

- Several other characteristics of tobacco products in genieral, in-

cluding smokeless tobacco, may function to enharice further the
number of persons who are afflicted by nicotiiie depeizdence:
nicotine-delivering products are widely available and relatively
inexpensive; and the self-administration of such products is legal,
relatively well tolerated by society, and produces minimal disrup-

tion to cognitive and behavioral performance. Nicotine produces
a variety of individual-specific therapeutic actions such ss mood
and performance enhancement; and the brief effects of nicotine
ensure that conditioning occurs, because the behavior is associ-

ated with numerous concomitant environmental stimiili,

. All commonly marketed and consumed smokeless tobacco prod-

ucts contain substantial quantities of nicotine. The nicotine is

delivered to the central nervous system in addicting quantities

when used in the fashion that each form is commonly used (or as
recommended in smokeless tobacco marketing campaigns).

s 1 ) x-xi 76
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9. Since the exposure to nicotine from S'nckeless tobacco is similar

in magnitude to nicotine exposure from cigarette smoking, the

health consequences of smoking that are caused by nicotine also

woiild be expected to be hazards of smokeless tobacco use Areas

of particiilar concern in which n;cotme may play a contributory or

supportive role in the pathogenesis of di~case include coronary

artery and peripheral vascular disease, hypertension, peptic ulcer

disease, and fetal mortality and morbidity:
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INTRODUCTION o o
This chapter defines the various forms of smokeless tobacco that are

used in the United States and examines the data that pertain to trends

in prevalence and patterns of use. Trends in smokeless tobacco produc-
tion and sales and self-reported use are considered: Methodological con-

siderations are discussed and research needs are identified.

_ Tobacco was used by pre-Columbian American Indians in smokeless
forms as well as simoked (2). Cultivated by American colonists; tobacco
became a major commodity in trade with Europe. Until the end of the
19th century, the use of smokeless tobacco pioducts was widespread in

the United States. Its use declined rapidly in this century with the
advent of antispitting laws, loss of social acceptability; and increased

populerity of cigarette smoking (1,2). Use was primarily confined to

rural and agricultural areas and to occupational settings where smiok-

ing was not allowed, siich as mining and some industries (5,4). In the

Southeastern United States, especially in rural areas; oral use of dry
snuff remained popular among women (5.6).

PRODUCT CHARACGTERISTICS - |
day, smokeless tobacco is produced in two general forms: chewing

tobacco and snuff (7-10). Chewing tobacco is chewed or held in the cheek
or lower lip. Three primary types of chewing tobacco are marketed:
looseleaf, plug, and twist. Snuff has a much finer consistency than

chewing tobacco and is held in place in the mouth without che-ving, It is
marketed in both dry and moist forms. Although smokeless tobacco is
not subject to combustion and is usually used orally in the United
States, products differ with regard to several factors, including type of

tobacco plant used, parts of the tobacco plant used; method of curing,
moisture content, and additives. For example; looseleaf chewing
tobacco is made from air-cured; cigar-type leaves from tobacco that is

grown in Pennsylvania and Wisconsin. In contrast, dry snuff is made
primarily from fire-cured dark tobacco that is grown in Kentucky and

Tennessee. Plug tobacco and snuff come in dry and moist forms: Many

smokeless tobacco products are sweetensd with sugar or molasses.
Many are flavored; licorice is a common additive for chewing tobacco,
while mint and wintergreen often are used to flavor snuff. Table 1
describes the types of smokeless tobacco and how they are used and
packaged (7-10).

TRENDS IN PRODUCTION AND SALES )
United States Department of Agriculture (USDA) records on the

annual production and sales of smokeless tobacco serve as indicators of
the population’s consumption. Changes in consumption can be inferred

from changes in production and sales. Because sales figures closely
resemble those for production, only production will be reported.
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®  TABLE 1.—Characteris

:l.

stics of Smokeless Tobacco Products

Product

How Used

Packaging®

CHEWING TOBACCO

Looscleaf

Plug

Twist

Made frofi mr-cured cigar leaf tobaccos of Pennsylvanm .
and Wisconsin: Consists of stripped and processed tobacco
leaves. The leaves are stemmed, cut; or granulated and are
loosely packed to form small strips of shredded tobacco.
Most brands are sweetened and flavored with licorice.
Made from enriched tobacco leaves (Burley and bright
tobacco and cigar tobacco) or fragments wrapped in fine.
tobacco and pressed into bricks. May be firm (less than 15
percent moisture) or moijst (15 percent or greater _____ _
moisture). Most plug tobacco is sweetened and flavored
with Iicorice

tarlike tobacco leaf extract and twisted into strands that
are dried. Majority is sold without flavoring and
sweeleners.

Aplcce of tobacco; 3/4 to 1inchin
dianeter; is tucked between the gumn and
jaw, usually to the back of the mouth.

May be held in the mouth for several
hours.

Similar to plug.

Pouch; iypicul]yé ounces: A few brands
market a 1.5-ounce pouch.

A;:Qmpresscd brick or flat.
inside natural tobacco leaves. Pnc‘mged
in clear plastic. Packages 1 range | from 7 to
13 ounces. Also sold by “he piece.

;mc aged in plusuc bags. No. smndnrd
weight, Sold in'small (approximately 12

ounces) and lnrger sizes based on the
number of leaves in the twist.

SNUFF
Mom[

Dry

d
ticles or strips. Soirie products are flavored. Has a
fioistare content of up to 50 percent.

Most dry ‘snaff is miade fromi fire-cured tobaccos of Ken-
tucky and Tennessee: After initial curing, the tobacco is
fermented further and processed into a dry powdered
form. Products vary in strength and flavoring. Generally
has a moisture content of less than 10 percent.

A small amount (“pinch") is placed
between the lip or cheek and gum and is
typically held for 30 minutes or longer
per pinch:

Saiic a5 icist snuff Mny also be sriffed;

Cuns nnd plnsuc conwmnrs Lypncul]y 1.2
ounces;

Metal cans or glass contdiners, vary from
1.15 to 7 ounces per container.

* Product weight (includes moisture).
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_The USDA reports production and sales by product category (i.e.;
chewing tobacco and snuff). The definitions of categories changed in
1981. Prior to 1981, total figures for chewing tobacco were derived by
summing data for the subcategories of plug, twist, looseleaf, and fine-
cut; snuff was a separate category. However, fine~cut tobacco is used in
moist snuff. To reflect this fact, after 1981 USDA shifted fine-cut from
the category of chewing tobacco to mioist sniiff. To observe and clarify
temporal trends for the purposes of this review, the data presented in
figure 1 reflect a uniform category system across years. In these
records, fine-cut tobacco is counted consistently as snuff {(11-17).

_ Figure 1 depicts temporal trends in the quantities of smokeless tobacco
that were manufactured in the United States from 1961 to 1985. Be-
tween 1944 and 1968; total smokeless tobacco production declined 38:4
percent from 150.2 to 92.5 million pounds. Subsequent increases in pro-
duction reached 135.6 million pounds in 1985. -

Between 1970 and 1985, total snuff productnon increased 56 percent

fromi 31.3 to 48.7 million pounds. This increase was due to changes in
the production of moist snuff; the manufacture of dry snuff declined 3
The differencé in trends in the production of moist and dry snuff is
shown in figure 1 for . he years 1981 through 1985: Separate production
data are not available for the two types of snuff prior to 1981: Between
1970 and 1981, however, the production of fine-cut tobacco; used in the
manufacture of some moist snuff; increased threefold from 4.8 to 15.2
million pounds. .
_ Between 1970 and 1985, the productmn of chewmg tobacco increased
36 percent from 63.9 to 86.9 million pounds. This increase was due to
the production of looseleaf tobacco, which increased 87.3 percent from
39.5 to 74.0 million pounds. The production of plug and twist tobacco
declinied during this period.

?ﬁéh’ﬁé iﬁ ééi;i-ﬁépén-réa USE: SURVEY DATA

The Vmajonty of the da,tapertam to persons over the age of 17. Thej pnn
cipal characteristics of these surveys are shown in table 2.

Office on Smoking and Health Surveys

_Early data on the use of chewing tobacco and snuff are available from

the 1964, 1966, 1970, and 1975 Adult Use of Tobacco Surveys that were
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FIGURE 1.—Manufacturing Trends: Quantities of
Smokeless Tobacco Manufactured in the United States

From 1961 to 1985 Expressed in Million Pounds
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Prevalence of Smokeless Tobacco Use: Data Sources

TABLE 2.—National B
Number of
- o o Respondents/ - o
Survey Type Date Respondents  Households ProaﬁcCs ] Questions
Office o Smokmg Personal 1964 Adults = 21 5794 Snuff arid Chéwmg "ane you ever used—at all regularly?”
and Health Interview Tobacco Separately Do you use—now?"
Office on Smoking Pergonal 1966 Adults 2 21 5.770 Snuff and Chewing. “Have yoil ever used—nt all regularly?"
and Health Interview o S Tobacco Separately Do you use—~now?"
Office on Smoking Telephone 1970 Adults 2 21 5,200 Snuff and Chewing “Have you ever. used—at all regulnr]y?"
and Health Tobacco Separately Do you use—now?
Office on Stoking Telephone 1975 Adults > 21 12:000 Sniff and Chewing “Have you ever used—at all regularly?”
and Health - ) Tobacco Séf)irétely **Do you use—now?'
National Health Interview  Personal 1970  Persons 2 17 77,000/ Snuff and Chewirig Dées _-_presently use any other
Survey Supplement Interview 37,000 Tobacco Separately foriri of smokeless tobacco, such as snuff or
(National Center for Including chewing tobacco?
Health Statistics) Proxy o - .
Simmons Study of Questionnaire 1980  Adulis > 18 15,000- Snuff Only 1980 to 1983 ' Do you use it yourself—
Mcdj Marketls; 1981 19:000 snuff {smokeless tobacco)?"’
mmons Market - 1982
R 255 io83 1984 to 1985 ""Do you yourself use any of the
arch Bureau, Inc. iggg following tobacco products?” Snuff (ST)
1985 ﬁsted as ati option.
Simmons National Qﬁé[lonnmre 1583 College 2,011 Snuff Only “"Please mark whxch of thie iteins hsted below
College Study, ... Students 2,373 you you-self use.’ o
m:cn; g;rel;it inc 1385 z18 Snuff (smokeless toﬁiéco) h'sted as an option,
Current Population Survey  Pe 1985  Persons = 16 120,000/ Snuff and Chewing Does._________ presently use any other form
Supplemenit—Census Bureau 58,000 Tobacco Separately of tobacco, such as snuff or chewing tobacco?
gz;?g;ﬁgn Smoking What other forms of tobacco does -
B presently use?
NIDA Household Persoral 1985  Persons & 12 8,000 Snuff and “On the average, ifi the past 12 mionths,
Survey Interview Chewing how often have you used chewirg tobacco
Tobacco Combined or snuff or other smokeless Lbaq‘&?;
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TABLE 3.—Use of Smokeless Tobacco in the United States by
Individuals Over 21 Years of Age*

_ -~ - Percentage of Users
.. _ -Males = Féﬁﬁléﬁ -
Use Category 1964 1966 1970 1975 1964 1966 1970 1975
Now Use Snuff 20 31 29 25 20 21 14 1.3
Used to Use Snuff 36 39 42 40 09 10 11 1
Have Ever Used Snuff T 57 172 71 64 29 31 ?6 24
Now.Use Chewmg Tobacco 51 71 56 492 05 994 06 08
1 1.8 1.2

Used to Use Chewing Tobacco 120 13.2 191 161 10 11 18
Have Ever Used p

_ Chewing Tobaccot 172 205 247 210 15 15 24 1.8

. Use nol. furt.her deﬁned with reSPC‘C'- to frequency..
t Inclades those who used to use. but did not state if they used it currenlly
Source: National Clearinghouse on Smoking and Health.

conducted by the National Clearinghouse for Smoking and Health, cus-
rently the Office on Smoking and Health (OSH) (18-20). National prob-
ability saiiples of 5,700 to 12,000 individials over the age of 21 from
randoinly selected hoiisehiolds were interviewed by telephore regarding
the use of tobacco products. Between 1964 and 1975, the prevalence of
smokeless tobacco use remained fairly stable, Results are
in table 3. Three patterns in these data may be noted:
Less than 5 percent of the population reported using smokeless
tobacco.

Nationally, use was higher among males than females.

Among males, the prevalence of use of chewmg cobacco was higher

Natlonal Health Interwew Survey ]

In 1970, the National Center for Health Statistics incdluded a question
on: current use of snuff and chewing tobacco in its National Health
Ihtéi'i?iéw Survey (N HIS) (21} Ohé féépdhdent per h?iiisdibld jji'd\)ldéd

lected on ,apprqmmat,ely 77,000 persons in 37 000 households Est1:
mates indicate that 1.4 percent of males used snuff and 3.8 percent used
chewing tobacco (table 4).

~ National probabxhty data that were co]lected annually from 1980
th.rpugh 1985 for the Simmons Study of Media atid Markets provide
estimates of the prevalence of snuff use among adults who were 18
years of age or older. Sample Size ranged from 15,000 to 19,000. Data

are summarized in table 5 for the years 1980 to 1985. The prevalence

10 33.



TABLE 4.—Prevalence of the Use of Snuff and Chewing Tubacco
mong Males by Age, 1970 NHIS and 1985 CPS! Surveys*
 joomis 1985 CPS
= Percentage , Percentage
Product ___Age of Users _Age of Users

Snuff 17-19 03 1619 2.9
20-29 0.6 20-29 2.7
30-39 0.7 30-39 18
40-49 1.2 40-49 1.5
50+ 2.7 50+ 1.4
Total 1.4 Total 1.9
Chewing 1719 1.2 1619 3.0
"Tobacco 20-29 1.9 20-29 4.z
30-3¢ 28 30-39 3.7
4049 3.0 4049 3.3
50+ 6.5 50+ 4.2
Total 38 Total 39

* “Use" not further definsd with respect to frequency. S
Sources: National Center for Health Statistics. National Health Interview Survey. 1970 {unpublished). Office on
Smoking and Health: Currént Population Survey. 1985 (unpublished).

TABLE 5.—Nationel Prevalence of Current Use of Snuff by
Gender; Age; and Race for 1980 Through 1985*
Percentage of Users -

Sample 1980 1981 1982 1983 1984 1985
Total 1.6 2.2 2.6 2.3 i9 1.9
Males 2.4 3.7 1.2 3.8 3.0 3.2
Females 0.8 0.8 1.1 0.9 1.0 0.7

18-24 1.4 2.6 4.3 3.5 32 2:8
25-34 2.5 2.8 3.1 3.0 20 2.1
35-44 1.3 16 18 1.5 1.0
45-54 1.3t 1.3 1.3t 1.0% 1.1t 1.5
55-64 1.2+ 1.7 1.7 2.3 1.1t 1:3

Z 65 16t 2.8 2.6 14 2.5 2.4

Black 2.3t L6t 3.0 2.9 2.9 2.4
White 15 2.2 26 23 19 1.9
Other 19t L4t LIf  NA 0.4t 12

ears of ;léé Use not further defined wih’n res'peci t.o fre uency.
+ Number of cases too amall for reliable estimates.

Scurce: Simmons Market Research Bureau. Inc.. Study of Media and Markets; 1980-1985.
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TABLE 6. -—Prevaience of Snuff Use Among College Students

18 Years of Age or Older by Gender and Year*

Percentuge of Users -

Sample o 1983 1985
Total 2.7 35
Gender ‘ o
Males 5.4 6.7
Females 0.1t 021
Race o .
Black 1:5¢ 14t
White 5.1 3.6
Other 4971 4, 3T

* Current use; frequency of use not specxhed
T Pro;ecuon rglnu\ ely unswble because of small snmple .
Source: Simmons Market Research Bureau. Inc.; Simmons Natmnal College Study 1983 and 1985

rate for *‘current use” of snuff was 2.4 percent for males in 1986 and 0.8
ﬁéi‘t:éht fdi' feiﬁﬁléé Rates fdi' males peak Yea ed at 4 2 percer )erce 'nt lii 1982 éind

s;sbently been obseryed in the age g;oup 1C %o 24 years old: Compara-
tively higher rates of use were also observed in the age groups 25 to 34
years old and over age 65 (22. -

The Simmons National College Study reports data froma probablhty
sample of full-time students 18 years or older who were attending
baccalaureate-granting colleges and universities in the coterminous
United States. In 1983, 2,011 students were sampled, and 2,373
students were sampled ifi 1985, Five to 7 percent of males indicated use
of snuff compared to 0.2 percent of females (table 6). The prevalence rate
among male students exceeded that of the general adult male popule-
tion (tables 5 and 6). It 1985, prevaletice among college males was twice
that of other adult males, while the rate for college women was less than
one-third that among the general adult female popiilation. The com-
bined prevalence for male and female college students (3.5 percent) was
very similar to that for 18- to 24-yzar-olds in the general population {2.8
percent) (tables 5 and 6) (23).

Current Population Survey

In Lhe fall of 1985, the Census Bureau collected health mformatnon on
Population Survey (CPS) (2¢9). OSH sponsored a supplement to this
survey, which included a question on current use of snuff and chewing
tobacco. One respondent per household provided information on all
members age 16 and older. Provisional estimates of smokeless tobacco
use indicate that 1.9 percent of males used snuff and 3.9 percent used
chewing tobacco (table 4).

12 .35




TABLE 7.—National Prevalence of Smokeless TSB:}&@ Héé by
Adult Status and Sex; NIDA Sample, 1985*
Perceitage of Users

Males Females - _
Use Category $20Years _ 221Years <20 Years =21 Years
Used in Past Year 16 11 2 2
Used Formerly 4 7 2 2
Never Used ) 79 82 96 96
* Preliminary estimates not adjusted for oversampling of blacks and Hispanics:
Source: National Institute on Drug Abuse, 1985 National Household Survéy.oii Diiig Abiise. Preliminary results

gr, at the NIH Consensus Development Conference on the Henlth Implications of Smokeless Tobacco Use,
anuary 1986.

TABLE 8.—Recency of Smokeless Tobacco Use by
Sex and Age Group* B
Percentage of Users bv Aze Grouns ,
__ 1217 - 1825 2639 40+
Use Category Males Females Males Females Males Females Males Females

Used in__ - , N , ) i
~ Past Year 16 1 16 1 10 1 8 3
_Formerly 4 2 7 1

Never Used 80 97 77 98 8

1 8 2
98 84 95

UI; (S]]

* Prelimiiary estimates not adjusted (or oversampling of blacks and Hispanics. , ,

Source: National Institute on Drug Abuse, 1985 National Household Survey on Drug Abuse. Preliminary results

'gresentgd guhe NIH Consensus Development Conference on the Health Implications of Smokeless Tobacco Use,
anuary 1986.

National Institute on Drug Abuse Houseliold Survey

The recently completed 1985 National Household Sirvey on Drug
Use provides the national probability data on current use arid correlates
of use of smokeless tobacco by youth. It is the eighth in a series of na-
tional probability surveys conducted among household residents in the
coterminous United States by the National Institute on Drug Abise
(NIDA). Data are collected on the use and adverse consequerces that

are associated with 11 drugs or drug classes. The 1985 survey over:
sampled for blacks and Hispanics and younger age groups. The total

sample consists of approximately 8,000 face-to-face interviews. Tha

data presented here are based on a preliminary analysis of 4,564 inter-

views. Provisional estimmates are presented in tables 7 through 9.
Sixteen percent of males under the age of 21 reported using chewing

tobacco or snuff within the last year, in contrast to 11 percent of older
males (table 7). The decline in older age groups is seen more clearly when
narrower age categories are used (table 8). An estimate of the preva-

lence of weekly use may be obtained by combining the use frequency




TABLE 9.—Frequency of Smokeless Tobacco Use in Past Year*

Percentage of Users

- -Age Groups for Males™ Males and Females

Pist Year Usé of

Smokeless Tobac:o 12.17 1825 2639 40+ Age 12 and Above
Most Days/Week _ 3 71 5 4 2
1 or 2 Days/Week 2 1 1 1 1
Tor More Days/Week 5 8 [¢] 5 3
3 51 Days/Year 5 5 § 3 2
1-2 Days/Year 6 3 2 1 2
Not in Past Year 4 X 5 8 3
Have Tried 20 23 15 16 10
Never 80 77 85 84 20

. Prehmmary esumaws notradjrusrl.cd for overwmphng of blacks and Hxspamcs

bource National Institute on Drug Abuse, 1985 National Household Survey on Drug Abuse. Preliminary results
yresented at the NIH Consensus Development Conference on the Health Implicaticns of Smokeless Tobacco Use,

anuary 1986.

categories of “most daysa wveek’ and “1 or 2 days a week” (table 9). Use

at least once a week peaks in the 18- to 25-year-old age groups at 8 per-

cent: As in previous surveys, the use among females was consistently

much lower than among males. Responses suggest slightly higher rates

of use among women 40 years of age and older than among younger
women (table 8} 25/:

Bxscussxon of Ni atlonal Survey Data }

Despite varying methodologies among the national s surveys {table 7},
sufficient commonalities permit meaningful comparisons. The 1970 and
1975 OSH surveys and the 1980 to 1985 Simmons Study of Media and
Markets indicate that the use of snuff by adult males remained con-
stant within a range of 3 to 4 percent. Use by adult females also re-
the population over. the age of 18 increased 32 percent from 133.5
million to 175.8 million {26). The production of all forms of smokeless
tobacco mcreased 42 péi-ééiit from 95.2 %0135.6 'millio'ri pounds 'an'd the
emergence of a new populatlon of users.

The 1970 NHIS and the 1985 CPS both relied on the use of proxy re-
spondents. Estimates of smokeless tobacco use are likely to be lower
than the actual pdpulétlbh p’rév:aléh'cé bécé’u’éé réépbndénts may not

year. the OSH Adult Suljvey, which did not use proxy respor depts pro-
vided corresponding estimates of 3 and 6 percent. Similarly, the CPS
estimates that 1.9 percent of males used snuff in 1985, while the Sim-
mons Study of Media and Markets estimates 3.2 percent.
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However, compansons between the 1970 NHIS and the 1985 CPS for
the purpose of exaniiniing trends are appropriate. They suggest little
change in the overall rate of adult male use of smokeless tobacco but
indicate a marked change in the age dJstnbutlon of users (table 4) In
1970, the use of smokeless tobacco was most common among olde"
mien; in 1985, the prevalence in the younger age groups had greatly

increased.
Both the Simmons Study of Media and Markets and the NIDA

survey show the highest rates of use among young adults ages 18 to 24.
The Simmons National College Study indicates that male college
students are as likely to use snuff as are other 18- to 24-year-olds. The
Simmons data also show a slight elevation in prevalence among persons

over the age of 65, which reflects the age distribution of traditional

users of smokeless tobacco.
1f the NIDA prevalence estimates are applied to current population
figures (26J, there are at present over 12 million persons in the United

States ages 12 and older who have used some form of smokeless tobacco

in the past year: Three million are under the age of 21, and 1.7 million of

these are males 12 to 17 years old: An estimated 6 million persons use

smokeless tobacco at least weekly: Of these, 0:5 million are males ages

12 to.17; 1.8 million are males ages 18 to 25; and approximately 780,000

The 1980 to 1985 Snnmons Study of Media and Markets estimated

that 2 to 4 million persons over the age of 18 were users of snuff. Of
these, 0.6 to 1:2 milkon were between the ages of 18 and 24.

Table 10 summarizes data on the prevalence of smokeless tobacco use
by region from three national surveys conducted in 1985:; Among these
adult samples; use was highest in the South and lowest in the North-
east; with the West and North Central/Midwest falling in between.

These surveys provide self-report data only; no direct validation at~

tempts-were made: Because no strong social sanctions regarding
smokeless tobacco use exist for adults; systematic misrepresentation
by them is unlikely. However, under the conditions of a personal inter-
view, as used in the NIDA study; adolescents would be more likely to
underreport than overreport their use of smokeless tobacco: In addi-
tioﬁ, the preliminary éétiiﬂatés from the N IDA éﬁ?véy fia&e not beeﬁ

blacks and Hlspamcs reported less smokeless tobacco use than whites;
and their overrepresentation would result in underestimates of national
prevalence.
State and Local Survey Data

. State and local surveys provide much of the information after 1980 on
the use of smokeless tobacco. Since most of these surveys were con-
ducted in schools, often motivated by apparent increases in students’
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TABLE 10. —Prevalence of Smokeless Tobacco Use by

o Census Region, 1985
_ Percentage Reporting Use

Prevalence Category Northeast North Central . South West ...
CPu N o o o

€hewing Tubasco 15 3.7 7.0 3.9

Snuff 1.2 2.3 3.1 1.6
Simmons o , .

Snuff 15 1.3 2.2 1.3
NIDA*

{Snuff and/or Chewirig

tobacco)

Weelgl)jUseor o B

More Often  __ 1.0 2.0 5.0 4.0
An’j' Use in Past Year 4.0 6.0 8.0 9.0

* PreEmmnry e'lhmaf.es not ad)usbed for age and race.

Sources Offiée. on. Smokmg and, Hegl;h Current. Populm.mn Survey, 1985 (unpubhshed) Simmony Market
Research Bureau, Inc., Study-of-Media and Markets, 1980-1985. National Institute on-Drug Abuse.-1985 House-
hold Survey on Drug Abuse. Preliminary results presented at the NIH Consensus Development Conference on the
Health Implications of Smokeless Tobacco Use, January 1986.

use of smokeless tobacco. product:s ‘there may be a selectlon bias:

However the large and growing number.of reports and the wide

geographic coverage support the conclusion that smokeless tobacco use

is not a localized phenomenon: Indeed, the consistency of such data 'iug-

gests that smokeless tobacco has become a product that is used by

large numbers of teenage and young adult raales:

Adult Use
Several reports prowdc a tentatlve proftle of local usage patterns of

smokeless tobacco among adults: In 1979 tobacco use mformatmn was

collected from 4,282 men between the ages of 21 and 84 in 10 geographic

areas as part of the National Bladder Cancer Study, a population-based

case control study (27). The overaii prevalence for having “‘ever used

snuff for 6 months or more” among the control subjects (randomly

selected from the general population) was 5 percent; for chewing to-

bacco, the corresponding figure was 12 percent. A breakdown by age

indicated much more use of smokeless products by older men than

younger men (table 11)..

. Glover and his. coHeagues nnnducbed a random sampie telephone
survey of 280 persons i Pitt County, North Carolina (28). A user was

defined as a person who answered ‘“yes’’ to the question; ‘Do you dip or

chew tobacco?”’ Forty percent of males and 9 percent of females

answered posxtlvely High rates of use are probably not a new phenome-

non since there is a tradition of smokeless tobacco use among both

sexes in th's area; and tobacco is a major agricultural product:
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TABLE 11.—Prevalence of Snuff and Chewing Tobacco Use by
Adult Males in 10 Geographic Areas

Percentage Reporting Ever Used

Sample n Snuff Chewing Tobacco
All Men 4,282 5 12
Age . . - _
21-44 240 0 2
4564 1,653 3 6
65-84 2,389 7 16
Ares of Residence R _ .
Atlainita - 186 8 23
Connecticut 654 1 12
Detroit 355 .8 20
Towa __ _ B52 12 14
New Jersey 1,288 2 10
New Mexico 129 7 20
New Orleans _ 115 1 6
San Francisco 542 .2 8
Seattle 255 10 6
Utah 206 5 7
Race _ . .
White . 3,892 5 11
Nonwhite 390 5 18

§o1.1;:e National Bladder Cancer Stud% %%GP Hoover, R. und Kantor, A, Bladder cancer risk and p pes,
okeless tobacco. Cancy 5: 901 1985, Blesearchsupponea by the National Cancer Institute,

cigars, end sm:
the Food and Drug Administration, and the Environmental Protection Agency.

__Gritz, Ksir, and McCarth: y surveyed a sample of 214 students at the
Ui’iiVét‘éity of Wyb’mmg”"’ g (29). 1n their §§iﬁplé 27.1 percent of males and
ZI 1 percent of females reported ‘‘current use,” with the criterion for
“current use” unspecified. The vast majority of users (84 percent) used
moist snuff. .
 Glover and his colleagiies reported a survey of 5,894 students in
physical education classes at 72 colleges and universities from 8 States
(Oregon, Arizona, Colorado, Oklahoma, Minnesota, Ohio, South Caro-
lina, and Connecticut) (30). Twenty-two percent of the males who were
surveyed reported using smokeless tobacco compared to 2 percent of
the femsles. Combitied rates of use for both sexes rafiged from 15 per-
cefit in Oklahoma to 8 percent in Connécticit. The majority of the users
reported using less than one can or pouch per week.

Adolescent Use S
~ Studies of school-age youth conducted since 1980 are suminarized in
table 12 {3145). Five different criteria for classifying use have been
selected for data display: daily use, weekly use, monthly use, current
use (no frequericy specified), and ever used.

Recent regional dsta on the use of smokeless tobacco have been col-
lected by a number of National Cancer Institute grantees in the course
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TABLE 12.—Prevalence of Use of Smokeless Tobacco Among Youth by

Gender and Grade: Regional and State-Level Surveys
Reported Since 1980*

Daily Use -
Arkansas (31) 10-12 26.0 - — 179
Arkansas (32) 10-12 - - 15.0 - 901
Nebraska (33) 7-12 25 0.0 - 2,612
Ohio (34) 412 S

Chewing Tobacco 114
_Snuff 197
Oregon (35)

|

-~
kS
@

—
f

D

-

O

001~ S 00 O]
o
o
!
i
'
=t

t
-3
—
[=]

Oregon (36)

0:2
04
0.7
0.0
2.4
5. -~ - 139
9.7 ~ - 132
1 10.6 = = 255
Wisconsin (37) 3.0 0.0 — -
6.0 0.0 - -
_9 3.0 0.0 - -
10 8.0 0.0 - -
11 11.0 0.0 - -
12 15.0 0.0 — —
Total - - - -

Weekly Use

{Or more ofter) o . ,

Nebraska (33) 7-12 48 0.0 = 2,616
Wisconsin 37) 7 12.0 - - -
8 18.0 - - -
9 15.0 — - -
10 24.0 - - -
11 25.0 - - -
12 37.0 — - =

Totel - 1.0 - 25,000

Monthly Use .

(Or more-often) o o .
Arizona (38) 8-12 184 - - 1,080
Midwestern ]

States (39) 1012 33.0 0.0 = 323

Nebraska (33) 7-12 7.1 0.0 - 2,616

Current Use =~
(Frequency not specified) N -
Arkansas (31) 10-12 31.8 2:2 - 179
Arkansas (32) 10 - - 13.8 326
11 - - 20:6 330
12 — - 23.7 245
Total 36.7 2.2 - 901
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TABLE 12.—Continued
Location - - ] B
{reference) Gradels) Males Females Total n
Current Use (Cont.)
Colorado (40) Io12 216 06 - 1,119
Colorado (41) 10-12 260 0.0 - 445
Louisiana (42)1
19761977 o
Chewing Tobacco _89._ 11.0 — — —
10-11 17.0 — - -
1213 25.0 = = =
14-15 240 — - —
L 16-17 15:0 - — -
Snuff 89. 4.0 — - -
10-11 7.0 = = =
12-13 5.0 — - —
14-15 11.0 - — -
16-17 5.0 — — —
N Total = = = 2,880
1981-1982 . _ - o
Chewing Tobacco  8-9 24.0 - - —
10-11 320 - - —
12-13 39.0 — — —
1415 43.0 - — —
18-17 15.0 — = -
o Total = - — 1,981
Sniuff 89 21.0 - - -
10-11 26.0 - - -
12-13 32.0 — — -
14-15 30.0 — — -
16-17 14.0 —_ - =
. : . Total - = - 1,981
Permsylvania (43) ~ 7-12 300 00 - 538
Texas (44) 7-12 19.0 0.0 — 5,392
Wyoming {29} 7-9 245 _ 1.2 — 2,408
Ever Used o
Arkansas (45) K — - 214 112
Ohio (34) S
Chewing Tobacco  4-12 58.0 12.0 — L=
L Total — — — 1,007
Snuff _4-12 64.0 24.0 — —_
IR Total Rl et - 1,007
Oregon (35) 1 63.4 199 — 445
9 72.7 164 = 249
) 10 76.7 23.8 - 133
Wisconsin {37) 7 320 .- - -
8 45.0 — — -
-9 47.0 — — —
10 50.0 - - =
11 47.0 - - -
12 48.0 — — =
Total - — 110 25,000

* Unless otherwise indicated. figures represent the usage of chewing tobacco andor snuff. Multiple entries have
been made for studies that provide for more than oié claasification criterion.
1 Age listed rather than grade.
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of their ongoing research on tobacco use by youth 46). Through col-
laboration, these investigators have achieved more standardization in
data collection than in previous studies; which makes comparisons
among_the different locales more meaningful. Although there were
some differences in methodology, all of the studies addressed one or

both of the followmg research questions:
1. What percentages of males and fernales have ever used smokeless
tobacco?

2. What percentages of males and females have used smokeless
tobacen in the last 7 days?

- Adolescent males may be siibject to pressures that simultaneously
discourage and encourage smokeless tobacco iisfé,,UiidéITepofjﬁfi'tiﬁg of
use may result from the presence of teachers and the setting in which
the survey is admx' '”'m”’stered*'*’ Ov*errepo' Tep rtmg ‘may. i'ééiilt frbm peer

may be facilitated by collecting breath or saliva samples when surveys
are completed. Respondents who believe that their self-reports can be
objectively verified via biochemical testing tend to provide more accu-
rate responses {47<49). Biocliemical validatior was used in 14 of the 17
subsamiples reported in table 13.

Most studies do not distinguish between snuff and chewing tobacco.
In reports where the two have been separated, both substarces were

found to be in use (34,42,43).

Rates of smokeless tobacco use were consistently higher among
males than females. This difference is especially marked when more
precise classifications for regular use are employed. While substantial
numbers of adolescent females report having tried smokeless tobacco at
least once, very few use it on a regular basis (33-35,37,39,46).

The use of smokeless tobacco by youth was generally higher in rural
than urban areas, in small communities; and in areas where there is a
tradition of smokeless tobacco use (34,37,46). However, high rates of use
have also been reported in large metropolitan areas as well (37,40,46).

‘Table 14 summarizes data on smokeless tobacco use by ethnic groups
collected by mvestlgators using standardmed ‘questions (46) ’Ib date lit-
tle information has been available on smokeless tobacco use by non-

whites; and some early research suggested that minority youth were

not taking up the practice (42). In these studies, however, Hispanic

youth showed rates of smokeless tobacco use comparable to whites; and

Native American rates were consistently higher. In most locales, use was

Jess common among Asians and blacks. Nationally, black college stu-

dents are less likely to use snuff than are white college students (table 6).

Prew}aience estimates for smokeless tobacoo ‘use by black aduits

The likelihood of using smokeless tobacco appears to increase mth

age as well as over time (32+35,37,42,46). Only one study has collected
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TABLE 13— Prevalence of Use of Smokeless Tobacco Among Youth by
Gender and Grade: Local Surveys Using

Standardized Questions

Males Females
Sample Grade  Percentage n Percentage n _
Used in Last 7 Days
California . . - e
Suburban/Rural 6 47 (469) 0.7 (407)
14.8 {574) 1.4 (557)
o 8 9.2 (487) 1.6 (499)
_ Suburban/Urban 9 18.1 (2,015) 2.4 {2,146)
Montana
Urban q 9.4 @77) 2.0 (403)
5 11.9 (429) 1.5 (392)
6 13.9 (446) 3.2 (402)
New York . ) o L
Urban 4 3.9 (306) 0.3 (298)
5 2.9 (272) 0.4 (275)
6 10.7 (252) 0.4 (243)
New York , R o
New York City 6 1.1 {1,488) 0.9 (1,494)
New York - o o o
_ Suburban 7 3.0 (2,016) 0.0 (1,811)
Oregon - — - - -
Suburban/Rural 6 6.0 (602) 0.9 (542)
7 9.1 (627) 0.8 (618)
8 13.6 (663) 1.0 (608)
9 17.3 (572) 0.5 (567)
10 22.2 (514) 2.3 (471)
B i1 22.7 (440) 0.5 (431)
Oregon . .. . - N S o T
Suburbar/Urban 6 1.9 (571) 04 (525)
7 4.6 {670) 14 {575)
8 6.8 (514) 0.8 (533)
o 9 14.8 (588) 1.2 (575)
Soiithieastern . ,
United States 6 9.8 (305) 1.3 (228)
10 SMSA’s 7 12.1 (346) 0.6 (325)
8 10.4 (279) 1.6 (313}
Vermont _ L L
Rural 5 9.3 (288) 0.3 (317)
6 14.9 (328) 1.0 (289)
Vermont . L o
Urban 4 2.8 (216) 0.0 (199
5 4.8 (207) 1.0 (201)
o 6 4 (204) 0.0 (193)
Washington - L
Rural 4 4.4 - (45) 0.0 (47)
5 6.4 (141) 1.3 (156)
[ -8.8 {968) 2.1 (964)
7 13.1 521) 4.1 {514)
o 8 14.8 {316) 5.2 {325)
Washinigton . . .
Rural 10 23.7 {215) 0.4 233)
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Males Females
Sample _ Grade Percentage n Percentage n
Ever Used
California___ ____ ! o L o .
Suburban/Rural 6 32.6 {473) 7.8 (411)
7 56.2 (578) 19.6 {667)
i 8 56.7 (492} 20.0 {504)

Los Angeles 7 249 (273) 6.7 (310)
_ SHARP
California - - S s - Ll

Los Angeles 7 253 479) 1.7 {480)
~ SMAR 8 31.9 {429) 8.1 (418)
California _ . R R

Los Arigeles 8 32.0 (1,240) 6.9 (1,474)

TVS
Minnesota_ . . __ . . L .

Suburban/Urban 9 62.1 {(2,001) 229 (2,133}
Montana . N

Urban 4 41.0 {480) 175 {401)

5 56.9 (431) 19.3 {394)

- oo - 6 68.2 {443) 24.6 {402)
New -York : oo R, T T
Urban 4 23.1 {307) 3.4 (298)

5 335 (272) 51 (275)

S 6 478 (255) 7.0 (243)
New York . o . .

