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The purpose of this paper is to review the epidemiologic evidence for the effects of tobacco
use and tobacco use cessation on a variety of oral diseases and conditions. Exposures
considered include cigarette and bidi smoking, pipe and cigar smoking, and smokeless
tobacco use. Oral diseases and disorders considered include oral cancer and precancer,
periodontal disease, caries and tooth loss, gingival recession and other benign mucosal
disorders as well as implant failure. Particular attention is given to the impact of tobacco
use cessation on oral health outcomes. We conclude that robust epidemiologic evidence
exists for adverse oral health effects of tobacco smoking and other types of tobacco use.
In addition, there is compelling evidence to support significant benefits of tobacco use
cessation with regard to various oral health outcomes. Substantial oral health benefits can
be expected from abstention and successful smoking cessation in a variety of populations
across all ages.
Key words: Smoking, smokeless tobacco, oral cancer, pre cancer, periodontal disease,
tooth loss, implants, dental caries, smoking cessation

Tobacco is used in a variety of ways, mostly as smoked,
but many populations use smokeless tobacco, which
comes in two main forms; snuff (finely ground or cut
tobacco leaves that can be dry or moist, loose or portion
packed in sachets) and chewing tobacco (loose leaf, in
pouches of tobacco leaves, plug or twist form). This
review examines the oral health risks of both smoked
and smokeless tobacco.
This literature review aims to present published
evidence regarding our current understanding of the
epidemiology, aetiology and pathogenesis of tobacco
use-related disorders. In addition we also review significant improvements in oral health following cessation.
The focus of the review is on the adverse effects of
tobacco on several oral disorders including oral cancer,
other oral mucosal disorders, periodontal disease and
tooth loss, and how tobacco affects clinical management
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such as implantology, and to discuss the oral health
benefits of tobacco cessation.
Smoking
Oral cancer

Among sites that have been considered to be at highest
relative risk for cancer due to smoking is the lung. Following lung cancer the highest relative risks are observed
for the larynx and oral cavity1. The risk of oral cancer
has increased in recent decades in many countries in
the world2. In those countries in which epidemiological
studies have been conducted, it is clear that oral cancer
risk is high among smokers. A recent meta-analysis
reported 12 studies that estimated oral cancer risk in
the USA, Uruguay, Italy, Sweden, India, China, Taiwan
doi:10.1922/IDJ_2532Warnakulasuriya24
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and Korea3. The reported pooled cancer risk estimate
was 3.43 times higher in smokers compared with nonsmokers (95% CI 2.37, 4.94) (Figure 1). The results for
risks associated with tobacco smoking were generally consistent across countries entered into the metaanalysis except in the study conducted among females
in Sweden4. In a study reported from Northern Italy,
the single factor with the highest attributable risk was
smoking, which accounted for 81-87% of oral cancers
in males and for 42-47% in females5. It is evident that
oral cancer risk is related to both intensity and duration
of tobacco smoking. The differential risk between nonsmokers and heavy smokers, and the steady progression
of risk with increasing amount smoked both provide
sufficient evidence for tobacco as a major risk factor for
oral cancer. Furthermore most studies show an inverse
relation with age when starting to smoke. Among young
people in southern England, a significant risk among
males (alcohol adjusted OR: 19.5, 95%CI 1.3,286.8) was
associated with starting to smoke under the age of 16

years6. These risks are also increased synergistically with
alcohol consumption. However, among never drinkers,
cigarette smoking was associated with an increased risk
of 2.13 (95% CI 1.52,2.98) confirming an independent association with tobacco use7. This had also been
demonstrated in an earlier study among 19 cases and
213 controls who described themselves as non-drinkers;
the ORs were 3.8 (95%CI 0.2, 58.2) and 12.9 (95%CI
2.3,106.3) for smokers of <15 and ≥15 cigarettes per
day, with a strong trend8.
In many European and US studies the risks for
oral and oropharyngeal cancers are similar for cigarette
and cigar smokers9. Smoking bidi (hand-rolled Indian
cigarette consisting of flaked tobacco rolled in temburni
leaf) is a common practice in India and this may be
relevant for Indian ethnic migrants to Europe. A metaanalysis has shown that the risk of oral cancer associated
with bidi smoking is about three times higher compared
with cigarettes10.

TOBACCO SMOKING AND CANCER: A META-ANALYSIS

Figure 1. Forest plot for current smokers and oral cavity cancers. Pooled RR
indicates a significant association between tobacco smoking and oral cavity
cancers3. Reprinted with permission of John Wiley & Sons, Inc.
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Pathogenesis