New York City 6 6.7 (1,488) 3.0 (1,494)
New York . . . o
_ Suburban 7 25.3 1<,016) 4.1 (1,811)
Oregornrri - ) A oL R

Suburban/Rural 6 48.3 {607) 16.2 {551)

7 57.9 {639) 19.8 {630)

8 64.5 {677) 23.8 617)

] 70.4 (577 26.7 {(578)

10 74.7 {522) 311 {485)

- 11 715 (445) 34.2 {436)
Oregon - .. . = Ll oo DIl
Suburban/Urban 6 324 (568) 8.7 (528)

7 449 (568) 16:8 (572)

8 541 (512) 17.2 (535)

[ _ 9 61.3 (589) 247 (575)
Southeastern i o . L o
United States 6 47.6 (309 114 (229)

10 SMSA's 7 49.0 (353) 135 (325)
8 51.4 (280) 15.6 (314)
Vermont . o o ]

Rural 5 38.8 (289) 8.2 {317)
- 6 54.8 {332) 7.2 {290)
Verinont R I o o S

Urban 4 17.4 {213) 30 {200}

5 26.2 {207) 5.5 (201)

e 6 3938 (206) 31 (193)
Washington N o o
Raral 4 156 - {45) 0.0 _{47)

5 27.0 (141) 1.7 {156}

6 49.0 (968) 13.0 (964)

7 52.0 {521} 16.0 (514)

8 58.9 (316} 20.1 (325}
Washington o o
_Rural - 10 73.5 (215) 30.9 {233)
Waterloo, Canada - - R - - R
Suburban/Rural 11 26.0 {281) 55 {444)

2 45

ERIC

Aruitoxt provided by Eic:



TABLE 14 ——Mean Frequency of Smo](eless Tobacco Use
During Last 7 Days by Ethnicity of Male Respondents

Prevalence
Sample Ethnicity n %
California Asian 192 3.7
Suburban/Rural Black - 118 61
Grades 6-8 Hlspamc 188 112
White - 1,046 114
Minnesota Asian 36 13.9
Suburban/Urban Black 201 40
Murray Hispanic 24 458
Native American 38 184
White 1,602 19.6
New York = _ Asian 119 25
New York City Black 205 0.5
Grade 6 Hispanic 510 1.0
White 501 1.2
New York Asian 23 4.3
Suburban Black a7 21
Grade 7 Hisparic 39 2.6
Native American 26 3.8
White 1,796 3.3
Oregon Asian 38 5.3
Suburban/Rural Black 33 15:2
Grades 6-11 Hispanic 61 16.4
Native American 120 233
White 3,162 14.2
Oregon Agdian 71 2:8
Suburban Black 231 3.9
Grades 6-9 Hispanic 26 0.0
Native American 48 12,5
White 1,847 7.6
Southeastern Black 258 3.9
United States White 652 14.0
10 SMSA’s
Washmgton Agian 148 6.1
Raral Black 119 1.7
Grades 4-8 Hispanic 111 9.0
Native Arnerican 179 30:7
White 1,434 9.4

O
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both cross-sectional and longitudinal data. Hunter and her colleagues
assessed tobacco use by children in Bogalusa; Louisiana, in 1976-77 and
again in 1981-82 (42). The use of both snuff and chewing tobacco in-
creased over time within age categories, within age cohorts; and across
age categories (table 12). A decrease in use was observed in the oldest
age category, 16-17 years old, but has not been seen in other locales
(tables 12 and 13). The decrease may reflect agerelated changes in nor-
mative behavior particular to that area or a cohort effect.

Peer and family members are found consistentisyr to be unportant in-
fliiences on smokeless tobacco use by children aud adolescents. Young
users of smokeless tobacco have more friends who also use smokeless
tobacco (34-36,39,45) and may themselves identify friends’ encourage-
ment as a reason for use (35,44). Users of smokeless tobacen are also
more likely to have family members who themselves use smokeless
tobacco (34,36,45) and encounter less parental disapproval of the prac-
tice (31,34).

In a spec1al N atlonal Progra.m Inspectlon study prepared by the Of-
Services, young current and former users of smokeless tobacco were
interviewed in depth (50). Two hundred and ninety students in junior
and senior high schools from 16 States volunteered to participate. All
had used smokeless tobacco on a weekly or daily basis. While this study
was not designed to provide prevalence estimates, it provides useful in-
formation about the attitudes and practices of some adolescent smoke-
less tobacco users.

' Over 90 percent of these respondents used snuff excluswely, and over
55 percent indicated that they would have strong cravings if they tried
to quit. On the average, this group reported first trying snuff at age 10
and beginning regular use by age 12. Fifty percent cited pressure from
friends as their primary reason for initiating use, but continued use was
most often attributed to enjoyment of taste (64 percent) and habit
strength (*‘being hooked,” 37 percent). Over 85 percent thought that
dipping and chewing can be harmful to health, but less than 55 percent
considered regular iise to preserit d moderate or Severe risk.

CONCLUSIONS
1. Recent national data indicate that over 12 million persons used
some form of smokeless tobacco (chewing tobacco and snuff) in
1985 and that approx1mately 6 million used smokeless tobacco
weekly or more often. Use is increasing, particularly among
young males.

2. The hlghest rates of Use are seen among i:eenage and | young aduit

males between 12 and 25 years of age have used some form of
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smokeless tobacco w1thm the past year and thatfrom one-thn-d to

one-half of these used smokeless tobacco at least once a wee!: Use

by females of all ages is consistently less than that of males;

about 2 percent have used smokeless tobacco in the last year:

3. State and local studies corroborate the national survey findings.
The prevalence of smokeless tobacco use by youth and young
adults varies widely by region, but use is not limited to a single
region. In several parts of the country, as many as 25 to 35 per-
cent of adolescent males have indicated current use of smokeless
tobacco.

RESEARCH NEEDS
More systematic and detailed natlonai and local : surveys on smoke-

less tobacco should be conducted.* National probability sample

surveys. need to be supplemented wzth surveys of suspect;ed “hot

prevaience of use in these areas:

" Standardized methods are essential to facilitate appropnate eompan
sons among data: The current state of assessment is similar to the early
days of research on cigarette smoking before standardized formats for
assessment of prevalence and quantification of dosage became available.
Accurate and reproducible dosage measurement for smokelws tobacco
cigarette smoking because of the multlphcm v of product forms. _

Specific items that require standardization include the following:

. Collectlon of data separabely for snuff and chewmg tobacco.

* Definition of user classified accordmg to the frequency of use. To
date; little attention has been given to finer distinctions of use, in-
cluding quantity used, the appropriate unit of measurement, and
iiiii‘ié that the proiiuft is a]lowed to remain in the mouth.

¢ Description of use. Data need to be gathered on patterns of use as
well as the relatlonshlp of use to cigarette smoking.

¢ Repotting of age of initiation and duration of use.

¢ Definition of quit attempts and a quitter.

¢ Natural history of smokeless tobacco use and its relatlonshlp to
other substance use, including other forms of tobacco; particularly
cigarettes:

¢ Surveys of adequate sizes to permit stratification of the sa.mples
by relevant variables such as gender, age, ethmc;ty, socioeconomic
status, cigarette smoking status, and various behavioral factors
such as attitudes and knowledge, peer pressure, and academic

* The 1986 OSH Adult Useé of Tobacco Survey will address many of the items listed below.
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INTRODUCTION

This chapt;er presents the results of a syst;ematlc review , of the world’s

medical literature describing experimental and human evidence perti-

nent to the evaluation of smokeless tobacco as a potential cause of

cancer. Five categories of research relevant to assessing the role of
smokeless tobacco in cancer causation were defined:

1 Epldemxologlc studies and case reports of oral cancer in relation
to smokeless tobacco use:

2. Epideminlogic studies of other cancers in relation to smokeless

tobacco use:
3. Chemical constituents of smokeless tobacco.
4. Metabolism of constituents of smokeless tobacco

5. Expenment;al studies mvolvmg exposing laboratory animals to
SmOk&l&So tobacco or its constrtuents

Consensus summaries of the literature in each of these categories

were prepared and form the basis of thisz report In addltlon, recomunen-

dations for future rsearch to clarify suggestive findings or fill gaps in
knowledge are made:

EPIDEMIGI:GGIG STUBIES AND CASE REPORTS
OF ORAL CANCER IN RELATION TC

SMOKELESS TOBACCO USE
Because smokeless tobacco products used in d]fferent reglons of t,he

world vary considerably in composition and usage patterns, this sectior

will consider North American and European data separately from

Asian data. Citations to the literature from India and other Asian coun-

tries where quids containing tobacco and other ingredients are com-

monly used orally focus on articles that attempt to distinguish tobacco

from other ingredients in the quids as possible determinants of car.cer
risk.

Data From North America and Europe

Although about a dozen informative epidemiologic studies of smoke-
less tobacco use and oral cancer in North Amierica or Europe have been
reported, only a few were specifically designed to examine this relation.
There are two major reasors for the relative paucity of stidies. Apart
from the recent increased prevalence in use of smokeless tobacco, the
habit has not been widely practiced in America during this century, ex-
cept in localized areas such as parts of the rural South (1,2). Further-
more, cancer of the mouth is uncommon in the Western Hemisphere,
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exacerbating the difficulty of conducting epidemiologic investigations;
particularly cohort studies; into the relation between smokeless tobacco
and oral cancer. The age-adjusted incidence rate for cancers of the buc-
cal cavity and pharynx in the United States is approximately 11 cases
per 100,000 population per year, with these tumors accounting for
about 3 percent of all cancer deaths (3). Nevertheless, sufficient informa-
tion is available to evaluate whether the use of smokeless tobacco
increases the risk of oral cancer.

Case Studxes L
In their review of 566 oral cancer patlents treated in two hospltals in

Nashwlle Rosenfeld and Callaway (4,5) noted that the proportion of
women (61 percent) with buccal and gingival carcinoma was higher than
the proportion of mex (36 percent). Approximately 90 percent of women
with buccal and gingival carcitioiiia tised snuff for 30 to 60 years; In con-
trast, 22 percent of women with cancers in other oral cavity subsites
used snuff. Many of these women began practicing ‘‘snuff dipping,”
nainiely, the placeinent of tobacco snuff it the gingivobuccal sulcus, be-
tween the ages of 10 to 20 years. These reports édre typical of niimerous
and sometimes large series of cases from the South, which reported that
high percentages of patients with gingivobuccal cancers were snuff dip-
pers or tobacco chewers (6-13) The articles describing these case series
generally did not uise comparison (control) groups, biit the atithotrs con-
sistently commented on an apparently high prevalence of tie use of
st ff by the cancer patients. Clinicians also noted that the usual male
pre Jominance for epidermoid carcinomias of the oral cavity diminished
or disappeared for the subgroup of gingivobuccal carcinomas occuiTing
in geographic areas where there was relatively common use of snuff and

chewing tobacco.

Ahblom reported in the 1930’s on a possible association between
smokeless ‘tobacco and cancer in Sweden (14). Among male patients
with cancers of various sites seen at the Radiumhemmet (Stockholm),

the use of snuff or chewing tobacco was reported in 70 percent with buc-
cal, gingival, and “‘mandibular’”’ cancers as compared to 26 to 37 percent

with cancers in other oral subsites, the larynx, pharynx, and esophagus.

Axéll et al: reviewed :iedical records of male patients with squamous

cel carcinoma in the oral cavity diagnosed between 1962 and 1971 and
recorded in the Register of the Swedish Board of Health and Welfare (15).

The authors were only able to det:ermme a hlstory for the pat:t;ern of use

of smuff m 25 percent of eligible patients but commented that two-

thirds of patients who were verified snuff users had oral cancers in

regions where the snuff was generally placed: Reports of a single or a

few cazes; usually among mmale tobacco  chewers; in the Northern United

States and Canada also described buccal carcinomas that were often

located precisely in the area where the tobacco was retained in the
mouth (16-19).



Ini the early 1940's, Friedell and Rosenthal associated the: use of snuff

or chewing tobacco with an exophytic; verrucous type of squamous car-

cinoma of the oral cavity (16). Ackerman described in detail the morpho-

logic and clinical features of verrucous carcinoma of the oral cavity (20).
Where the lesions originated in the buccal mucosa; a fustory of chronic

use of chewing tobacco was elicited in 60 percent of the patients. The

morphologic de<cription was that of a well-differentiated; locatly i mva-

sive, papillary squamous carcinoma, often in association with leuko-

plakla In more than half of these patients; there was poor oral hygiene

and carious and missing teeth. .

In summary; clinical and pathologlcal reports pubhsﬁhg&:iﬁugfugg ‘the
past. four decades in the United States and elsewhéfe have cgmggggq on
the entlty Rnown as snufF—dlpper s carcinoma (4, 7,11), prOVIdmé the Bééls

associated with an increased risk of low-grade verrucal or squamous cell
carcinoma of the buccal mucosa and gingivobuccal suleus:

Case Control Studies

Most of the epldermologlc evidence comies from several case—controi
stud1e§ of oral cancer. The low prevalence of smokeless tobacco use in
most North American populations contributes to a low statistical effi-
c1ency in most of these studies. Good information has been obt:mned

of high prevalerice of sitiokeless tobacco use, or analyzed according to

site within the oral cavity (since the tissue affected by snuff use appears
to be highly localized). One study; by Winn et al., with these characteris-
tics consequently provides the most uﬂonnatlve body of data on the
carcinogenicity of smokeless tobacco in North America (21). _

The major concern for validity in the epidemiologic studies of smoke-
less tobacco and oral cancer is uncontrolled confounding. A small num-
ber of subjects in crucial cat;egones prevented efficient adjustment for
confoundmg by stratification in many of these studies. Many of the
studies were condiicted before the advent of sophisticated epidemio-
logic analyses and make 1o attempt to control confounding. The two
primary confounding factors of concern are alcohol consumption and
smoking (22). Alcohol coi.sumption is a strong risk factor for oral can-
cer. It is not clear on a priori grounds, however, to what extent alcohol
consumption would be correlated with smokeless tobacco use. The rela-
tion between smokmg. also a strong risk factor for oral cancer (2}, and
smokeless tobacco use may be complex. Users of smokeless tobacco
may be more likely to have been smokers at some time, On the other
hand, heavy users of smokeless tobacco typically cannot be heavy users
of cigarettes, so that smoking is presumably negatively correlated with
smokeless tobacco use. Failure to control confounding by smoking would
therefore lead to underestiiriates of the effect of smokeless tobacco.
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TABLE 1.—Smokele: Tobacco and Mouth Cancer,

Case-Conirol Data From Moore et al. (25,24

Smrkeless Tobacco Mouth Cancer Cases Controls

Users 26 12
Nonusers 14 26

Totals 40 38

Cride RR = 4.0 95%-Confiderice Interval: 1:6—10

Chronologically, the first case-control study of smokeless tobacco
University of Minnesota Tumor Clinic with a diagnosis of cancer of the
mouth were interviewed about tobacco use as part of a general inter-
view procedure for clinic patients. Surgical outpatients who received
the same interviews served as controls. From the data that were
reported by these authors, one can calculate a crude relative risk
estimate for mouth cancer among smokeless tobacco users of 4.0 with a
95-percent confidence interval of 1.6-10 {table 1). An oddity was an ap-
parent lack of effect for other forms of tobacco use. A partial explana-
tion might be negative confounding between smokeless and smoked
tobacco; indeed, 26 of the 40 cases of mouth cancer chewed tobacco.
Still, the extent of disparity in crude effect estimates for smokeless
tobacco {relative risk estimate 4.0) and smoked tobacco (all relative risk
estimates <1.0) is surprising. i i i ~

Wynder et al. reported on a case-control study of squamous cell
cancers of the upper alimentary and respiratory tract that was con-
ducted at Sweden’s Radiumhemmet in -1952-55, includihg 33 tongue
cancer patients; 14 lip cancer patients; 19 gingival cancer patients; and
8 patients with cancer of the buccal mucosa; among others {25). Con-
trols were patients with cancers of the skin; head, and neck other than
squamous cell carcinoma,; stomach cancer, lymphoma, salivary-gland
tumors, leukemia, sarcoma, cancers of the colon and rectum, and
cancers of the female genital tract. A variety of risk factors was exam-
ined, including the use of chewing tobacco. The authors state that the
data suggested that an increased risk is associated with the duration of
chewing tobacco for cancers of the gingiva and oral cavity but not for
cancers of the tongue, lip, hypopharynx, esophagus, or larynx, but the
data as presented do not permit an est‘mation of risk. In addition, data
were not adjusted for other potertial vrnfouriders, including cigarette
smoking. Wynder and colleagues also reported in 1957 data from a
similar hospital-t ~d case-control study of mouth cancer conducted in
New York {26). T¢ .cco chewing was found to be more common among
men with oral cavity cancers than among controls; but it was noted that
almost all of these patients also drarik alcoholic beverages and smoked,
and no further analyses were attempted.
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TABLE 2. —Smokelees Tobacco and Mouth Cancer, -
Case-Control Data From Peacock et al. (27)

Age B
40-49 - 5959 60-69

Smokeless ——— — — -
Tobacco ~__ Case Controls Case Controls Case Controls
User 0 16 7 13 18 20
Nonuser 5 14 6 16 9 37
Total 5 60 13 29 21 57

_RR= RR =14 RR = 3.7

RRMH = 2 O 95% Confldence Interval: 1.0—4.2

_Peacock et al. studied 56 cases of mouth cancer; including malignan-
cies of the buccal mucosa; alveolar ridge; and floor of the mouth, and
compared their tobacco histories with those of two controt groups: 146
hospitalized controls with d1agno.>es other than cancer and 217 outpa-
tients (27). Age-specific results using the hospitalized controls are sum-
marized in table 2. The overall relative risk was estimated to be 2.0
{95-percent confidence interval 1.0-4.2); the relative risk seemed to in-
crease with age with an estimate of 3.7 for the 60 to 69 age group. The
data were not reported in sufficient detail to control for confounding by
iiﬁ'o’king, which zii‘ééiiﬁizibly led tb underestimates of the Eélétiiié risk:

tween the risk of moiith cancer and the amount or duration of smokeless

tobacco use.

- In Atlanta, patlents with oral, pharynx and larynx cancer were com-
pared to three control groups having other mouth diseases; other can-
Cers, or 1o cancer {28). Among urban women, 40 percent of the cases
used sniif compared to 3 percent or less of the controls (table 3). Among
rural women, 75 percent dipped snuff compared to 20 percent or less
among controls. Cigarette smoking was common in urban women and
not specifically controlled for. Few rural female cases smoked cigarettes
(7 percent) so confounding by smoking was minimal. The association
between snuff dipping and oral, pharynx; and larynx cancer in women
was generally evident in most age groups. Among the cases; the propor-
tion of snuff dippers was highest among oral cancer patients: 53/72 were
dippers compared to 2/18 pharynx and larynx cancer patients. Among
men, insufficient information was provided to obtain precise epidemio-
logic estimates of the effect of chewing tobacco, although data from one
of the bar charts presented indicate that urban cases were more likely to
be users of smokeléss tobacco than controls; that rural men with oral,
phisrynx, and larynx caricer or mouth disease were more likely to chew
than controls, and that oral cancer patients were more likely to chew
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TABLE 3.~ %: aated Relative Risks Associated With Snuff Use for
Csucers ¢f the Oral Cavity, Pharynx, and Larynx,
~ CaseControl Data From Vogler et al. (28, Femaies Only

__Orall Other o
Pharynx/ Moutb Other _No
Larynx Diséasé Cancer Cancer

Urban
User 15 i 5 4
Nonuser 23 56 165 373
Crude Relative N o o o
Risk Estimate 60.8 1.7 2.8 1.0*

User 41 4 26 17

Nonuser 14 33 103 133
Crude Relative o , . o
Risk Ectimate 22.9 0.9 2.0 1.0*

* Reference eategory.

TABLE 4 —Smokeless Tobagoo and Head and Neck Cancer by
Anatomic Site, Case-Control Data From
Vincent and Marcheiia (29), Males Only L

Sokeless - Oral Al Head
Tobacco Use Control Larynx Pharynx Cavity and Neck

User 5 2 3 9 14
Nonuser 95 21 30 24 75
Total 100 23 33 33 89
Relative Risk

Estimate 1.8 1.9 7.1 35
95%-Confidence L o , .
~ Interval .~ 0.3-98  04-83  24—21  13-938

than the pharynx «nd larynx cancer cases. Among men, confounding by
smoking could not be ruled out. L ) o
_ Vincent and Marchetta reported the results of a case-control study of
head and neck cancer according to anatomic site. Table 4 summarizes
the findings for males (29). The oral cavity seems to be the anatomic site
estimated for the larynx and pharynx, whereas users of smokeless
tobacco were estimated to have a sevenfold greater risk for cancer of the
oral cavity. These estimates are imprecise because of the small number
of subjects and are uncontrolled for age and smoking.
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TABLE 5. —-Estlmated Relatlve Rxsk for Cancer of the Head and Neck
From Smokeless Tobacco Use by Anatomic Site,
Third National Cancer Survey (31), Males Only

Relative Risk Estimate

Anatomic Site Low Exposure High Exposure
Gam-Mouth 56 39
Pharynx 0.6 -
Lip-Tongue 0.3 1.1
Larynx 2.0 o

Martinez reported on a casecontrol study in Puerto Rico of risk fac-

tors for cancers of the mouth, pharynx, and esophagus (30). This
populatlon based study mcluded 400 cases of epldermmd carcinomas of

cases. Orne control per case was drawn from the same hospltal or clinic
and two from the samie community. There were 153 casés of mouth
cancer (11% male and 38 female) and 68 cases of pharyngeal cancer {55
male and 13 female) The authors concluded that “Patients with cancer
of tne mouth dld not often use chewmg tobacco dlsproportlonatély

ciated Wlth chewing tobacco based on comparing the use of chewmg
tobacco only with no tobacco use suggests a strong effect for oral and
pharyngeal cancer in males (data from table 13 in the _paper). The esti-

mated relative risks were 11.9 (95-percent confidenice interral 2.5-56.4)
for oral cancer and 8.7 (95-percent confidence interval 1.4-54.5) for
pharyngeal cancer among chewers. These numbers do not include the

expenence of the many study subJects whose iisé of tobacco was

m.i:ied" (that is, those who used any combination of cigarette, cigar,

and pipe smoking and chewing tobacco), and these calculations were

based on unmatched data.

Further evidence for the site specificity arose from a case-control

anaiysis of multiple cancers using data from the Third National Caricer

Survey (31). There were few female users of smokeless tobacco and

scanty data by site Wlthm the head and neck reglon even for males the

labeled gummouth as opposed to other head and neck sites (table 5).

-Browne et al. conducted interviews with 75 oral cancer patients, or

(usually).their next of kin, and 150 living sex-, neighborhood-, and

occupation-matched controls in the West Midlands area of the United

Kingdom where oral cancer mortahty rates were high and tobacco

chewing was common among miners (32). Controls on average weie

born about 10 years earlier than the cases. The proportion of tobacco

chewers was approximately the same among the 16 cases and 43 con-
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trols who w were miners, aithough dxta on this vanable ‘were missing for

one-fourth of the cases; and the authors apparently assumed that all

cases with missing information were nonchewers: If the proportion of

tobacco chewérs among the cases with missing information was similar

to those miners with known information; then the data would have

shown a positive association between chewing tobacco and oral cancer.

All of the miners with oral cancer who chewed tobacco also smoked

pipes;, further complicating interpretation of this study.

Additional evidence that a carcinogenic effect of smokeless tobacco

may be greatest at the anatomic site of exposure came from Westbrook
et ak. who compared the medical records of 55 female patients with
cancers.of the alveolar ridge or buccal mucosa who were treated at the

University of Arkansas with those of 55 randomly selected female
hospital controls (33). Fifty of the cases; but only one control, were snuff
dippers; with the tumors among the cases typically appearing at the site
where the snuff was usually placed. No reliable estimates of risk can be
derived from this study because of the strong possibility that there was
not comparable elicitation of exposure information for cases and controls.

Two large case-control studies were not reported in a way that enables
a meaningful quantitative assessment of the effect of smckeless to-
bacco in chewers and dippers compared ta tobacco abstainers (34,35).
The first study found that 10 percent, and the second 9 percent; of male
oral cancer cases had ever chewed tobacco, while the corresponding fig-
ure for controls was 9 percent. These studies, like ...any of the others
cited here; were not undertaken specifically to evaluate the carcino-
genicity of smokeless tobacco. Although the data seem to indicate a
weak relation, if any; between smokeless tobacco and cancer of the oral
cav1ty, the findings are uncontrolled for age, race, grography, and

mative study on the carcmogemclty of smokeless tobacco (21). The case
series i:biiigriséd 255 deﬁéri viiith oral and pharyn, 'geal' rea cancér who were

Caro].ma, fIEvp f male con,tro,lsfwere obtaitied for all butﬁa few cases and
were individiially matched for age; race; source of ascertainment
{hospital or death certificate); and county of residence. There was a four-
fold increased risk of oral-pharyngeal caricer amiohg nonsmoking white
women who dipped snuff. The association could not be explainied by
smoking or alcoholic beverage consumption {21), dentire wearing or
poor dentition (36), diet (37), or mouthwash use (38). The data provided
eviderice for a strong relation between the diiration of snuff use and risk
for cancer, as well as a stnklng Iocahzatlon of the carcmogemclty to the
there was nea.rly a ﬁftyfold mcreaseﬂm risk for cancers of the gum and
buccal mucosa. Indeed, almost all of the patients with cheek and gum
cancers had dlpped ped snuff.
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TABLE 6. —Estxmnted Relntlve Risk of Oro-Pharyngeal Cancer

According to Duration of Snuff Use and

Anatomic Site; Winn et al; (21)

e S . 95%-
Anatomic _ Duration of Relative Risk Confidence
Site Snaff Use (yr) Estimate Interval

Giim and Byceal ] 1.0 =
Mucosa 1-24 13.8 19 -
25 — 49 12.6 27— .53
2 50 48.0 9.1

Other Mouth [
and Pharynx 1 —24
25 — 49

2 50

0.4 — 7.2
1.5 — 96
0.5 — 3.2

ol ety
o~ o

Although some of the exposure information came from interviews
with next-of kin, when the analysis was restricted to interviews with
study subjects, the association between snuff and oral cancer was even
stronger (39). Matched conditional logistic analysis yielded similar
results (39). Based on calculations of attributable risk; the authors
estimated that 87 percent « of these cancers were dﬁe to the patients’

demo,ns,trabed, the negatlve _confounding by tobacco smoking in the
population; raising the possibility of a serious validity problem with the
other studies that did not control for smoking. If the negative correla-
tion between the use of smokeless and smoked tobacco holds in other
populations; estimates of the carcinogenic effect of smokeless tobacco
in studies without the control of smoking may be underestimates. The
quantitative information that was provided by the Winn et al. study led
its authors to conclude that the long-standing use of smokeless tobacco
by Southern women was the principal cause of the elevated mortality
from oral cancer among women in the Southern United States.

Cohort Studles o
Few cohort studles of smokeless tobacco have been undertaken

becatuse of the rarity of both the e exposure {(smokeless tobacco use) and
the outcome {oral cancer) of most interest. Bjelke and Schuman 40/
reported on cancer mortality in cohorts of 12,945 Norwegian men and
16, 930 American men 'a'n"d found inc'r'éésés in  the risk of dééth for can-

estunates ranged from 2. Grto 3.1 (41), no furt;her deta;l was gwen), They
noted a negative association between smoking and chewing tobacco,
confirming the pattein that was observed from the casécontrol
research. In a 16-year followup of U.S. veterans, Winn et al. reported no
deaths froin oral or pharytigeal cancer among 951 simokaless tobacco
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tisers who did niot uise other forms of tobacco (about 0.5 deaths were ex-
pected) but a sxgmficant increase in both oral and pharyngeal caricers

data, as well as those from BJelke and Schuman (40), were reported only
as abstracts in scientific journals or proceediigs, with little or no detail
as to the methods used, hindering interpretation of the results.

Smith and colleagues followed a group of about 1,500 patients with
changes in the ora.l mucosa to eva.luate the effects of smokeless tobacco

should have been detected over the study penod Smith gave little docu-
mentation of the methods that were employed for followup; however, 12

percent of the original group (201 subjects) were lost without any data

on outcorne, and there was apparently no effort to trace them. It seems
likely that persons who died and persons who developed cancer, includ-

ing some with tumors of the oral cavity, may have beenlost to followup:

In fact, no deaths among cohort members were repott/ed whereas

perhaps as many as 100 or more would have been expected among such

a cohort of middle-aged adults, making Smith’s data uninterpretable:

Data From Asna
The hlghest rates of orai cancer among the more than 109 that are

listed from population-based registries around the world that report stan-

dardized cancer incidence statistics are found in India (45). In many areas

of Asia, hospital statistics suggest that oral ancer is extremely common

and often accounts for 25 or more percent of all cancers {46-49), propor-

tions that are far greater than in most areas of the United States where

oral cancers typically comprise ondy 38 percent of all malignancies (3. It

has long be:n thought that the chewing of quids that contain tobacco
and other s* ' “taneces is the cause of the increased risk of oral ecancer in

these areas .

tobacce products that are commonly used include to-
~t leaf; areca rat; and ime mixtures (often referred to as
“pan”’y; Khaini "0w~r2d tri-acco and slaked lime paste); mishri {pow-
dered; partially :»: r1t nlack . »acco); nass (tobacco, ash, and cotton or
sesame oil; lims: . < . “ed -.2d certain Sovie. Republics); and various
prepara‘ions tﬁa} % *5 cﬁlly th‘oﬁg‘hoﬁt the Southeast Asia region.
The mclusmn ni e, 818CA R and other ingredients i m ‘many of the

tnbutxon of tobacco péé- s?.." to the ,z'rii;rea'sed, risk of oral tumors. From
five investigatioiis, . o zver, relative risks of oral cancer among
chewers of hetel G:ias v#th -ersus it'iout tobacco can be calculated.
Data from :hese case-cun’:ol studies; which were conducted in Cal-
cutta, Madras; Kar.chi, Bambay,,and s,evera.l, parts of India and Sri
Lanka (47 51-55), reveal considerably higher risks of oral cancer for the

42 (>3
bo




O

ERIC

Aruitoxt provided by Eic:

TABLE 7.—Relative Risk of Oral Cancer From
Betel Quid With and Without Tobacco
(With 95-Percent Confidence Lumt:)

Betel Betel

Study Quid _ Quid - No
Location _With Withiotit Chewing
{References) Tobacco Tobacco Habit Remeurks
Calcutta, ~ Cases _ 138 46 135 Smokers not included
India (50.54/ Controls 61 70 256 in these data: Only
Relativerisk . 4.3 _ 12 buccal miucosa.can-
estimates  (3.0-6.1) {0.8-1.9)  cers considered.
Madras, Cases 219 .33 25 Smokers not included
India (51,54 Controls . . 35 144 99  in these data. Only
Rélative ris'c 25 0.91 buccal mucosa and
estimates (15-41)  {0.4-1.6) tongue cancer cases
included. Numbers
reconstructed from
percentages and
B totals.
Karachi; Cases 339 -40 .88 Smiokers not inicluded
Pakistan Controls - - 474 216 1,690 in these data,
52,54) Relative risk 14 3.6
. estimates (11-17)  {2.4-5.2)
Bombay,. Cases 238 44 129 Separate analyses
India (53) Controls 513 152 1,340 indicate that ele-
Relative risk 4.8 3.0 vated risks of oral
estimates (3.9-6.0) (2.1-4.3) cancer associated
w1th tobacco cliew-
ing are found among
nonsmokers as well
as smokers.
India and Cases 120 3 6 Smokers notincluded
Sri Lanka Controls 63 8 47 in these data. Only
9 buccal mucosa

47 Relative risk 15 .29 .
estlmabes (7 0- 32) (0.6-14) cancer considered.

use of tobaco-containing compared to nontobacco—contammg quids
{table 7). The findings thus suggest that the addition of tobacco con-
tribu.: s substantially to the elevated cancer risk among chewers,
althou i other d1ff rences between those who use versus those who do

‘Wlth, excessss among ,tobacco 1awers o,ften,,exceedmg, teanId com-
'baréd tb nbriquid iiééi's) émong ci@Wéi'é th did nbt Srﬂoké, ru.lmg out

t! wf *““e zarge “ajority of oral canc patlents had been tobacco chewers
N R 1ggest «i+.:; the habit of quid - »awing accounts for most of the oral

“eers in the d.-erse populations studied (55,56),

54 43



Summary

Numerous case reports, especially in the South; have described oral
cancers among smokeless tobacco users. The tumors often arose at ana-
tomic locations where the tobacco was routinely placed. The number of
epidemiologic investigations evaluating the relation betwéeen smokeless
tobacco and oral cancer is not large, and several studies have method-
ologic limitations. The pattern of increased oral cancer risk umong
smokeless tobacco users, however, is generally consistent across
studies; with evidence of an increasing risk with increasing duration of
exposure, and with excess risks tending to be greatest for those ana-
tomic sites where tobacco exposures are greatest. The best designed
study was drawn from a female population in the Southern United
States where exposure rates are high and potentially confounding vari-
ables could be taken into accouinit. This stiidy showed that chroric snuff
users were at Substantially mncreased risk of oral cancers and that
nearly all tumors of the cheek and gum were due to snuff use. Evidence
from parts of Asid, where the prevalerice of smokeless tobacco ise is
high and oral cancer is the most cominon tumor. . . T trong asso-
ciation between the chewinig of giiids atnid ora 2 of quids
that contain tobacco have much higher oral ci: o “tsere of
quids that do not, and the associz*ion is not ct: - dgortte
smoking, raising the possibility that tobac:~ «%- .48 to the
elevated oral cancer risk in this part of the .-.d. ! “.a2EY, Hsers of
smokeless tobacco face a strongly increased risk u. ¢. . zancer, part/
larly for the tissues that come in contact with the tcbic~co.
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{56) Jayart; K:; Bal_.rishnan, V., Sanghvi; L.D.; and Jussawalla; D.J.

Quantification of the role of smoking and chewing tobacco in oral,
pharyngeal, and esophageal caricers. Br. J. Cancer 35: 232-235; 1977

IN RELATION TO SMOKELESS TOBACCO USE

‘The epxdemiologlc studies reported in the. precedmg section that
snow an association between the use of smokeless tobacco and oral
cancers, particularly malignancies of the cheek and gum, indicate that
the topical exposure of tissues to tobacco can cause cancers at the site of
the exposure. {n the Tnited States; the tiz:ues in direct prolonged con-
tact with the tobucco are ge‘ -ally those of the oral cav1ty Smokeless
hasbeen femm;x‘ of ; qu» x~1ous cz.ﬁ carcinoma that developed in the ear
of an ndividual in Minmssate who uabltually placed snuff in his ear for
42 venry &t the site wh sieopiasm developed (Z). Although but a
sirgle report, this hig.d7 vasuel observation raises the possibility of a
carcinogenic potential -1 smokeless tobacco at other anatomic sites
when expostuure is direct arni prolonged.

R
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NasaICancer
_In some areas of the worldsnuff is mlmled so that tissues of the nasal

cavity come in contact with the tobacco powder: The errliest report that

links any form of tobacco to cancer was published over two centuries

ago when what were probably nasal cancers were described in several

patients in England who were heavy inhalers of snuff (2). There have

been no systematic evaluations of snuff inhalation arid nasal cancer in

the United States; United Kingdom, or other European countri:; most

likely because both the sniffing habit and nasal cancer are uncommon:

Sniffing snuff has been reported, however, to be a frequent habit among

Bantu men; whoseratosofmsaicancerﬁmiebeenreportedtobelngh(ﬁ?i

In case-control studies of nasal sinus cancer reported in 1955, 80 per-

cent of patients with tumors of the maxillary antrum were prolonged

and heavy snuff users, in contrast to about one-third of Bantu men with

othe: cancers (4,5). The snuff used by the Bantu is thought to contain

aloe plant ash, trace elements such as nickel and chromium, &nd other

ingredients in addition to tobacco (6). Snuff use (presumably by inhala-

tion) was r =ported not to account for the hlgh rates of nasal adenocarci-

evaluations of snuff itself as a risk factor were not undertaken (7.8)..
_One case-control study of cancers of the nasal cavity and paranasal
sinuses in the United States addressed the issue of smokeless tobacco {5}
A total of 193 cases were identified in four hespitals in Virginia and
North Carolina over a 10-year period. No association between sinonasal
cancers and chewing tobacco was found (relative risk 0.7, 95-percent con-
fidence interval 0.4-1.5). However; a relative risk of 1.5 was observed for
users of snuff {95-percent confidence interval 0:8-2:8): Risk was Increased
in snuff users for both adenocarcinomas (relative risk 3:1) and squamous
céll carcmornas (relative risi 1.9) but not for other h:stologxc types
ﬁndmgs are not clear since the snuff used by the cases and controls was
oral snuff not coming in contact with nasal tissues. Animal ¢ experiments,
however, suggest that tumors distant to the site of e exposure may result
from exposure to constituents of snuff (see the section on animal studies);
_An apparent excess of postenor nasal space tumors was reported
found to be chronic “hquxd snuff” users (10). Multiple subsites of the
réspiratory tract were considered; however, increasing the likelihood of a
chance association. No increased risk of nasopharyngeal cancer associ-
ated with snuff use was noted in a case-control study in Singapore (11}

EsophégeaICancer
cher t;ssues that come m contact Wlth constxtuents of smokeless

s, larynx (supraglotic portion), and stomach. The results of studies of
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TABLE 1 —Relatlve R.lsks of Esophageal Cancer in
Persons Exposed to Chewmg Tobacco and Snuff:

Cases Controls

First Typeof  Level of . . _ % . .. _ % _ Relstive

Author Exposure  Exposure Sex No. Exposed No. Exposed Risk*®

Wiuder Chewing Any M 150 20 i50 10 2.3
2 < 10 yrs. 14 4 3.9

( 1.2

™
L
1)
g
@
=
.
fv.]]
>
@

Williams C,hgwmg Level 1 52 1,788 5.
>4 ¢r Snuff  Level 2 0 0 —

Wynder Cruwing Any 133 109 2560 9.0 12

13 snuff  Any 4.4 27 17
i 25 00 86 12
59 11 ¢ 177 73 2.7

Martiner  Chewingt Any
4

g 2R

> elculated from published roport if not - .ovided by suti
t Restricted to nonsmokers.

.,ancersﬁ:ﬁf of these. Ehreefﬁ" stesin Eé!iitibii to smokeless tobacco are mcon

creases in nsis and many did not control for relevant; pot;entmlly con-
founding variables: However, some studies of these three cancers do
show an increase in risk in relation to the use of smokeless tobacco. As
shown in table 1; elevated relative risks of esophageal cancer up to
twoiold or higher were found in two hospital-based case-control studies
in the United States involving 150 and 183 cancer patients (12,15) and
one in Puerto Rico (described in the previous section} with 179 cases (14).
One cof the studies by Wynder and colleagues;, however; found no
evidence of an increase in risk with duration of exposure, and all
chewers were also smokers (12). The effect of smoking was not adjusted
for in the other study (13). Another case-control study involving 120
black male cases of esophageal ~ancer was conducted in Washington,
D.€. (15). Few of the cases or controls had used either chewing tobacco
or snuff, suggesting that it did not contribute to the high rates of
esophageal cancer observed in the area. Finally, data from a prospective
(cohort) study of U.S. veterans were analyzed to determine whether
mortality rates of specific diseases were increased in users of smokeless
taobacco (16). In the absence of smoking, the standardized mortality
ratio for esophageal cancer was found to be 228, but this value was
based on only one death. In a cohort study of 12,945 Norwegian a:ri
16,930 American men followed over 10 s-ears, the risk of esophageal
cancer was reported to be 51gmf1cantly ini-reased among men who used
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chewmg tobacco or snuff after controﬂmg for age, residence, and smok-

ing habits (17,18). Unfortunately, the results of both cohort studies have

been published only as abstracts, so additional details are not available.

Some evidence that the chewing of quids may increase the risk of

esophageal cancer arises from. studxes in Southeast Asxa In a senes of

from 111 revealed that 90 (81 percent) habrtuaﬂy used betel containing

tobacco leaf (19). This percentage was considerably higher than the fre-

quency of betel chewing in the general population (30 percent). Betel

chewing was more common among women. Esophageal cancer. also was

more common among women,; an unusual observation since this cancer

occurs more frequently among men in almost all areas of the world that

report standardized cancer statistics (20). Since few women were

reported to smoke or use alcohol; the possibility of an etxoio;rvc role of
chewing is increa . However, the potential effects of :- : '0.as op-
posed to other mgred1ents in the quids cannot be dlstmgcnahed Ina

casecontrol investigation in Bombay involving interviews with 305

esophageal cancer patients and nearly 2,000 population controls of age,

sex, and religions similar to all head and neck cancer cases, a 2 5-fold in-

creased risk of esophageal malignancy was observed (p <.01) among

nonsmokers who chewed pan; a mix:ure usuaHy consxstmg of tobacco;
betel, lime, and other ingredients (21). The excess was higher, however,
among those chewing quids without tobacco (relative risk .5} than with
tobacco (relative risk 2.1). A more recent analysis (22) in I3ombay based
on 649 patients with esophageal cancer and 649 controls yielded similar
qualitative findings, but the excess among users of pan without tobacco
(relative risk 12.1) was accentuated compared to users of tobacco-
containing chews (relative risk 2.8). On the ¢ *her hand, in an earlier case-
control investigation in southern India of sveral upper digestive tract
tumors mcludmg 93 esophageal cancers, increases in esophageal cancer
lated relative risk 11) than without tobacco {calculated relative risk 2) QS‘}

The chewing of nass was not associated with esophageal cancer risk
in a case-control study conducted in an area of Iran with among the
W’o’tld s h’igh’est rates for thié cancer (24). Of 638 identified éaééé of
nelghborhood controls matched to each case. The relative risk associ-
ated with ever using nass was 0.9, with an upper limit of the 95-percent
confidence interval of 1.5, suggesting that any major effect of nass on
the origins of this carcer could be exciuded.

In a case-control analysis of the interview data from the Third Na-
tional Cancer Survey (TNCS), Williams and Horm compared the prior
use of smokeless tobacco products (in the aggregate) in perscns with a
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vanety of md1v1dual types of carncer (mclud.mg iaryngeai cancer) w1th

the history of such use in persons with the remaining cancers thought

not to be related to tobacco use (25). Prior experience with smokeless

tobacco was divided into two levels of exposure. The estimates of the

relative risks Were controlled for age; race, and smoking. Relative risks

of laryngeal cancer in men of 2.0 and 1.7 were found among individuals

with low and high levels; respectively, of exposure to chewing tobacco

or snuff. These estimates were not significantly different from 1.0. They

are based on 106 cases; 11 with relatively low exposure and 5 with
higher exposure, and 2,102 controls of which 98 had low exposure and
71 had high exposure. Only 13 female laryngeal cases were available for

analysis in this study; which was insufficient to provide any meaningful

results;

A case-control st:udy by Wynder and SteH:man included 387 male
cases of laryngeal cancer and 2;560 hospital controls (75). The percent-
ages that had previously used chewing tobacco and snuff were 11:9 and
3.9, Eesf)ect.wely for the. cases éﬁd 9.0 and 2 7, EééﬁéétiVély, for the coﬁ
tobacco,and 1.5 for snuff were obtained: Ne;ther estunat;e differs signifi-
cantly from 1.0: No control for smoking or alcohol was done. although
the authors state that cigarette smoking in users and nonusers of chew-
ing tobacco was similar..

Interviews with 560 laryngeal cancer patients and 2,000 controls
from the general population of Bombay revealed significantly increased
risks, compared to nonchewers, among chewers of betel without tobacco
(relative risk 2.5) than with tobacco (relative risk 2.6) (21). Laryngeal
cancer was noted to cOmpnse an unusually high proportion of all cancer
diagnoses in a hospital series in eastern India where pan chewing is com-
mon, but no assessment of the role of tobacco was made (26).
Stomach Cancer

_ Zacho et al. noted that,; in Denmark, both gastric cancer and use of
chewing tobacco and snuff are directly related to age; more common in
men than women, more prevalent in rural than urban areas; and in-
versely related to socioeconomic status (27). On the basis of these obser-
vations, they hypothesized that use of smokeless tobacco increases the
risk of stomach cancer. Obviously, other differences among individuals
within Denmark could also explain these findings.

Wemberg et al. conducted a case-control study of stomach cancer ina
coal mining region of Pennsylvania {28). Cases who had died of stomach
cancer from 1978 through 1980 were compared with three control
groups:; persons who died of other cancers of the digestive system, per-
sons who died of arterial sclerotic heart disease, and persons who lived
in the same neighborhood as the case. All controls were matched to indi-
vidual cases on age, sex, race, and location of residence. Data on the use
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of various forms of tobacco were obtained by interviewing next-of-kin or
of all men in the study had tised chewmg tobacco. ,T}us pereentag’e did
not differ significantly among the cases and the three control groups.
No women in this study had chewed tobacco. This study provides some
evidence to suggest that chewing tobacco does not increase the risk of
gastric cancer, although a small iiicrease in risk coiild have been missed
due to lack of statistical power. o

The case-control analysis of the interview data from the TNCS found
arelative risk of stomach cancer of 1.7 in men in the highest level of use
of chewing tobacco and snuff, no increase in men in the lower use
category; and no increase in women (25). These results are based on 120
male cases; 12 of which were users; and 82 female cases, 2 of which were
users. The power of this analysis to detect a true increase in risk is ob-
viously low. The relative risk of 1.7 was not significantly greater than
1.0. In an abstract describing a cohort mottality study of U.S. veterans;
the standardized mortality ratio for stomach cancér among non-
snioking users of smokeless tobacco was 151; but no study details were
provided (16).
Urinary Tract Cancer

Constituents of smokeless tobacco can enter the blood stream, and
some are excreted in the urine. The kidney and bladder are thus poten-
tially exposed to these agents but presumably in lower concentrations
than are tissues of the upper aerodigestive tract. In a hospital-based
case-control st:udy in Seattle Washington, patlents who chewed to-
bacco were reported to be at nearly a fivefold increased risk of renal
cancer compared to nontobacco users (29). Only 6 percent of the 88 male
cases were chewers. No association between the use of smokeless to-
bacco product.s and elther renal cell or renal pelws cancer was reported
in a casecontrol study of these tumors in England (30). Among 106
renal cell cancer case-control pairs in this study, 10 cases versus 11 con-
trols had at some time used smokeless tobacco. Among 33 renal pelvis
cancer-control pairs, 2 cases and 3 controls reported ever using smoke-
less tobacco products. In a large population-based study in Minnesota
involving 495 cuses and 697 controls, a nonsignificantly increased rela-
tive risk of renal cell cancer of 1.7 (95-percent confidence interval 0.5-6.0)
was found among snuff users after adjusting for smokmg (31). There
was a deficit in risk, however, associated with ever using chewing to-
bacco (relative risk 0.4, 95-percent confidence interval 0.1-2.6).

A review of eight epidemiologic mvestlgatmns revealed no consistent
evidence that the risic of bladder cancer is altered in users of smokeless to-
ba products (t:able 2) (13,25,3239} 1heN atmnal Bladder Cancer Study

is the largest of the investigations of bladd\ cancer considered in this

review (37). Cases fo~ this study were selected through 10 population-
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TABLE 2 —Fistimates of Relative Risks of Bladder Cancer in

Fzrsons Who Have ©ver Used Chewing Tobacco and Snuff

,,,,,,, Relative Risks
e Years A
First Author _ Case - o Chewing L
{ref) Diagnosed = Sex  Tobacco =~ Both  Snuff
Wynder (32 195763 Male 1.3+ 0.7*
Dunhamet ak (33 195864 Male 5.3*1 0.9%t - _
Female 1:1*f — 0.3*t
Cole et al. (34) 1966-68 Both 1.1* N 1.0*
Williaiiis and 1969-71 Malelevel 1 1:61
Horm (25) level 2 1.15
Female-level 1 0 .
level 2 1.78
Wynder and - _ 197475 Males 0.9 0.7
Steliman (13)
Howe et al. (36) 1974-76 Males 0.9
Hartgeet al (37). . = 1977-78 Males 1.02 0.77%

. Estl.mawd from published report.

t Based on analysis of nonsmokers only.

based cancer registries in the United States. Controls wer= a random
sample of the same population from which the cases came. Information
was obtained from interviews of 2,982 cases and 5,782 controls. Analy-
ses of smokeless tobacco use were restricted to the 340 cases and 1,227
controls who claimed never to have smoked cigarettes. Of these, 11 per-
cent of the cases and 10 percent of the controls had ever used chewing
tobacco; and 3 percent of the cases and 4 percent of the controls had

ever used snuff. The relative risks of bladder cancer in users of chewing

tobacco and snuff were estimated to be 1.0 (0.7-1.5) and 0.8 (0.4-1.6),

respectively.

Wynder et al. conducted a hospltal-based study of 300 male bladder
cancer cases {32). Eleven percent of the 300 cases and 8 percent of the
300 hospital controls had ever used chewing tobacco; 2 percent of the
cases and 3 percent of the controls had used snuff. The percentage of
users was not significantly different in cases and controls, and no
attempt was made to analyze the data further.

Dunham et al. interviewed 493 bladder cancer I)atlents and 527 hospi-
tahzed controls in New Orleans (33). Among noismokers, there was an
increased relative risk associated with chewing tobacco use among
males bt a deficit ini risk associated with snuff tise among females, but
the niimbers of cases ihvolved were small (four males and three
females).

Cole et al. interviewed 470 cases from the Boston area and 500
population-based controls (34). Forty six of the cases had used chewing
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tobacco and three had used snuff. Based on the prior experience with

smokeless tobacco in the controls (controlling for age and sex), 42.3 and

7.9 cases would have been expected to have used chewing tobacco and

snuff, respectively. Some increase in the risk of bladder cancer was

found in the TNCS survey, but none of the risks from this study are sig-

nificantly dxﬁffergr}t from 1.0 (table 1) (25). In addition, no evidence of a
dose response is seen.

In a second hospital- bdsed case-control study (13) of similar design to

the first (32), Wynder and Stellman found that 8 percent and 1.9 percent

of 586 cases had used chewing tobacco and snuff, respectively, com-

pared to 9 percent and 2.7 percent of 2,560 controls who had used these

two products. When analyses were restricted to nonsmokers in a con-

tinuation of this study, a significant excess risk of bladder cancer was

associated with snuff use among women, but only 3 of 76 cases were

users (35} . ..
A population- based case-controi study was conducted in three Cana-

dian | provinces by Howe et al: (6}, Controls were matched to individual

cases on neighborhood, age, and sex: The ratio of male pairs discordant

for the use of chewing tobacco was 29/34, giving a relative risk of 0.9

(95-percent confidence interval, 0.5-1.6). This estimate was not altered

by controlling for smoking. No female cases or controls gave a prior

history of use of smokeless tobacco:
In Denmark; 165 male and 47 female patlents with ¢ cancer r of the u uri-

nary bladder from a hospital serving a specific geographic area were

interviewed, as were geographically-matched controls (38,89 The esti-

mated relative risk associated with tobacco chewing was 2.0 (1:2-3:4)

based on 39 exposed cases: In a logistic model containing variables for

tobacco chewing, smoking, and cther major correlates of bladder car-

cer, the relative risk associated with chewing was 1.7 and statistically

51gmhcantly higher than 1.0. The authors estimated that tobacco pﬁhggvf-
ing might account for 9 percent of the bladder cancer diagnoses in the
area.

Although two studies did report elevated relative risks assocxated
with smokeless tobacco use, on balance these studies provide little evi-
dence to suggest that smokeless tobacco alters the risk of bladder
cancer. It is possible that a small increase in risk has not been detected
by the studies not reporting increases due to lack of statistical power:
Other Cancers

All other organs of the body are likely exposed to even lower concen-
trations of products of smokeless tobacco via the blood.

Iri a large p'r'o'épécti\'ié étudy in Norway, 16,713 individuals were iuiter-
followed up for development of pancreatlc cancer (40). Sxxty— thr,ee per-
sons in the cohort developed ;?1.5 neoplasm during a 1U-year followup.
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After controlling for cigarette smoking and alcotiol consummption, a rela-
tiverisk of 2.9 was observed in regular users of chewing tobacco or stiiff

(comparéd to npnusers) The 95- percent confidence limits of this value
include 1.0 Risk was greater in regu.la.r users than former or occasional

current users, and a trend of i mcreasmg risk with amount used was of

borderline statistical significance (P=.06). The case-control analysis of
the interview data from the TNCS (24) with respect to pancreas cancer
is based on only 91 male cases (3 exposed to smokeless tobacco) and 85
ferale cases (none exposed); and although no increase in relative risk of
pancreatlc cancer in relation to smokeless tobacco was observed, the
power of this study to detect such an increase is low.

Other cancer sites were found to be related to the use of smokeless

tobacco in the case-control analysis of the mterview data from the

TNCS (24). Relative risks for colon cancer at low and high levels of expo-

sure were found to iz 0.9 and 1.5 for men and 0:4 and 2.0 for women;
respectively. Relative risks of cervical cancer in users of these two levels
of exposure were 3.1 and 2.3. No studies have been conducted to con-
firm or refut. these fmdmgs In view of the large numbers of possible
associations investigated, these results should be considered of value

only in generating hypotheses for further investigation.

The epidemiologic studies showing an association between the use of
snuff and oral cancers indicate that topical exposure of tissues to
smokeless tobacco caii catise caricers at the site of the exposiire. Case
reports of neoplasms developing in the ear and nose of individuals who
tised snuff at these sites raise the possibility that direct exposure may
Increase the risk in locatlons besides the oral cavity: Other tissues that
cottie il contact with constituents of smokeless tobacco in more dilute

coticentrations include the linings of the esophagus, larynx (supraglotic
portion), and stomach. Results of studies of cancers of these three sites

in relation to smokeless tobacco are inconclusive; many are of limited

power to detect small increases in risk and did not control for relevant,

potentially confounding variables. However, some studies of these

three cancers do show an increase in risk in relatlon to the use of smoke-
less tobacco. Constituents of smokeless tobacco can enter the blood-

Stream, and Soime are excreted in the urine. The kldney and bladder are

thus potentially exposed to these products and their metabolites but

presumably in lower concentratxons than are tissues of the upper aero-

dlgestlve tract Ev1dence suggests that the nsk of bladder cailcer isnot

results from stud1es of kldney cancer are inconsistent: Infonnatmn

regarding the risks of other cancers in relation to smokeless tobacco use
is sparse.
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CHEMICAL CONSTITUENTS INCLUDING

CARCINOGENS; OF SMGKEI:ESS TGBAGGG

Chemlcal Compo'sn-an of Smokeless Tobacco

To date, at least 2,500 known compounds have been identified in pro-
cessed tobacco (I). Besides polysaccharides and protein, tobacco con-
tains Nicotiana alkaloids (0.5-5.0 percent), alkanes (0.1-0.4 percenit),
terpenes (0.1-3.0 percent), polyphenols (0.5-4.5 percent), phytosterols
(0:1-2:5 percent), carboxylic acids (0.1-0.; percent), aromatic hydro-
carbons, aldehydes, ketones, amines, amides, nitriles, N- and O-hetero-
cych;. compoundS, Vchlonnated organic compounds, alkali nitrates
(0:2-5.0  percent), and at least 30 mietal compounds (2,Z.

The most important habituating agent in tobacco is nicotine, the ma-
jor representative of the alkaloids that constitute 0.5-5 percent of the

leaf depending on the strain, variety, and agricultural practices that are

employed during the tobacco cultivation. In total, the alkaloids are

composed of 85 to 95 percent nicotine {4) and of other major alkaloids

such as the secondary amines nornicotive, anatabine, and anabasine

with lesser amounts of cotinine; myosm‘ne, nicotyrine, 2,3 “dipyridyl,

and N “oxymicotine {5):

bons (PAH), and polomum -210 (21°Po) Although chemical- analytlcal



FIGURE 1.—N-Nitrosamines in Smokeless Tobacco

1: Volatilé Nitiosaniines
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3. ’fbbaééo—Speciﬁc Nitrosamines

7 o ik N NNAL

data are lacking; some smokeless tobacco mixtures contain or are sus-
pected to contain traces of cadmium and nickel compounds (6); formal-
dehyde, and coumarin, all of which are known animal carcinogens (7,8).

Tobacco leaves contain an abundance of amines in the form of pro-
teins and alkaloids. Tobacco also contains up to 5 percent nitrates and
traces of nitrite. Thus there is the potential for the formation of
N-nitrosamines from the nitrate, nitrite, and amines during the process-
ing of smokeless tobacco products. In tobacco, we distinguish between
volatile nitrosamines, nonvolatile nitrosamines, and tobacco-specific
nitrosamines (figire 1). With the exception of some N-.itrosamino

v
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FIGURE 2.—Formation of Tobacco-Specific Nitrosamines
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and/or & agmg The N-nitrosamino acid; N- rutrosoprohne, occurs in pro-
cessed food and can also be formed in humans by endogenous nitrosation
of proline. This nitrosamino acid is not carcinogenic on the basis of pres-
ently available data (3-12). Table 1 surmmmarizes the availahle data for the
volatile nitrosamines in smokeless tobacco. C1ly one of the volatile
nitrosamines; NDMA,; has been found in U.S. looseleaf tabacco, but
four nitrosamines have been found in American snuff. N-Nitrosomor-
pholine is formed during tobacco processmg or aging from morpholine,
a cyclic amine that is not known to occur in uncontaminated tobacco
(15,14) but originates from packing materials and/or flavor additives.
Table 2 lists the presently known nonvolatile nitrosamines in smokeless
tobacco. N-Nitroscdiethanolamine {NDELA) in U.S. tobacco originates
primarily from re.: " “-2s on Lobacco leaves of the sucker-growth inhibi-
tor maleic hydrazi.. .:ethanolamine {(MH-30). Use of this formulation of
the agncultural Spiuy Was b&hﬁéd in the United Statéé in 1981, and the

creased since then {14,15). .

_ Figure 2 presents the formation of the t,obacco-specdic N-nitrosamines
(TSNA) from the alkaloids. There i progressive nitrosation of the alka-
loids during curing and processing and even during the shelf life of the
commercial products (16). Table 3 summarizes the presently available
quantitative data for four out of five TSNA's that are present in smoke-
less tobacco. The nitrosainines are detectable in snuff and tobacco prod-
ucts from various parts of the world. Analyses of Swedish snuff brands
manufactured between 1980 and 1985 have revealed a significant
decrease of the levels of TSNA; suich a trend has not been observed for
U.S. snuff brands (14,16,17). It has beei suggested that the lowering of
TSN A levels in Swedish snuff brands is due to better control of the bac-
terial content of the tobacco products. Reduced bacterial activity will
probably rediice nitrite levels and; consequently; inhibit nitrosamine
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TABLE 1.~ Volatilé Nitrosaniines in Smokeless Tobacco (ppb)*

Product

NDMA

~ NPIP

_ NMOR

Réi'éi‘éﬂéé

us.
Looseleaft
Snuff

Sweden
Chewing Tobacco
Snuff

Canada
Snuff

Denimatk
Chewing Tobacco
Norway

Chewing Tobacco
India .
Chewing Tobacco
USS.R.
Nassi

ND-380 (4).
ND-215 (26)

ND-06 (4}
ND-80 {53}
23-72.8 (2)
ND-86 (6
37-220 (2)
ND - 0:56 (4)

ND (@)

ND-12 (4).

ND - 291 (16)

09-3.7 (4
ND - 210 {27}

321-337 (2)

7.0- 255 (6)
84.0-280 (2)
1:55 - 4.48 (4)

1.74 - 8:82 (4)

ND - )
ND-107 (16)

ND 2
ND-05 {27

ND @

28-15 (2)

ND -
ND -

ND-
ND -

ND -

28 -

ND

ND

25 4L
690 (26)

0.8 (2
1.2 (53)

32.8 {6)

37 (@

)

)

13141734
13,14,17,20,
29,3437

17,36
14,17,36

14
1736
17

1

19

O

* Number in parentheses, number of samples analyzed.

1 One sample also contained 8.6 ppb NDEA.

T Also contained ND - 69.6 NDEA 714).

ERIC

Aruitoxt provided by Eic:
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TABLE 2.—i"onvoltile Nitrosamines in Smokeless Tobacco (ppb)*

DELA

NMPA

NMBA

NPRO

NPYRAC

NPIPAC Refereiice

Looseleaf

Snuff

Sweden
Snuff

Canada

Plug Tobacco
1,180 - 2,720 (3)

Snuff
Germany
Plug Tobacco
Belgium
Chewing
Tobacco
U:S:SR:

Nass
Indiz

Chewing

Tobacco

224 - 680 (3)

160.-.6,800
(13}

230 - 390
(8)

Sl

50 (2)

4014)

30- 110 (4)

1,250 - 7,420
5)

510 - 4,400
(i2)

1,600 (1)

120 - 2,240
(5)

ND - 260
(12)

100 (1)

450 - 483 (2)

13}

890 - 29,500
(12)
_ o004,
8,80C - 16,600 (2)

500 - 700 {2)

3,300 (1)

ND - 180 (4)

190 - 410 {4)

200 (1

ND - 6;100
{5)

ND - 5,560
{12)

100 {1}

13,1434

ND- 1,500 1315 34

100 - 200 14,1538,40

(5)
14
1
1

200 (1) 40

* Number in parenthescs, number of samples analyzed.

RIC

Aruitoxt provided by Eic:
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TABLE 3. —Tobacco-Specific N-Nitrosamines in Smokeess Tobacco (ppb)*

Product

NNN

NNK

NAT

NAB

Reference

us: . .
Looseleaf
Plug Tobacco
_ Snuff

Plug Tobacco
Canada

Denmark
Srnff. .
Chewiiig Tobacco
Germany _ -
Plug Tobacco
Sniuff
U.SS.R.
Nass
Inda
Chewing Tobacco
Belgium
Chewing Tobacco

. 620-8,200
3.400-4,300
1,600-135,000

3,050-154,000
350-2,090

50,20-79,100
13,000-76,000

1.460-8,000
210°1,400

1,420-2;i50
6,080-6,700

120-520
470-2,400

7,380

{9)
3).
(21)
(34)
(3)
va
{2)
3)
)

'2)
(2]

“)
(5)

(1)

ND-380

100-13,600 (21)

510-2,950 (34)

ND-240
3,200-5,800
2,700-3,900
1,350.7,030

ND-210

30-40

1,500-1,540

130-230

)

(t)]
(2)
(2)

(3)
(4)

2)
(2)
@)

(4)

970 (1)

130-2,300  (5)
1,560-338,000 (21
1,600-21,400 (34)

§90-1,580  (3)

152;000-170;000 (2}
9,100-16,000 (2)

2,680-6,170  (3)
300-2,800  (4)

330500 (2)
3,920-4,370 (2

32300 @)
300-450  (4)

130 (1)

ND-140  (5)
106,700 {12)
110150 (19)
ND-100 (3)
4,000-4,800 (2)
1,000-2,400 (2)
NDs0 @)
30-50 (2)
8-30 4)

3076 (@)

Hizdie

43

6,14,1617,384243

14161738

14,17

14

17

16
17

14
16

O

* Number in purentheses. numbér of samiples analyZed.

RIC

Aruitoxt provided by Eic:
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TABLE 4. —Eshmated Exposure of U.S. Residents to Nitrosamines®

Source of o Primary Ei{;&;ii}é Daily Intake
Exposure Nitrosamines _Route __ug/Person
ﬁeer ) NDM/\; hgrestxmi 934
Costrietics NDELA Dermai AbaOl’pth 0.41
Cured Mest; o - o
Cooked L-con NPYR Ingestion 0.17
Scotch Whiskey. NDMA Ingest.. on 903
Cngaretbe Sih"okih”g -VNAT Tiitislation 0.3
NDELA Inhalaticn 05 -
NNN Inha tion 6.1 ]
.._NNK_ . Inhalatio 29 162
NAT+NAB Inhalation 7.2
Snuff Dippingt _VNA_ Ingestion 3.
NDELA Ingestion 66
NNN Ingestion 750y ...
.NNK . = Ingestion 31 } 1645
NAT+NAB Ingestion 734

* From the National Research Council; Il8l amcnded bydam for : : ALES Tinping IISI ggggqmpq)z has been osmlr
lished that upon inhalation of the air in cars with new leather upholrtiry daily exposure amounts to 0.50 ug of
NDMA and (5)30 ug of NDEA (18).

tVNA,NDMA + NEMA + NDEA + NPYR IS?I Lol

I annemann et al.{13); average vi.!ues from the leaﬂmgﬁve 0., SJ'm&cu.t mBaccosusea for snuff&xpplr 1749}
d daily ¢ ption 10 g/day of snuff; VNA = NDMA + NPYR + NMOR

formation (17). NNK and NNN are powerful c’arcmogens in mice, rats,
and hamsters, NAB is moderately rarcinogenic, and NAT is inactive in
rats in doses up to 9 mmol/kg (totsle 3, page 82) (3.

The daily exposvre of an ‘average” snuff dipper to carcinogeuic

N-nitrosamines exceeds b at least two c-ders of magmtude the esti-

mated exposure of U.S. residents to nitrusamines in products other

than tobacco products {table 4) {18 19). Furthermore, the concentrations

of carcinogenic nitrosarnines in snuff exceed very significantly the per-

missible limits for individual nitrosamines in consumer pruducts

(table5). . ... ___

. During snuff dxppmg or chewmg of tobacco the TSNA'S are ex-

tracted by the saliva. Consequently, the saliva of snuff dippers.is

reported to cortain 5.0-420 ppb of NNN;, up to 96 ppb of NNK; and

6.6-555 ppb of NAT (16). The saliva. anaiyses of Indian tobacco chewers

showed the presence of 1.2-220 ppb.of NNN, 3.2-51.7 ppb of NAT, and

up.to 2:3 ppb of NNK 26,21} Recently; three additional TSNA's have

been isolated from U.S. commercial snuff: 4-(methylnitrosamino)-1-

(3-pyridyl)butanol-1 (NNAL), 4-(methylnitrosamino)-1-(3-pyridyl)

butene-1 (NNG), and 4-(methylnitrosamino)-4-(3-pyridyl)butanol-1 (Red

NNA,) (figure 3) (22). Additional amounts of TSNA’s are most likely also

formed by nitrosstion processes that occur in the oral cavity during
chewing (19-21,25).
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TABLE 5~ Permissible Limits for Individual
_N-Nitrosamines in Consumer Products

- Permissible Limit
Prodiic ppb ig’kg) Agency
Bacon (Meat) 5 USDA*
Beer 5 FDAT
Rubber Nipples of o .

Bab Bottles 10 FDAt

Range of Individual Nitre-cmiines Prescnt in Snuff Tobaccos
B »pb (ug/kg) o

NNN .800-64 000 B S
NNK 100 - 3,100 Ranige in the leading _
NAB 200 - 6,700 -
NDELA 160 - 6;800 Range in.13 U:S: brands

(1930-1985})

*No* mable levels of nitrosamines'” (£4).
1’ Reguh.tmn set &35 }1 pnlggs@melhylnmxne 1451

1 Regulation set for any individual volatile N-nitrosamine MGI

Polynuclem' Aromatxc Hydrbcarbons
A number of naphthalenes have been identified in processed tobacco

and especially in Latakia, which is flavor enriched by treatment with

wood smoke (24,25). While smoking tobaccos were found to contair,

800-5,000 ppb of phenanthrene, 110-4,200 ppb of anthracene, 76-1,800

ppb of pyrene, 15-14,000 ppb of fluoranthene, and 8.5 ppb «f

benzo(a)pyrene (BaP) (26,27), analyses of British snuff in 1957 showed

levels of 260 ppb of pyrene,; 335 ppb of fluoranthene; and 72 ppb of BaP

(.. 'n _the five most popular snuff brands in the United States that

v -re analvzed in 1985, BaP ranged from < 0.1 to 63 ppb {26/

Polomum-ZlU
This alpha-emitting aslement has long been mcrnmnated asa human

carcinogen (30). Tk levels of «10Po in dozers of U:S: and f foieign mmr-

ette tobaccos were belween 0.1 and 1.0 pCi/g (51): In recent samr

the five leading U.S. snuff brands, 210Po ranged from 0:16 to 1:2°

(29). It appears that 210Po in tobacco leaves stems partially from

types of fertilizers and airborne particles that are taken up by ti.
chomes {glandular hair) of the tobacco leaf (31-33).

=0y

Summary
 In processed tobaccc. more than 2,550 chemical compounds have

been identified. Among these are traces of known carcinogens such as
65
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FIGURE 3. —'Ibb&iécﬁ Specnfxc N-Nitrosamines in Snuff
U.S. Brands; 1985

Concentration in Snuff

o . luglg)

_. Relative - (Dry Weight)
o . Carcinogenicity - —
Nitrosamines in Rats* A B
NNN or v +++ 3.3 64

NAB f?j{?? + 11 6.7

- {ﬁ
NAT @’*fr ; 44 215
N NO

1+

0
. Lo Py 7N7\Cg, oL - - .-
NNK Q‘@)RN,&C 3 +++ 18 3.1
o OH
e S
NNALY @.j’i"\’ T~ chg + 0.3 0.14
N
Noi [y ¢ isom ? bracct bracet
CHs
J
_— N-NO
Red_ 1A CHZOH - -
nva (€ ? 13 18

* + 4+ Tumors witk I mmolikg; -+ tumors with 9 mmol/kg:.{for_type of tumors induced see table 4, page 38}
=+ insignificant number of tumors with 9 mmolkg; ? not tested.

1 1solated amounts only.
12001 gk

PAH 210Po. and N-nitrosamines: The most prevaient orgamc carcino-

gens are the tbbacco—specxﬁc N-nitrosamines that are formed from the

Nicotiana alkaloids <:iring the processing of tobacco leaves. Their con-

centrations in snuff exceed the levels of nitrosamines in other consumer

products by over one hundredfold. During snuff dipping or chewing of

tobacco; the nitrosation process continues within the mouth stimulated
by oral bacteria:
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Abbrevnatlons

BaP Pomo(a)pyrene )
NAB N\ “Nitrosoanabasine
NAT N “Nitrosoanatabine
ND Not detected

NDEA Nitrosodiethylamine

NDELA Nitrosodiethanolamine
NDMA Nitrosodimethylamine
NMBA Nitrosomethylbutyric acid
NMOR Nitrosomorpholine

NMPA N 1trosomethylproplomc acid

NNAL 4-(Methylnitrosamino)-1-(3-pyridyl)-1 butanol
NN K 4- (Methyhntrosarmno) -1-(3-pyridyl)-1-butanone
NNN N “Nitrosonornicotine

NNO #:(Methyliitrosamino)-1{3-pyridyl)butene-1
NPIC Nitrosopipecolic acid

NPIP  Nitrosopiperidine

NPIPAC butrosoplpendme-acetlc acid

NPRO Nitrosoproline

NPYR Nitrusopyrrolidine ,

NPYRAC  Nitrosopyrrolidine-acetic acid

PAH Polyriiclear aromatic hydrocarbors

210pg Polonium-210

Red NNA 4-(Methylmtrosammo) -4- (3-pyr1dyl) -1-butanol
TSNA Tobacco-specific nitrosamines

METAB@EISM OF GGNSTITUENTS

C~ SMOKELESS TCBACCO

“he tobacco-specxﬁc mtrosammes 4-(methyixmrosammo)—1-(3-pyndyl§-
1-butanone (NNK) and N “nitrosonornicotine (NNN) are quantitatively

the major known carcinogens that are present in snuff and other types

. smokeless tobacco. Molecular changes that are induved in the gen=ic
material of tobacco chewers are most likely to arise from the metavo-
lism of these two nitrosamines. Although present in similar quantities,
N, I abanabasme (NAB) ar:d N “nitrosoanatabine {NAT) are less car-
cinogenic than NNK and NNN and ave less likely to play zn important
role in the induction of oral car cer in man. Some snuff proucts contain

consiGerable amounts of M-nitrosomorpholine {(NMOR) and N-nitro-

; 91



FIGURE 1.—Mectabolic Pathways of NNK o
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sodiethanolamine (NDELA); the former is a potent carcinogen. The

levels of benzolalpyrene (BaP) and 210Po in snuff tobacco are low. com-

pared to those of the nitrosamines (see previous section). This section
w1ll focus ‘on the routes of metabohc actlvatlon of the compounds that

to sriuff use—NNK, NNN, annd NMOR.
Metabolim of NNK

Thie overall metabolic scheme for NNK; as determined byin- roard
in vitro studies in F-344 rats, Syrian golden hamsters, and AjJ mce. ;

illustrated in figiire 1 {I<). A key featiire of this metabolic scherr: is the
conversion of NNK to the alpha-hydroxy inteririediate 2, which is un-

stable and undergoes spontaneous conversion to the keto aldehyde 8

and; mcst hkely, methyl diazohydroxide 9. The latter is a methylating

agent that is well known for its ability to methylate DNA forming

7-methylguanine; 06-methylguanine, 4-methylthymidine, and a spec-
trum of other product: (5). Among tuese, 06-methylguanine, which is
generated from precursors such as N-methylnitrosourea (NMU) or
N-nitrosodimethylamine, has been unequivocally shown to be able to in-
duce. ‘miscoding during- DNA replication, and the resulting point muta-

tion is sufficient to activate proto-oncogenes (6,7. Many studies have

demonstrated a correlation between 06-methylguanine persistence in rep-
hcatmg tissues and the initiation of the carcinogenic process, although it
is clear in other cases that additional factors are nlso involved (89).
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FIGURIE 2 —Scheme Lmkmg Nwotme to Eormatmn of the
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cetect;ed m the DNA of rat lung, nasa.l Miicosa,- and hver but not in the
riontaiget tissues, kidrey, and esophagus {10-14). These studies have
also shown that, in the case of NNK, 06-methylguanine formation alone
is not sufflcxent ‘or tumor mductlon sitice persxst;ent levels of 06 methyl

equvalent quantities of N -mtrosodunethylamme but the latter did not
itiduice lung tumors (13). Itis clear from these, and related studies with
N™N, that DNA adducts are also formed via pyndyloxobutylatlon or
related processes. Regardless of the mechanism, it is significant that
.+NK causes DNA methylation; this creates a mechanistic link between
nicotine, the habituatitig factor in tobacco, and 06-methylguanine for-
mation in DNA, as ﬂlustrated i ﬁgure 2. Immunbassay methods are

currently being developed to detect 06-methylguanine in the exfoliated
oral cells of snuff dippers. Its presence can be inferred from the animal
studies that are discussed above and by the demonstration that human

tissues, including buccal mucosa, can metabolize NNK by alpha-
hydroxylation (15). In this respect, it is significant that injection of

Syrian golden hamsters with the methylating agent MNU,.combined

with irritation of tlic buccal mucosa; resultzd in the inducticn of oral

cawty tumors (16‘}
The pathway of NNK metabolism lezding to the alpha h droxy mt;er

mediate 3 is also considered to be important in NNK carcinogenesis:
This pathway gives rise to the clectrophilic diazohydroxide 7. The prop-

erties of this intermediite have been investigated by using a model

cumpound, 4-(carbethoxynitr« samino)-1-(3-pyridyl)-1-butanone

(CNPB). Generation of 7 from CNPB is strictly analogous. to the well-

known:. ablhty of NMU to generate methyl diazohydroxide. Mutagen

icity assays in S. typhimurium of CNPB have shown that it is more

mutagenic than NMU (17): Chemical model studies have dzmonstrated

that it modifies the N2-position of deoxyguanosine (18). This adduct and

other addilcts that may be formed from the. diaz- Hydromde { and

duction by NNK: Antorad:xograplrnc stndzes have demonstrated that

radioactivity from [carbonyl-14CJNNXK is firmly bound to target tissues

of rats and hamsters 4,19 and to tissues of the marmoset monkey (26).
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FIGURE 3.—Metabolic Pathways of NNN
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A third key feature of NNK metabolism is its rapid conversion in vivo
and in cultured tissues from experimental animals and humans to its
reduced form, NNA1, which has similar tumorigenic activity to that of
NNK (1,3,4,15,21). NNAL1 is slowly metabolized as indicated in figure 1
and also. by reconversion to NNK. Like NNK; it met:hy]aﬁes DNA in
vitro and in vivo. While the full details of the NNK-NNA1 equilibrium

have not yet: been elucidated, it is clear that N NAl can act as a cir-

culating source of NNK metabolites: It may play an important role in

tlSSUE'SpeleIC carcinogenesis by NNK.