Several lines of evidence indicate that oral cancers
arise as a result of mutagenic events (arising mainly
from tobacco and alcohol) causing multiple molecular
genetic events in many chromosomes and genes. The
consequence of this chromosomal (genetic) damage is
the impairment of cell regulatory processes leading to
acquired capabilities within cells such as self-sufficiency
in growth signals, insensitivity to anti-growth signals,
evading apoptosis, limitless replicative potential, sustained angiogenesis and tissue invasion and metastasis11.
As shown by epidemiological data, exposure to tobacco
is unquestionably the major risk factor for oral cancers,
however, only a minority of those exposed develops
a malignancy. The balance between how enzyme systems metabolise and deactivate tobacco carcinogens
varies among individuals and is likely to contribute to
cancer risk. An individual’s susceptibility to cancer may
therefore be explained by genetic polymorphisms in
a number of enzymes involved in the metabolism of
tobacco carcinogens.
Two main carcinogens present in tobacco smoke
are benzo(a) pyrine and tobacco smoke derived nitrosamines (TSNA). These are primarily metabolised
to their activated molecules by cytochrome P450 and
these intermediates are detoxified by glutathione Stransferase (GST) to hydrophilic and non-toxic GST
conjugated substances12. Genetic polymorphisms in
these metabolising enzyme systems (Cytochrome P450
and GST) and resulting variants are relatively common
in populations and may partly explain susceptibility to
cancer in various organs13-15. If detoxification does not
take place, then the metabolically activated tobacco
products would adduct to DNA. In studies of DNA
obtained from clinically normal oral mucosa in patients
with oral cancer, a significantly higher level of a variety
of aromatic adducts was noted in smokers than from
non or former smokers16,17. DNA adducts associated
with tobacco smoking could provide a marker of the
biologically effective dose of tobacco carcinogens and
improve individual cancer risk prediction18.
Precancer

Several potentially malignant disorders (particularly oral
leukoplakia and erythroplakia) are known19 and a proportion of these transforms to cancer over a period of
time20. Presence of epithelial dysplasia in precancers is
a hallmark for cancer development21 and several studies
from the US and the UK have demonstrated significant
associations with smoking in relation to oral epithelial
dysplasia22,23. Exclusive tobacco consumption appears
to be more likely to contribute to epithelial dysplasia
than exclusive alcohol use suggesting that tobacco has
an independent role in the aetiology of oral epithelial
dysplasia24.

Oral leukoplakia is the most common precancer associated with tobacco use. The clinical appearance of
leukoplakias varies considerably. The lesion may appear
smooth, fissured, nodular or corrugated and the colour
is predominantly white. Leukoplakias also vary with
regard to size and distribution in the oral cavity. They
may be barely discernible clinically, or may cover entire
mucosal surfaces25. Two different clinical types of oral
leukoplakia exist: homogeneous and non-homogeneous.
The distinction between these two entities is primarily
based on their clinical appearance (surface colour and
morphological characteristics), and has some bearing
on the prognosis and risk for malignant transformation
of the lesion20. Homogeneous lesions are uniformly
flat, thin, and exhibit shallow cracks on their surface.
Non-homogeneous lesions include speckled leukoplakias
(white and red lesions with a predominantely white
appearance, also termed ‘erythroleukoplakia’), nodular
and verrucous lesions, as well as the widespread and
multifocal rarer entity known as proliferative verrucous
leukoplakia26.
Periodontal disease
Clinical evidence

In a recent systematic review on periodontal disease and
smoking, it was concluded that the evidence in support
of a negative impact of smoking on periodontal health
is strong27. The review was based on an appraisal of 70
cross-sectional studies and 14 case-control studies, all
of which indicated an association between smoking and
periodontal disease, and a further 21 cohort studies of
which 20 indicated the same.
In the last few years following this review, additional
articles on the topic have appeared in the scientific literature28-45. A summary of these new articles is presented
in Table 1. Fourteen of the studies used a cross-sectional
study design, whereas five were cohort studies. Scrutiny
of the articles reveals that all the cross-sectional studies
except one, and four of the five cohort studies conclude
that there is an association between smoking and periodontal disease. In addition, some studies have evaluated the periodontal condition in former smokers. Six
out of eight of these studies report inferior periodontal
status also in former smokers. Thus, the observations
reported in most of the new studies confirm the above
contention that smoking has a major negative impact
on periodontal health.
As can be seen from Table 1, the majority of the
newly published studies, interestingly, have been carried
out in countries outside the USA and Europe, which
is in contrast to the findings of the previous review27.
The concordance of observations (i.e. that smoking
is a major risk factor for periodontal disease) made in
different parts of the world reflecting different living,
environmental and cultural conditions greatly increases
the generalisabilty of the findings.
Warnakulasuriya et al.: Oral health risks of tobacco use and effects of cessation
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Table 1 Summary of recent studies that have investigated the relationship between smoking and periodontal disease. CS = current smoker,
FS = former smoker, NS = non-smoker. Effect = presence of positive relationship (1) or not (0). n = number of participants.
First author

Baharin29

Pub. year

Nation

Study type Study size Age range
(n)

CS (n)

2006

England

Cross

88

46-60

39

FS (n)

NS (n)