Metabolic pathways of NNN are illustrated in figure 3. These path-
ways -have been elucidated by in vivo and in vitro studies in rats,
hamsters, and mice (2.3,22-29). The stable metabolite NNN-1-N-oxide (1}
has tumorigenic activity somewhat less than that of NNN but is stili an
effective carcinogen in F-344 rats (30). Metabolism of NNN to the 2*
éﬁd 5'hydrbxy intériﬁédjétéé 2 and 5 constitutes a miajor pathway. in

(27,32). The mbermedmte that is formed by 2 -hydroxylatmn of NNN is
diazohydroxide 8, which is idefitical to th+t formed by methyl hydroxy—
lation of NNN (7, figure 1). /is described above, this intermediate is
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FIGURE 4.—Metabolic Paihways of NMOR
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highly mutagenic, and this or related intermediates appear to piay an
diate 9; S siénificant;ly less mut,agemc than B,m S typhtmunum 133)Lagd
various iines of evidence { - -ate that it is less important in NNN
tumorigenesis than is 8 33,34/ Autoradiographic studies have demon-
strated that radloacuv:ty frovn £2 *14C]N N N 15 Eound to tlééiiéé of mlcé,

-hydroxylatlon of NNN and methy? : ydroxylatnon of NNK; it will be
important to assess the levels of these adducts in the exfoliated oral
cells of snuff dippers. Their levels may relate to the susceptibility of in-
dividuals to the effects of smokeless tobacco. The metabolic pathways
that lead tx the: e interinediates can be affected by alcchiol consumption
: Aponents (32,3843).

R . 5F NMOR
. The mer'ibohc hathways of nTMOR are 111ustrated m ﬁg'ure 3. These

ture activity studies had shown thet 2 hydroxylatnon of NMOR, lead.lng
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to intermediate 4, was likely to be important in NMOR carcmogenesxs
(48). This pathway could result in the formation of glyoxa.l-deoxyguano—
sinie adducts 49); -hydroxylatlon of NMOR also occurs, giving the
mutagenic product 2. The latter also forms glyoxal-deoxyguanosirie
adducts (50). These adducts, which are likely to have rmscodmg proper-
ties, also should be present in the DNA of snuff dippers since human
tissues are capable of metabolizing NMOR (51).

Persuaswe evidence exlsts that the carcinogenic nitrosamines that

are present in high quantities in snuff and other forms of smokeless to-

bacco are metabolized by target tissues of experimental animals and by

human tissues to intermediates that can modify the genetic material of

the cell:
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EXPERIMENTAL STUDIES INVOLVING EXPOSING

LABORATORY ANIMALS TO SMOKELESS TOBACCO

OR ITS CONSTITUENTS

This section reviews bioassays evaluating the carcinogenicity in ani-
mals of smokeless tobacco and its constituents, particularly the
tobacco-specific nitrosamines (TSNA) described in the section on the
chemical constituents of smokeless tobacco. The bioassays involved
multiple routes of administration of chewing tobacco, snuff, or extracts
of these products and of several TSNA.

Studies of chewing tobacco, snuff, and TSNA are summarized in
tables 1 to 3 respectively, with comments on the individual investiga-
tions provided below.

Oral Adnumstratlog o

An alcohol extract of Indian chewing tobacco dﬂut;ef 1: 50 (group 1)or
1 :25 (group 2) was gavage—fed to male Swiss mice over 15 to 20 months.
In another group of mice, a mixture of the tobacco extract with stan-

dard laboratory diet was administered over 21 to 25 months (group 3).

This treatment produced tumors in 8 of 15 mice at risk in group 1, in-
cludmg 5 mice with lung tumors and 2 with liver tumors; 4 of 101 rmce >at

(group 3). resulted in 8 of 10 mice with tumors, speclflcally 4 with tumors

of the lung and 4 with liver tumors. Despite_the high toxicity of the
tobacco extracts and certain short-comings of the methodology these
assays indicate that the extract of chewing tobacco is carcinogenic in
miice {1).

Application to the Oral Mucosa and Cheek Pouch

Three different extracts of an Indian chewing tobacco were applied
da1ly for up to 18 months to the buccal mucosa of strain A and Swiss
miice. No excess of tumors was Observed {2). The oral mucosa ofa group
of weanling Wistar rats was painted twice weekly with a 2-percent
alkaloid-free extract of an Indian chewing tcbacco. No tumors were
observed at the application site even though applications were con-
tinued throughout the lifespan of the rats (3)
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TABLE 3.—Carcinogenicity of Tobacco-Specific Nitrosamines*

Principal
Target Organs Dose

kbut’e 'o'f

Species and
Application

Strains

Nitro-
samineé

NNK

NAT
NAB

NNA

AJJ mouse
F344 rat

Sprague-Dawley rat
Syrian golden hamster
AJJ mouse

F344 rat

Syrian golden hamster
F344 rat

F344rat

Syrian golden hamster

A/J mouse

ip:
g

s.C.
p.o.
s.c.

ip.

lung.

nasal cavity
esophagus
esophagus
nasal cavity
nasal cavity
trachea
nasal cavity
lung
nasal cavity
lung, liver
traches, lung,

nasal cavity
none
esophagus
none

none

0.12 mmol/mouse
0.2-:3.4 mmol'rat

1:0-3:6 mmiolrat

B8 mimolrat
0.9-2.1 mmolhamster

0.12 mmol/mouse
0.1-2:8 mmol/rat

0.9 miriclhamster
0.005 mmolhamster
0.2-2.8 mmol'rat
3-12 mmolrat

2 mmolhamster

0:12 mrtiol/mouse

* Hoffmann and Hecht (11},

A group of 12 male Syrian golden hamsters received topical applica-
tions on the buccal mucosa of a dimethy] sulfoxide (DMSO) extract of
an Indian cliewing tobaceo three tiries weekly for 21 weeks. None of the
treated harnsters developed tumiors in the oral miicosa; however, 8 of 12
treated animals had leukoplakia. These changes were not seen in the
oral mucosa cf the animals treated with DMSO alone {4). In another
bioassay, 12 male hamsters received applications to the cheek pouch of
a DMSO extract of Indian chewing tobacco three times weekly over

their entire lifespan. Tumors were not observed in the treated group or
the control group (5). When 1 mg of a paste made of a chewing tobacco
extract was applied topically to the mucosa of the cheek pouches twice
daily over a 6-month period, and animals were maintained without fur-
ther treatment for another 6 months, the incidence of hyperplasia in the
buccal pouches was 17.6 percent, that of dysplasia was 29.4 percent,
and that of squamous cell papilloma or carcinoma was 17.6 percent in
17 hamsters. There were no tumors in the 20 control animals (5).
Fifty hamsters received implantations of a 2 cm3 plug of chewing

tobacco in their cheek pouches. The opening of the cheek poiich was
ligated and the animals were observed for 18 months. After 13 months,
21 of 50 animals had survived. No tumors were recorded upon terminia-
_tion of theassays(7... .. = o S ]
Although the studies cited above had some inherent weaknesses due

to short application time or low dose, it appears, nevertheless, that both

the oral mucosa of rats and the cheek pouches of Syrian golden
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hamsters are relatlvely resistant to the carcinogenic activity of the
extracts of chewing tobacco:

Subcutaneous Apphcatlon ,

Seventeen C57 black mice were subcutaneously mjected w1th i mi of
a 2-percent solution of either partly or completely atkaloid-free extracts
of an Irdian chewmg tobacco once a month for 1 to 24 months. One
squamous carcinoma at an unspecified site developed in one mouse

receiving the partly alkaloid-free extract {5/

Skin Apphcatlon B}

A large number of studies have beeii pubhshed regarding the tumori-
genicity on mouse skin of various extracts of chewing tobacco. Most of
these bioassays failed to produce skin tumors. The negative results ap-
pear to be due primarily to the low dose applied or the short duration of
the applications (9,10). The negative results indicate also that the con-

centrations of TSNA and PAH in these extracts do not suffice to induce
turmors upon !opical application {11). However; the application of meth-

anol or DM SO extracts of cigarette tobacco induced a low but signifi-

cant number of benign tumors in the skin of CAF1 and Swiss niice when
these extracts were applied three times weekly for vp to 24 months to
che shaved backs of the mice (12 15}. A number of studies have reported
tumor-promoting activity of the extracts of chewing tobacco when
these were applied to mouse epidermis previously treated with a tumor
initiator (8,12,14-16). The bioassay data with chewing tobacco are sum-
marized in table 1.

Bioassays With Snuff

Oral Admmstratxon

each mamtamed ona standa;d diet cgntmmng, 20 percent lest fresh
snuff. Controls consisted of 50 male BIO 15.16 hamsters and 50 male
BIO 87.20 hamsters on a diet containing 20 percent cellulose {of caloric
value similar to the snuff-containing diet). The spectrum of tumors ob-
served was nearly identical in both groups. Hamsters of both strains
gavaged 60 times with 5 mg of the carcinogen 3-methylcholanthrene
(MC) had a significantly increased inciderice of both benign and malig-
nant tumors of the forcstomach and large intestine. Hamsters of the
BIO 87 20 strain also had an mcreased mc1dence of stomach cancers
cocarcmogemc act1v~ty of snuff, 50 hamsters of each stram recelved the
diet containing 20 percerit snuff plus 50 times 0.5 mg of MC. Compared
to the control group (diet containing 20 percent cellulose), the tumor
yield was niot increased in the two experimental groups indicating a lack
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of carcinogenic activity as well as of cocarcinogenic activity of the snuff
in this setting {17).

Application to the Lip, Oral Mucosa, or Cheek Pouch
The upper lips of 20 male BALB mice were painted 3 times a. day for 5

days ‘weekly over a 2-month period with a concentrated water. extract of

snuff (group 1). Inanother ¢ group of 20 male mice, the upper lips were in-

oculated with herpes simplex virus type 1 (HSV-1) and were subse-

quently painted with a concentrated snuff extract for 2 months (group 2).

A control group of 20 male mice received inoculation of the upper lips

with HSV-1 and painting with water (group 3). Two months’ exposure
to snaff extract (group 1) or HSV-1 inoculation (group 8) alone did not
induce dysplasia in the epithelium of the labial mucosa; while HSV-1 in-
oculation combined with painting of snuff extract produced epitheliat
dysplasia and other histomorphologic chan (18}
~In respect to this and other studies in which an s are infected with
herpes virus in addition to treatment with snuff extracts; it should be
nioted that 20 to 40 perceiit of the U.S. population have periodic occur-
rences of labial herpes (19).

Male F344 rats were tieated for up to 30 months b}' swabbmg the ora:l
cavity with either a concentrated water extract of snuff (group 1; 13:2

g NNN and 2. 8 g NNK per nnlhhter snuff extract solution), snuff ex-

tion), l\NN and NNK alorie in corncentrations correspondmg to those
applied in group 2 (group 3; 135 jig NNN and 27.6 | ug NNK per milliliter
test solution), or with water alone (group 4). Groups 1, 2, and 3 consisted
of 30 male rats each and group 4 (control) of 21 rats. The incidence of
tumors in groups 1 and 2 was not , significantly increased over that in
the control grcup. In the group of 30 rats treated with NNN and NNK
alone, 8 animals had oral turmors (6 papiilomas in the cheek; 4
papillomas in the hard palate, and 1 papilloma of the tongue), and 4
animals had lung carcinoma, This study indicates that snuff contains
carcinogernic N-nitrosamines; however, when thsy are being tested in an
admixture with other components in the water extract oi snuff; their
carcinogenic activity may be suppressed (20).

- A group of 21 male and 21 female Sprague-Dawley rats were treated
with snuff placed in a surgically created canal ini the Jower 1 lip. Approxi-
mately 0.2 g of a standard Swedish snuff (pH 8.3) was given twice daily
5 days per week for 9 to 22 months. The mmieari retention time of the souff
in the canal was 6 hours, and the estimated daily dose was 1 g of snuffkg
b.w. Using the same methodology, another group of 5 male and 5 female
rats was treated with alkaline snuff in the surgically created canal (pH

9:3). One of the 42 rats treated with regular snuff developed a squamous

carcinoma in the oral cavity after 8.5 months. The exposure tc che regu-

lar snuff resulted in inild to moderat;e hyperplasia of the epitheliu.n;
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hyperorthokeratosis; and acanthosis. Among rats exposed to snuff for
18 to 22 months; 16 of 42 showed vacuolated cells penetrating deeper
into the epithelium with hyperplastic and atropic lesions. Rats exposed to
alkaline snuff differed little from those in the group treated with regular
snuff. Outside the area of treatment; squamous cell hyperplasia of the
forestomach was found in rats exposed to snuff for 18 to 22 months (21).

Ih another bioassay uéin’g the ‘same methodology as deécnbéd by

rats with the s surg1cally created lip canal, and ot,hermse,untreated. served
'Ws i:di’itt‘bﬁ Thé iiit:idéiibé of hdﬁﬁﬁdi’itﬁﬁébiié tiiiribi‘é iii éﬁbh gro'u'p' Wﬁé
the Qral,cawty, one squamous cell,papx,lloma,o,f the hard pa]ate and one
iﬁéﬁihgib’ﬁié, treatment w:th' éiirichéd éhuff Iéd to one squamous céll
ment with extracted snuff induced one squarous cell papx]loma of the
hard pa.labe There were no tumors m the control group (20)

canals in the jower lip, received the following treatrients beginning at 3
months of age: group 1 was infected with herpes situplex virus bype 1
(HSV-1) by scarification and topical application followed 10 days later by
administration of snuff into the canal morning and night on 5 days per
week; group 2 was infected with virus and received no other treatment;
group 3 was sham-infected with sterile saline followed by snuff treat-
ment; and group 4, not given virus or snuff, served as controls. The
HSV-1 infection was repeated once after a 1-month interval, and snuff
t:reatment was contnnued for 18 months after which tnme all a.mmals were

shortly after the second infection with HSV-1. Squamous-cell carcinomas
of the oral cavity developed in two of seven rats, and a retroperitoneal
sarcomma was seer in onie of seven rats exposed to HSV-1 plus snuff. In
the group exposed to snuff alone, 1 of 10 animals developed a squamous
carcinoma of the anus and 1 of 10 a retroperitoneal sarcoma (22).

In several studies, various forims of snuff were installed in the cheek
pouches of Syrian golden hamsters for up to 20 months. The application
of snuff did not lead to the induction of tumors in the cheek pouches nor
at any other site of the oral cavity in any of these studies even though
malignant tumors were induced in the oral cavity with high doses of 7,
12-dimethylbenz(a) anthracene and 3-methylcholanthrene (7,23-26).

In an assay for the joint action of HSV and snuff, the buccal pouches
of 125 Synan hzrristers were mocu]ated with HSV-1, H3V-2, or culture
medium. The control and HSV inoculaticns were done orice a month for
6 conisecutive months. Then 25 hamsiers with HSV-inoculated pouches
received installations of commiercial snuff twice daily into both the right
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and 1eft pouches One month aft:er the lasf, HSV moculatlon and 6

months after continuous snuff application, the assay was terminated.

The buccal pouches were removed for histopathologic examination.

Neither the application of snuff to the cheek pouches nor HSV infection

alone induced neoplastic changes in hamster buccal pouches: However,

HSYV infection in combination with snuff resulted in epithelial dysplasia

and in squamous carcinoma of the buccal pouches in 11 out of 25 ham-

sters (27): This investigation provides the strongest evidence to date that

snuffr may increase cancer risk in animals; however, full evaluation is pre-

cluded since the findings have been published only in abstract form:

Subcutaneous Administration :
A Swedish snuff was extracted with 66-percent alcohol andiresu.lted

in 18-percent dry extract; which was injected subcutaneously into rats

with 70-percent ethanol and tri-n-caprylin (1:1) as vehicle: The rats

received a total dose of 4.2 g of extract with 84 weekly doses of 50 mg of

extract. No tumors were observed at the area of injection (28 This
result is quite different from an earlier one by the same investigators in
which an alcohol extract from cigarette tobacco (20-percent yield) was
injected into 75 rats with 70-percent alcohol and glycerol as solvent
(1:3). Per week; 45 mg extracts were mjected until the total dose
amounted to 3.2 g/rat. After 25 months, 18 of 75 rats had developed
malignant tumors, primarily sarcomas at the injection site (29). The
bioassay data with snuff are summarized in table 2:

Bioassays With Constituents of Smokeless Tobacco

At least three types of carcinogens occur in smokeless tobacco: poly-
nuclear aromatic hydrocarbons {PAH), ifidibiiiiiiii-ﬁﬁ (210Po); and
N-nitrosamines. One of the PAH._identified in smokeless tobacco,
benzo(a)pyrene fup to 72 ppb), has long been recognized as an animal
carcinogen (18 .24,50). Levels of 210Po in processed_tobacco amount to
0110pC1pergramandt0018122pCl/gmcommercmi U:S: snuff
products. Ionizing radiation can cause multiple types of cancer in ani-
mals and humans raising the possibility that the alpha-radiation of
210Po may contribute to_the carcinogenic potential of smokeless
tobacco and especially snuff (31,37). - ]

Three groups of N-nitrosamines have been identified in smokeless
tobacco. All of the 4 volatile nitrosamines thus far identified are carcino-
genic in animals (33). These are nitrosodimethylamine (0 to 215 ppb);
nitrosopyrrolidine (0 to 291 ppb); nitrosopiperidine (0 to 107 ppb), and ni-
trosomorphohne {0 to 690 ppb). Seven nonvolatilz nitrosamines have also
been 1dent1ﬁed in smokeless tobacco. Of these, only mtrosodIethano-
hamsters (23). Swabbmg of the oral cavity of 20 male and 20 female
hamsters with solutions of these agents three times weekly for 45 weeks
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animals, tumors of the trachea in 6, and a tumor of the larynx in 1 of the
hamsters (34).

The most abundant carcmogens in smokeless tobacco yet identified
are the tobacco-specific nitrosamines (TSNA). These are formed during
the processing of tobacco from its alkaloids. So far, seven TSNA kave
been identified in smokeless tobacco. Of these, N “nitrosonornicotine
{NNN; 470-135,000 ppb) and 3- (methylmtrosammo) -1- (B-pyndyl) -1-
butanone (N NK; 30-13,600 ppb{ are powerful carcmogens m rmce , rats,

adlmmstenngTSNAto test an

g TSNz . A variety. of tumors were produced,
partlcuiarly in the esophagus, nasal cav1ty, and lung: In a recently com-

pleted investigation; daily swabbing for up to 30 months of the oral
cavity of F344 rats w1th a sahne solutlon contammg 135 pprn N N N and

Iung were observed in the negatlve control group (20) Thxs study sug-
gests that NNN and NNK may ‘be tumorigenic at the site of exposure
as well as systemically. Full evaluations of these results are precluded,

however, since the original manuscript is now under journal review and
not published:

It is noteworthy that some of the bioassays mdlcated that reiatrvely
Iow doses of the TSNA could mduce tumors. In hamsters, a total dose

of only 0.2 miniol/kg of NNK induced a significant incidence of tumors
{35); whereas in F344 rats 60 subcutaneous mjectlons of a total dose of

taneousappllcatlons to0 27 rats, of the same molar dose (0. 3,3,I,nmolikg) of
nitrosodimethylamine resiilted in 6 animals With tuiviors of the liver and
1 rat with a tiimor of the nasal cavity (36). For NNN, high tumor iinci-
dences were produced in F344 rats by & total dose of 1.0 mimolkg (37).
Based on dally use for 30 years of 10 g of snuff contammg 3 1 ‘ppm. of
mately 0.02 miinolkg. Exposure to NNN from the same brand would be
0 4 mmol/kg (flgure 3 chapter 2) Hence, the bloassays decate that
depers indiice tumors in animals. This is a distinctive and potentla]ly
important finding, since for most chemical carcinogens their carcino-
gem‘city was debected following exposure at doses much higher than

Of the other five TSNA, bes1des NNN and NNK, N “nitrosoanabasine
(NAB; 10-6,700 ppb) and 4(methylnitrosamino)-1-(3-pyridyl)-1-butanol
(NNAL; 140-300 ppb) were moderately active carcinogens, and N-nitro-
soanatabine (NAT; 300-338,000 ppb) was inactive when tested at the
low dose level of 9 mrriol/kg (9,38).
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samiries have not yet been tested for carcmogemmty
Mutagenicity Assays and Cther Short-Term Tests
Chewmg ’Ibbacco )

Nicotiana rustica is a tobacco vanety that is wxdely cultivated and
used throughout India. Its ethanol extracts induced mutations in
Salmonella typhimurium TA98 and in V79 cells of Chinese hamsters.
Thé édditidh df SQ liVéi' hbiﬁ'ogena"'*"’té ﬁ'dii'i Ai‘ticlbtipi‘éti'éétéd rats

TA1535 Qr,TA1538 in the presence Qf the S,9 hom,ogenate This ethanol
extract of tobacco also indiced microntclei in bone marrow cells of
Swiss mice (1,3940).

An ethyl acetate extract of Indian chewmg tobacco induced sister
chromatxd exchange (SCE) in human lymphocyb& and m a humén
enhariced the effect. When the tobacco extract was tested i in the absence
of the S9 homogenate it did not induce ouabaii-resistance in Chinese
hamster V79 cells. The same extract, another ethyl acetate extract, and
af ethanol extract of tobadcco indiiced cell transformation in Syrian
hamster embiyo uﬂs 41,22
_ The iricidence of micronticleated oral mucosa cells in 27 Indians using
khari chewing tobacco was 2.2 percent (0.84.9 percent). The incidence
of micronticlei in exfoliated cells of nonchewers of similar ethiic back-
grounds arid dietary habits was 0.47 percent {0.0-0.9 percent) {43).

Snuff

The residue of organic solvent extracts from a U.S. commercial snuff
was dlssolved in DMSO and test;ed for the mductlon of SCE s m human
SCE's with a 0.05 percent concentration in lymphocytes of onie of three
donors, with a 0.15 percent concentration in lymphocytes in two of
three donors, and with a 0.5 percent concentration in lymphocytes of all
three donors (44).

Tobacco-Specific N-Nitrosamines (TSNA)

- Of the seven TSNA so far identified in smokeless tobacco, only NNN
and NNK were also tested for genotoxicity in short-term tests. In the
presence of a liver microsomal preparation from Aroclor-induced rats,
NNN and NNK caused dose-dependent mutations in Salmonella
typhimurium TA100 and TA1535:. Increased mutation frequencies were

observed in the case of NNN at 2.5 umol and at 5.65 ymol/plate and in

the case 0i NNK at 1.4 pmol/plate (45-47).
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NNN and NNK at 10-3 and 10-2 molar concentration each induced
unscheduled DNA synthesis in freshly isolated hepatocytes from adult
rats (48).

Summary

_ Chewing tobacco and extracts from various chewing tobaccos havs
been tested by oral administration in mice; topical application to the
oral mucosa of mice, rats, and hamsters; and by subcutaneous admin-
istration and skin application to mice. The investigations failed to
demonstrate significantly increased tumor production. Short applica-
tion times and lo-v-dose exposures, however, limit the evaluation of the
carcinogenicity of chewing tobacco or its extracts. Bioassays of snuff
have likewise generally shown no excess cancer, although some ex:jeri-
ments suggest that it may cause oral tumors in rats and hamsters that
are infected with herpes simplex virus. Among the chemical com-
ponents of snuff; the tobacco-specific nitrosamines NNN and NNXK are
powerful carcinogens. The doses of NNN and NNK that produce
tumors in experimental animals are close to the doses estimated from
lifetime exposure among human snuff dippers.
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CONCLUSIONS

1. The scientific evidence is strong that the 1se se of smokeless tobacco
can cause cancer in humans. The association between smokeless
tobacco use and cancer is strongest for cancers of the oral cavity.

2. O'ra'j canicer has been shijwn to occur severai t'imes more fre-
the excess risk of cancers of the cheek and gum may reach nearly
fiftyfold among long-term snuff users.

3. Some investigations suggest that the use of chewing tobacco als>
may increase the risk of oral cancer.
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4. Evidence for an association between smokeless tobacco use and
cancers outside of the oral cavity in humans is sparse. Some
investigations suggest that smokeless tobacco users may face in-
creased risks of tumors of the upper aerodigestive tract, but
result;s are currently mconcluswe

5. Experimental investigations have revealed potent carcinogens in

snuff and chewing tobacco. These include nitrosamines, poly-

cyclic aromatic hydrocarbons; and radiation-emitting polonium.

The tobacco-specific nitrosamines N-nitrosonornicotine and
4-(methylnitrosamino)-1<(3-pyridyl)-1-butanone have been de-

tected in smokeless tobacco at levels 100 times higher than the

regulated levels of other nitrosamines found in bacon, beer, and

other foods: Animals exposed to these tobacco-specific nitro-

samines, at levels approximating those thought to be accumu-

lated during a human lifetime by daily smokeless tobacco users,

have developed an excess of a variety of tumors. The nitro-

samines can be metabolized by target tissues to compounds that

can modify cellular genetic material.
6. Bioassays exposing animals to smokeless tobacco, however have

generally shown little or no increased tumor production, although

some bioassays suggest that snuff may cause oraiitumorsi when

tested in animals that are infected with herpes simplex virus:

RESEARGH NEEBS

It has been established beyond reasonable doubt that smokeiess
tobacco use can increase the risk of cancer: The experimentat and epi-
demiologic evidence is strongest for the association between oral cancer
aund the chronic use of snuff. Additional studies are needed to determine
whether the patterns of risk differ according to the form of smokeless
tobacco, including research evaluating cancer risks that are associated
with chewing tobacco and dry versus moist snuff, and to quantify fur-
ther the levels of risk in relatnon to differing levels of smokeless tobacco
exposure.

The influence of smokmg alcohol and other factors (including viral
exposures) on the smokeless tobacco-associated risk of oral cancer also
should be explored further with an empbasis on detecting possible inter-
actions between these factors and smokeless tobacco. .~
- Inhaled snuff may increase the risk of nasal carcinoma: The. feasibil-
ity of initiating studies in areas where snuff sniffing is common should
be ascertained, and studies should be launched to confirm and quanti-
tate this-possible relationship.

. There have been few studies of smokeless tobacco and esophageal;
I, and gastric cancers. These investigations have provided
eqmvocal results; but in the aggregate; their findmgs raise the possibil-

f 1 :1 4 " 93




1ty of some increase in nsk among smokeless tobacco users. Additional

case-control studies of these neoplasms should be encouraged. These

studies should be large enough to assess the risks that are associated

with smokeless tobacco use while controlling for the potential con-

founding effects of smoking; alcohol, and other risk factors.

Isolated reports have associated smokeless tobacco with cancers of

the cervix, pancreas, and other anatomic sites: Investigators with exist-

ing data from case-control studies of these neoplasms shouid be encour-

aged to perform analyses to determine whether associations with

smokeless tobacco exist. Similarly, existing data from cohort studies

with information on smokeless tobacco.use should be analyzed. Reports

from two relatively large cohort studies have been published only as ab-

stracts: These should be expanded with detailed descriptions of both

the methods used and the findings for various cancers and should be up-

dated to include followup into the 1980’s:. Recommendations for addi-

tional studies of the role, if any, of smokeless tobacco in the etiology of

cancers outside of the upper aerodxgestxve tract should await the results

of these analyses. = . .
_On the basis of current knowiedge, it can be assumed that chewmg

tobacco and sni:tff contain sé\ierai tmknown mtroso compounds that

depth analytical studles are needed for the identification of these

unknown compounds: Furthermore, mechanisms of their in vitro and

endogenous formation should be studied together with those of the ni-

troso compounds that are already known to occur in smokeless tobac-

cos: For the validation of the uptake of the major carcinogens by to-

bacco chewers and snuff dippers, markers should be measured i~ the

target tissues and in physxologxca:l fluids: Major emphasis should be

placed on the identificztion and assays of DNA-adducts with tobacco-
specific compounds in tissues of the oral cavity:

Finally, trends ove: time in age-specific oral cancer mmdence and
mortality rates should be monitored to determine whether the increas-
ing use of smokeless tobacco by Americans is influencing national or

regional cancer patterns. Changes in the prevalence of use and in the
characteristics of smokeless tobacco products should also be docu-
mented. Such monitoring will provide a base upon which future investi-
gations of associations between smokeless tobacco and cancer can be
built,
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INTRODUCTION
This chapt;er addresses the health effects of smokeless tobacco use on

the oral tissues through a systematic review of the relevant scientific

literature of animel and human studies: The major areas addressed are
the effects of smokeless tobacco use on the oral soft tissues, the

periodontium; and the teeth. This chapter also reviews information
g the potential of oral tissue altered by smokeless tobacco use

to transform to dysplasia and malignancy.
Within each area, except for the section on the transformation of oral

soft tissues, those tissues or conditions that are suspected to be raost af-

fected by smokeless tobacco use, or that hold the greatest potential for

health effects, are considered initially. Where contradictory evidence

exists; these data are also presented. Studies that were judged to meet

strmgent selection criteria* are presented first, followed by data from:

less rigorous study designs and case reports.

Within the section on the transformation of oral soft tissues, the pre-

sentation of the evidence is grouped according to clinical reports, cohort

studies; and case-control studies: This was done so as to be consistent

with the format used in the chapter on Carcinogenesis Associated With
Smokeless Tobacco Use (chapter 2). In some cases, studies referericed in
this chapter are the same as those used in chapter 2. The reader should
review both chapters to obtain all pertinent information contained in
these studies. =~

. Only studies from the Hmted Stat;es and Scandinavia are included for

the sections on oral leukoplakia/mucosal pathology, gingival and perio-

dontal tissues, and salivary glands: This assures that studies dealing

with similar types of smokeless tobacco are used for comparison pur-

poses. However, the section on the transformation of oral soft tissues

includes a fuller range of studies that have reviewed the histopathologic

 associated with smokeless tobacco-induced lesions. Studies in-

vestigating the histopathologic transformation of nonsmokeless

tobacco-induced lesions have not been included:
A summary of selected studies that addresses study sample,

methods; and observations is provided in table 1 as a ready alphabetical

reference to the text. In addition, a summary of selected case reports is

provided in tatle 2. Emphasis has been placed on the issues of preva-

lence of oral tissue changes, types of changes, site-specificity of
changes, and the effects of dose-response.

* See Introduction, Overview, ond éonciusions for discussion of critéria for causality,
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TABLE i.—Selected Srudy Summaries for the Noncancerous
Oral Health Effects From the Use of Smokeless Tobacco

Sample Methods

Observations

Comments

Axéll; 1976

* 20,333 Swedes:  * Cross-sectional

males, design.

® Data collectad
on.tobacco
habits, .
medications
t: ken, oral
hygierie status,
and prosthetic
status;

o Clinical -
examinations
atilized .
diagnosis based
on specific
clinical criteria.

* Photographic
documentation
of all lesions
diagnosed as
leukoplakia or
lichen plarus:

® Tissue spec:
mens taken of
selected cases.

® Statistical
analysis con-
dacted: t-tests,
chi square tests,
&nd; if appropri-
ate; Fisher's
exact test.

« Ages 15 vaars
and older;

Leukoplakia/
Mucoeal
Pathology

Of 1,444 snuif
users, 116 {8%])
had *“‘snuff dip-
per's lesion"
{oral leuko-
plakia).

The prévalence
oforal. . @ .
leukoplakia was
3.6% amorng the
total population
examined.

¢ It is not clear -
how-many of the
snuff users were

* Sriff dipper's
lesion implies
charges at the
site of snuff
placement,

Greerand .
Poulson, 1983

e 1119 iaenaéers « Cross:sectional

in grades 9-12. design.
® 117 {10.5%) * Questionnaire _

administered to
determine years
of use; frequency
females. of use; brand of
« Denver;_ tabacco used.
Colorado. site of applica-
tion; use of other
confounding
egents; and

smokeless
tobacco users:
113 males; 4

Leukopla dal
Mucosal
Pathology

+ & sazgeated

association. .
between level
and duration of
smokeless _ ___
tobacco use and
mucosal lesions

(42.7% of smoke- _

less tobacco

mucosal lesions).

® An analysis of
the influence of
cofactors was
not conducted.

e No statistical
analyses

® Examiners blind
to responses on
questionnaire.

reported

between users of
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TABLE 1—Gontinusd

Study Sample Methods Observations  Comments

Poulson, 1983 .

(cont.) . * Smokeless
tobacco _
associated

soft, and hard periodontal
orai tissues. (jggg;e;ﬂtion
. I.AZSIO graded ° B defmed
g,.gord.gpg toa * Did niot assess _
scale developed the interrelation-
by Axéll et al. ship of smoke
{1976) and modi- exposure than
fied by Greer users without cigarettes, and
and Pouison. lesions. alcohol,
 No evidence of
occlusal or
incisal abrasion,
¢ One case of
cervical erosion.
Greer et al, . Salivary Glands
1986 cOfi8tissue e« Authors suggest
obacco iisers samples with
{43 males and 2 T - salivary glands,
females); 16 sub- éﬁég?s&d:gn 4 demonstrated
jects iri each Y sialaderitis and
ﬁﬁﬁﬁkﬁéivi’i as degenerative
juveniles, young changes.
adults, and o A et
pabahpuiy A routine
mﬁ,"f‘, pattern of
. ng? 13-74 chronic -
ears. sialade txs was
o b B not shown for
. gfl‘(‘)‘;gfio * Histomorphio-  any of the thres
. logical niethods age groups.
used on tissue O
ety * Four patients
specimens.  * ol PN
* No stafistical and 6€) showed
analysis - either mild,
coriductad. moderate, or
severe salivary

gland fibrosis.
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TABLE 1.—Continued

Study Sample Methods Observaticns  Comments
Hirschet al.,
1962
o B o Pﬂﬂiology .
= 50 male habitual e Cross-sectional Interpretatmn of *Dosec dera-
snuff dippers. design. hxswmorpholom tions were made.
e 41,3.year mean ¢ flgbeg::i cal vari bllgs i:iii?mg
age (range 15-84 SSi ona- b . varien "
years). four-degree scale ?l?t th’t""t?j sidered.
* Sweden. of lesion severity - :‘?,,,,5 Orai - e Differericss in
(developed by g“f"sﬁ regcﬁg brand of tobaceo
Axéllet al, h soail-incuc used were taken
1976); biopsies ”)l’perpmamﬁn into account.
were taken. h;ﬂbasal ce:
» Histomorpho~ TS
logical and his.  * Lethal damage
tochemical was found in
methods con- surface layers.
ducted on sub- Duration of use
lects tissue and daily expo-
specimens. iiure b% smoke-
J— ess tobacco.were
° giﬁ;?lf&‘;fd <HowH to affect
histories. the severity of
ascertained from the leukoplak..
a questionnaire, ¢ Dysplasia could
not be predicted
by using sug-.
gested clinical
degree of lesion
classlﬁcat.lon
* Tissue speci- . * De,
mens from 74% changes not spe-
of patients. cifically defined
included salivary showed degener- y authors:
glands. ance and multi- ative changes of
ple comparisons ~ 8-more s;;'ﬁre
using the found in the sur-
Scheffe method.  face epithelium.
* 429 of salivary
glan : S
strated sialaden-  ©f differences in
itig and degenier-  brands of snuff
ative chanpges. and snuff-
¢ Weak oxidative dipping habits.
enzyme mcm
acinic cells in-
sahvarjl?gliiiids'
with sialadesitis
and degenera-
tive changes.
s Sorvie sigh sof _
met,abzllﬁlatypla
no B
© ,;Erkedl' deg gen-
erat.lve changes
seen in sahva.ry
glands associ-
ated with the.
more severely, _
clinieally classi-
fied lesions,
102 _
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TABLE 1.—Continued

Studv

Sample

Metliods

655&3?\”5 tioiiﬁ

Jungell and

Malinstrom,

1985

» 441 military
recruits,

* Ages 17-19
years.

* Finland.

* 48 (11%) were
snuff users.

¢ 18.9-year mean

age {range 17-21
years).

Cross-sectioral
design.

¢ Questionnaire
administered to
ascertain to-
bacco product. _ _
use and drinking
habits and fre-
quency of dental
care.

Clinical examina-
tion conduced.
onpsiés taket of
21 snuff users
with lesions.
Resting and
stimulated {par-
affin served as
the stimuilator)
salivary excre-.
tions measured.

. S,La,t,xs,t;;;gl,analy-

sis conducted:
t-test.

10 nonusers of
also

vary excretions:

é&ii@é?j Gi[u]dé

t.hnn thnt of

nonusers.

buffermg
capacity be-
tween the two
groups.

* Authors inter-
pret. difference.in

presence of the
local irritant
snuff.