49

PD, BH

1

2006

Mexico

Cross

315

60-80+

31

58

AL

0

Buduneli31

2006

Turkey

Cross

40

25-58

23

17

PD, GB,
TEETH

1

Levin34

2006

Israel

Cross

642

18-30

256

385

PD, BH

1

Borges-Yanez

30

226

Endpoint Effect CS Effect FS

Ojima

2006

Japan

Cross

4828

20-93

1207

572

3049

CPI

1

1

Okamoto38

2006

Japan

Cohort

1332

30-59

625

384

323

TEETH,
CPI

1

0

Shimazaki40

2006

Japan

Cross

958

40-79

174

144

640

AL, PD, GB

1

1

Van d Velden42

2006

Indonesia

Cohort

128

15-25

53

75

AL, PD

0

Kibayashi33

2007

Japan

Cohort

219

18-63

108

111

PD

1

Linden47

2007

N Ireland

Cross

1362

60-70

233

544

AL, PD

1

Nicolau

37

593

1

2007

Brazil

Cross

251

46

45

160

AL

1

1

Thomson41

2007

N Zealand

Cohort

810

32-32

255

141

414

AL

1

0

Wang44

2007

China

Cross

1590

25-69

430

90

1032

AL, PD

1

1

2008

Yemen

Cross

2506

15-64

548

1958

TEETH

1

2008

Australia

Cross

3161

15-65

500

2206

AL, PD

1

36

Al-Bayaty

28

Do32

842

2008

Argentina

Cohort

81

17-26

42

39

AL, BH, GR

1

Vered43

2008

Israel

Cross

7056

20-21

2487

4503

CPI

1

Ylostalo45

2008

Finland

Cross

2841

30-49

833

1325

PD

1

Rosa

39

PD
AL
BH
CPI

681

1

Pocket Depth
Attachment Loss
Bone Height
Community Periodontal Index

Table 2 Summary of recent studies that have estimated the relative risk for periodontal disease associated with smoking. LS = light smoker,
MS = moderate smoker, HS = heavy smoker. Risk = odds ratio or prevalence ratio. n = number of participants.
First author

Study size (n) Disease definition

Severe disease definition

Disease Severe Risk LS Risk MS Risk HS
risk
disease
risk

Borges-Yanez30

315

2+ sites with AL 4+mm

1+ site(s) with AL 6+mm

1.8

Ojima

4828

CPI = 3 or 4

CPI = 4

1.4

Okamoto38

1332

CPI = 3 or 4

CPI = 3 or 4

1.7

Shimazaki

37

958

>20% teeth with PD 4+mm

>10% teeth with CAL 5+mm

2.4

Kibayashi33

219

3+ sites with 2+mm increase 3+ sites with 2+mm increase

2.3

Linden47

1362

AL 6+mm

15% sites with AL 6+mm

Nicolau36

251

low AL

high AL

Thomson41

810

1+ site(s) with AL 4+mm

1+ site(s) with AL 4+mm

Wang44

1590

Do32

3161

Do32

500*

Vered43

7056

*

40

1.4
1.3

1.7

3.9

2.8

1.2

2.3

3.3

3.5

2.6

4.8

2.2

2.6

5

7.1

1.5
2+ sites with AL 4+mm or PD
5+mm
2+ site(s) with AL 6+mm and
PD 5+ mm
CPI = 3 or 4

Subset with severe periodontitis
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CPI = 3 or 4

3.3
1.6

1.2

1.6

1.6

1.8

4.7

3.3

11

It can further be seen from Table 1 that the sample
size of the studies varies considerably from 40 participants in a clinical study of therapeutic outcomes to
7,056 individuals in a screening study of army personnel.
On average, the number of participants per study was
1,567, similar to that reported in the previous review27.
The authors of these studies assessed the periodontal condition by means of a variety of clinical and/or
radiographic measures such as pocket depth, attachment
level (loss), and bone height (loss). A few studies used
the number of retained (or lost) teeth as the endpoint of
choice. Most studies made use of more than one clinical
measure for assessment of the periodontal condition
and three studies used a compound measure, the Community Periodontal Index (CPI), which relies on pocket
depth. The most commonly used clinical measures or
endpoints are pocket depth and attachment level (loss).
The outcome with regard to the influence of smoking, however, is independent of endpoint, which is in
good agreement with the observations of the review
referred27. The fact that observations based on different
criteria or measures used for disease assessment arrive at
the same conclusion, again, increases the generalisabilty
of the findings.
Pocket depth is a frequently used measure for
the assessment of the periodontal clinical condition.
Although common and accepted, pocket depth may
be a problematic measure when studying periodontal
disease in relation to smoking. Pocket depth measurements are influenced by the quantity and quality of the
inflammatory tissue at the apical base of the pocket.
The inflammatory tissue at the base of the pocket is
commonly tighter and less extensive in the smoker
compared with a corresponding non-smoker, which
results in less ‘probe penetration’ in the smoker46. This
may be a problem in studies comparing pocket depth
measures between smokers and non-smokers with a risk
for underestimating the depth among smokers relative
to non-smokers. In addition, gingival recession is commonly more extensive in smokers resulting in a reduced
pocket depth when compared with the corresponding
situation in a non-smoker. Both elements of the pocket
depth measurement process could lead to underestimation of the severity of the clinical condition in a smoker.
Two of the more recent articles in this review have
presented data that are inconclusive with respect to the
influence of smoking on periodontal disease30,42. Although the objective of the present review was not primarily to scrutinise in detail the quality of single studies,
a closer look at these two might be relevant. One of the
studies30 concerns elderly persons and suffers severely
from the fact that tooth loss was high in this population
(23% were edentulous). Furthermore, only 36% out of
473 persons were found with complete dental records,
and only 10% of these persons were smokers (17 persons). It seems unrealistic even to try to get reliable
information from such data. Moreover, studies based

on elderly persons, in general, are problematic regarding the exploration of smoking effects, since premature
mortality at older ages affects smokers more than nonsmokers. Elderly smokers eligible to participate in such a
study will most likely not be representative of the wider
population, and the effect of smoking, therefore, could
be underestimated.
The other study is a 15-year longitudinal followup of an Indonesian population cohort42. The main
problem with this study is the immense (50%) loss to
follow-up. In addition, a problem particularly related
to smoking was encountered: whereas nearly all men
were smokers, women were not. Under such extreme
circumstances the effect of smoking will most likely be
confounded by gender. An analysis restricted to males
would have been instructive in such a situation. The
shortcomings of these two studies illustrate some of
the difficulties that may be met when estimating the
influence of smoking on periodontal health.
Risk estimation

The relative risk for periodontal disease associated with
smoking was assessed in 11 of the 18 new studies: seven
cross-sectional30,32,36,37,40,43,44,47 and four cohort33,38,41,42
studies. A summary is presented in Table 2.
The magnitude of the relative risk estimates varied
from 1.4 to 5.0 in the different studies. A considerable
variation of the magnitude of the relative risk estimates
was also observed in a previous review48. There may be
several explanations for such variation, the main ones
probably being the definitions of periodontal disease as
well as smoking. In all the studies that have estimated
the smoking associated relative risk at more than one
level of disease severity, the relative risk increases as
the severity level increases (Table 2)30,32,33,36-38,40,41,43,44,47.
Thus, as the criteria become stricter, indicating more
severe disease, the lower the prevalence and the greater
the proportion of smokers49. Hence, the smoking associated risk increases as the prevalence of periodontal
disease decreases. Furthermore, data from studies that
have estimated the smoking associated relative risk at
more than one level of smoking exposure indicate that
the relative risk for periodontal disease in light smokers,
on average, is less than that for heavy smokers (Table 2).
This suggests an exposure gradient or a ‘dose-response’
relationship. Similarly, most of the studies that have
included former smokers32,37,38,40,41,47 suggest that former
smokers have a better periodontal condition or less
relative risk than comparable smokers who continue
to smoke, which points in the same direction. Both
circumstances, increasing risk with increasing disease
severity and increasing risk with increasing exposure,
favour a causal effect by smoking.
In two of the cohort studies, estimates of the incident risk were presented38,41. Surprisingly little information is available about periodontal disease incidence,
i.e., the occurrence of new cases of the disease among
Warnakulasuriya et al.: Oral health risks of tobacco use and effects of cessation
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previously unaffected persons. This lack of knowledge
has now been remedied to some extent from these two
studies. According to these observations the 4-year38
and the 6-year41 cumulative incident risk for periodontal
disease was 1.7-fold and 5.2-fold, respectively, higher in
smokers. These two studies show that smokers, in addition to carrying a larger periodontal disease burden, also
develop the disease earlier than non-smokers. This novel
information is important and again favours a causal effect of smoking on periodontal disease.
Thus, it is clear that more recently published articles
on the topic of smoking and periodontal disease truly
confirm earlier evidence and expand our understanding
that smoking exerts a strong untoward effect on periodontal health and is a major risk factor for periodontal
disease.
Mechanisms of periodontal disease causation

The periodontal tissues are continuously exposed to nicotine and its metabolites due to deposition of nicotine
on the root surface50 and cotinine levels (a metabolite
of nicotine) are elevated in saliva and gingival crevicular
fluid51. The current knowledge on periodontal disease
causation by smoking has been summarised in excellent reviews52-55 in which several aetiological effects of
tobacco smoke are discussed. However, tobacco related
periodontal pathogenesis is not well understood. Some
potential mechanisms are briefly presented here.
The importance of oral micro-organisms for the
development of periodontal inflammation was proven
about 40 years ago56. Cigarette smoking is likely to
affect the composition of the oral microflora due to
a decrease in oxygen tension in periodontal pockets
and may lead to a selection of anaerobic bacteria57.
However, the literature is inconclusive concerning a
specific smoking associated microbial profile58,59. The
oral bacteria are organised within biofilms. In addition,
the oral microflora consists of more than 700 different
types of bacteria and many of these are not classified
and cannot be cultured60. Periodontal diseases are likely
to be associated with different microbial profiles, rather
than to be associated with distinct pathogenic bacteria.
The pathogenic subgingival biofilm has both direct and
indirect effects on the periodontal tissues. In fact, damage to the periodontium results even without influence
of bacterial invasion into the corresponding periodontal
tissues because of the immune response of the host to
bacterial stimulation61. Tobacco smoking affects the humoral mediated and the cell mediated immunity of the
host and this may increase susceptibility to periodontal
disease53,62-66. However, available data are conflicting and
precise mechanisms have yet to be confirmed.
The periodontal tissues are very well vascularised67.
Typical signs of an inflammation, such as changes
in gingival colour, swelling of the marginal as well as
papillary gingiva, an increase of gingival crevicular fluid
International Dental Journal (2010) Vol. 60/No.1

flow as well as bleeding on gentle periodontal probing
(BOP) are caused by alterations of the vascular system.
In smokers the clinical signs of inflammation and
BOP are suppressed68,69. The literature is inconclusive
concerning a clear smoking associated pathohistological correlate70-73 but clearly, periodontal inflammatory
responses are altered as a result of smoking.
There is evidence for an impact of smoking on bone
metabolism such as an increased secretion of the bone
resorbing factors PGE2 and IL-1β74 or a decreased intestinal uptake of calcium75, and these factors may also
increase susceptibility to periodontal disease in smokers.
Periodontal disease is influenced by genetic factors76.
There is some evidence that tobacco smoking may affect
the genetically determined susceptibility for periodontal
diseases77-79, though again, precise mechanisms remain
to be elucidated.
Smoking-induced periodontal destruction results
from a wide range of effects of tobacco on the different functions of cells, tissues and organs. Some of these
effects are opposed to each other due to the effects of
different tobacco constituents. However, when summarising the characteristics of tobacco-induced alterations
on periodontal tissues and humoral immunity, it is very
likely that tobacco smoking disrupts the physiological
turnover of tooth-supporting structures with the net
effect being periodontal tissue breakdown53,64,80.
Smoking and tooth loss