Modeéer et al.,

1980

Gingival and
Periodontal

* Authors state

*232school e« Cross-sectional The use of snuff
design. demonstrated a snnff use may.
males, 113 ¢ Interviewed significant influerice gingi-
females, about tobacco relution to gingi-  val tissue .
e 19E vonra monm prodiict use his- vitis after con- directly resalt-
* ;g’es years mean tory and oral trolling for mg in gmgwms
e hygiene prac- plaque.
* 11% of males tices, . Effécis of sm ff ¢ E)x:e?;noers bl‘md
g"lﬂl‘ u. nses
were regy ¢ * Standardized on the gingival from interview;
_ snuff users. dental indices  jg000 jncluded
« Sweden. used to MEASUIE  poeh locqtion of
the snuff and as
conditions, g":fr‘;‘l“s in
¢ Dental c_des ge
assessed clini-
cally and radio-
graphically.
* Statistical
analyses con-
ducted: cross -
tabualations, mul-
tiple regression,
and student’s
t-test.
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TABLE 1.—Continued

Study Sample Methods Observations  Comments
Offenbacher Leukoplakia/
and Weathers, Miicosal
1985 Pnthology
* 565 males Foim Cross-sectional ¢ Frequency of . S'oft, tissue
5 schools. desigm. occurrence of iridices are riot
* 138year mean_ * Questionnaire  Softtissve L described.
age (range 10-17  used to obtain - °KVEW‘“’ » Method of -
years), history of tobac- sigmﬁw"g“ 4 selecting schools
s SE (i 460 co product use glevatec In users ¢, subject
* 75 {13.3%) ntal nd -due to ascertainment
smokeless - 7g4 h‘:lsmts an m(;i‘éa reva- a ¢ described.
tobacco users. _ Wry.  lence of w _not wcn
* Georgia. i ;:t:‘ggl;l ndexmucted mucosal lesions).

using some stan-
Gardid s,

Statistical analy-
sés included: chi

eff cient ¢ cula
tions, and t-tests:

« Control group
used.

* No attributable-
risk for mucosal
pathology in
smokeless
tobacco users
who were free of

gingivitis.

Gingival and
Periodontal -
No :elanons}up
between smoke-
less tobacco use
and the preva-
letice of
gingivitis. _
Prevalence of
gmgwaer
sion s
cantly elevated
in smokeless
tobacco users.

exists for gingi-
val recession in
smokeless
tobacco users.
Teeth
Strokeless to-_ -
baoco users with

sngmf' ficantly

greater caries -

prevalence com-
with non-

users without

R

Prevalence of --
caries was signif-
icaritly greater in
ugers with gingi-
vitis who used
both snuff and

nonusers with
gingivitis or
those who were
gingivitis free.

Smokeless to-
bacco use is -
viewed as-a co-
factor with the

ment of gingivi-
tis or gingival

recession.
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TABLE 1.—Continued

Study Sample Methods Observations Comments
Peacock et al., Leukoplakia/
1960 Mucosal
Pathology
* 1,338 employees » Cross-sectional Highly signifi-  » Examinets blind
gf;local textile design. cant relation- to initerview
mill. « Interviewed ships between respotises:

" North Carolina.  about tobacco . CUORISSIME  ggq of
product use and a;l d ,,,ia couse employees had
given an oral lenkoplaia either poorly _
SXAMINAUON  doyglopment  Ltng complete

found for all age

both sexes.

dentures or only
few and carious

were 3 years old.

Poulson et al.,
1984

52% females,
47% males e G

(63%) had lesions

of the hard or
ft 3

* 16.7-year mean

* Examiners blind
to responses on
questionnaire.

age (range 14-19 Clinical exami-
years). n
a ad of oral hard were lound |
* Rural Colorado. soft tissues. area of qm id lollmdmg vari-
T
5
developed by addressed
Greerand daily exposure statistically.
Poulson, 1983.
of lesions.
. Miﬂtjﬁlé lesions
sub_]ect reported.
Gingival and
Pe.nodontal
. less
{27%) had site- defined
specific gingival -
L e -~ - # Effects of con-
recession; 2 users founding vari-
ables not
Y addressed
mucosal lesions statistically.
and periodontal
destruction.
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TABLE 2.—Summary of Selected Case Reports

o ___ Number L Product  Duration
Study Country of Users Age Used of Use Findings
Archard USA 3 31 Snuff
and 42 Snuff
Tarpley. 60 Snuff
1972
oLity thal L
were amyloid.
Christen, USA 1 36 Snuff 13 years Gmg;val recessxon
Armstrong, )!
and
McDaniel.
1979 found svhere tobacco
was habitually placed.
USA 14 18-22 Snuff, 6 months  8/14 with clinically
McDaniel. chewing _to detec!
and Doran, tobacco 9 years  ri
1979 clinical leukoplakia:
11/14 with erythema
Frithiof Sweden 21 31-79 Snuff 10-60 years
et al., 1983
Hoge and USA 1 20 Snuff 1 year
Kirkham,
1983 where tobacco was
habitually placed.
Pindborg Denmark 7 ~Not  Snuff 20-30 years 4/7 had whitish
and- reported mucous membrane
Poulson. with a delicately folded
1962 appearance at site of
Piridborg Denmark 12 39-83 Snuff 20-50 years
and. br:
Reanistrup, “whitigh, sometimes
1963 yellowish-brown, dry
appearance with a very
delicately folded or
finely grooved
surface.”
USA 1 36 Chewing 24 years  Gingival recession,
tobacco ‘‘smokeless tobacco-

users lesion,”" and __
abraded occlusal sur- _
faces of posterior teeth
found where tobacco

was habitually placed.




THE EFFECTS OF SMGKEI;ESS TOBACCG USE GN
ORAL LEUKOPLAKIA/MUCOSAL PATHOLOGY AND

THE TRANSFORMATION OF ORAL SOFT TISSUES

Background and Defnntlons .
Various oral soft tissue effects of smokeless tobacco use. have been

repov'ted in the literature: These effects include oral leukoplakia/mucosal

pathology: The actual terms used and the definitions employed to

describe these conditions vary widely from study to study (table 3). The
World Health Organization (WHO) defines oral leukoplakia as a white
patch or plaque that cannot be characterized clinically or pethologlcaﬂy
as any other disease (7). The mucosal pathology that is found in smoke-
less tobacco users also has been referred to as hyperkeratosis; an oral
mucosal lesion that exhibits an abnormal whitish (keratinized) appear-
ance clinically: The authors’ terms are employed when a specific study’s
findings are described. However, in the discussion portion of the report,
the general terms of oral leukoplakia/mucosal pathology are used. .
The association between smokeless tobacco use and oral leukoplakia/
mucosal pathology has been moderately studied: The WHO has stated
that tobacco is an etiologic agent for the formation of oral leukoplalkia (7).
This association was reaffirmed at an International Seminar on Oral Leu-
koplakia and Associated Lesions Relat-1 to Tobacco Habits (2. In a re-
view of the effects of tobacco habits other than smoking, the use of smoke-
less tobacco/snuff was associated with the presence of leukoplakia (3)

Studles m the Umted Staté?s )

Six studies have addressed the prevalerice of oral leukoplakla/muco-
sal pathology in smokeless tobacco/snuff users (4-9). In two of these
studies, blindness of the exartiiners toward the tobacco habits of the
subjects was maintained, and oral tissue findings in siokeless tobacco
users and nonusers were compared (7,9). Three of these studies investi-
gated adults (2-6) and three investigated adolescents (7,9). In addition,
several case reports have described oral leukoplakia/mucosal pathology
findiﬁgs in smokeless tobacco users (10-13). Highlights of these studies

and reports are summanzcd below N
smokeless tobacco use in adolescent males from the greater metropoli-
tan area of Atlanta, Georgia {9). They used oral examinations and self-
administered questionnaires on tobacco use. Of the 565 males who were
examined, 75 (13.3 percent) tised sinokeless tobacco. The differerice in
the prevalence of miiicosal pathology in smokeless tobsdcco users (22.7
percent) was statistically significant compared with that of nonusers
(4.7 percent); however, the authors did not provide specific diagnostic
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TABLE 3.—Variations in Terms Used and Definitions Provided for
Leukoplakia/Mucosal Pathology Associated With
Smokeless Tobaceo Use by Studies Cited -

Term(s) Used

Defini:ion(s) Provided

Comments

Snaff--
dippet’s
lesion.,

Axéll, 1976

Christen, =~ Clinical __
Armstrong, leukoplakia;
and . .

McDudriiel,

1979

Christen,
McDaniel,
and Dorari,
1979

Snuff- _
induced
lesion.

Frithiof
et al; 1983

Oral .
mucosal
lesions
{alterations)
associated
with the use

Greer and
Poulson,
1983

of smokeless

tobacco.

Snuff-
induced
lesions.

Hirsch, .
Heyden, and
Thilander,
1982

Leukoplakia.

A four-category classifi-
cation scheme based on
tissue color; wrinkling; .

and thickening was used:

“Implies only the clinical
feature of a white patch
or plaque on the oral
mucosa which will not
rub off and which cannot.
be characterized clinically
or_histologically as any
other specific disease.”

“Implies only the clinical
feature of a white plague
on the mucosa. ..”

“Tissue changes in the.
oral miicosa” that are due
to snuff use.

These lesions were
defined by a modification
of a clinical grading
method developed by
Axéll et al;, 1976.

These lesions were
defined by the grading

method developed by
Axéll et al;, 1976.

The authors believe that
this is a well-defined-

irritation that excludes it
from the diagnosis of
leukoplakia.

The aathors cite the .
WHO.1978 and Waldrori
and Shafer 1975
references (1,47).

The anthors cite the
Waldron and Shafer 1960
reference (45).

The aiithors cite the -
WHO 1978 reference for
the definition of leuko-
plakia and state that
‘'since the snuff-induced
lesion, with its typical
clinical pattern and its
specific etiology; obvi-
ously constitutes a
definite diagnostic entity,
the term ‘leukoplakia’ is
avoided. . .”

In addition, lesions were
classified by their __
texture, contour, and
color.
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TABLE 3.—Continued

Study Termi(s) Used Definition(s) Provided Comments
Hoge and Hyper- No definition i is provnded The authors cnte the
Kirkham, keratotic- although the authors disc  Shafer, Hine, and Levy
1983 appearing cuss the ‘‘fo n of a 1969 reference (49).
tissue. hyperkerat,otlc zone in.
the region of the ‘snuff
pouch’ where the tobacco
1s habitually held."”
Moore, Oral . No definition provided. -
Bissinger, leukoplakia.
and |
1952
Offenbacher Miuicosal No definitions provided. The pathological findings
and patholog. identified by the investi-
Weathers, soft tissue gators included morsica-
1985 pathology: tio, ulcer, keratosis/leuko-
plakia, vesiculobullous,
petechiae, abscess,
erythema, mucocele, and
pericoromnitis:
Peacock Leukoplakia. “A pearly white plaqueon —
Greenberg, the mucous membrane
and Brawley, which could niot be scraped
1960 off with & tongiie blade."
Pindborg ~  Leukoplakia. No definition provided. The investigators
and Poulson, described the mucous
1962 membrane as having a
slightly whitish, deli-
cately folded appearance.
Pindborg Snuff- No definition provided. The mvestngat,ors de-
and induced scnbed the leukoplakias as
Renstrup, leukoplakia. “slightly whitish, some-
1963 times yelowish-browrr,
dry appeararice with a
very delicately folded c or
finely grooved surface.”
Poulson, Oral mucosal The clinical appearance of Alterations in texture,
Lindenmuth, lesions these lesions was defined color, and contour of the
and Greer, {alterations) by a grading method mucosal lesions also were
1984 assoclated developed by Greer and identified:
with the use Poulson, 1983:
of smokeless
tobacco.
Zitterbart,. Generalized No definition provided. Thie lesion was described
Marlin. and  smokeless clinically as *“‘peculiarly
Christen, tobacco- wrinkled and thickened.”
1983 users lesion.

b
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criteria in this assessment. The range of mucosal pathologic findings in-

cluded stich conditions as morsicatio (cheek biter’s lesionj; ulcer, kera-

tosis/leukoplakia, vesiculobullous, petechiae; abscess; erythema,
mucocele; and pericoronitis. Although 50 percent. of the smokeless
tobacco users with mucosal pathology had keratosis/leukoplakia com-
pared with 3.8 percent of the nonusers with mucosal pathology, the
authors did not identify the locations of the mucosal pathologies:

_ Peacock; Greenberg, and Brawley reported a significant relationship
between chronic tobacco use and the presence of oral leukoplakia* in a
study of 1,388 textile mill workers in North Carolina (55 The 862
employees who reported using smokeless tobacco had a significantly
higher prevalence of leukoplakia (34 percent) than did the 457 nonusers
(7.4 percent). In addition, the authors noted a direct leukoplakia and age
effect.

~ In a study conducted in Denver; Colorado; Greer and Poulson exam-
med 1,119 teenagers in grades 9 to 12 to assess the relationship between
oral tissue alterations and the use of smokeless tobacco (7). Smokeless
tobacco was used by 117 {10.5 percent) of these teenagers. Of these; 42.7
percent had oral mucosal lesions? in the area of tobacco placemer®.
Forty-six percent of the teenagers with mucosal lesions also had con-
comitant periodontal tissue degeneration.f o

- Poulson, Lindenmuth, and Greer examined a sample of 445 teenagers
in five rural Colorado towns to assess the relationship betwen oral
tissue alterations and smokeless tobacco use (8). Smokeless tobacco was
used by 56 {12.6 percent) of the teenagers. Of these, 58.9 percent had
oral mucosal lesions in the area of habitual tobacco placement. Concom-
itant periodontal degeneration was noted in 39.4 percent of those with
oral miicosal lesions. ) ) o o

~ Coritrasting the results of rural versus urban adolescent smokeless
tobacco users, Poulson, Lindenmuth, and Greer suggested that the
duration of use may be critical in the development of ‘‘oral lesions” (8).§
Those adolescents with oral lesions used smokeless tobacco longer {an

lesions in both the rural and urban groups (2.3 years and 2.2 years;
respectively). In addition, the authots rioted similar effects of different
levels of sitiokeless tobacco tise in daily éxposiire. Users with oral le-

sions (110 miinutes and 53 miintiites, respectively). Also, more than twice

* Leakoplakia was defined as a “"pearly v-hite plaque on the micous membrane which could not be scraped off with
a tongue blade.” o o o o S N o ] )
't The authors used a modification of the classification method that was dévéloped by Axéll et al. that identifies the
oral mucosal lesions according to color, wrinkling. and thickening (1.~ -~ )
1 The authors define this degeneration as "'site-specific gingival recession with apical migration of the gingiva to
or beyond the cementoenamel junction, with or without clinical evidence of inflammation.”

§ The term “oral lesions”* used here includes periodontal tissue degeneration and oral mucosal lesions.
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as many marked oral mucosa! lesions were identified in the rural

population as in the urban population. .

Smith et al. examined a population of 15,500 snuff users by cybolog
cal; histological, and visual means (6. Of these users, 1,751 {11.3 per-
cent) demonstrated oral mucous membrane changes. Although no defi-
nitions were provided, these changes were described as ‘‘cloudy or gray
'gli's'ténmg""" '’ areas having ‘“‘wrinkled appearance{s)”’ and prescnting

Whité 6i reH granular appearance(s) Thé éiithbi-é i'épbi'ted that when

Moore, Blssmger and Proehl mvestxgated the relatxons}up between

t;obacco use and oral cancer in male patients age 560 years and older who
attended the General Tumor Clinic in Minneapolis, Minnesota (4). The
authors noted that a significant number of the patients who manifested
oral leukoplakia (18 of 23-—78:3 percent) used smokeless tobacco. A to-
bacco user in this study was defined as a person who used the tobacco
product for 20 or more years: Apparently, some of these 23 patients
were also pipe; cigar; or cigarette smokers; although the exact number
was not specified: The authors indicated that the most severe patches of
leukoplakia were seen in patients who chewed ‘‘strong’ tobacco and
over a longer duration (no quantification reported). In most instances in
which patients had stopped using smokeless tobacco; leukoplakia
disappeared:

Several case reports (table 2} have described oral leukOplakxa]mucosal
pathology at the site of smokeless tobacco/snuff placement (10-13).
These cases represent males of vanouaages with differing years of
patient; withdrawal of snuff resulted in a reversal of the hyperkeratotlc
lesions (12).

Studies in Scandinavia

Studies of smokeless tobacco from Scandinavia have mvestlgated the
prevalence of oral leukoplakia/mucosal pathology in users (1519).

_ Axéll found 1;444 smokeless tobacco users {predominantly men) in
the 20,333 Swedes who were examined for soft tissue lesions {17). Of
these users, 116 (8 percent) had “snuff-dipper’s lesion” (see table 3 for
definitions). The prevalence of oral leukoplakia among the total study

population was 3.6 percent.

Hirsch; Heyden,; and Thilander (18) graded oral mucosal lesmns on an
established four-point scale (14) and correlated these findings with the
snuff habits in 50 Swedes ages 15 to 84 years who used snuff routinely.
Younger patients were found to have lower degrees of pathologic
changes; while a significant predominance of older patients was noted
with higher degrees. The authors reported that patients with oral
mucosal lesions of the highest degree had used snuff an average of 34.7
years compared with the 9.2 to 13.b-year average for patients with
lower degrees of pathologic changes. They also noted that patients with
high degrees of pathologic changes dipped twice as long per day (an
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average of 10.1 and 10.6 hours per day) as paients with lower degrees of
pathologic changes (5.2 and 6.5 hours per duy, respectively). Althougi
these patients reported multiple tobacco habits; the authors stated that
no differences in clinical grading were found between patients who used
snuff only and those who used snuff and other tobacco products. _
In addition, several case reports have described oral leukoplakia/
mucosal pathology (table 2). In Sweden, Frithiof et al. examined 21

male snuff users ages 31 to 79 years (19). All had snuff-induced lesions
that were localized to the area in the oral cavity where the tobacco was
held. Similarly, leukoplakia lesions were found at the site of snuff place-
ment in all 12 male users of snuff ages 39 to 83 years in a study in Den-
mark (15} In this latter study, 3 weeks after one of the patients discon-
tinued snuff use, the clinical appeararice of the miicous membrane had
returned to normal. In another report, four of seven Darish male users
of snuff exhibited leukoplakia at the site of stuff placement (16).

The studies from the United States and Scandinavia demonstrate
that oral leukoplakia/mucosal pathology is associated with smokeless
tobacco/snuff use. In two studies, a higher prevalence of oral leiiko-

plakia/mucosal pathology was found in users compared with n~niisers
of smokeless tobacco—22.7 percent compared with 4.7 percent (9) and

34.0 percent compared with 7:4 percent (5). In all of these studies, be-

tween 8 and 59 percent of smokeless tobacco/snuff users were found to

have oral leukoplakia/mucosal pathology. o
It appears that the oral leukoplakia/mucosal pathology noted i
smokeless tobacco/snuff users is found commonly at the habitual site of
tobaccolsnuff placement. Using a similar grading classification for
~uff-induced lesions (7 14J, all of the mucosal pathology that was rioted
in four studies was at the site of habitual tobacco placement (7,8.17,8).
Similarly, the majority of the oral leukoplakia/mucosal pathology that

was described in the case reports was found where the tobacco/snuff
was usually placed: S 7 o o

The duration of use (in years) and daily exposure (in hours or minutes)
to smokeless tobacco appear to be critical in the development and sevet-
ity of oral leukoplakia/mucosal pathology. Three studies using similar

soproaches to the definition of oral leukoplakia/mucosal pathology and

to the measurement of exposure noted this effect (7818,
Only two studies were designed to study the concomitant findings of

oral leukoplakia/mucosal pathology and other tissue changes. The
authors reported that 39.4 8/ and 46.0 {7) percent, respectively, of

smokeless tobacco users with oral leukoplakia/mucosal pathology also
had periodontal tissue degeneration (gingival recession). These oral soft
tissue changes also were found at the site of habitual tobacco placement.

In several siudies where individuals had stopped smokeless tobacco

use, the oral leukoplakia/mucosal pathology disappeared 4,6,12,15).
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Bnckgrﬁund and Definmons

The previous section that discussed smokeless bobacco-mduced leu-

koplakia noted that clinically observable changes in so!® tissue mor-

phology do occur as a result of smokeless tobacco use: Smokeless

tobacco-associated lesions that have been traditionally classified as leu-

koplakias (white lesions) offer varying clinical degrees of differentiation

and may persist or progress with continued smokeless tobacco use.

Additionally; some leukoplakias have been observed to resolve clinically

upon the cessation of smokeless tobacco use: This section of the report

addresses the transformation of oral soft tissues: It discusses the poten-

tial for smokeless tobacco-induced lesions to regress, persist, or continue

to progress to lesions with higher malignant potential or to malignancy.

There are varying clinical and histologic definitions in the scientific
literature related to tobacco-induced changes (transformation) of oral
soft tissues: The following definitions represent those most frequently
encountered; It will be noted when significant variation of these defini-

tions occurs in studies cited:

* Oral leukoplakia—a white patch or plaque that cannot be charac-
terized clinically or pathologically as any other disease ().

* Snuff dipper’s leukoplakia—a leukoplakia associated with the use

of smokeless tobacco. These are further characterized as to differ-

ing morphologic forms.
¢ Erythroplakia—a lesion present as a_ bnght red pabchor plaque

that cannot be characterized clinically or pathologically as any

other condition, such as carcinoma or infection.

Precancerous condition—a generahzed state that is associated

with an increased risk of cancer based on epidemiologic or histo-

logic evidence.

¢ Precancerous lesion—a morphologmally altered tissue in which
cancer is more likely to occur than in its apparently normal
counterpart.

e Acanthosis—an mcreased thackness of the spmous cell layer of the

epithelium.

Hyperkeratosis—an increased thickness of the keratinize" layer of

the epithelium.

Hyperparakeratosis—an ‘increased thickness of a normally para-

keratotic layer of the epithelium, i.e.; surface cells with retained

nuclei, 7 7 -

¢ Hyperorthokeratosis—an incrased thickness of a normally kera-
totic layer of the epithelium, i.e., surface cells without retained
nuclei.
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e Chevron keratinization—a keratinization pattern typified l)y verti-
cal streaks of parakeratinization that extend to the _epithelial sur-
face and create surface irregularities by extensions of the outer sur-
face layer.

. Bysplasm—abnonna:l tlSSUE development characterized by vary-

ing numbers and degrees of morphologic cell changes that reflect

grades of severity.

° Dysplastlc changes include the following:
— Pleomorphism in the size and shape of cells and then' nuclel
— Abnormal numbers of cells undergoing mitotic activity (discrep-
ancy in maturation).
— Atypical mitotic cells,
— Cytoplasmic atyplcahtles (altered nuclear to cytoplasmic ratio).
— Hyperchromasia.
— Irregular nuclear borders.
— Basal cell hyperplasia.
— Loss of ﬁdléi'ity .
e Carcinoma in situ—a sigrnificant number of dysplastlc eplthellal
cell changes that extend from the basal layer to the surface layer
without violation of the basement membrane,

* Verrucous carcmoma—a clinically verruciform cancer of epithelial
tissue that tends to be slowly and locally invasive with a metasta-

sis and mortality potential that is lower than classic squarmous cell

carcmomas Th= cells are well dlfferentlated

* Squamous cell carcinoma—a cancer of the stratified squamous epi-
thelium that has varying elinical a appearances, is invasive, extends

beyond the basement membrane; and has a great potential for
mecastasm

vadence of the relatxonshm between smokeless tobacco use and the

transformation of oral soft tissues is represented by the following:

1. Clinical reports describing tobacco habits of persons with graded
oral lesions.
2. Followup (cohort) studxes of tlssue changes. including trans-

formation to malignancy, among patients with leukoplakia.
3. Case-control studies or case series of oral cancer describing con-
comitant leukoplakia.
A review of the evidence m each of these study areas follows:
Clinical Reports of Oral Lesions in Association
Wxth Smokeless Tobacco Use -

mucosal les:ons in 50 patients on a four-pomt scale according to criteria
developed by Axéll (14): o
L33
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» Degree 1: A superficial lesion with a color similar to the surround-

ing mucosa, slight wrinkling, and no obvious thickening.
» Degree 2: A superficial whitish or yellowish lesion with wrinkling

and no obvious thickening:
e Degree 3: A whitish-yellowish .to brown lesion with wrrnkhng,

intervening furrows of normal mucosal color, and obvi-

ous thickening.
Degree 4: A marked thte-yeﬁomsh to brown lesion with heavy

wrinkling, intervening deep and reddened furrows, and

heavy thickening.
Snuff habits and dnnkmg habits of the patients were obtamed from

questionnaires. Patients in the degree 4 category had been snuff dippers

significantly longer than the rest of the patients: Also, patients in de-
grees 3 and 4 dipped approximately twice as long per day as did pa-
tients in degrees 1 and 2. The daily e exposure to snuff was significantly
longer in degree 4 {10.6 hours) than in degrees 1 (5.2 hours) and 2 (6.5
hours). When total exposiire was compared between the four clinical
groups taking into account hours of use per day as well as years of use,
significant differences were found.

In this study, no significant differences could be found with regard to

clinical grading and histological appearances. between patients with

multiple habits (snuff, smoking, and drinking) and those who only used

snuff. The four clinical degrees of lesions exhibited an age-dependent ef-

fect with. younger patients usually found % clinical degrees 1; 2, and 3

and a significant predominance of older patients noted in degree 4.

Degree 4 lesions included an increased number of mitotic_ figures;

edems; and slight to moderate inflammation compared with the other

three degrees. Eighteen percent of the patients exhibited slight epithe-

lial dysplasia, and lesions with slight epithelial dysplasia were found in

all categories. Patients in the dysplastic group had been snuff dippers

ionger on average (23.9 years) as compared with those without dyspla-

sia (19:5 years). No case of moderate nr severe dysplasia was noted. (The

authors referenced the WHO Collaborating Center for Oral Precancer-
ous Lesions as the definition for dysplasia (1).)

Axéll, Mornstad, and Sundstrom obtained biopsies of the oral
mucosat lesions of 114 male dippers ages 20 to 88 years from a sample of
1,200 Swedish snuff dippers (14). Clinically, lesions were graded
(degrees 1 through 4) based on color and morphology. Lesions of higher
clinical degrees were associated with greater daily exposure to snuff in
terms of hours and grams of exposure. All but one of the biopsies
showed increased epithelial thickness. The outer layers appeared vacuo-
lated with occasional remnants of cell nuclei. Lesions in degrees 3 and 4
had more pronounced surface layers. Acanthosis was evident in all of
the clinical groups. None of the biopsies showed changes that were
interpreted as cellular atypia or epithelial dysplasia. The cessation of

1134 1i5




snuff dipping for a few days was reported to result in clinical regression
of the lesions with loss of the vacuolated layer.

~ Greer et al. reviewed clinically and histologically examined smokeless
tobacco-mduced leukoplaklas from 45 patlents ages 13 to 74 years (20),

Poulson (7) as adapted from Axéll. The vast majority of the mucosal
lesions were corrugated, white, and raised: No evaluations for an inter-
relationship between smokeless tobacco use, smoking, and alcohol use
and clinical or histologic tissue changes were attempted. Histologic
examinations for specific changes were reported. Dark cell keratino-
cytes characterized by a strong affinity for basic dyes and by electron
density of their cytoplasm and nucleus and suggested as dedifferenti-
ated precursors of a neoplastic keratinocyte were found in 17 of 45 cases.

However, their presence was unrelated to the clinical degree of the lesion

While they have also been observed in leukoplakias that are associated

with smoking (or other causes), the control group of nontobacco-induced
hyperkeratoses demonstrated dark cell keratinocytes in only 3 of 45

cases. Chevron keratinization of the epithelial layer representing altered

cellular maturation was present in 42 of 45 smokeless tobacco-induced

leukoplakias but in only 4 of 45 control leukoplakia cases: Koilocytotic

changes appearing as vacuolated epithelial cells that may obscure the

cytoplasm or appear with pyknotic nuclei, which are often associated

with inclusion of viral particles in epithelial cells, were present in 27 of 45

smokeless tobacco-induced leukoplakias. In the entire sample of 45 cases,

only 1 case of dysplasia (described as occurring in a long-term smokeless

tobacco user) was identified: Three of the following characteristics had to

be present for a lesion to be characterized as dysplastic:
e Loss of cellular polarity.
¢ Basal cell hyperplasxa
* Altered nuclear/cytoplasmic ratios.

e Anaplasia:
e Dyskeratosis.
. Atyplcal mitoses.
Because the dysplasra case aiso mvolved the use of aicohol and smok-

ing, it is not possible to attribute its appearance solely to smokeless

tobacco use; ..

Inastudy of 21 Finnish rmhtary recruits ages 17to21 years, mucosai

lesions corresponded to the site of snuff placement and included. the

atveolar and labial mucosa to varying degrees (21}. The duration and in-

tensity of snuff use for this specific group could not be determined from

the study. Epithelial hyperplasia and acanthosis were universally found

under the light microscope. Hyperorthokeratinization was noted in 12

cases; hyperparakeratinization in 9 cases, and Chevron-type keratiniza-
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tion in 1 case: One case of mild epithelial dysplasia was noted that in-
cluded atypical and increased mitoses and loss of basal cell polarity. The
authors concluded that this suggests a positive relation between snuff
dipping and malignant changes. . . _ o
__Van Wyk biopsied 25 snuff-induced lesions from Bantu smokeless
{29). Comparison biopsies were also taken from healthy parts of the
mucosa in the users; from healthy mucosa in nonusers; and from other
white lesions and squamous carcinomas. From the biopsies obtained
from snuff users, 18 cases of acanthosis, 23 cases of parakeratosis, 5
casas of keratosis; and 4 cases with numerous mitotic figures, pleo-
morphism; hyperchromatism, and an irregular basal cell layer were
noted. Additionslly, 11 showed a disrupted appearance of the basement
membrane. Those not associated with inflammation were considered
possibly to be premalignant. Epithelium featuring these characteristics
has been referred to by some as ‘‘disquiet epithelium.’”” Contrarily, the
author stated that ‘‘the impression is gained that no relationship exists
between oral malignancy and the use of snuff.” This was based on the
widespread use of snuff but the occurrence of only one case of alveolar

Several investigators have described connective tissue changes in
snuff-induced lesions. A hyalinized, eosinophilic material that occurs
well below the epithelium and around the minor salivary glands or in a
plane that is generally parallel to the epithelial surface has been
reported by Pindborg et al. (16}, Archard et al. (23), Axéll et al. (19), and
Greer et al. (2J). The exact nature of and underlying explanation for the
finding are not clear. Additionally; the role of such a histologic finding
in the development or progression of premalignant or malignant lesions
has not been identified.

Cohort Studies = _ . L ) o .
Several investigations have followed persons with oral lesions for
subsequent health outcomes. Smith reported the 10-year followup
results on a group of patients with smokeless tobacco-induced leuko-
plakias (24). In the original study, oral cytologies were performed on
1,751 patients presenting with leukoplakias out of 15,500 snuff users
{6). Resiilts of the oral cytology examination consistently indicated only
benign hyperkeratoses.* Biopsies were made of 157 leukoplakic lesions.
However, no objective criteria for 1ésions Selected for biopsy were of-
fered. None of the biopsies showed changes consistent with dyskera-
tosis or malignancy. These patierits were followed with repest cytology
smears for 5.5 years. No additional significant miicosal changes were

» The ise of Gealcytology for deveeting dysplastic changes in leikoplakit lesions is less than satisfactory because
of ahigh rate of false negative findings. The hyperkeratinized nature of Ieuko’)lnkic lesions renders them resistant

to. the oral.cytology scraping technique. Cellular changes in deepér layers of the epithelium would thus likely be

missed (25). 7
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reported. In a subsequent 4.5-year follc wup {10 years total followup);
periodic biopsies were done on 128 of the 157 patients who had ongmally
received biopsies (24). The authors reported no dyskeratosis or carci-
nomas in the followup study. The method of followup was not specified.
Significant numbers of patients were lost; and the clinical and histologic
diagnostic criteria were not fully described.

A prospective study of oral cancer among persons with oral leuko-
plakia or other possible precancerous lesions was conducted in the
Ernakulum district; Kerala State; India; as part of a 10-year followup to
a much larger study of 50,915 adults in 5 rursl districts of India (26).
Among those individuals who had been diagnosed as having a leuko-
plakia during the original survey, there was a malignant transforma-
tion rate of 9.7/1,000 per year for those who only chewed tobacco. For
those who both smoked and chewed; the rate was 5/1,000 per year; while
no malignancies were reported for individuals with or without tobacco
habits who had not had a previous oral lesion. The transformation rates
among those with lesions were much higher than rates reported in the
United States or European studies, While these results are not directly
comparable to United States or European studies since the tobacco
chewed in India is a variable mixture of betel leaf, areca nut; slake lime,
and coarse tobacco, they suggest that the persons with leukoplakia are
at increased risk of oral cancer. Specific_ clinical morphotypes_of
leukoplakia demonstrated varying potentials for malignant transfor-
mation: homogeneous, 2.27 percent; speckled, 21.4 percent; and ulcer-
ated, zero percent.

In a small study of English coal miiriers, 8 of 22 patlents with letiko-
plakla who chewed tobacco were followed for 5 years (27). Flve of the
sion. The author does niot specify whether these were clinical or hxsbo:
logic determinations or whether the smokeless tobacco habit persisted
in all cases. One lesion that had been regarded as benign showed some
hyperor thokeratosis and acanthosis of the epithelium but with no more
than ‘“‘minor epithelial atypia.” The clinical appearance of this lesion
was reported to have regressed initially over an intermediate 2-year
period despite continuvarice of the habit of tobacco chewing and smiok-
mg Subsequent followup over a 2-year pénod in'dli atfed thﬁt the lééibri

the lesion was where the patient had held tobacco for 30 years Wiile
the malignant transformation rate in the group of chewing tobacco-
associated leukoplakias was 12.5 percent, the small nuimbers and high
dropout rate limit the significarce of the finding. Of significance was
the unpredictable course of the malignant lesion, initially regressing
and then transforming into a squamous cell carcinoma.

In a Danish study, 32 patients with snuff-induced leukoplakias from
a group of 450 patients with leukoplakia were observed for a median
time of 4:1 years (28). Each patient had also used alcokiol, with 17 per-
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ing daily use. Thirty-three biopsies demonst;rated hyperplxs

tic epithelium with hyperparakeratosis in 87 percent of the cases; half

showed vacuolated cells. One initial case of epithelial dysplasia was

found, and one carcinoma was found to develop from a nondyskeratotic

leukoplakla over the followup period. This represents a rate of premalig-

. naft or ms int transformation of 6.2 percent for either dysplasia or
carcinoma. In comparing the rate of development of dysplasia and car-

cinoma from snuff-induced leukoplakias to nonsnuff-induced leuko-

plakias, the authors found no statistically significant differences: How-

ever, the rate of transformation in both groups was higher than would

be expected in individuals without leukoplakic mucosa.

In an earlier report on a small snmple of 12 white maié énuff—usmg

ieukoplakla patients (ise from 20 to 50 years) Pmdborg and Renstrup

did not find any malignant transformation {15). Biopsies were taken

from sites *vhere the snuff was held. All 12 showed unkeratinized hyper-

plasia of the epithelium with a few deep streaks of parakeratosis and

downigrowth and broadening of the rete pegs with the outer layers of

cells being vacuolated and large. The authors state that snuff-induced

leukoplakias are easily reversible. Based on the limited size of this sam-

ple, definitive conclusions could not be made:

Oral Lesions Concomitant With Oral Cancer .

~ Three hundred and thirty-three patients with cancers of the buccal cav-

ity and pharynx from the Robert Winship Memorial Clinic in Atlanta,

Georgia, were compared with three control groups: a group with dis-

eases of the mouth other than cancer or with no diseases; a group with

cancer of sites other than the mouth; pharynx, or larynx; and a group

without cancer and whose mouths were not examined—see chapter 2

(29). The autkors; citing leukoplakm as a precancerous condition; fouind

leukoplaklas “more commonly In women with low grade squamaous car-

cinomas arising in the month and with multiple cancers. Snuff depmg

was frequently associated with leukoplakia and low grade cancer aris-

ing in the mouth.”
In a case-control study in Minnesota of cancers of the alveolar ndge,

floor of the mouth, and buccal mucosa, it was noted that leukoplakias

and cancers of the mouth were related to the use of snuff or chewing to-

bacco {4). The most severe leukoplakias were reported among those who

used “strong snuff” (no definition wis provided) and held the quid at

the same site for many years: Patients who qtut using smokeless to-

bacco reportedly had leukoplakias disappear in most instances. A

number of patients had muitiple primary carcinomas that were also

specilic to the site of quid placement. Cancer lesions were described as

having_ developed slowly over a period of several years, although no
evidence of periodic clinical or histologic assessment was provided.

McGuirt reported on 76 oral cancer patients; most with carcinoma » of

the alveolar ridge or buccal mucosa, identified from the tumor registry
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at the North Carolina Baptlst Hospltal who had a documented tnstory
of heavy siriokeless tobacco use {30). Fifty-seven of these patients used
snuff and reported no cigarette, pipe smoking; or alcohol habits. The
range of use was from 10 to 75 years. Leukoplakias had previously been
excised in 13.9 percent of the cases; and 47 percent had associated
leikoplakias at the time of s surgery. The author cited “panmucosal in-
sult” from smokeless tobacco use as the cause of multiple lesions and
recurrences—a type of field cancerization.

Froin histologic evalua sions of oral tissue among 23 Swedxsh patlents

with anterior oral vestibular cancer who were snuff users, leukoplakic
lesions were noted outside the snuff-associated tumor in 5 {21/. Leuko-
plakia and multiple carcinomas occurred together with the snuff-

associated lesion in three cases. Eleven of nineteen cases assessed for
presence of candida were positive. The temporal relationship between
candida and carcinoma was not ascertainable; nor was the potential
etiologic role of candida.

Rosenfeld and Callaway examined data from records at Vanderbﬂt
Umversxty Hospital, Nashville General Hosplt:al and the office of
Rosenfeld for cases of squamous cell carcinoria arising in the mucous
membrane of the anterior two-thirds of the tongue, the floor of the
exarmned in users and ‘nonusers of smokeless tobacco—300 occurred on
the gingiva and buccal areas. Among women with cancer of the buccal
or gingival area, 90 percent had a history of snuff use. While no periodic
quantitative or qualitative assessment of the natural history of the
cancers is provided, the authors do offer the following clinical impres-
sion of snuff mduced lesxons in thelr study:

These carcinomas arising in the inner cheek and gingiva frequently

start as leukoplakia: Progressive thickening, cornification, and even-

tual cauliflower-like ulcerations  ensue. All stages in the progressxve

disease may be seen in microscopic sections from a mere shght in-

crease in the keratin layer, through carcinoma in situ to invasive
malignancy.