Cigarette smoking has been shown to be associated with
fewer remaining teeth in a plethora of cross-sectional
studies in various populations35,81-88. Furthermore, increased rates of tooth loss among smokers have been
observed in a number of longitudinal studies84,89-94.
Among 789 men followed for up to 35 years in the
VA Dental Longitudinal Study (VA DLS), an ongoing
closed panel longitudinal study of men in the Greater
Boston area (USA), rates of tooth loss among current
cigarette smokers were approximately twice those of
never smokers (adjusted HR: 2.1, 95% CI 1.5, 3.1)94. In
another study conducted in Boston, the relative risk of
tooth loss in current smokers compared to never smokers was 3.4 (95% CI 2.1, 5.7) among 248 dentate women
followed over 2 to 7 years84. Okamoto et al. followed a
total of 1,332 adult Japanese men over four years and
found that current smokers were approximately twice as
likely to experience tooth loss as never smokers38. In a
study of 1,031 Swedish women followed over 12 years,
women who smoked at baseline lost a mean number of
3.5 teeth compared to a mean of 2.1 teeth lost among
never smokers89. Results of the largest prospective
cohort study on cigarette smoking and tooth loss were
recently reported by Dietrich et al.90. In this study, a
total of 43,112 US male health professionals, including
26,284 dentists, were observed from 1986 to 2002, and
data on smoking behaviour and tooth loss were updated
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Dose-dependant association of current smoking with risk of tooth loss
(Reference: never smokers)

Hazard-Ratio (95% CI)

4

3

2

1

0

1-4

5 – 14

15 - 24

25 - 34

35 - 44

45+

number of cigarettes per day
© Thomas Dietrich

Figure 2. Hazard ratios and 95% confidence intervals (CI) for the dose-dependent association
between current cigarette smoking and risk of tooth loss in the Health Professionals Followup Study, United States 1986-2002. (used with permission). HR adjusted for age, race, BMI,
physical activity, diabetes, profession, routine medical examination, alcohol consumption,
caloric intake, multivitamin use and vitamin C supplement use.

Table 3 Systematic reviews on implant failures in smokers versus non-smokers.
Author Year

Type of study

Groups

Outcome

Level of analysis Results

Hinode et al.
2006 97

Systematic review
(up to August 2005);

Smokers vs
non-smokers

Removed
implant

Implant level

Smokers vs
non-smokers

Implant survival Implant level

OR 2.17 (95% CI 1.67-2.83)
Significant effect of smoking only
in the maxilla

12 case-control and 7 cohort
studies (retro-/prospective)
Mean follow-up: NR
Klokkevold &
Han 2007 98

Strietzel et al.
2007 99

Systematic review
(up to May 2005);

Smokers 89.7% (95%CI 87.092.4)

14 case-control studies (retro-/
prospective)

Non-smokers 93.3% (95%CI
91.0-95.6)

Mean follow-up: 4.7 years

Pooled estimate of difference in
implant survival 2.68% (95%CI
1.1-4.26)

Systematic review
(up to December 2005);
29 case-control and cohort
studies (retro-/prospective)
Mean follow-up: NR

Smokers vs
non-smokers

Removed
implant, bone
loss >50%,
mobility,
persistent
pain or periimplantitis

Implant level (19 OR 2.17 (95% CI 1.67-2.83)
studies)
OR 2.64 (95% CI 1.70-4.09)
Subject level (10
No significant difference in OR
studies)
for early (<1 year) and late (>1
year) failures

NR: not reported
OR: odds ratio
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Table 4 Publications after the time period covered by the systematic reviews described in Table 3.
Groups
Nunmber of
patients/
implants Years
of follow-up

Author Year

Type of study

Moy et al. 2005104

Retrospective 1140/4680
0.5-21 years

Smokers vs
non-smokers

Outcome

Level of analysis

Subject level
Removed implant, bone loss
>50%, mobility,
persistent pain
or peri-implantitis

Risk of failure /
% failed

Comments

Risk ratio: 1.56
(95%CI 1.03-2.36)

Majority of failures
within the first year

Mundt et al. 2006105 Retrospective 157/663
Mean 7.3
years

Removed
Smokers, exsmokers, never- implant
smokers

Implant level

Wagenberg &
Froum 2006107

Retrospective 891/1925
1-16 years;
Mean 6 years

Smokers, nonsmokers

Removed
implant

Implant level

Smokers 5.6%
Non-smokers 3.7%
(p=0.34)

No significant difference between
rough- and
smooth-surface
implants.