Twenty-five cases of hxstologlcally confirmed buccal gmglval cancer
in female snuff users were identified at the Umversxty of Arkansas

Medical Center from 1950 to 1959 (33). Eleven cases occurred at buccal
sxtes, 10 gingival, and 4 buccal and gmgwal The patlents (ages 44 bo

50 years. The 1es1ons corresponded to the site of habitual tobacco
placement. Leukoplakia was a concomitant lesion and had been 1 pres-
ent for many years. Repeat biopsies of lesions were made over long
periods in somie of the patients. Leukoplakic lesions from other parts
of the mouth often showed atypia. An evolution from leukoplakla to
pseudoepitheliomatous hyperplasia to early squamous cell carcinoma
was found.
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Discussion

 In characterizing the role of smokeless tobacco use in the clinical and
histologic course of oral lesions, there are several problems. First, oral

leukoplakia should be considered a dynamic changing lesion of the oral
mucosa (34). Lesions retain the potential to resolve, remain static, or

progress depending on a variety of factors that may be either exoge-

nous (e.g., smokeless tobacco use) or endogenous (e.g., natural tissue
defenses and repair potential). To achieve comparability of results
among investigators, a standard system for gauging epithelial
dysplasia is needed. Patients then could be followed prospectively to

quantify the incidence of dysplastic change, incidence of transforma-

tion from a dysplastic state to a cancerous state, or in some cases

transformation from an apparently benign to a cancerous st.ce. But

ethical considerations do not allow lesions to be monitored continuously

from benign states t2 moderate and severe dysplasias and carcinoma in
The next best alternative would be to provide estimates of risk for
malignant transformation based on empirical and clinical observations
or at least to quantify descriptively the association that smokeless
tobacco-induced lesions have with other lesions or other potential
etiologic factors: The body of literature on smokeless tobacco-induced
lesions and their potential for malignant transformation allows for the
development of a conceptual model of the natural history of smokeless
tobacco-induced lesions (figure 1). This model is a composite of various
prospective; retrospective, cross-sectional, and case studies that relate
to smokeless tobacco-induced lesions. It depicts progressive changes
that may occur in some individuals who are habitual users of smokeless
tobacco and potential outcomes that could include desth or disfigure-
ment for some individuals who use smokeless tobacco for several dec-
ades: The data are clear that habitual smokeless tobacco use can pro-
duce mucosal lesions {see leukoplakia discussion). It is also clear that
where groups of patients with smokeless tobacco-induced leukoplakias
have been followed for several years, cases of cancer have been identi-
fied. Finally, when considering studies of oral cancers in habitual
smokeless tobacco users, there appears to be a consistent finding of
leukoplakias either having been previously excised in the area of habit-
ual tobacco placement or being found concurrently with and in proxim-
ity to oral cancers. _ ] B} - o o
_In comparing studies on the transformation potential of smokeless
tobacco-induced leukoplakias, it is found that different criteria have
been used by various investigators in defining dysplastic changes. The
number and nature of criteria that are considered and that are consid-
ered adequate to classify a case as dysplastic are not consistent. Addi-
tionally, the degree of agreement on diagnosis based cn histology and
clinical history between individuals has been shown to be quite variable:

Pindborg; Reibel, and Holmstriip tested the degree to which a group of
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FIGURE 1.—A Conceptual Natural History of Oral Mucosal Changes
Associated With the Use of Smokeless Tobacco
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ora:l pathologlsts couid angee on d;aglIoses where nine cases of epithelial

dysplasia, carcinoma in situ, or initial squamous cell carcinoma were

examined {35). Color photomicrographs and information on the topog-

raphy of the biopsy were presented. The authors’ diagnoses were based

on the criteria that are described in the report froin the WHO Interna-

tional Collaborating Center for Oral Precancerous Lesions (I). The

degree of agreement with the authors’ diagnoses for the nine cases

ranged between 10 and 78 percent. This could partially explain the

range in prevalence and inciderice of malignant transformation that is

reported by various investigators. .

- Other contributing factors in comparing studles could mclude differ-

ent population groups in terms of age and gender and other confound-

ing variables (e.g:; smoking, alcohol use; and type of smokeless tobacco

product used). Each of these lmitations is suggestive of the type of

research that is needed:

THE EFFECTS OF SMOKELESS TOBACCO USE ON THE

GINGIVA, PERIODONTAL TISSUE, AND
SAI:IVARY GI:ANBS

Background and Befmltlons
Reports of gingivitis, gingival recession, and degeneratlve sailvary

gland changes associated with smokeless tobacco use are contained in

the literature. As with the previous section on oral leukoplakia, the

temxs used and the. definitions employed to describe gingivitis and

gingival recession vary widely from study to study. Table 4 displays the

variations found in the literature: As each s@udy is described in the fol-
lowing narrative; the authors’ terms are employed. However, in the

discussion portxon of this reort, the general terms of gingivitis and gin-
gival recession are used: General definitions for these terms and for

sialadenitis follow:
. Gmglvﬂ:ls—’i‘hls condition refers to chmcaHy detectable acute or
chronic i ation; either local or general, of the gingiva:

. Gmglval recession—In general this condﬂ:lon descnbes fhe apicéi

mﬂammatlon. o
¢ Sialadenitis—Inflammation of the salivary glands:

Gmglval and Perlodontal Tlssue

Studies that assess the relatlonshlp between smokeless tobacco use
and gingival and periodontal tissue effects are limited. The literature
consists of several cross-sectional studies in teenagers and a few case
reports.
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TABLE 4. —Vanahons in Térms Used and Deﬁmhons Provxded for
Gingivitis and Gingival Recession by Studies Cited

Study Term(s) Used Definition(s) Provided Commernits
Gmguml;ecessnon. Nodefxmtlons The tissue changes
periodontal pocket.  provided. were described int
and loss of alveolar general by the
bone. guthors;

Clinically detectable No definitions —
i gingival recession. provided

and Doran,

1979

Greer and Tobacco-associated  “Defined as site- —

Poulson, periodon specific gingival __.

1983 degeneratxon and recession with apical
periodontal lesions. migration of the

gingiva to or beyond
the cementoenamel
junction; with or
-linical
evidence of _
inflammation.”

Ho e and Gingival recession. ~ No definition provided. T_hgumthatadefmed

Kirkham, the[eceasmnjshavmg

1983 “‘exposed approxi-_

mately 5 mm of labial
root surface” and ___
having destroyed the
“‘entire functioning
border of keratinized
gingiva.’

Modéer, Gmgwms/gmgwal Estimated on the basis —

Lavstedt, inflammation. of the gmglval index

and / Aﬁlund of Loe and Silness,

1980 19863 (50).

Offenbacher Gingivitis. No definition provided. —

%ir[lgéj;héi‘é. Gingival recession.  No definition provided. The g'mgwgl regesﬁg)}&

1985 tomoderate; ranging in

1-4 mm aplcal migra-
tion when present.”

Poulson, - 'IbbBCCO-BSSOQmQQ “Defmed as site- =

Lindenmuth, periodontal degener- specific gingival - -

and Greer,  ation {other terms - recession with apical

1984 include “penodont;al migration of the
deterioration,” and  gingiva to or beyond
localized periodon- the cementoenamel
tal degeneration - junction, with or
associated with the  without clinical
site of tobacco evidence of
placement"’). inflammation.”

thterbart Gingivitis. No def;n;tion provided. —

%{I&lsx&:nd Gingival recession.  No definition provided. The clinical fmdmgs -

1083 were described for each

tooth site inivolved.
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Studles in the United States

Three cross-sectional studies have mvestlgated the re]atlonshlp of

Eggvai and periodontal tissue changes and smokeless tobacco use in

teenagers in the United States (7-9). Offenbacher and Weathers exam-
ined the effects of smokeless tobacco use on mucosal pathologr on the

presence of gingivitis and gingival recession, and on dental caries status
(discussed in next section) (9). Of the 75 sraokeless tobacco users; the
authors noted 72 percent with gingivitis and 60 percent with gingival
recession: In those with gingival recession, 6.6 percent presented with
recession in direct juxtaposition to the location of the tobacco place-
ment: The authors did not describe how many users of smokeless tobac-
co had demonstrated combinations of these oral conditions. Also, no
specific clinical definitions were given for the assessment of gingivitis
or gingival recession, although the latter findings were described as
“slight to moderate, ranging from 1 to 4 mm apical migration of gingi-
val tissue.” The higher prevalence of gingival recession among smoke-
less tobacco users (60 percent) as compared with that found in nonusers
{14.1 percent) was found to be statistically significant. There were no
statistically significant differences in gingivitis prevalence between
smokeless tobacco users (72 percent) and nonusers {77.1 percent).

Of 117 adolescent smokeless tobaccp users in Denver, Colorado,
Greer and Poulson noted that 25.6 percent had tobacco-associated
periodontal degeneration (7). As noted earlier, this condition was de-
fined as “site-specific gingival recession with apical migration of the
gingiva to or beyond the cementoenamel junction, with or without clini-
cal evidence of inflammat ion.” Concomitant mucosal lesions were noted
in 76.6 percent of those who had periodontal degeneration (gingival
recession). _

Ina study of rural Colorado teenagers, Poulson, Lmdenmuth, and
Greer {8) described 26.8 percent of 56 smokeless tobacco users with peri-
odontal degeneration {gingival recession) as defined by Greer and
Poulson (7). Eighty-seven percent of these had concomitant mucosal
lesions.

- Several casereports (tab]e 2) descnbe the occurtence of gmglval reces-
sionand periodontal tissue destruction in individual smokeless tobacco/
snuff users {10-13). The patients in these case reports were miales who
ranged in age from 18 to 36 years with varying duration of the smoke-
less tobacco/snuff habit ranging from 1 to 24 years. Although not uni-
versally found, gingival recession was usually noted, and the majority
of patients presented with récession that was specific to the site where
the tobacco]snuff was habxtua]ly plaoed.

another patlent who used snuff for 13 years (10) In one patlent 3 weeks
after cessation of snuff use, there was 1o regeneration of the lost gingi-
val tissue, although, as noted earlier, the hyperkeratotic areas had dis-

appeared (12). o
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Studles in Sweden

Modéer, Lavstedt, and Ahlund stndled the oral health effet:ts 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-

brushing habits; and examiners (blind to the interview results) clinically

assessed the degree of gingival ir tion, 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 inflamma-
tion. The gingival inflammation noted was related to the site of smoke-

less tobacco placement.

Dlscussmn

The relatlonshxp of smokeless tobacco use and the health of gmglval
and periodontal tissue has received minimal study. Because of the

variation in study designs and diagnostic criteria, comparisons between

avallable studJes are mappropnate Thus the effect.s of smokeless tobac-
With regard to gxnglwtls, onie cross-sectional study not:ed no d:ffer-
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
mﬂammatlon (36).
 Gingival recession is a common ﬁndmg 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 fournd at the site of habitual tobacco placement:

;§mo.celess tobacco or its components may contribite to degenerative
changes and severe damage, siich as undifferentiated ¢ carcinoma, to the
salivary glands and excretory ducts of hiimans and mice (18.20,2837). 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 undlfFerentlated 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 giands 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 & 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 arecent 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 finidings 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 caused by all
tobacco.”

Included among the many questlons concermng 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 (27) (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 differerice 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 etfects 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) ttable 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 mtexpretatlon 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 ot
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 chapt;er addresses the role_ of various fonns of
smokeless tobacco in causing or contributing to dis
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 éoronal portlon 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.

e Plaque—Bacterial-laden, proteinaceous material that is continu-
ally. deposited in the oral cav1t;y through th2 proliferation of bac-

terial types.
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* Calculus—A concretior. Lhat forms on the coronal and exposed root
surfaces of teeth through the calcification of bacterial plaques;
Staining—An extrinsic stain deposit that results in discoloration
on tooth surfaces.

Dental Caries

- Evidence for the effects of smokeless tobauco 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 arid Weathers reported on the
oral soft and hard tissue effects of smokeless tobacco use ifi 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 uniclear. o
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 eviderice
of smokeless tobacco use (e:g:; tobaceo 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. =~ o o

A cross-sectional study by Creer and Poulson of 1,119 teenage
smokeless tobacco users and nonusers from urban Colorado denon-
strated neither “tobacco-associated dental caries” nor occlusal or in-

cisal abrasion of the teeth (7). This finding is not surprising because
14{'8 129
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abrasive effects are cumulative aﬁa would likely require a iitiihbéf of

less tobacco users has been,m, adults who have used smokeless tobacco
products, generally leaf and plug forms of tobacco, for years (10,13). The
Greer and Poulson Stiidy 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 presumned
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 tiﬁlé, Véi'ibiis types 6f éiﬁbkélééé tbbébéd édiitain ijp to

reported that constituents in smokeless tobacco products cither 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 extrmsu: 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 (13,2245,46). 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. Smiokeless tobacco use is <esponsible 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 smokmg or concomitant

gingival disease); and other factors not yet determined:
2. Dose response effects have been noted by a nn:mber of mvestnga

lence of leukoplakxc lesions. Oral leukoplakias are commonly
found at the site of tobacco placement.

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

4. Recent stiidies of the effects of smokeless tobacco useon gmgwai
and periodontal tissues have resulted in equivocal findings. While
gingival recession is a common outcome from use; giugivitis may
or may not occur. Because longitudinal data are not available, the
role of smokeless tobacco in the development and progression of
g1ng1v1tls or periodontitis has not been confirmed.

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

6. Negatlve 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 NEEBS

The review of the literature for this componerit 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 smiokeless 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 preserice 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 chianiges, 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 ! : 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
commpletely the extent and severity of smokeless tobdcco oral effects.
~ In genersl, incidenice and previlence studies shoiild be implemerited.
Prospective study designs should be pursued to assess 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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Chapter 4.
___ NICOTINE EXPOSURE:
PHARMACOKINETICS, ADDICTION,

AND OTHER PHYSIOLOGIC EFFECTS
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INTRGBUGTIGN

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 mtravenoqsly and includes recent

evidence of the effects of orally delivered nicotine:

- The first section describes the pharmacokinetics of mcotme includ-

mgabsoi'ption distribution, and elimination: The data preseintedrmdl-

cate that nicotme 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 mcotme is

an addictive and dependehce—producmg substance,; having a number of

important characteristics in common with prototypic addictive and

dependence-producing substances; as well as substantial expenment,ai

evidence of its abuse liability and dependence potential. Given the nico-

time content of smokeless tobacco, its ability to produce high and sus-

tained blood Ievels of nicotine, and the well-established data implicatg

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 nicotme. delivered orally

from smokeless tobacco and nicotine chewing gum is addictive; produc-
ing abuse liability and dependence potential.

. The final section of the cha;itér reviews the rr;ﬁitréystem physxoiogl

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 Nncotme in Smokeless Tobacco
’ibbacco isa piant product and therefore differences ex15t in mcotme

cont,ent among and within different strains of tobacco: Nicotine content

amoné smokeless tobacco prodilcbs also differs: moist snuff contains

4:56 to 15:1 mg nicotine per gram (1J; 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 mgairettes per day therefore can be exposed to 180 mg nicotine per day.

Absorptlon of Nicotine

Nicotine i isa weak base (pKa 7.9). i'n its xomzed form, as in th’é acidic
environment of most cigarette smioke, nicotine crosses membranes
poorly. As & cornseqiierice, there is virtuially ro biiccal absorption of nico-
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tine from cigarette smoke. In contrast, smokeless tobacco p"r'ociuété are
buff red to an a]kalme pH tnat facxhtates absorptlon

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

_ People who use ora.l smokeless tobacco narticularly those who chew
tobacco, generate large amounts of salea 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 drng admlmstratlon mn that entry mto

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 moot.me that enter the bram from

smokeless tobacco use are likely to be lower (6), and the pharmacologlc ef-

fects may differ. The rate of exposure to psychoactive drugs 1s an mpor-

tant determinant of their effects. Thus there could be differences in theef-

fects of nicotine that is taken by smoking compared to using smokeless
tobacco; even with the same average body concent-ations 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 &dre 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



tnay result in cotinine levels that are disproportionately higher than
nicotine levels with the uise of smokeless tobacco compared to the use of

cigarettes.
Nicotine and Cotinine Levels in
Users of Smokeless Tobacco
Blood or plasma concentrations of mcotme n c:garette 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 chewmg t,obacco the levels of nicotine

mcfeasean average from 2.9 to 21.6. ng/ml during 8 hours of repeated

use (1) In habitual users of nasal snufZ; blood levels of nicotine increased

on average by 12.6 ng/ml after a smgle 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

360 ng/ml for cigarette smokers described in many studies (Z;4). These

comparisons | mdxcate that the intake of nicotine and nicotine levels in

habitual users. of smokeless tobacco are similar to those that are ob-

served in habitual mgarette smokers

Time Course of Nicotine Turnover During

Daily 'l'obaccc Use

Tobacco use is commonly considered to be a Process of intermittent
dosmg of nicotine; which in tizn is rapidly eliminated from the body.
Smoking produces considerable ‘-aria“ions from highest to lowest blood
nicotine levels from one cigaret . 0 the next cigarette. However, con-
sistent with a half-life of 2 hours. :-i:ctine accumulates over 6 to 8 hours
of regular smoking, and nicotins wvel~ persist overnight, even as the
smoker sleeps (13). The sarue acc.: ~rlstiosn is §rooabie with repeated
smokeless tobacco use. Thus as witl: the sia0kz,, Yé Smokéléss tobacco
user may be exposed to nicotine for * hewirs eaw. day.
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NICOTINE ADDICTION ASSOGIAT EB WITH

SMOKELESS TOBAC:D USE

N gh zal 65\ reations and dat’a historical anecds:s, and sworn testi-
mony <! Suprt . thi conclusion that some users i amokeless tobacco
are ur: e to ebsiein permanentiy from smokeless wiacco, even when

ill heait is appa et (I). Such observations sugs: st that smokeless

tobacco vz can sucning a form of drug addiction or 2pendence.*

* The term- “add:. _ 1.2

argue the v~ \Fn’
dresc the « ~qli: -
voluncery cuniret ¢ -

serchangeably throughan: th.s section, While man 33’
) L Lo note that in the contex: of chis chapter they

B or smokeless tob:oco use lerds zn individual to lose
‘nes the drug cause either depy’.... nce or addicuon).




This section of the report will evaluate the scientific evidence that

smokeless tobacco is an addictive substance whose use results in drug

dependence. Di ug dependence as used in this review is defined in accor-
dance with the World Health Organization’s Expert Committee on
Dmg Dependence (2) and other recognized sources (3). Drug dependence
is suBstance—seekmg behavior that is controlled by the act1v1ty of a con-
behavior such that drug seeking assumes greater pnonty Tolerance
and physiologic withdrawal may or may not be present (23}, and the
severity of dependence may vary considerably among individuals.

The scientific standard for classifying a drug as likely to_cause addic-

tion or dependence is based on the degree to which ‘‘abuse liability”” and
“physical dependencs potential”’ are present. Both terms are accepted
terminology of the Conamittee on Problems of Drug Dependence and
the Addiction Res:zarch Center {ARC) of the National Institute on Drug
Abuse {4,5/* and aie commonly accepted to refer to drugs whose actions
are mediated by the central nervous system. Abuse Lability refers *
drug effects that contribute to compulsive seii-administration, ofter
the face of excessive financial cest. nhysical and social a3'sfunction; ¢
the exclusion of more socially acceptable behaviors (5,6. Phvsic:
dependence potential_{alsc referred to as physiological deps '~
potential) pertains to the direct physiologic effects that are proc.. - -
the repeated administration cf a drug that results in neuroadaptatios.
(3,4). Neuroadaptation is zharacterized by demonstrated tnlerance t.
the effects of the drug and the occurrence of physiologic w.thdrawal
signs following the termination of drug administration,
_ Physiologic or physical dependence; as evidenced by physmloglc and
behavioral rebound {withdrawal) effects; is neither necessary nor suffi-
cient to define drug dependence {3,5). N evertheless, the process of drug
dependence and abuse entails physical components; including physical
interactions between drug and tissue in the central nervous system
(specific receptors in the case of some drugs such as nicotine and
opioids) that are critical.t

_Three lines of evidence are important to assess the abuse hab1hty and
physical dependence notential of smokeless tobacco use. The first in-
volves inference from the systematic comparison of tobacco use {includ-
ing smokeless forms) to the use of prototypic dependence-producing
drugs (e.g.; alcohol, morphine; and cocaine) to determine whether the

\eCommuwenquBIemsnf Dngepenﬂenceu an muamatmn é & “lpnseﬂ Boay oi resenrchers wliopm-

v;ggindvuory information to organizations, including NIDA. the-Worl h Organization.-the Drug Enforce-
ment. Aﬁmnmfmhon,nndthe 1aceutical mﬂuslry. regarding the. ﬁnderiﬁhafng 6}‘ iﬁ'ng dependence and the
identificationof d g drugs: The-ARC 15 the |ntrggnur§l -y of the National

lnsur.unaon Drug. Abuse, whxaxlms asa porf.mn of its manazted responsibility ihefask of assessing the abuse
liability and-physical ndence potential of substances. For nearly -50 years, the ARC has been the largest
research facility in the United Siafes ﬂévéied to [he ﬁrﬁﬁlem of drug abuse and addiction.

1 A concept that is central to many disc Ee dence is that the substance goduces damage or
debilitation. This aspect of tobacco depmdence wxll not be addressed here because extensive data already exist in-
dicating the actual toxicity of tobacco and there is widespread recognition even by tobacco users that the sub-

stance 1s harmful.
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patterns of tobacco use, as well as the behavioral and physiologic effects
of such use, are similar to those of the prototypic dependence-producing
drugs. This issue is discuissed below in the section entitled ‘‘Comirionali-
ties Between Tobacco Use and Other Dependernce- -Producirg
Substances."”’

- The second line of evidence emerges from recent studies in which
nicotine was evaluated using the same methods and criteria that have
been used to evaluate any substance that is suispected of causing abuse
and physical dependence. This deductive approach evaluates whether
nicotine meets rigorous experimental criteria as a drug that has sub-
stantive liability for abuse and physical dependence potential. This
issue is discussed in the section entitled ‘“Experimental Studies of the
Abuse Liability and Dependence Potential of Nicotine.”

. The third line of ev:dence comies from recently completed stumes that
mvolve direct assessments of the abuse liability and dependence poten-
tial of orally given nicotine. Examination of these studies provides indi-
cations of whether the consumption of nicotine through oral formis of

administration delivers pharmacologically active quantities of nicotine

to the bloodstream and whether smokeless tobacco itself meets specific

criteria for abuse liability and dependence potential. This issue is dis-

cussed in the section entitled *“Evidence That Orally Delivered Nicotine
(Including Smokeless Tobacco) Has a Liability for Abuse and a Poten:

tial to. Produce Dependence.”’

Taken together, the first and secnnd lines of evidence support the con-
clusion t' t smokeless tobacco contains an addictive substance. The

third lir.  : evidence suggests that delivery of the addictive substance

(mcotme) in the form of smokeless tobacco does not alter its addictive

properties:

COmmonﬁlltiéé Between Tobacco Use and

The assertion that tobacco use can occur as a form of drug adectlon

rests firmly on the observed commonalities between the use and effects

of tobacco and the use and effects of addictive substances such as alco-

hol, opium; and coca. Systematlc reviews of these commonalities have

been published (7-17), and the major points that tobacco and addictive
substances have in common are as follows:

* A centrally (CNS) active substance (drug) is delivered.
* Discriminative (subjectlve) effects are centrally mediated.
The substarice (drug) is a reinforcer for animals.

The patterns of acquisition and maintenance of substance inges-
tion are orderly

The patterns of self- admuustratlon of the substance are orderly.
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¢ The patterns of self-administration of the substance vary as a func:
tion of the dose that is consumed.

Tolerance to the behavioral and physiologic effects of the sub-
stanice develops with repeated use (neuroadaptation).

Therapeutic effects may be produced by the substance.

The treatment of addiction resulting from the substance (drug)
involves similar strategies.

The evidenice concerning tobacco and these factors is presented in the
following subsections.

Tobacco Use Delivers a Centrally Active Substance—Nicotine

The furdamental commonality between tobacco use and the use of
known addictive substances is the delivery of a chemiical to the central
nervous system. The primary agent in tobacco, nicotine; is delivered to
the central nervous system in all cominonly used forms of tobacco (12).
The fact that cigarette smokers will substitute smokeless tobacco,
Wliéii mgarettes é.re iibt éVéﬂﬁblé oi' Whéii thé iiéé of Cbxﬁbuétiblés is

duce accept;ably similar effects for the user (13).
Discriminative Effects of Nicotine Are Centrally Mediated.
Nicotine, like other drugs of abuse; produces dose-related effects in
animals; which can be attenuated by centrally acting antagonists (14-16).
When the animals confuse these effects with other drugs (i.e., effects
partially generalize to other drugs of abuse); it is more likely to be a drug
like amphetamine rather than a sedative-like drug (17). These findings
are also consistent with data derived from studies with humans in
which the aose-related effects of intravenously given nicotine were
attenuated by meocamylamine pretreatment (18).

Nlcot:me Is a Rmnforcer for Ammais

_Most drugs that are abused by . humans are voluntaniy self-

adxmm stered when they are made available to animals in laboratory

studie~; in other words, the drug serves as a reinforcer or a reward

{19,2%%: Such findings confirm that the physiologic effects of the drug in

the central nervous system are sufficient for the substance to control

behavior by virtue of its reinforcing effects. Definitive studies that were

undertaken in the early 1980's support this statement: As seen in table

1; micotine has now been shown to function as a reinforcer for five non-

human animal species and under a variety of conditions {21,25). Further-

more, its functional behavioral effects are similar to those engendered

when other drugs of abuse (e.g., cocaine) serve as reinforcers:

Patterns of Acquisition and Maintenance of Tobacce Use Are Orderly
The use of tobacco, like that of prot;otyplc addictive subst:ances, is
often initiated due to peer influences {23). The contribution of social
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Aruitoxt provided by Eic:

TABLE 1.—Sumimnary of Reports in Which Nicotine Was Available
Under Intravenous Drug Self-Administration Procedures

Reinforcemetit

Study Species Schedule Main Finding Comment
Deneau =~ Rhesus Fixed-ratio I Two monkeys Currently
and Inoki Monkey (FR 1). Several initiated self- accepted criteria
(1967) doses of nicotine  adminjstration  to :.~.28s reinforc-
were tested. (S-A); the others  ing efficacy were
required a prim-  niot achieved.
Yanagita, R..sus Experiment 1: Nicotine did not —
Ando, Muikey FR 1. Several serve as a
Oinuma, - doses of nicotine  reinforcer when
and Ishida and Jefetamine compared to saline
(1974) and saline were or lefetarmine:
tested.
Experiment 2: Stable raies of No direct test of
FR 1. Several micotine S-A . reinforcing -
doses of nicotine  occurred in most  efficacy was done.
were continuously subjects but were
available for at not clearly related
least 4 weeks. to dose.
Experirient 3: AtO. 2 mglkg nico- Nicotine was
Progressive ratio  tine, response marginally rein-
{PR) procedures. rates sli=htly forcing when
Two dosesof = exceed: U those compared to
nicotine and saline maintained by cocaine.
and three doses of saline or the _
cocaine were lowest cocaine.
tested. dose (0.03 mg'kg).
Lang, Hooded FR 1. Nicotine In food-deprived —
Latiff; Rat and saline were {biit not food-
McQueen, tested in food- sated) rats,
and Singer sated and food- nicotine was a_
(1977} deprived rats. reinforcer when
conmpai&d to
saune.
Singer, Hooded Conciiresit [(FR 1: Food zatiation Resiilts were siffii-
Simpson, Rat picotine). (Fixaed- dr,\re: sed rat,e ¢ lar to those
and Lang time 1 min.: food wtzined when
{1978) i ; ' 5 vere similarly
a reinfere- o tdied with
both cenditivné.  e.henol
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Aruitoxt provided by Eic:

TABLE 1.—Continued

o . Reinforcement I L
Study Species Schedule Main Finding Comment
Griffiths, = Baboon FR 160 folowed ~ Number of nico-  Caffeine,
Brady; and by 3-hr. timeout.  tineinjections ephedrine, and a
Bradford SéverEl doses of per day did not variety. of other
(1979) ne exceed that cf similarly tested
saline.
galine in this
paradigm.
Albino Rat FR 1. Several Mecamylamine
doses of nicotine  (centrally acting
tnd saline were antagonist) but nicotine was a
tested. not pentolinium  reinforcer; -
{peripherally act- however, there
ing antagonist) was no clear dose-
altered S-A effect curve.
behavior.
Latiff, Hooded Coic {FR 1: mJeo- Nicotitie wasa.  Rate of S-A was
Smith, and Rat tion) (FT 1 min.: reinforcer relative inversely related
Lang food pellet).- to saline. Urine _ to dose during
(1980) Several doses of pH mampulatxons initial exposure to
nicotine and nicotine but not
saline were ~ after nicotine S-A
tested. only duri ial was established.
exposure to
nicotine:
Smiith and Hooded FR 1. Orie dose of —
Lang Rat nicotine and saline
(1980) were tested.
a concrrent food
dehvery schedule
in food-deprived
but not food-sated
rats.
Goldberg. Squirrel Second order Nicotihe miaifi- Demonstrated the
Spealman, Monkey schedule FI1or  tained high rates  importance of
and - 2min. (FR10:  of responding. environ-
Gcldberg stlmulus) followed Rates decreased _ mental stimuli in
{1981} 3y 1eou edly when (1) » maintaining high
ced rabes of
responding.
omitted; and (3)
subjects were -
pretreated with
mecamylamme
149
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TABLE 1.—Continued

7777777777777 Reinforcement - L
Study Species Schedule Main Finding Comiment
Atorand  Baboon FR 2 followed by  Nicotinewas == Initial dose-
Griffiths 15-sec. timeout.: marginally rein- . respornse curve
{1981) Several doses of  forcinig compared was inverted
virotine and saline to saline across a U-shaped, and
and cocau.” were  narrow dose final-dose-
tested. range. response curve
was flat (from -
abstract of study).
Dougherty, Rhesus 116 ard second Nicotine madin- Estzbli hment of
Milier; Monkey arder F1 " rin. tained higher ~  nicctine as a rein-
Todd, and (FR3: S*i.aulus).  rates of S-A than forcer required
Kosten- Scve idosesof  saline under the  several months
bauder nicst'r and saline FI.and second usmg procedures
(1981) were 1d3ted. order schediles hat typically
but wasonly a_ reqqu;g only ~ iew
marginally ef%ec- days to estalitish
tive reinf . resr €o~..ie or codeine
when continu- a3 reinforcers.
ously availabic.
Goldberg ~ Squirrel  FI 5 min. Severa:  Nicotineand This study also
and  Monkey doses of nicotine  cocaine vere gueadi- showed that
Spealman and cocaine and . tatively similar nicotine could
(1982) salire were tested. reirforcers when Serve asa
compared to punisher similar to
saline. Cocaine electric shock.
maintained higher
rates of respond-
ing in ene of two
monkeys. Meca-
mylamine pre-
treatment reduced
rates of nicotine
S-A.
Singer, Long- CONC [FR 1 A group of rats  Extendec the
Wallace, Evans Rat nicotine) (FT 1__ with 6<OHDA range of
and Hall min.: food pellet)]. lesions in the scheduled-induced
(1982) One dose of nucleus accum- behaviors that ar«
nicotine was bens S-A nicotine inhibited by such
tested. at Jower rates lesions.
than a sham-
lesioned yroup:
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TABLE 1.—Continued

L Reinforcement I
Study Species Sc.hedule Comment
Spealman Squirrel Second order FI 1 Nicotine's rein-
and  Monkey 2, or 5 min. (FR 10 forcing efficacy
Goldberg st.unulus) and F1 5 tained similar was comparable to
(1982) miin: schedules patterns of that of cocaine.
were tested. responding on the
Several doses of schedules. Nico-
nicotineand  tine, but not
cocaine and saline cocaine S-A;
were tested. decreased to
saline-like rates
when animals were
pretreated with
mecarniylamine:
Risnerand Beagle FR 15 followed by Nicotine and Cocaine main-
Goldberg Dog 4 min. timeout. . cocaine main- tained substan-
(1983) Several doses.of tained qualita- tially greater
nicotine, cocaine, tively similar resporse rates
and saline were patternsof than nicotine.
tested. Progres: = responding and
sive ratio schedule were reinforcers
was used. relative to saline.
Mecamylamine
pretreatment
reduced nicotine
but not cocaine
S-A.
Hennmg- Human FR 10 followed by Niimber of riico-  Niz:i e produced
fi "1, 1 min. timeout. tine injections sub;.tive effects
Miyasato, Several doses of ~ generally ex- similar to those
and nicotine and saline ceeded number of produced by intra-
Jasinski were tested. saline injections . venous cocaine
{1983) and were iniversely and had both rein-
related to nicotine forcing and
dose. Post-session punishing effects.
cigarette smoking
was suppressed
by nicotine.
Goldberg Hunian FR 10 followed by Patterns of In both the
and and 1 min. timeout. resporiding were  human and mon-
Henning-  Squirrel ~ Several doses of  qualitatively =~ key subjects,
field Monkey nicotine and saline similar in both-  there was evidence
(1983) were tested. s-ecies. Number  that nicotinz func-

tions exceeded
number of saline
injections in 3 of .
4 human and 3 of

4 monkey subjects.

tioned w1th both

properties.

A8
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support to the initiation of tobacco use may be even greater than with

illicit drugs; because family members; otiior social models; and advertis-

ing often tolerate; approve; or promote tobacco use while dxsapprovmg

the use of some nonprescription drugs (24). Also, as is the case with

addictive drugs; an accelerated pattern of development of tobacco use

has been observed, which is followed by relatively stable drug intake;

Initially, the level of consumption increases gradually from the first day

of use until some point; perhaps several 3 years later; when it becomes

relatively stable over time. Although many facters can operate to pro-

duce such a biphasic pattern of intake; it is generally assumed that

tolerance and learning factors account for the gradual acceleration and

that a level of optimum drug effect combined with toxicity and adverse

effects at hlgher doses takes over to produce the stabilization phenome-

non. A prelir survey, conducted at Johns Hopkins University,
indicates that nicotine, whether administered as cigarette smoke or

smokeless tobacco; does not differ from other drugs in this regard. That

is, tobacco users_tend to begin smoking a few cigarettes a day or con-

sume a portion of a container of smokeless tobacco each day and gradu-

: "ly increase consumption levels over a period of months or even years

Lefore thay stabilize the amount they finally use (personal communica-
vion, ..™. Hennincfield).

Pa! .7 of Tobaccu Self-Administration Are Orderly S
Daily patterns of cigarette smoking are orderly. Addicted smokers

tend to smoke their first cigarette within 30 minutes of waking from a
night of sleep and find it difficult to abstain from tobacco use for more
than a few hours (25). If smoking behavior is relatively unconstrained;
regular patterns develop that closely resemble those of psychomotor
stimulant self-administration in animals (20). Similar orderly patterns

of tobacco self admlmstratxon are ev1dent w1th c1garette smokmg by

pUefs 6 a c1garette puff diration decreases and mterpuff intervals
tend to increase (26,27,2529); although these changes are multifactor-
ially determined {30). Anecdotal reports by smokeless tobacco users
suggest that while consumption patterns are necessarily different (e.g:;
some keep a plug in their mouth almost continually during their waking
hours) they are no less regular and orderly.

Tobét:i:d SélfAdﬁiiiiéttétnbii Varies as a Fixiiétnbti of Nicotine Dééé

(animal or human) with either an agonist or antagonist, or by altering
the rate of elimination of the substance. Studies that involve these three
manipulations have been done extensively with other drugs and more
recently with nicotine. The results across study, drug, and species are
remarkably similar. For general reviews of human and animal studies
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see Griffiths; Bigelow; and Henningfield (20) and Henningfield, Lukas;
and Bigelow (31). See Gritz (32) and Henningfield (33) for recent reviews
of the nicotine-specific literature. Over a wide range of dose levels; fre-
quency of self-fadministration is inversely related to dose but drug in-
take is directly related to dose; r=flecting partial compensatory changes
{26,32). Pretreatment with other agonists (or forms of nicotine) reduces
drug taking; e.g.; decreases cigarette smoking; (34) and reduces pre-
ferred nicotine concentration of tobacco smoke (35). Pretreatment with
antagonists initially increases drug self-administration. For example;
the centrally and peripherally acting ganglionic blocker; mecamyla-
mine, but not the peripherally acting blocker; pentolinitim, increases
subsequent smoking rates and increases preferred nicotine concentra-
tions of tobacco smoke (36,37). In addition; altering the elimination rate
of nicotine alters the amount of nicotine that is self-administered in the
form of tobacco smoke (38). )

There has been debate over the degree to which simiokers regu.late
their nicotine intake, i.e., the “titration” hypothesis. It is now generally
agreed that smokers do not precisely titrate their nicotine intake any
more thé.ii é.mméls mtrate thelr mtake of remforcmg drugs (except

observed and objective, senaltlye erendent variables are measured in
toth animals and humans (26,32,33), most of the studies demonstrate an
incroase in smoking as cigarette nicotine content falls below accus-
tomed izvels and a decrease in smoking when cigarette nicotine content
is unusuvally high (32). Kozlowski and his coworkers describe these find-
ings i icims of a “‘boundry” model of dose compensation (39).