Ellegard et al.
2006 100

Prospective
cohort

Smokers, nonsmokers

Removed
implant

Implant level

Hazard rate 2.2
(95%CI 0.8-6.1)

Sinus membrane
lift

Kinsel & Liss
2007 102

Retrospective Smokers 12/95 Smoker (≥20
Non-smokers cig/day), nonsmokers
95/249
2-10 years

Removed
implant

Subject level

Smokers 5/12; 42%
Non-smokers 5/31;
16% (p=0.11)
Smokers 7.4%
Non-smokers 3.6%

Immediate loading
protocol

Smokers OR 4.6
(95% CI 1.1-19)
Ex-smokers OR 0.42
(95%CI 0.1-12.1)

No association
between smoking
habits and implant
loss.

Implant level
History of
progressive periimplant bone
loss (bone loss
≥3 threads after
year 1)

OR 2.2 (95%CI 1.53.3)

No data on implant
loss in smokers
versus nonsmokers

Primary implant Implant level
stability

OR 1.36 (95%CI
0.87/2.12)

5.1% of the
implants removed
before 2nd stage
surgery.
No data on implant
loss in smokers
versus nonsmokers

68/262
0-12.6 years;
Mean 5.4
years

Subject level

Implant level

Roos-Jansåker et al. Cross-sec2006 106
tional

218/999
9-14 years

Peri-implantitis Subject level
Smokers, exsmokers, never- (bone loss ≥3
threads after
smokers
year 1 and pus/
bleeding on
probing)

Fransson et al.
2008101

82/ 439
Mean 9.4
years

Smokers, nonsmokers

Cross-sectional

Mesa et al. 2008 103 Retrospective 316/1084
Smoker (≥20
Up to 2nd stage cig/day), nonsurgery (early smokers
failures)

OR: odds ratio
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Smokers 15%,
Ex-smoker 9.6%
Never-smokers 3.6%
(sign. difference between all groups)
Sign association
between duration of
smoking and implant
failure
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biannually. The study demonstrated a dose-dependent
association between current smoking and incidence of
tooth loss, with heavy smokers having three times higher
rates of tooth loss than never smokers (Figure 2).
Cigar and pipe smoking are also likely to be related
to tooth loss risk, but very few studies have investigated
this hypothesis. A cross-sectional study of 705 individuals enrolled in the Baltimore Longitudinal Study
of Aging reported a higher number of missing teeth
among smokers of pipes and cigars compared to nonsmokers95. Two longitudinal studies in predominantly
white US males have analysed pipe and cigar smoking
as determinants of tooth loss risk90,96. In the VA DLS,
both cigar and pipe smoking were independently associated with increased tooth loss risk in a longitudinal
study of 690 men96. Among US health professionals, current pipe or cigar smoking was independently
associated with tooth loss incidence compared to never
or former smokers of pipes or cigars (HR: 1.20, 95%
CI: 1.11, 1.30)90. Because the reference category in this
study included former smokers of pipe and cigars some
of whom may have quit relatively recently, current pipe
and cigar smoking may actually elevate the risk of tooth
loss by more than 20%; however, the effect is likely to
be small compared to the effect of cigarette smoking.
Implant failure

The influence of smoking on the short and long-term
outcomes of implant therapy has been addressed in
three recent systematic literature reviews (Table 3)97-99.
The reviews cover the literature up to the year 2005.
A literature search performed in PubMed covering the
time period 2006 until June 2008 identified a further
eight articles addressing the issue of outcomes of
implant therapy in smokers (Table 4)100-107. Three of
these articles did not have implant removal (or implant
survival) as primary outcome variable, but described
prevalence of peri-implantitis106, progressive bone loss101
or primary implant stability103
The systematic review by Hinode et al.97 used ‘removed implant’ (without specifying reasons for removal)
as the outcome. The analysis included 19 studies and
revealed that implants in smokers had a significantly
higher risk to be lost (OR: 2.17, 95%CI 1.67,2.83),
and also that the increased risk was significant only for
implants placed in the maxilla. Klokkevold and Han98
included 14 studies in their systematic review and found
the implant survival rate to be lower in smokers than
non-smokers; pooled estimate of risk 2.68 (95%CI
1.1,4.26) over a mean follow-up of 4.7 years. While the
two systematic reviews referred to above described data
at the implant level, Strietzel et al.99 performed analyses
at both the subject and implant levels. In this review,
a broader definition of implant failure was used and
included removed implant, bone loss >50%, mobility,
persistent pain or peri-implantitis. Based on informa-