Thlarence of Nicotine Develops With Repeated Use (N éﬂfbﬁdfﬂpﬁﬁbﬁ)

The administration of most driigs of abuse results in neuroadaptation
as measured by tolerance to the repea ated administration of the dirug
and a subsequ~nt rebound (withdrawal) when drug administration is
terminated (3). Tolerance to drug effects is dete: mined either by the
diminished resporige to répeated doses of 4 drig or the requiremnient of
increasing doses to achieve the same drug effect. Tolerance to the
behavioral and physiologic effects of nicotine has been studied for
decades {23). As is the case with other diiuigs of abuse, a variety of
mechanisms accounts for tolerance to many of nicotine’s effects, includ-
ing metabolic (20), behavioral {4143), and physiologic tolerance (4446).
More recetitly, stiidies have shiown that the effects of nicotine that are
suspected to be critical to the addiction p1ocess also show tolerance
with repeated dosing (47, 48). )

Physiologic dependence on driigs is determined by showing that ter-
mination of drug administration prod:ces a syndrome of effect< that is
generally opposite to those produced by drug administration. % ais syn-
sirome is reversible, at least in its early stages, by administration of the
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drug. Prolonged drug abstincice ‘detoxification) results in ultimate

return to baseline (normal! ~ziucs of behavioral and priysiologic func-

tions. It is now clear that repeated tobacco administration produces

physiologic dependence that is specifically due to nicotine administra-

tion. Recent data that confirm this fact are reviewed in the section on
Dependence Potential of Nicotine.

Nlcotme Produces Therapeutlc Effects
- Most drugs of abuse have specific therapeutic apphcatlons mcotme

is no exception (48-50). The degree to which the therapeutic effects of

nicotine depend upon the indi*idual’s history of nicotine use, as opposed

to the possibility that, nicotine is efficacious for preexisting conditioiis,

remains to be investigated. Similar issues are true for other drugs of
abuse as well. Pomerleau and his coworkers {51) have studied a variety
of mechanisms by which the possibly weak; initial reinforcing effects of
nicotine can be greatly strengthened by subtle effects on mood, cogni-

tion, and ncimal physiologic and behavioral functioning. For instance,

as will be described below, nicotine may produce a small, but important,
enhancement of work performance. These effects appear to be mediated
by the effects of nicotine on hcrinonal release and regulation. The
followinig is a brief summary of some_of the effects of nicotine; con-
sidered therapeutic by tobacco users; that have been investigated:

Several studies have shown that nicotine enhances performance on a
variety of cognitive tasks that involve speed, reaction time, vigilance,
and concentration (52-55). These effects are strongest in cigarette
smokers who are deprived of cigarettes. However; such performance
enhancement was also evident after the administration of nicotine to
nonsmokers and was produced by increasing the nicotine dose in per-
sons who were- already smoking. Nicotine may also be a useful mood
regulator by virtue of its release of norepinephrine from the adrenal
medulla {56). Norepinephrine release is also stimulated by excitement;
exercise, sex, antidepressant drugs, and other drugs of abuse, sug-
gesting that cigarette smoking may function pharmacologically to
alleviate boredom and stress. Finally, as an anoretic (5760), nicotine ap-
pears to furiction in three ways: by decreasing the efficiency with which
food is metabolized 161,62); by raducing the appetite for foods that con-
tain simple carbohydrates (sweets) (63); and by rediicing the eating that
may occur in times of stress (64). Nicotine may also function as an anxio-
lytic by reducing responsiveness to stressful stimuli and enhancing
mood {56). In addition, nicotine reduces aggressive responses in experi-
mental situations 165).

A well-docuriented therapeutic role for nicotine as a drug is evident in
the treatment of tobacco abstinence for many individuals following
dependent patt;ems of tobacco use, e.g., as assessed by the Fagerstrom
’Iblerance Questlonnalre (25) ThlS t;est prov1des both sc1ent1f1c andj prac-
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estabhshed that abstmence from tobacco in heavy cigarette smokers

produces signs and symptoms of rebound that can be reversed by

resumed tobacco use and at least partially reversed by other forms of

nicotine administration (66). For example, nicotine gum treatment for

cigarette smoking is efficacious, although a variety of factors limit suc-
cess rates (74.* This drug substitution strategy is analogous to those

obtained when intravenous opioid users are treated with other opioids

given via other routes. For example, methadone administration may

reverse signs and symptoms of opioid withdrawal, while leaving the pa-

tient feeling partially treated yet likely to relapse if not provided with

an adjunctive behavioral treatment (67

Although the euphoriant properties of drugs can stand apart from

collateral therapeutic actions (as is the case with morphine, am-

phetamine, and alcohol), attention to such drug effects may enhance the

efficacy of treatment. Because nicoting, in the form of tobacco, is widely

available, is relatively inexpensive, and is in a convenient form for

precise dose regulation, it provides an ideal means of self-medication.

These effects may eontnbute to the abuse habmty of tobacco and are of

demonstrable significance in the treatment of tobacco addiction 7517,

SiﬁiﬁiSEéﬁéﬁég Are iﬁ%i@é& in the Treatment of

Tobacco Addiction and Other Forms of Drug Addiction

. I tobacco.use is a form of drug addiction, then strategies of treat-
ment of other forms of drug addiction -hould be applicable: Most avail-
able information and existing strategies for treatments of tobacco use
are based on nonpharmacologic approaches. Such approaches have
been no more useful in the treatment of tobacco dependence than in the
treatment of dependence of opxoxds, stimulants; sedatives, or alcohol:
On the contrary, experience in the treatment of drug addiction
disorders makes clear the importance of addressing the pharmacologic
components of the addiction (67). This conclusion is strengthened by the
observation that persons being treated for opioid addiction regard
tobaccu to be as necessary as methadone (68/ and that persons success-
fully treaced for other kinds of drug addiction are unable to glve up
tobacco (69). This provides the support for the fundamental premise
that tobacco addiction generally constitutes an independent health-
impairing disorder. Specific treatment implications relating to cigarette
smoking as a form of drug abuse are considered below.

To the extent that tobacco useis similar to other forms of drug abuse,
treatment strategies that are used for drug abusers may be applied to
the treatment of cigarette smoking. Although it is not the purpose of
this chapter to describe in detail the treatment for cigarette smoking, a

* These Lherupeuuc effecls are produced by nicotine chewlng gum un orally administered form of mcoune Lnav. is
approved by the and Drug Administration (FDA). The, is.obtainable in the United States by prescrip-

tion only and is commonly usr:gby physicians to help individuals quit smoking.
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few commonalities; as well as dlfferences, are worth mentlomng Four
basic pharmacologic treatments for drug abuse provide the advantage
of licit administration of an agent controlled by a certified clinician.

These involve substitution therapy (e.g:; methadone for opiate depen-

dence) in which a more manageable form of the drug is provided accord-

ing to a prearranged maintenance protocol; blockade therapy (e:g.

naltrexone for opiate dependence) in which the effects of the abused

drug are blocked by pretreatment with an antagonist; and nonspecific

supportlve therapy in which the patlent is treated symptomatmaﬂy. ex-

emplified by the temporary. use of benzodmzepmes durmg alcohol

detoxification (67} All three approaches have been used in the treat-

ment of cigarette smoking with varying degrees of success (48. A

fourth strategy of pretreating the patient with a drug that results in

adverse side effects when the subsequent a-1sed crug is takeni(e 2

treatment of aicohohsm with disulfiram) has not been systematically

the first of those recog'mzed as effiz«zious by the FDA, is modeled
directly after the treatment of heroin addiction by methadone substitu-
tion. This treatment is nicotine gum substitution (70). It is a practical
application of the postulate that tobacco use is basically a form of drug
addiction on nicotine. This recogrutlon is especially relevant here,
because smokeiess tobacco is an oral form of nicotine. All of the relevant
therapeutic data support the premise that compulsive tobacco use en-
tails nicotine addiction, which in the form of tobacco exposes the user to
health hazards, and that therapeutic strategies paralleling those for
other forms of drug abuse are effective in treatment. Differences appear
to be principally related to the social tolerance of tobacco addiction,
relative to other forms of drug addiction; which contribute to greater
difficulty in treating this form of drug abuse.

Suminary of Commonalities Between Tobacco and
Prototypic Addictive Drugs
~ The precedmg rev1ew has. shown that tobacco shares many pomts in

results in the dehvery of acentrally active drug {nicotine); and the drug
appears to be the major determinant in the control of the compulsive
behavmr of tobacco. self-admxmstratlon. These fmdmgs are con515tent

oplolds can produce a deblhtatmg sedation, h1gh doses of coca alkaloids
{cocaine HCI} produce levels of behavioral excitation that are not nor-
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mally produced by tobacco but the intake of all of these substances

leads to compulsxve use: Compulsive use and the other commonalities

described m the preceding subsections provide compelling evidence

that tobacco use can be a form of drug dependence or addiction. The

next major question is what element(s) of tobacco are critical to control-

ling the behavior of the user. The conceptual leap from habitual

behavior to drug abuse and addiction can be made only on the basis of

evidence that a specific psychoactive drug is critical to the behavior.

The next section on the abuse liability and dependence potential of

. nicotine will address this questiorn.

Exp’ériiﬁeﬁia’i Studies 6f:§ij§ﬁj§ii§e; Liability and

Physncal Dependence Potentlal of Nlcetme
_The comparison of tobacco to prototypic addlctlve drugs is the ba51s

for concluding  that compulsive. tobacco use is a_ form of drug

dependence behavior in which nicotine plays an important roie: To test

this hypothesis further, it should be possible to show that nicotine is an

abusable substance even in the absence of the many stimuli associated

with. mgm’ette smoking: This éan be done by evaluating nicotine m ac-

substance that is suspected of causing abuse and physical dependence:

One-half century of research at the NIDA Addiction Research Center,

and research in other Jaboratciries, has produced vahd and reliable ex-

on ééﬁéfaﬂy acéepted examples of drug addiction, most notably opioid

deperidence (e:g;, morphine). and;, to a_lesser degree; psychomotor

stimuaant dependence (e:g:; cocaine) and sedative dependence (e.g;; bar-

biturates and alcohol): These methods encompass standards for assess-

ing the two dimensions of drug addiction—abuse Liability and physical

dependence potential: The evidence that is related to the abuse Liability

and physxcai dependenée poténtxai of nicotine is presented below:

Abuse izabzizty refers to drug exfects t;hat contnbute to compulsxve

self-administration; often in the face of excessive financial cost, physical

and social dysfunction, and the exclusion of more somaﬂy acceptable °

behaviors (5,6). In other words, it entails those effects of a substance

that contribute to diminution of voluntary control over the use of the
substance by the individual.. . )
Objective methods t- assess abuse habrhty are avaﬂable and have

been used to 2 sses diverse agents (5. These methods have been read.lly

adapted to studies of nicotine abuse liability, with consideration given

to the fact that nicotine has more rapid effects than many other drugs of
abuse:
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The hypothesis is that nicotine is psychoacui. .2 serves as a
euphoriant and reinforcer. Psyclioactivity and euphoria ar.. determined
by assessing the pharmacodynamic subjective effects o siagle doses of
the drug {“single-dose” or “‘abuse liability"" studies) ---:: are validated
by observed behavioral and physiologic responses. Reinic.cing efficacy
is determined by assessing the ability of the drug to strengthen and
maintain orderly patterns of behavior when the subject is permitted ac-
cess to the drug (i.e., the prototyplc “sealf- admlmstratxon" st:udy)

i Icodynamzc Effects of Nzcoune In human studxes of mcotme-

relatail | psychoactivity, volunteers are given a range of doses of the test

compound and. placebo under double-blind conditions. Persons. with

histories.of drug abuse are used because. they can accurately discriminate

compounds with a potential for abuse and can compare the effects of the

compounds to those of abuse drugs (5). In one study, three doses of

nicotine were given both intravenously and in the form of tobacco smoke

under controlled conditions (77). Nicotine produced a similar profile of ef-

fects (figure 1). Self-reported (subjective); observer-reported (behavioral),

and physioiogw variables were measured before, during, and after drug

administration. In brief, nicotine was _shown to be psychoactive; as

evidenced by the reliable discrimination of nicotine from placebo: Self-

reported effects of nicotine peaked within 1 minute after acministration

(by either route) and dissipated within a few minutes: peak and duration

of response were directly related to the dose.

The two hallmark indicators of euphoria in euch et:udles are the J.ik-

ing Scale (Single Dose Questionnaire) and the Morphine Benzedrine

Group (MBG) Scale (Addiction Research Center Inventory [ARCI)) (5).

Responses on the 5-point Liking Scale, which asked hovw much the drug

was liked (0 = “‘not at all,” 4 = “‘an awfullot"’) are presented in figure 2.

Nicotine produced responses on the Liking Scale similar to those of

morphine and d-amphetamine. MBG Scale scores of the ARCIwere con-

sistent with the Liking Scale data; confirming that nicotine, given by

both routes of administration, was a euphoriant: In another ¢ companson

between drugs, subjects more frequently identified nicotine injections

as cocairne: .
Similar resuits for mt:ravenous and inhaled nicotine were also obtained

on several physiologic measures, including pupit diameter, blood

'+ pressure, and skin terperature: These data confirmed that nicotine:
given in either tobacco smoke or intravenously, was the critical pharina-
cologic compound accounting for these effects of tobacco sruoke. A sub-
sequent study showed that nicotine’s subjective and physiologic effects
could be partially ble~%ed by pretreating the subjects with the antago-
nist mecamylamine {18). Results of studies with animals also indicate
that nicotine produces discriminable effects, and the data suggest that

ammals identify nicotine as bemg more sumiar to cocaine than to
placebo or pentobarbital, but not identical to cocaine (17).
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FIGURE 1.—This figme is a summary of the data from a study of the
liability of nicotine delivered as tobacco smoke (filled symbols-IN) or
intravenous injections {open Ej’iﬁbﬁﬁm Dose is presentad on the hori
zontal axes. Even with a controlled sitiokinig procedure, nicotine dcse

administration via cigarette smoke is more variable (prodiicing flatter

dose-response functions) than when given mtravenously. Also, important

effects of nicotine are covert though reliable and orderly (e:g, relaxed feel-

ings, symptom scores). The finding that a low dcse of tobacco smoke was
more effective in reducing desire to smoke than a low dose of intravenous
nicotine is consistent with the fact that satisfaction from smoking is also

diie to stimili provided by the cigarette and the smoke.
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Self-Adrninistration of Nicotine. The second abuse liability dimension
uses the “self-administration” procedure to examine the conditions
unaer which a' §ubjéct w111 valuhtanly” ily téké thé 'd'riig Se'lf é’drnuu” 1 st'rémo'ii

pos;tlve remforcer (or reward) Vanants of ,thes,e strategies are con-
ducted in both animal and human subjects, thereby providing a means
of establishing the biologic generality of the phenomena, while control-
ling the possible confounding influence of personality; social; or cultural
variables. A high degree of concordance between findings from animal
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FIGURE 2—This figure p.-egests data from a series of abuse liability

Liking Scale scores are directly related to dose and exceed placebo
values are important in identifyirg dependence-producing drugs. Intra-
venous nicotine produced the same elevated dose-response function as
highly addictive narcotics (e.g:, morphine) and a prototypic stimulant
(d—umphetumme) These data are also consistent with the lower abuse
habxhty -of chlordmzepomde and almost negligible abuse habnhty of
zomepirac. 2. dministration of intravenous cocaine results in a function
similar to that shown for intravenous nicotine, except that the cocaine
dose levels most be increased by a factor of 5 to 10.
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andhnma:n stud:es has been estabhshed over a wide range of drugs (20);
Therefore, this section focuses on the results of studies using human
volunteers:

The methods developed in animal studies can be used to assess
whether the pharmacologic activity of a drug maintains self-administra-
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FIGURE 3.—This figure shows the patterns of nicotine self-
administration ‘that occurred when volunteer cigarette smokers were
given the opportunity to take injections of nicotine, but not smoke
cigarettes, during 3-hour tests. The amount of nicotine available was
roughly comparable to that obtained by smoking cigarettes. The sub-
jects smoked less followmg gessions in which they took nicotine than
following sessions in which only saline (the placebo) was available.
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tion paraﬂehng drug seekmg and drug taklng by individuals inn the

natural environment or ‘‘real world.”’ The strategy is particularly useful

in studies of nicotine; because it precludes confornding by other stimuli

that are associated with tobacco smoke inhalation (e.g:, the tobacco

brand, smell of the smoke, and lighting-up rituals).

In one such study tobacco—depnved volunteers were tested during

3-hour sessions in which 90 presses on a lever resuited in either a nico-
tine or placebo injection (72). All six subjecfs voluntarily self-

administered nicotine (figure 3). Patterns of self-administration (injec-

tions) were similar to those observed when human subjects smoke

cigarettes and when rhesus monkeys t:ike intravenous amphetamine in-

jections in comparable experimental situations (20):

One subject; who lacked a history of drug abuse; e:dnblwd an acquisi-

tion pattern of nicotine self-administration that developed gradually

over several sessions. The pattern was a prototypic example of drug
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abuse development. Double-blind substitution of saline for nicotine
resulted in cessation of the self-injecticn behavior of subject KO (figure
3). Subjects who were given access to both nicotine and placebo concur-
rently (by oressing alternate levers) chose nicotine, confirming that
nicotine liad ccme to serve as & positive reinfor cer (75). These data indi-
cate that the pharmacologic activity of nicotine was critical to the
mamt;enance of the behawor

human species under a vanet:y of ewpwxmental conditions {74). As noted
earlier, recent results contirm that 1ucotine can function as an eftective
reinforcer although the conditions under which it serves as a reinforcer
for animals are more restricted than those for morphine or cocaine (21).
Nicotine self-administration via cigarette smoke or smckeless tobacco
may provide ideal confluences of conditions for the establishment and
maintenance of nicotine dependence in humans (33) with the presence of

immediate and abundant peripheral taste and olfactory stimuli (; 5.

I'mplications of Pharmacodynamic and Self-Administration Studzes
The results of the pharmacodynamic and self-administration studies
prov1de direct evidence that nicotine itself, and apart from its being pre-

sented in combination with all of the orosensory properties of tobacco
smoke, is an abusable drug. That is; nicotine meets the criteria of being
psychoactive: it serves as a euphoriant and as a reinforcer: These find-

ings strongly suggest that nicotine parallels other drugs (e.g:, morphine
in opium use; cocaine in coca leaf use; and ethanol in alcoholic beverage
consumption) in its ability te maintain self-administration. The find-

ings are of sufficient strength that the relevant public health implica-
tions have already been incorporated into issues of public health policy
by the former Director of the National Institute on Drug Abuse, Dr. W.
Pollin (76}, the U.S. Public Health Service (77}, and the former Secretary
of the Department of Health and Hurman Sarvices, Mrs. M. Heckler (78).

Physncai Dependeﬁee l’otent:uﬂ of Nxcotme o

. Physical dependence. potential {also referred. t:a as physmlogxcai

dependence potential) pertains to the direct physiologic effects that are

produced by the repeated administration of a drug that results in neuro-

adaptation (34). Neuroadaptation._is.characterized by demonstrated

tolerance to the effects of the drug and the occurrence of physiologic

withdrawat signs folowing the termination of drug administration: .
Physicat dependence potentla:l studies are conducted accordiug t,o

standardized tests, using methods such as the substitution approach in

which an active drug is removed and replaced with either a plicebo or

another form of the drug (5). Although many studies on the effects of

tobacco abstinence on mood; behavior; and physiologic functions have

been conducted; until recently; the classic “‘direct addiction” or
“substitution’’ methodologies had not been used to study tke physical
dependence potential of nicotine (79).
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The absence of such studn « md the fact that many cntlcal markers of
tobacco abstinerce are not overt or easily measured {e.g., change in
affect, EEG, and cognitive perirmsiice impairment) have led o ques-
tions about the severity of thi tobacco witlidrawal Syndrome 33).
Howeve.. as shown below, c.‘)stmem_e from chronic tobacco or oral nico-
tine use is followed by a syndrome of behavioral anid physiologic

changes that are orderly. replicable, specific to nicotitie, and of func-

tional . consequence in relapse to tobacco following abstinerice. The

apparent absence of withdrawal sy: iptoms amorig sorme people is ot

inconsistent with the finding that nicotine has the potential to prodiice

physical dependence: As is true for users of opiates (e.g., heroin), the

magnitude of the withdrawal syndromie is related to a variety of factors

such as dosage and individual predispositiczis (80).

Definition of Tobacco Withdrawal. There are abundant data indicat-
ing neuroadzptation to tobaces use, showing that this adzayptation is at
least partially nicotine specific and that termination of chronic tobacco
use produces a behavioral and physxologlc rebound or withdrawal syn-
drome 153). This has bee 1 stated in the Diagnostic and Statistical
Manual (DSM) of the Amierican Psychlatnc Association (APA) as

" s (81

vacco Wltl‘drawa.l (APA DSM 111, 1980) The essentla.l feature
isa characwnstlc w1thdrawa.l syndrome due to recent cessation of or
reduction in tobacco use that has been at least moderate in duration
and amourit. The syndrome includes « -raving for tobacco, irritability;,
anxiety, d1ff1culty concentrating, restlessness, headache, drowsiness,
and gastrointestinal disturbarices. It is assumed that this syndrome
is caused by nicotine withdrawal, since nicotine is the major pharma-
cologice!! 7 active ingredient in tobacco.

Withdrawal does not occur with all smokers; but in many heavy

c1garette smokers, changes in mood ard perforitiarice that are prob-

ably related to withdrawa! can be detected within two hours after the

last cigarette. The sense of craving appears to reach a peak within the

first 24 hours after the last cigarette, theresfter gradually declining

over a few days to several weeks. In any given case it is difficult to dis-

tmgmsh betweena w1thdrawa.l effect and the emergence of pychologl-

nicotine;
This definition by the AmencanPsy( inatnc Association represents a

reasonable ccusensus from various reviews of the literature on cigarette

smoking and physiologic dependence on tobacco.(3,15328283. It is

based on experiinental data and clinical observations from cigarette

smoking treatment studies demonstrating that certain signs and syrp-
toms are of unusually high prevalence during the first few days of absti-
nence. Decreased heart rate and blood pressure have been studied

experimentally (84), as well as changes in cortical EEG potentials 185,86/,
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R2871 & vanety of beimvmv ' nffects occurs when bobacco or_nicotine

admimnistration is abmptiy 1ated in human and animat subjects

mcludmg increased irritabilit; , aggressiveness. and anxlety, perfor-
mance also is unpa:red in vanous pSS'chOmot,or and learnmg tests such
Self-reported desire to stioke cigarettes (“craving”) increases sharply for
about 1 day following abstinence; then graduélly declines over the cours:
of about 1 week to a lesser level (97). Most of ..ese signs and symptoms of
withdrawal subside over 1 to 2 weeks; h:wever, sorae frrmer obacco

users report that the desire to smoke may recur for many ye-.~= and may

be evoked by specific environmental stimuli that weic petiously
associated with smoking; such as afte; raeals or in selected ¢ sndal situa-
tions. This, too, parallels the powerful coriitioning phenoren: thet are
reported to be associate with other drugs uf abuse (92). ]

_ Evidence of Tobacco Withdrawal Symptorns Thri:» s coripelling evi-
dence that acute tobacco abstinence produces a .l d (withdrawal)
syndrome. This evidence comes from studies of two laburatories in which
increases in low-frequency EEG bands and decreases in cortical activity
were observed during the first day of tobacco abstinence {8586). These
effects were immediately reversed when the subjects wete wiowed to
smoke two cigarettes.
~ In a study of self- “reported withdrawal symptomatol sy, 40 part1c1
pants completed four 25-item questionnaire forms daily for 2 weeks (93).
Siibjects wete divided into two groups: totally abstinent and partially

bstitient whose smcking levels were maifitaitied at an average of 60 per-
vent, Four symptom clisters emerged: (1) drowsiness in both group:
u< .ied over the first week and then increased over the second week,
forming a * "-thaped function; (2) phiysicel syr:ptoms (e.g., headaches and
gastromte: +.:3] disturbances) iti t “h groups declined rapldly the first
week and iiien remained stable acruss the second week; (3) psychological
symptoms (e.g., anxiety and irritability) in both groups paralleled physi-
cal symptoms; and (4, .. aving symptoms in che totaly abstinent group
closely paralleled physical and psycnological symptoms, whereas craving
levels of the partizlly abstinent subjects remained elevated across the 2
weeks, The finding that partial abstinence is accompanied by persistent
craving symptoratology is similar to the results of studies on the treat-
ment of illicit opioid dependerice with methadone. In these studies, low-
dose methadone maintenance is associated with a persistent opioid crav-
ing (94).
~ An important series of studies on the dependence potential of nicotine
has recently been completed at the University of Minnesota (95,96,97).
The goals of these studies were to determine reliable and valid indicators
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of obacco withdrawal by «samining physical, subjective; and behav-
ioral reactions to_tobacco deprivation. The first three studies of this
series evaluated the dependence potential of tobacco end established a

reiiable battery of measures. In a residential study; 27 q.uokers resided

ior 7 days on a research ward (95). Following baseline; they wcre assigned

to abstain from smoking or to continue smoking for 4 days. hysiologic,

subjective, and behavioral measures were obtain« and analyzed. Ti:»

second study was conducted on a nonresidential basis to assess tobacco

withdrawal in the nonlabor=iory environment (96). in. this study. signs
and symptoms of tobacco withdrawal were measured m 100 si0kers:
Follswing baseline measurements; subjects were randomly assigned to

either nicotine or placebo gum, to be chewed at each subject’s own rate:
The subjects returned on ihree different occasions for assessment. The
third study assessed the reliability of the tobacco withdrawal. syndrome
within subjects (97). This study employed a modified; within-subject ex-
pe-imental design; baseline smoking; tobacco deprivation, returu to
baselirie smoking, and tobacco deprivation were assessed in each st~
ject. I
The resiilts of all three stidies demonstrated that the svadrome of
withdrawel chat occurs reliably and consistently in chrorie smokers
after- tobacco deprivation includes decreased heart rate; increascd
caloric intake/eating, an increased number of awakenings during sleep;
an incrzased desire to smoke cigarettes, and increased confusion: Other
changes that were found, but not consiswently; included increased irri-
tability and decreased vigor. A prospective examination of data from
both residential and nonresidential studies revealed that there werc no
statisticall significant differernces between men and women in either
number or severity of tobacco withd-awal srmptoras (98): }
A subsequent study was designed tc assess the relationship between
tobacco withdrawal symptoms and pre anii post-cigarette ''nod nico-
tine levels, precigarette cotinine levels, change in nicotine level from
pre- to post-cigarette, half-life of nicotine; and total smoke e exposnre (99,
Twenty subjects were required to smoke cigarettes for 3 days using a
portable recorder that allowed measuremants of smoking topography
in a nonlaboratory environment. Bleod samples were drawn to deter-
mine blcod nicotine and cotiiine levels. Subjects abstained from
cigarettes for the next 4 dzys. A battery of tests to measure tobacco
withdrawnl symptomis was administered. In general; results showed an
inconsistenit relaticnship between measures of nicotine intake and
tobacco withdrawal. The most consistent finding was the relationship
of the desire to smoke cigarettes to blood nicotine and cotinine levels
and change in nicotine from pre- and post-cigarette; that is; the higher
the nicotine and cotinine level and “nicotine boost,” the greater the
desire for cigarettes during abstinence. .
_ The three initial studies that were conducted at the University of
Minnesotd (95,96,97) systematically examined the physiologic depen-
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dence produced by chromc tobacco use: Tins work represents a major

advance in furthering the understanding of tobacco dependence. The

NIDA Addiction Research Center is also nearing the completion of a

series of studies on ti:: physical dependence potential of tobacco and

the degree to which oral nicotine treats the abstinence syndrome. Pre-

liminary data analysis confirms the findings from the Minnescca

studies: _

Jmplications o;‘ Phystcal Dependence Po tentwl Studtes These recent
studies confirm and extend thz findings of earlier inves::gations that
demon. _rated that nicctine had the potential to produce physiologic
dependence. It is now known that the syndrome is orde-ly and is due to
the administration and withdrawal of nicotirie. The ¢ . i Sighs aré more
subtle than those ruarking opioid and sedative withc.-awal, but these
signs are not necessarily less important to the indi--dual. For instance,
withdrawal effects such as mood changes, perfo. nance Jeficits, and
weight gain may be of considerable importance to the normal function-
ing bf thE iii'dii’ridiiél It ié éiiticip’at@d thﬁt ji.ist as detexiﬁ'cétieri éiid
proved ,und,erstan,dmg of theseﬁsyndromesr Qf ,w1thd,rawa.l, so also may
detoxification and treatmerit of tobacco withdrawal bernefit.

Evidence That Orally Delivered Nicotine {Including
Via Smokeless Tobaccc) Has a Liability for Abuse anda

Potentlal to Preduce Physieel Dependence

encourage (and,users dem,onstx:ate), graduatxon to the kugher—mcotme
containing products (1). These levels of nicotine are substantial, since
the relative potency of n .-3tine is 5 to 10 times greater than that of co-
~zine in producing discri- .inable subjective effects {1 to 2 mg of nicotine
givan intravenously; ora’ ., or inhaled produces reliable behavioral and
physiologic-effects).

Two studies have confirmed that tvpxcal patterns of siriokeless tobac-
co use result in the delivery of quantitiz; of nicotine that produce
plasma nicotine elevations comparable to those produced when ciga-
rettes are smoked (102, 103). These studies also fcund that smokeless
tobacco use reflected several of the iiidices of abuse liability and
physical dependence potential. Smokeless tobacco users seif-
administered su* ‘antial quantities of nicotine; the patterns of
smokeless tobacco ase were orderly and stable: and siibjective and
behavioral effects may be produced from such use. More recently, a new
form of smokeless tobucco, moist brown tobacco in tea bag-like
pouches; was also sh~wn to deliver pharmacologically active quantities
of nicotine to the ce. itral nervous system (104
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Remforcmg Propertles of Nlcotme in the Form of Chew‘)w Gum
: There is growmg evrdence that mcotme is remforc:r i d has the

cal mucosa (and therefore more slowly) via chewing gum (nicotine pola:
¢rilex). One recently completed study involved the self-administration

of elther a nicotine- or placebo-containing chew1ng gum by sioKers who

had quit smoking (105 When given a choice between placebo aid
nicotine chewing gum, subjects preferred nicotine to placebo and self-

administered the nicotine gum throughout each day.* These data are

partrcnlariy compel.hng, because nicotine, in the form of the nicotine

pniacrﬂex. is in an ion-bound complex. In this preparation, the nicotine

is relased and absorbed slowly compared to the nicotine in smokeless

tobacco; and the polacrilex form of nicotine administration appears to
be of relatively low abuse liab:lity. This study also demonstrated that

mstmctujnsby a physician can alter pattems of gum use and preference

(105). These data, which suggest that instructions can modulate the self-

administration of orally delivered nicotine, are i:: keeping with the well-

known fact that physicians control their paticirs’ use of narcotics,

sedatlves and stimutants:

Physical IEpendence Potential of Smoke1ess Tohacco

Hatsukami and coworkers. 1t the University of Minnesota; studied
neuroadaptatioti {physiologi iependence)} in smokeless tobacco users
(106).- All 16 subjects in the study used moist snuff and no other
nicotine-deliverir.g product. ivieasures of mood, fecling, behavior; and
physiologic funciion were compared at baseline and during abstinence.
Subjects showed sighificant sighs nd Symptoms of nicotine with-
drawal as meastired by décréési' ‘1. " g pulse, attenuated orthostatic
pulse changes, and iticreases ' -+ - Seeking (‘‘craving’”), eating,
sleep d1srupt10ns, and confuswr
cause phys1cal dependence (1 Oﬂ The subjects that, were t..sted had been
treated for tobacco dependerice with nicotine gumi that thev used on a
dail+ basis for at least 1 month. Eight subjects were then tested over
the coiirse of 2 weeks. They were gilen nicotine-containing gum during
the first and fourth weeks; during the secorid and third weeks, they
received nicotiiie giii for 1 week and placebo giiim for the other. Duang
the week that placebo gum was presenbed seven subj ects showed sxgns

has the potential to produce phys1cal dependence These findings were
most recently confirmed by another sti:Jy- that showed development of
physical dependerice to nicotine giim in patients treated for tobacco
dependetice {108].

* Self-administration took place at an average rate of 7.4 pieces compared toan nvernge of 1.2 pleces of placebo

gum per day.
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PHYSIOLOGIC AND PATHOGENIC EFFECTS OF

NICOTINE AND SMOKELESS TOBACCO
The user of smokeless tobacco is systematically exposed to s:g'mﬁ

cant amounts of nicotine, apobentmuitlsystem pharmacologic agent.

This chapter addresses the physiologic effects of nicotine upon the car-

diovascular, nervous, and endocrine systems and the possible roles of

nicotine in the pathogenesis of a variety of diseases. .. _

Nlcotine is descnbed in_pharmacology I;extbooks as a st;xmuiant of

muscarinic receptors). However, in vivo the actionsof n:icotine are far

more complex dependmg on the dose, target organ, prevalent_auto-

nomic t¢"~. and previous. exposure history (tolerance). (1,2). For pur-

poses x « tais 1eview, the focus is on the effects of nicotine in humans:

san data are lacking and animal studies provide important

1forn_:tion abont physmiogm effects; those studies are also discussed:

. Most data on iiie actions of nicotine in humans derive from studies of

the effects of cigarette smoking; comparing cigarettes with and without

nicotine, and_studies of the effects of intravenous nicotine. These
studies provide the basis. fpr our understanding of the human pharma-
cology. of nicotine. However, as noted previously; actions of nicotine

from smokeless tobacco and nicetine viz inhalation or intravenous infu-

sion may differ:

Physlologie Erfects ef Nleotme

Cardmvascular System -

“The predominant cardiovascular scuions of nicotine result from ac-
tlvatlon of the syimipathetic nervous systeir. Smokmg a cigarette in-
creases the heari rate (10 tc 20 BPM), blood pressure (5 to 10 mmHg),
cardisc stroke volume and cutput, and coronar; -} flow 135). Smok-
ing may have different effects in smokers with coronary heart disease.
I* may reduce left ventricular contractility and cardiac output (6), ef-
fects that are believed to be releteqa to myocardidl ischemia due to
smoking-mediated tachycardia and the effects of carbon monoxide.
Coronary blood flow may also decrease after smoking, whi.t. possibly is
related to a nicotine-mediated increase in coronary vascular resistance
(7 8) Smokmg, or mcotme mtake, cause: cutaneous vasoconstnctmn

constnctlon. and increased musile k ood flow (9-11).

Smicking results & : 'untmg concentrations of norepi-
nephving, consistent w.i .. ergicstimulation, and epinephritie,
indicating udrenal . . B Tation {3). Circulatuig free fatty
acids glycerol, and lacf.a. snt . ¢ ons increase. Cardiovascular and

mieta »lic effects arc prevented by corbined alphe and beta adrenergic
blnckade, which indicztzs that the cardiovasculer etfects of cigarette
smoking are mediated by activation of the symps‘betic nervous
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system. Smoking-induced reduction in skin blood flow also zn be

antagonized by a vascular vasopressin antagonist, which suggests a
role for vasopressin in mediating some cardiovascular responses {2).

- The cardiovascular effects of oral snuff have been examined system-
atically in only one study (13). Changes in heart rate and blood pressure
that are similar in magnitude to those of cigarette smoking ‘were ob-
served. However; the time course appears to be slower than the

resporise to cigarette smoking; with maximum effects observed at 5 to
10 minutes after a dose of oral tobacco. Similar findings, along with in-

creased myocardial contractility and coronary, femoral, and renal blood
flow, were also noted in anesthetized dogs after the administration of
oral tobacco (13). Thus it appears that single doses of smokeless tobac-
co can produce hemodynamic effects that are similar to those of
cigarette smoking. Whether such changes are sustained throughout the

day with repeated daily doses remains to be established:

Central Nervous System . ) o

Although smiokers give different explanations for why they smoke,
most agree that smoking produces arousal; particularly with the first
few cigarettes of the day, as well as relaxation; especially in stressful
situations (14). Desynchronization, decreased alpha and theta activity,
and increased alpha frequency that is consistent with arousal are the
usual electroencephalographic responses to cigarette smoking (15,16).
These effects are blocked by mecamylamine; a centrally active nicotinic
receptor antagonist, which indicates a role for nicotinic cholinergic
receptor activation (17). Tobacco abstinence is associated with effects
that are opposite those of smoking, ncmely, increased alpha power and
reduced alpha frequency (15,18).

Endocrine System S : :
- Cigarette smioking and nicotine have been reported to increase <ircu-
lating levels of catecholamines, vasopressin, growth hormone; cortisol,
ACTH, and endorphins {3,19,20).  _ L -

_ Nicotine inhibits the synthesis of prostacyclin in rabbit aorta and
human peripheral veins and the hypoxia-induced release of prostacyclin
from rabbit hearts (21). Cigarette smoking has been reported to decrease
the urinary excretion of prostacyclin metabolites in hurans; which sup-
ports the prediction from animal studies (22). Prostacyclin has anti-
aggregatory and vasodilating actions that are believed to play a homeo-
static role in preventing vascular thrombosis.

Nicotine, Smokeless Tobacco,; and Human Diseases
.. As attested to in the Surgeon General’s repoits since 1964, smoking
is a major risk factor for coronary and peripheral vascular disease,

cancer, chronic obstructive lung disease, peptic ulcer disease; and repro-
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ductive disturbances, mcludmg prematunty 'Ibbacco smoke is a com-

plex mixture of chemicals, including carbon monoxide, many of which

are beheved t;o contnbute to human disease: Smokeless tobacco

hkemse exposes users to a nu.mber of chermicals; particularly nicotine.

Nicotine may play a contributory or supportive role in the pathogenesis

of many smoking-related diseases. That nicotine causes human disease

de novo has not been proven; however, its potential health conse-

quences deserve serious consideration. More direct data on its causal

role are needed:

Coronary and Penphenﬂ Vascuiar Blsease

Nicotine may contribute to atherosclerotic disease by actions on lipid

metabohsm, coagulation; and hemodynamic effects: €Compared to non-

smokers; cigarette smokers have elevated levels of low density (LDL)

and very low density lipoproteins (VLDL) and reduced levels of high

density lipoproteins (HDL): This profile is associated with an increased
risk of atherosclerosis (23); It is hypothesized that nicotine; by releasing
free fatty acids; increases the synthesxs of triglycerides and VLDL by
the liver, which in turn results in decreased HDL production.