tion from 10 studies providing data at the subject level,
smokers showed an overall OR of 2.64 (95% CI 1.70,
4.09) to experience implant failure. Five of the 10 included studies (50%) reported a statistically significantly
increased risk for implant failure in smokers. The corresponding OR at the implant level (18 studies included)
was 2.17 (95% CI 1.67, 2.83). No significant difference
in OR for early (<1 year) and late failures was found for
the pooled data for smokers and non-smokers.
Out of the eight additional retrieved studies on the
effect of smoking on the outcome of implant therapy,
five studies100,102,105-107 reported data on implant loss at
the subject and/or implant levels. Four of these studies showed no significant difference between smokers
and non-smokers. One study, which used the broader
definition of implant failure (removed implant, bone
loss >50%, mobility, persistent pain or peri-implantitis),
demonstrated a higher risk of implant failure among
smokers (HR: 1.56, 95% CI 1.03,2.36) and with the
majority of the failures occurring within the first year
of function104. A study evaluating primary implant stability103, however, revealed no significant difference between heavy smokers (≥20 cig./day) and non-smokers.
Two cross-sectional studies focused on peri-implantitis9
or history of progressive peri-implant bone loss101 as the
outcome variable and for each showed a significantly
higher prevalence in smokers than in non-smokers,
OR 4.6 (95% CI 1.1,19) and 2.2 (95% CI 1.5, 3.3),
respectively.
The evaluation of the current literature indicates that
implant failure is more common among smokers than
non-smokers, although the scientific evidence must be
considered limited. A general problem in the analysis of
the literature regarding the influence of smoking on the
short- and long-term outcome of implant therapy is the
insufficient quality of the studies with regard to design
and/or description. Since smoking is a subject related
factor, analysis of the effect of smoking habits on the
outcome of implant therapy should be performed at
the subject level. However, a majority of the studies
include evaluation only at the implant level. Further, in
most studies the data have been collected retrospectively
and usually analysed using bivariate statistical methods
without considering potential confounding factors (e.g.
severity of periodontal disease, standard of hygiene,
maxillary/mandibular jaw, characteristics of implant surface). Hence, in order to be able to properly define the
effect of smoking on the prognosis of implant therapy
there is an obvious need for adequately designed prospective studies. Although the proven beneficial effects
of smoking cessation in general are known, the effect
of smoking cessation intervention on implant survival
rates should be evaluated.
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Dental caries

Few cross-sectional studies have explored the relationship between smoking and dental caries, and of these,
many have not considered the confounding factors in
sufficient detail. A study of military personnel from Illinois (mean age=25.9 years), found that smokers had a
significantly higher number of untreated decayed teeth,
missing surfaces and total DMFS than non-smokers
(DMFS of 19.38 for non-smokers compared to 24.59
for current smokers)108. No information was obtained
regarding diet or oral hygiene.
In a sample of 1,156 elderly patients, Jette et al.109
also found a relationship between smoking (current)
and dental decay, ORs (compared with all smoking
categories combined) being 1.47 for smokers (95% CI
1.00,2.17), 1.02 for ex-smokers (95% CI 0.78,1.34) and
0.67 for never smokers (95% CI 0.50,0.89).
In a longitudinal study which followed patients
undergoing periodontal therapy by a specialist for a
period of 12 years, Ravald et al.110 found that smokers
developed significantly (p<0.05) more root caries lesions (both active and inactive) than non-smokers. A
significant difference in the median values of salivary
lactobacillus counts between smokers and non-smokers,
was also observed in this study.
A Swedish study evaluated a randomised sample of
adults belonging to well defined age groups (35-, 50-,
65- and 75-year-old) and found that smokers had significantly fewer intact tooth surfaces than non-smokers
in all age groups81 and more missing surfaces (50-, 65and 75-year-old), even though these missing surfaces
could be due to periodontal disease and not caries. No
differences in plaque scores nor oral hygiene habits, or
intake of sweets or sugars containing confectionary
were observed between smokers and non-smokers, but
soft drinks and snacks were consumed more often by
smokers (p=0.000 and p=0.003, respectively). Other
studies that have investigated compliance with oral hygiene regimens among cigarette smokers also reported
conflicting findings111-113.
Regarding a plausible aetiopathogenesis of caries related to smoking, it has been demonstrated that
cigarette smoke impairs salivary function, which has an
important protective role against dental caries114. Other
authors have indicated that smokers and non-smokers
may have different salivary buffering capacity, which
may also affect susceptibility to caries.
Other effects of tobacco smoking

Smoking has been reported to cause brown/black
discolouration of teeth115, dental restorations and dentures116, alteration of taste and smell117, to be associated
with a coated tongue (black hairy tongue)118, and to
impair and delay wound healing after dento-alveolar
surgical procedures such as tooth extractions119. Furthermore, smokers are more susceptible to oral candiInternational Dental Journal (2010) Vol. 60/No.1