In most studies; the blood of smokers is shown to coagulate more
easﬂy {24), platelets are found to be more reactive; and plat;elet survival
is shortened when compared to nonsmokers (25). Thrombosis is believed
to play arole that promotes the growth of vascular endothelial cells that
contribute to the atherosclerotic plaque. The importance of nicotine as a
determinant of platelet hyperreactivity is supported by a study that
shows an apparent relationship between nicotine concentrations after
smoking different brands of cigarettes and platelet aggregation
response {26). Nicotine may affect platelets by releasing epinephrine;
which is known to enhance platelet reactivity; by inhibiting prosta-
cyclin, an antiaggregatory hormone that is secreted by endothelial cells;
or perhaps d1rectly Finally, by increasing the heart rate and cardiac
output, nicotine increases blood turbulence and may promote endo-
thelial mjury. Although several potential mechanisms for promoting
atherogenesis have been considered, nicotine has not yet been demon-
strated to accelerate atherosclerosis in experimental animals. _ _

Nicotine may play a role in causing acute coronary events. Myocar-
dial infarction can occur with one or more of three precipitants: throm-
bosis; excessive oxygen and substrate demand; and coronary spasm.
N xcotme can promot;e thrombosxs as dlscussed prevmusly Nxcotme in-
ygen consumption, Coronary blood flow 1 mcreases ina healthy personto
meet the increased demand. In the presence of coronary heart disease;
ischemia may develop and myocardial dysfunction may occur. Nicotine
may induce coronary spasm by sympathomimetic actions or by the
inhibition of prostacychi. Coronary spasm has recently been reported
to occur during cigarette smoking (27). All of the above may contribute



to the precxpxtatxon of acute myocard.lal infarction in a person with pre-

existing coronary atherosclerosis. .

Cigarette smoke exposure decreases the ventricular flbnllatmn

threshold after expemnenta:l myocardial infarction in dogs (28). How

much of this effect is due_to nicotine and how much is due to carbon
monoxide have not been established: Sudden cardiac death in smokers

might result from ischemia, as discussed above; combined with tlie

arrhythmogenic effect of increased circulating catecholamines.

Hypertensxon
prevalence of hyperbensxon However, a recent preLnnngry report sug-

sted higher blood pressure in young men who used smokeless tobacco

compared to cigarette smokers or nonsmokers {29). Smokers who have

essential hypertension experience an accelerated progression of

vascular and renal disease: Nicotine may contribute to such a process
by producing vasoconstriction or enhancing coagulation. There also

may be other interactions with hypertensive disease: For example; a pa-

tient with a pheochromocytoma developed paroxysmal hypertensxon

and angina pectoris following the use of oral snuff (30} In a controlled

situation; blood pressure was recorded to increase from 110/70 to

300/103 with a heart rate increase from 70 to 110 within 10 minutes

after the use of oral snuff. Rechallenge after surgery for the pheochro-

mocytoma revealed only the usual blood pressure increase:

Peptlc Ulcer Disease
Smoking is strongly related to the preva:lence of peptlc ulcer d1$ease

and failure to stop smoking is the major predictor of failure to respond
to ulcer therapy (3%). Smokmg decreases pancreatlc fluid and bicar-
bnnabe secretlon that result in greater and more prolonged ac1d1ty of

of mcotme have been reported in ammals (33). The swaﬁowmg of tobac-

co jmce that contams large concentratlons of mcotme may concelvably

smokeless tobacco

Pregnancy
Smoking is a malor nsk factor for low birth weight and conse-

quently, fetal morbidity and mortality (34). Tobacco smoke may influ-
ence the fetus either through alterations in maternal physiology that
limit the nutrient flow to the fetus or by the transplacental passage of
smoke components that have direct effects on the fetus: The factors
that are considered most likely to affect the fetus are carbon monoxide
and nicotine, Carbon monoxide inhalation has been shown to increase
carboxyhemoglobin in both maternal and fetal blood that possibly
limits oxygen supply to the fetus (35). However; while newborn infants
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of smoking mothers have higher concentrations of carboxyhemo-
globin than do neonates of nonsmokers, there are only trivial differ-

tobacco smoke. It is more likely that nicotine is important in causing
adverse effects.

_ The effects of nicotine on the fetus miay include a rediction of uterine
blood flow or a direct effect on fetal furiction (37,38). The preserice of
nicotine and its principal metabolites has been demonstrated in the um-
bilical cord blood arid irinie of neWwbort infarits of smoking mothers, as
well as in amniotic fluid, indicating transplacental passage (39).

Nonnicotine-Related Adverse

Metabolic Consequences
_Certain brands of chewing tobacco and enuff contam giycyrr}nzuuc

acxd which is also an ingredient of licorice. Giycyrrhmmc acid has po-

tent mineralocorticoid horn:one activity that can result in potassium

wasting. Two patients who were heavy users of oral smokeless tobacco

developed severe hypokalemia with muscle weakness (and in one case,

evidence of muscle breakdown) that apparently was due to the ingestion

of large amounts of this substance (40} Smokeless tobacco also contains

large amounts of sodium (47) that, if swallowed, may aggravate hyper-

tension or cardiac failure:

References
(1) Comroe,J H The pharmacologzcal actions of nicotine: Arin. N.Y. Acad;

(2) Su. C Actlons of mcot.me and smokmg on circulation. Pharmacol. Ther.
17 129-141 1982

nephrme and epmephrme release and adrenergxc medJatlon of smokmg—
associated hemodytiamic and metabolic events. N. Engl. J. Med. 295:

578-577, 1976:

(4) Irvmg. D.w,, and Yamamotb T Cigarette smokmg and cardiac out-
put. Br. Heart J. 25: 126-132, 1963.

{5) Bargeron, L.M., Ehmke; D., Gonlubol, F., Castellanos; A.; Siegel;, A.;
and Bing, R.J. Effect of cigarette smoking on coronary blcod flow and
miyocardial mietabolisni. Circulation 15: 251-257, 1957.

{6) Peiitéédst B and Sh’ilh"n’g’-fb’rd J T}ie ééﬁte effééts of sihbkihg oh

. e;_;lﬁs 179



8 Reddy, C.VR., Khan. R.G., Feit, A., Chowdry L H and El Shenf N.

Effects of cigarette smoking on coronary hemodynamlcs in coronary
artery disease. Circulation {Abst. ) 68: 165; 1983:

19 Freund J;, and Wa:d C The acute effect of cigarette smokmg on the

digital circulation in health and disease. Ans. N.Y: Acad. Sci. 90:
85-101; 1960.
{10) Eckstein, J:-W;; and Horseley, AW. Responses of the penpheral veins

in man to the intravenious administration of nicotirie. Ann: N.Y. Acad.
Sci. 90: 133-137, 1960.
(11) Rottenscein, H., Peirce, G, Russ, E., Felder D., and Montgomery, H,

Influence of nicotine on the blood fiow of resting skeletal muscle and of
the digits in normal subjects. Ann. N.Y. Acad. Sci. 90: 102-113, 1960;

112) Waeber; G, Schaller, M., Nussberggr. J Bussxen, ;} Hofbauer K.G.,

and_ Brimnéx:, H.R. Skin blood flow reduction induced by cigarette
smoking: Role of vasopressin. Am. J. Physxol. 247: 11895-H901, 1984

13) Sqmres,WG Branton;, T’A”kagraf S., Bonds, D., Hartung, G H.,

Murray; T.; Jackson; A:S;; and Miller; R:R: Hemodvnamlc effects of

oral smokeless tobacco in dogs and young adults. Prev. Med. 13:
195-206, 1984.

(14) Henmngﬁeld JE. Behavmral pharmacology of cxgarette smokmg in

t;obacco mthdrawal Psychophysxology 20 507-512 1983
(16) Knott, V.J.; and Venables, P.H. EF G alpha correlates of nonsmokers,

smokers and smoking deprivation. Psychopharmacology 14; 150-156;
1977.
a7 Dommo, EF Behavmrai; eiectrophysmloglcai, endocnm,. and skeletal

muscle actions of nicotine and tobacco smoking: In: A: Remond and €:
Izard (eds.). Electrophysiological Effects of Nicotine. Amsterdam,
Elsewer/North Holland Bioiedical Press, 1979, pp. 133-146.

(18) Ulett; J.; and Itil; T. Quantitative electroencephalogram in smoking
and smokmg depnvatlon Scxence 164 969-970, 1969

smokmg on serum somat;otropm unmunoreactlve msulm and blood

glucose levels of young adult males: J. Pharmacol. Exp. Ther. 184:

787-791, 1973. :
{20) Pomerleau; O.F., Fertlg. J B Seyler, LE and Jaffe, J Neuroendo-

crine reactivity to nicotine in smokers: Psychopharmacology 81: 61-67,
1983.

(21) Wennmalm, A: Nicotiie mh}bxts hypoxm and arachidonate-induced
release of prostacyclin-like activity in ractit hearts. Br. J. Pharmacol,
69: 545-5649, 1980.

{22) Nadler, J.L, Velasco, J.S., and Horton R Clgarette smokmg inhibits

pEo’st’ac’ycim formation: Lancet I: 1248-1250; 1983:

196



(23) anchett,o CS Connor. W.E, Connor SL and Matarazzo. J.D.
Plasma lipid and lipoprotein |;.ofiles of cigareite smokers from ran-

domly selected families: Enhancement of hyperlipidemia and depres-
sion of hlgh-densrty llpoprotern Am. J. Cardiol. 52: 675-680, 1983.

(24) Rxlhmona. J.D., Pozner, H., Met;selaar. B Best FW and James,
D.C.O.. Effect -of cigarette -smioking on llplds, hpoprotems, blood

coagulation, fibrinolysis and cellular components of human blood.
Atherosclerosis 21: 61-76; 1975.

{25) Mustard, J.F.; and Murphy; E.A. Effect of smoking on bload coagula-
tion and platelet survival in man. Br. Med. J. 1: 846-849, 1963.

(26) Renaud S Blache D Dumont E Thevenon. C and Wrssendanger,
T. Platelet function after cigarette snioking in relation to nicotine and

carbon monoxide: Clin: Pharmacol. Ther: 36: 389-395, 1984.

(27) Maouad, J;; Fernandez; F:; Barrillon; A;; Gerbaux. A;; and Gay; J. bif-
fuse or segmental narrowing {spasm) of the coronary arteries during
smoking demonstrated on angiography. Am. J. Cardiol. 53: 354-355,
1984.

(28) Bellet, S;, DeGuzman, N.T;, Kostis, J.B., Roman, L., and Fleischmann,

D. The effect of inhalation of cigarette smoke on ventricular fibritlation
threshold in normal dogs and dogs with acute myocardial infarction.
Am. Heart J. 83: 67-76, 1976.

29) Schroeder K.L., and Chen M S Smokeless tobacco and blood pres-
sure; N Engl. J. Med: 312 919; 1985,

(30) McPhaul, M:, Punzi, H:A;; Sandy, A;, Borganellr M., Rude, R:, and

Kaplan; N.M. Snuff-induced hypertension in pheochromocytoma:
JAMA 252: 2860-2862, 1984.

(31) Korman. M G Shaw. R G Hansky, J. Schmldt G .T., and Stern. A.I.
Influence of smoking on healing rate of duodenal ulcer in response to
cimetidine or high-dose antacid: Gastroenterology 80: 1451-1453, 1981:

132) Murthy, S:N:S;; Dinoso, V.P., Clearfield; H.R:, and Chey,WY Simultane-
ous measurement of basal pancreatic, gastric acid secretion; plasma
gastrin, and secretin during smoking. Gastroenterology 73: 758-761,
1977.

{33) Konturek, S.J., Dale, J., Jacobson, E.D., and Johnson, L.R. Mecha-
nisms -of nicotine-induced inhibition of paticreatic secretion of bicar-

bonate in the dog. Gastroenterology 62: 425-429, 1972.

(32) Abel, E.L. Smokmg durmg preghancy: A review of effects on growth
and development of offspring. Hum; Blol 52: 593-625, 1980;

(35} tongo. E:D: The brologrcai effects of carbon monoxide on the pregnant
womauy, fetus and newborn infant. Am. J. Obstet. Gynecol. 129; 69, 1977.

{36) Bureau, M.A., Shapcott, D.; Berthiaume,; Y., Monetts, J., Bl:,vm; ),
Blanchard, P., and Begin, R. A study of P50,2 3fd.ip'}ioép'hoglyéeraté
total hemoglobm. hematocrit and type F hemoglobin in fetal blood.

1 97 181

Pediatrics 72: 22; 1984:



(37) Ayromlooi, J., Desiderio, D., and Tobias, M. Effect of nicotine sulfate
on the hemodynamics and acid base balance of chronically instru-

~ mented ﬁiééiiéiitéhgep. Dev. Pharmacol. Ther. 3: 205-213, 1981.

(38) Resnik, R. Britik, G.W., arid Wilkes, M. Catecholamine-mediated reduc-
tion in uterine blood flow after nicotine infusion in thé pregnant ewe.
J. Clin, Invest. 63: 1133-1136, 1979,

(39 Hibberd, A.R., O'Connor, V., and Gorrod, J.W. Detection of nicotine,

nicotine-1-N-oxide and cotinine in maternal and fetal body fluids. In:
J.W. Gorrod (ed.). Biological Oxidation of Nitrogen. Amsterdam,
Elsevier, 1978, pp. 353-361. 7 o
(40) Valeriano, J.; Tucker, P., and Kattah, J. An unusual cause of hypoka-
lemic muscle weakness. Neurology 33:1242-1243, 1983,
(47) Hampsor; N:B: Smokeless is not saltless. N. Engl. J. Med. 312* 919,
1985.

CONCLUSIONS
1. The use of smokeless tobacco products can lead to nicotine
dependence or addiction:

2. An examination of the pharmacokinietics of nicotine (i.e.; nico-
tine absorption, distribution, and elimination) resulting from
smoking and smokeless tobacco use indicates that the magni-
tude of nicotine exposure is similar for both. -

3. Despite the complexities of tobacco smoke self-administration;

systematic analysis has confirmed that the resulting addiction
is similar to that produced ard maintained by other addictive
drugs in both humans and anir \als. Animals can learn to dis-
criminate nicotine from other substances because of its effects
on the central nervous system. These effects are related to the

dose and rate of administration;, as is also the case with other
driigs of abuse, -
4. It has been shown that nicotine functions as a reinforcer under a

variety of conditions. It has been confirmed that nicotine can
function in all of the caperities that characterize a drug with a
liability to widespread abuse. Additionally, as is the case with
most other drugs of abuse, nicotine produces effects in the user
that are considered desirable to the user. These effects are

caused by the nicotine and not simply by the vehicle of delivery
(tobacco or tobacco smoke).
5. Nicotine is similar on all critical measures to prototypic drugs of

abuse such as morphine and cocaine. The methods and criteria
used to establish these similarities are identical to those used for

other drugs suspected of having the potentisl to produce abuse

and physiologic dependence. Specifically, nicotine is psycho-
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acnve producmg transxent dose-reiated changes in mood and

feeling: 1t is a euphoriant that produces dose-related increases in

scores on standard measures of euphoria: it is a reinforcer_(or

reward) in both human and animal intravenous se!f-administration

é@i&z@é@éﬁaﬁé,ééﬁééﬁ@,@é@§§qseéd9iti9@ﬂz-

dependence Taken together these results confirm the ﬁypothesxs

that_the role of nicotine in the cdmpiﬁslve use of tobacco is the

same as the role of morphme in the compulsive use of opium

denvatlves or of cocaine in the compulsive use of coca deriva-

6. The evidence that smokeless tobacco is addicting mcludu the
pharmacologic role of nicotine dose in regulating tobacco intake;
the commonaiities between nicotine and other prototypic
dependence-producing substances; the abusc liability and depen-
dence potential of ricotine; and the direct, albeit limited at pres-
ent, evidence that orally delivered nicotine retains the character-

isticc of an addictive drug:

7. Several other characteristics of tobacco products in general,
including smckeless tobacco, may function to enhance further the
number of persons who are afflicted by nicotine dependence:
nicotie-delivering products are widely available and relatively
inexpensive; and the self-administration of suich products islegal,
relatively well tolerated by society, and produces minimal disrup-
tion to cogtitive arid beliavioral performance. Nicotine produces
a variety of individual-specific therapeutic actions such as mood
and performance enhancement; and the brief effects of nicotine
ensiite that conthlomng occurs, because the behavior is
associated with numerous co:comitant environr.iental stimuli.

8. All commonly marketed and consumed smokeless tobacco prod-
ucts contain substantial quantities of nicotine; the nicotine is
delivered to the central nervous system in addictiiig guartities
when used in the fashion that each forin is conmimonly used (or as
recommended iii sSmokeless tobacco marketing carnpaighs).

9. Since the exposure to nicotine from smokeless tobacco is siinilar
in magnitude to nicotine exposure from cigarette smoking; the
health consequences of smoking that are caused by nicotine also
would be expected to be hazards of smokeless tobacco use. Areas
of particular concern in which nicotine may play a contributory or
supportive role in the pathogenesis of dlsease mclude coronary
artery and peripheral vascular disease; h: sion, peptic ulcer
disease, and fetal mortality and morbidity.
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RESEARCH NEEDS

Aiiéiléble dété éléérly support the view that niéotine brodiiéés behéii-
sions exemphfled by a dlfug witha proﬁle of lngh abuse lrabﬂxty Never-
theless, the resolution of several questions is essential. These questions
revolve around the relationships between the several forms of tobacco
use. They parallel and have commonalities with important issues in other
forms of drug abuse {e.g.; cocaine). There are several major research areas
that could provide data of potential public health significance. _

The first area of research is the relationship between the rate of nico-
tlne administration and abuse liability. Existing data suggest that the
slowest commercxally ava.l.lable mcotme-releasmg preparatlon mcotme

the possxblhty that there rmght be quantlﬁable differences in abuse
liability ainong tobacco product forms.

The second area of research importance involves the relatlonshlp be-
tween the initiation uf one form of tobacco uise, e.g.; smokeless tobacco;
and the use of other forms of tobacco, e.g.; cigarettes. The relationships
between common forms of tobacco use, the extent to which they are
interchangeable, and the possibility that the use of one form of tobacco
leads to the use of another need examination.

A third area of specific importance relates to iheé extent 6 which
tobacco use, ,wlth, its implicit acceptarice, encolirages other drug tise. A
related question is the extent to which exposure to drug effects, both
neurologic and behavioral, modifies subsequent drug responses or
establishes the conditions for other equally harmful drugs to become
reiiiforcers. These issues follow from the observations that cigarette use
is a major correlate (possibly a *stepping stone") of other kinds of drug
dependerice and that regular tobzcco use geneially leads to other forms
of drug addiction.

A fourth area of research 1s preventlon and treatment Recent sur-
veys mdlcate that youth attribute negligible risk to smokeless tobacco
prodiicts, suggesting the possible need for education-based prevention

treatment o0111d beoieven greater relatlve utility for smokeless tobacco
tisers than for cigarette simokers because of the riore siinilar pharmaco-
kinetic profiles of smokeless tobacco- and gum-deiivered nicotine com-
pared to cigarette smoke-delivered nicotine. -

The absorption and distribution characteristics of nicotine with the
use of smokeless tobacco may differ from those of cigarette smoking.
The pharmiacodyiaiiiic ard pharimacologic coiiseqiiences of siich dif-
fererices may be importait but require additional futiire research. Fur-
ther studles to defme more preclsely the ro‘e of mcotlne and of
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involve the cral cavity are clearly needed. Specifically, research is
needed to:

Detemﬁne mcotme blood leveis and txme course in various popula-

tions of smokeless tobacco users, including established users:

Determme the cardlovascular hormonal, and metabollc effects of
smokeless tobacco when used in a regular fashion throughout the
day.

Bet;eniﬁne the mﬂuence of the rate of absorptxon of mcot'ne on the

effects from smoking cigarettes and the use of smokeless tobacco:
Using experimental studies, determine the effects of smokeless
tobacco in users of differenit ages and high-risk §tétii§ {i.e.; patients
with hypertension, coronary heart disease, peripheral vascular
dlsease, and peptlc ulcer)

Using epldemmiogtc stud:es, detenmm the mk potent;mi of the

regular use of smokeless tobacco on the development of diseases

such as coronary heart disease, peptic ulcer, and complications of
pregnancy.
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studies in Scandanavia, 111-112
studies in the United States, 107,

108-109; 110-112

MUTAGENICITY ASSAYS AND
OTHER SHORT-TERM TESTS
(See also ANIMAL MODELS)
chewing tobacco, 88
snuff, 88
t;obacco-specxfxc N-nitrosamines;

88-89

NASAL NEOPLASMS
posterior nasal space tumors, 48
relation to snuff use, 48

Nass, See ASIAN DATA

NATIONAL BLADDER
CANCER STUDY -
relation to smiokeless tobacco

use; 52-53 -

NATIONAL BLOOD CANCER
STUDY-
survey data, 16 - -
NATIONAL HEALTH INTER-
VIEW SURVEY (NHIS)
survey data, 10, 14-15

NATIONAL INSTITUTE ON
DRUG ABUSE (NIDA)

__survey data, 13-15 -

NATIONAL PREIZLENCE OF -
CURRENT USE OF SNUFF BY _.
GENDER, AGE, ANDRACEMR
1980 THROHGH 1.985 1

SMOKELESS TOBACCO USE BY
ADULT STATUS AND SEX,
NIDA SAMPLE, 1985, 13 -
NATIONAL PREVALENCE OF
SMOKELESS TOBACCO USE:
DATA SOURCES, 9
NATIONAL SURVEY DATA
concliisions, 24-25
Current Population Survey, 12; 14
discussion of data, 14-15
Nationhl Health Interview
Survey, 10, 14-15
National Institute on Drug
Abiise Houisehiold Survey, 13- 15
Office on Smoking and Health
Surveys, 7, 10, 12, 14
Simmons Market Research
Biiredi, 10, 12, 14-15




NEUROADAPTATION (See also
PHYSICAL DEPENDENCE
POTENTIAL OF NICOTINE,
PHYSIOLOGIC "FFECTS OF
NICOTINE)
defined, 145 _
demonstrated, 153
nicotine, 162 -

NICOTINE (See aiso PHARMA-
COKINETICS OF NICOTINE,
NICOTINE ADDICTION,
NICOTINE EXPOSURE, _
ABUSE LIABILITY, PHAR-
MACODYNAMICS OF NICO-
TINE, PATHOLOGIC
EFFECTS OF NICOTINE, AND
SMOKELESS TOBACCO)
absorptlon, 141-142, 185
cotinine levels; 143
dependence, 154
distribution, 142
elimination, 142-143
habituating agent; 58
levels; 143
physical dependence; 162-166
self-administration, 159-161
therapeutic effects; 154-155

__turnover, 143 . . _

NICOTINE ADDICTION (See also
NICOTINE EXPOSURE;
PHYSICAL DEPENDENCE _
POTENTIAL OF NICOTINE)
commonalities with other

addictive substamnces; 146-147;
- 152-157,-184 - --
dose mamnipulations; 153
encourages other drug use, 184
pattern of use, 152 B
relation to smokeless tobacco, 58,
144-147, 152, 185
self-administration, 152-153
social tolerance; 156
therapeutic effects, 154-155

tolerance of use developed; 153
treatment for, 155-156

NICOTINE ADDICTION
TREATMENT

nicotine guam, 156
pretreatment; 156
substitution; 156
supportive therapy, 156
NICOTINE CHEWING GUM
as substitution, 156
reinforcing properties; 166-167
research nieeds, 184
self-administration; 167

NICOTINE EXPOSURE
(See also NICOTINE,
delivery to the central nervous
__system, 147
other physmloglcal effects;
vili, xxii, xxvi

pharmacokmetlcs xxiv; 141-144
peer pressure,-147, 152
remnforcer for animals; 147
relation to addlctlon. XXIV-XXV,
144157 -
NICOTINE SELF-ADMINISTRATION
PATTERNS, 161
NMOR (See also
ABBREVIATIONS)  __
metabolism in rats, 74-75
N-NITROSAMINES
{See also CARCINOGENS)
exposure in nontobacco
_products, 64, 64
in snuff, 60
in tobacco leaves, 59
metabolized by tissue, 70-75
nonvolatile: 60, 62
tobaccao-specific, 60; 63
__volatile; 60, 61.. _
N-NITROSAMINES IN SMOKELESS
__TOBACCO, 59
NNK (See also
ztBBREVIATIONS)
_metabolism in rats. 71-73
NNN (Seealso__ . .
ABBREVIATIONS)
metabolism in rats; 73-74
relation te bueeal mucosa, 73
_relation to lingual mucosa, 73- . -
NONCANCEROUS CONDITIONS
{See also. PRECANCEROUS
CONDITIONS)
relation to smokeless tobacco,
NONVOLATILE NITROSAMINES
INSMOKELESS TOBACCO
(PPB), 62

OFFICE ON SMOKING AND
HFEALTH (OSH).

_ survey data, 7, 10, 12; 14

ORAL CANCER (See also ORAL
LEUKOPLAKIA, ORAL SOFT
TISSUES, I:.IPNEOPLASMS
MOUTH NEOPLASMS,
CHEEK NEOPLASMS,; AND
TONGUE. NEOPLASMS)
case studies; 34-41
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ORAL CANQEBEQQ(Z
epidemiologic studies; 33-55

__in rats, 72, 79, 84-86, 88-89

ORAL LEUKOPLAKIA

causation, vii

defined; 113
prospective study, 118

relation to smokeless t;obacco. viii;
xxiii-xxiv, 107, 110-112, 121 -

studies in Scandanavia; 111-112
studies in the United States, 107,
108-109, 110-112

ORAL SOFT TISSUES
clinical reports of lesions; 114-117
cohort-studies, 117-119
definitions; 113-114
oral lesions, 119-120

transformation; 113-123

PANCREATIC NEOPLASMS
chewing tobacco use, 54-55
PARANASAL SINUS
NEOPLASMS
__relation to snuff use, 48 .
PATHOLOGIC EFFECTS OF
NICOTINE AND SMOKELESS
TOBACCO
coronary and peripheral vascular
disease, 177-178
hypertensxon, 178 .

consequences; 179 _

peptic ulcer disease, 178

_pregnancy risks,; 178-179
PERIO!)QN:I‘AL TISSUE

DEGENERATION (See also

MUCOSAL PATHOLOGY,

GINGIVAL AND

PERIODONTAL HEALTH)
_ and teenagers; 110
PERMISSIBLE LIMITS FOR

INDIVIDUAL N-NITROSAMINES

IN CONSUMER PRODUCTS, 65
PHARMACODYNAMICS OF

NICOTINE

Liking Scale, 158

Morphine Benzadrine Group

Scale, 158

research needs; 184

self-administration
_ _- implications; 162 _ _ _ _
PHARMACOKINETICS OF

NICOTINE .
absorption, 141-142

cotmme blood levels; 143
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PHARMACUKINETICS OF
NICOTINE—Cont .
distribution, 142
elimination; 142-143 .
levels in smoke.zss tobacco, 141
rdcotine biood levels; 143
time course of turnover, 143

PHARYNGEAL NEOPLASMS
case-control study, 37, 38, 39 40

_ cohort study; -

PHYSICAL DEPENDENCE
POTENTIAL OF NICOTINE _
{See also NEUROADAPTATION)
defined, 145, 162 -
determination; 153-154 N
evidence for physical dependence,

157-166 _ _..
evidence of mthdrawal

: symptoms 164 166 .

gum,; 167 . o
studies conducted 157, 162-163

_tobacco withdrawal; 163-164
PHYSIOLOGIC EFFECTS OF

NICOTINE (See also NEURO-

ADAPTATION, PHYSICAL _

DEPENDENCE POTENTIAL

OF NICOTINE} o

cardiovascular system, 175-176 _

central nervous system,; 147, 176,

- 183

differentiation possible; 162

endocrine system, 176

pleasant effects produced; 162;

176

PLAQUE ___

defined, 128

use of smokeless_tobacco; 130
Plug, See CHEWING TOBACCO
Polonium-210 (210Pg),

See CARCINOGENS
Polynuclear Aromatic.

Hydrocerbons (PAH),

See CARCINOGENS
POSTERIOR NASAL SPACE

TUMORS

relation to liquid snuff; 48
PRECANCEROUS CONDITIONS

{See elso NONCANCEROUS

CONDITIONS} = =

Advisory Committee Report, xxi

defined; 113 . _ .

relation to leukoplakia, 119

relation to smokeless tobacco, xxi



PRECANCEROUS LESION
deiined; 113~ __
_ oral Jesions, 119
PREVALENCE OF SMOKELESS
TOBACCO USE BY CENSUS
REGION, 1985,16 = =
PREVALENCE OF USE OFSMQH—
LESS TOBACCO AMONG YOUTH
BY GENDER AND GRADE:
LOCAL SURVEYS USING STAN-
_ DARDIZED QUESTIONS, 21-22
PREVALENCE OF USE OF SMOKE-
LESS TOBACCO AMONG YOUTH
BY -GENDER AND GRADE:
REGIONAL AND STATE LEVEL
SURVEYS REPORTED SINCE
1980, 1819 B
PREVALENCE OF SNUFF AND.
CHEWING TOBACCO USE BY
ADULTMALESIN 10 . __
GEOGRAPHIC AREAS, 17-.
PREVALENCE OF SNUFF USE _
18 YEARS OF AGE GR OLDER
BY GENDER AND YEAR, 12
PREVALENCE OF THE USE OF
SNUFF AND CHEWING TOBACCO
AMONG MALES BY AGE, 1970
NHIS AND 1985 CPS SURVEYS, 11

Qiiiiié See ASIAN DATA

RECENCY OF SMOKELE&S’ )
TOBACCO USE BY SEX AND
AGE GROUP, 13

RELATIVE RISK OF ORAL CANCER
FROM BETEL QUID WITH AND
WITHOUT TOBACCO (WITH 95
PERCENT CONFIDENCE
LIMIT), 43

REEATIVE Rtﬂﬁs OF _
E\S'OPHZGEALEANCER BV
PERSONS EXPOSED T0 CHEW-
ING TOBACCO AND SNUFF:
SUMMARY OF FOUR CASE
CONTROL STUDIES, 49

Renal Neoplasms; See URINARY
TRACT NEQPLASMS

RESEARCH NEEDS -
carcinogenesis; 93-94 . _ __
nicotine expostre, 184-185
oral health effects 131-132
prevalence/trends of use, 25
standardizing methods; 25

SALIVA ANALYSIS

_ of snuff dippers, 64

SALIVARY GLANDS
effects of smokeless tobacco,

... 101-108 126-128

SCH&‘ME’ LINKING NICOITVE’ 70
PROMUTA GEAYGI)NA ADDUCT
- OSMETHYLGUANINE, 72

SELECTED STUDY SUMMARIES
FOR MNQMSWVCERO&'S .

_ T0Ba CCO -100-105

SIALADENITIS
defined, 123 .- .-

relation to smokeiess t;obacco, 127
relation to snuff dippers, 127
SIMMONS MARKET _
RESEARCH BUREAU.
survey data, 10, 12, 14-15
SMOKELESS TOBACCO (See also
CHEWING TOBACCO, SNUFF)
carcinogenesis associated with,
.3398 .
chemical eonstituents, 58-69
cohort studies; 41-42 .
commenalities with other
addictive substances; 146-147;
152:157
conclusions; 24-25, 92-93;
130-131,182-183 -
effect on oral leukoplakia/
mucosal pathology, 107-112
epidemiologic studies and case
reports of oral cancer, 33-44
epidemiologic studies of other
cancers,-47-55- - - - -
evidence for abuse and
___dependence, 166-167- -
experimental studies expoomg
laboratory animals, 78-79
experimental studies of abuse
and dependence, 157-166
metabolism of constituents; 70-75
nicotine addiction, 143-146
nicotine exposure; xxiv; 141-185
noricancerous and precancerous
oral health effects,; xxili-xxiv,
-99-130 o
pharmacokinetics of nicotine;
(141-144 S
physiologic and pathologic
effects; 175-179
prevalence and trends of use,

xxii, 4-24
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SMOKELESS TOBACCO—Cont.
product characteristics, 5
research needs, 25; 93-94,
131-132, 184-185

transformation of oral soft
tissue, 113-120

trends in production and sales
5,7

trends in selfreported use, 7, 10,

_.-12-17,20,24_  ___ ___ ___ __

SMOKELESS TOBACCO AND MAD
ANDNECK CANCER BY ANA-
TOMIC SITE, CASF-CONTROL
DATA FROM VINCENT AND_ __
MARCHETTA, MALES ONLY, 38

SMOKELESS TOBACCO AND
MOUTH CANCER, CASE-
CONTROL DATA ﬂ?OM
MOOREET AL, &

SMOKELESS Tﬂ&leﬁﬂAND
MOUTH CANCER, CASE-
CONTROL DATA FROM
PEACOCK ET AL., 37

SNUFF (See also SMOKELESS
TOBACCO, BIOASSAYS,
ANIMAL MODELS)
case-control studies, 37, 40

charactenstxcs 5
dry, 7 -

hxst;oncai uses. xvm xix

relation to caricer, Zl 53-55
__saliva analysis; 64 ]
SNUFF-DIPPER’S CARCINOMA

defined; 113 .

exposure to nitrosamiines, 64

oral lesions, 120

reports, 35

Scandinavian study; 111
SQUAMOUS CELL CARCINOMA

case studies, 34-36

clinical study, 117

defined, 114

oral lesions, 1 19-120
__snuff and ear neoplasms; 47
STAINING (DENTAL)
__defined, 129
STATE AND LOCAL SURVEY

DATA

adolescent use; 17; 2C, 24-25
__adult use, 16-17_ -
STOMACH NEOPLASMS

relation to smokeless tobacco,

51-52
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Substitution Therapy, See
NICOTINE ADDICTION
TREATMENT

SUMMARY OF DATA: LIABILITY
OF NICOTINE AS TOBACCO
SMOKE OR MRAPEVOUS
_INJECTIONS, 159 - - -

SUMMARY OF REPORTS'IN - - -
WHICH NICOTINE WAS AVAIL-
ABLE UNDER INTRAVENGUS
DRUG SELF-ADMINISTRATION
PROCEDURES. 148-151

SUMMARY OF SELECTED CASE
REPORTS, 106-- - - --

Supportive Therapy; See
NICOTINE ADDICTION
_ TREATMENT

Surgeon -General's Advisory

Gommlttee on theHealth
T&B&ém,ﬂeatﬂViSﬁRY
COMMITTEE TO THE SUR-
GEON GENERAL; REPORT

TEETH - -

dental caries; 129-130.

effect of smokeless tobacco,

128-130 _

other hard tissue effects, 130
THERAPEUTIC EFFECTS OF

NICOTINE

as an anoretic, 154

mood regulator, 154

performance of cognitive tasks,

154

self-medication; 155 _ .

work enhancement, 154
THIRD NATIONAL CANCER

STUDY (TNCS)

bladder cancer;, 54 _

laryngeal neoplasms, 50-51

other cancer sites; 55

stomach neoplasms, 52

TOBACCO SNIFFING

rare practice, xvii -
TOBACCO-SPECIFIC -

N-NITROSAMINES IN SMOKE—

LESS - TOBACCO{FPPB), 63
TOBACCOSPECIFIC

- U.S. BRANDS, 1985, 66-_ .
TOBACCO WITHDRAWAL _

{See also PHYSICAL DEPEN-

DENCE OF NICOTINE)

evidence of symptoms, 164- 166



study findmgs 165
symptoms, 163-164
University-of Minnesota
_ __studies, 164-166
TONGUE NEOPLASMS (See also
ORAL CANCER, MOUTH
NEOPLASMS)
__case-control study, 36; 120
TRENDS IN PRODUCTION
AND SALES
categories-of products; 7
temporal trends, 7
United-States Department of
____Agriculture (USDA) reports, 5
TRENDS IN SELF-REFORTED
USE: SURVEY DATA
national survey data, 7; 10, 12-15
state and local survey dats;
15-17, 20, 24

Twist, See CHEWING TOBACCO

URINARY TRACT NEOPLASMS
case-control studies, 52-54

relationship to smokeless
tobacco, 52-54

2

EEEQFSMW(EEE‘SS,’IDBACCOIV
THE UNITED STATES BY
INDIVIDUALS OVER 21 YEARS
OF AGE, 10

VARIATIONS IN mzws USED AND
DEFINITIONS PROVIDED FOR-
GINGIVITIS AND GINGIVAL RE-

- CESSIONBY STUDIES CITED, 124

VARIATICNS IN TERMS USED AND

DEF?NIZ'IONS PROVIDED FOR

UKOPLAKIA/MU

[COSAL
PAIEOLOGY!ASSOM
WITH SMOKELESS TOBACCO
USED BY STUDIES CITED,
168109

VERRUCOUS CARCINOMA
defined, 114

__dysplastic lesions, 131

VOLATILE NITROSAMINES IN
S SMOKELESS TOBACEO (PPB),

WORLD HEALTH
OP.GANIZATION (WHO) _
Committee on Drug Dependence,

145 .
defines oral leukoglakla 107

differing diagnoses; 123

10
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Aruitoxt provided by Eic:

ions of applicable public laws enacted
ed Stetes shall, on the grounds of race;

DISCRIMINATION PROHIBITED: Under prov
by Congress since 1964, no person in the United ¢
coler, national origin, handicap, or age, be excluded from participation in, be denied
the benefits of, or be subjected to discrimination under any program or activity for,
on the basis of sex. with respect to any education program or activity) receiving
Federal financial assistance: In addition, Executive Order 11141 prohibits discrimi-
nation on the basis.of age by contractors and subcontractors in the performance of
Federal contracts, and Execotive Ordar 11246 states that no federally funded con-
tractor may discriminate-against any employee or _applicant for employment
because of race, color, religion; sex; or national origin. Therefore, the Public Health
Service miust be operated in compliance with these laws and Executive Orders:
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