dosis120. Pipe smoking121 has been associated with tooth
abrasion in association with placement of the pipe stem.
An interesting (negative) correlation with tobacco
smoking exists regarding recurrent aphthous ulceration.
Rivera-Hidalgo and co-workers demonstrated a significantly increased predisposition to aphthous ulcers in
non-smokers122. The phenomenon of a lower prevalence
of aphthae in smokers reaching statistical significance
was also observed in several other studies123-125. The
reason for an apparent inhibitory effect of smoking on
aphthae remains unknown125.
Among extrinsic causes of halitosis, smoking is
often quoted as an aetiological factor. This is generally
referred to as smoker’s breath126. Correlations between
self-reported halitosis and smoking can be found, especially in studies based on questionnaires127,128. Cigarette
smoke contains volatile sulphur compounds (VSCs)
which can be detected using a halimeter126,129, although
the concentration of detectable VSCs in the breath is
strongly influenced by the time since the last cigarette
was smoked. However, in a recent study, cigarette smoking was inversely correlated with VSC readings and no
correlation could be found between smoking and organoleptic oral malodour measurements in a population
of 20 year old male subjects130.
Smoker’s melanosis presents as diffuse, irregular,
brownish pigmentation of the oral mucosa with a preference for the keratinised mucosa but also can be seen
on the buccal mucosa, floor of the mouth, and the soft
palate131,132. Tobacco smoking is known to stimulate oral
melanocytes resulting in increased melanin production
particularly in dark-skinned ethnic groups133. A recent
study in a Nigerian population showed that smokers
had a significantly higher prevalence of pigmented oral
mucosal sites than non-smokers, and the number of
pigmented sites increased with the degree and duration
of smoking134. Smokers’ melanosis is not classified as a
precancerous or precursor lesion, and is reversible on
tobacco cessation.
Smokers’ palate (synonyms: nicotinic stomatitis,
stomatitis nicotina, stomatitis palatini, leukokeratosis
nicotina palati) is seen especially in heavy, long-term
pipe smokers as well as in cigarette or cigar smokers.
The so-called smokers’ palate develops with its distinctive clinical features135: a white, plaque-like change on
the palatal mucosa due to hyperkeratosis combined with
multiple red dots located centrally in small elevated nodules representing the dilated and inflamed duct openings
of minor salivary glands in this region. Thermal more
than chemical agents acting locally are responsible for
the occurrence of this condition72,136. Smokers’ palate is
not considered to be a precancerous condition. Regression of the lesion has been reported after smoking cessation137. Necrotising sialometaplasia of the palate has
been reported to represent the necrotising (ulcerative)
or terminal stage of nicotinic stomatitis138 and is known
to heal spontaneously.
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Smokeless tobacco (ST)
Oral cancer

Smokeless tobacco (ST) products available in south Asia
include Gutkha, Khaini, Kiwam, Mawa, Mishri, Nass
(naswar, niswar), Zarda and chewing tobacco; these are
often mixed with areca nut as a mixture of betel quid.
Carcinogenicity of many of these products has been
reported especially associated with a substantial risk
of oral cancers in India139. Wasnik et al.140 in a matched
case-control study from India reported unadjusted odds
ratios for chewing tobacco without betel quid on 33
oropharyngeal cancers (4.1; 95%CI 2.0, 8.7). A study
from Pakistan on ever users of naswar was reported
giving an odds ratio (adjusted for smoking and alcohol
use) of 9.5 (95%CI 1.7, 52.5). Cancer of the gingivae
has been reported in a descriptive study from Saudi
Arabia141 and on the lower lip in users of Toombak
from the Sudan142.
Two meta-analyses on the effects of ST and oral
cancer in the US and northern European populations
were published recently143, 144. The authors concluded a
minor increased risk. Weitunkat et al.143 in their metaanalysis included 32 studies of oral and pharyngeal
cancer from the USA and northern Europe (excluding
studies conducted in south Asia). The exposure was
ST and outcome defined as oral cancer. For ST, based
on the random-effects estimate the overall relative risk
was 1.87 (95% CI 1.40-2.48) and based on 15 studies
adjusted for smoking the fixed-effect estimate was 1.31
(95% CI 1.13,1.53). For these 15 studies the random
effects estimate was 1.35 (95% CI 1.04,1.76), most appropriate given the heterogeneity of estimates across
the studies. The authors concluded that available data
suggest at most a minor increased risk of oral cancer
associated with the use of western chewing tobacco and
snuff. In the meta-analysis by Boffetta et al.144 the pooled
estimate for 13 studies of oral cancer was 1.8 (95% CI
1.1, 2.9). A brief description of studies from the USA
and Europe is given below.
The best evidence on carcinogenicity of ST among
users in north America comes from a case-control study
conducted by Winn et al.145. The relative risk for white
women in south-eastern USA who exclusively used
oral snuff (locally grown; dry snuff) and developed oral
cancer was 4.2 (95% CI 2.6, 6.7). The risk was much
higher in whites compared with black women (RR 1.5:
95% CI 0.5, 4.8) who used comparatively less snuff. A
dose response was also reported as related to years of
use. In a further population based study146 OR for snuff
use among non-smoking women presenting with oral
cancer was 6.2 (95% CI 1.9,19.8).
In four Swedish studies, the evidence for an increased risk of oral cancer among moist snuff users
was limited or lacking146-150. However, in one of these
studies an increased risk of head and neck cancer was
observed among a small group of never-smokers RR

4.7 (95% CI 1.6,13.8)147. Moreover, in a recent cohort
study of 9,976 men, a statistically significant elevated
relative risk of combined oral and pharyngeal cancers
among ever users of snuff compared to never daily use
of snuff was demonstrated (HR:3.1; 95% CI 1.5,6.6)151.
Overall, mortality was also slightly increased. Among
never smokers, the relative risk of ever daily use was 2.3
(95% CI 0.7,8.3)151. In a long term follow up study of
1,115 snuff users the same authors also concluded that
the incidence of new oral cancers in the group previously diagnosed with snuff-induced mucosal lesions
was higher than expected152. Although earlier studies
had shown limited or no association on risks of Scandinavian snuff these recent studies provide evidence
for increased risk for oral cancer with the regular use of
snuff. Thus the evidence from Sweden is contradictory.
However, several expert reports indicate that smokeless
tobacco increases risk for oral and pancreatic cancer153,154
Genotoxic effects of Indian chewing tobacco, some
brands of American chewing tobacco and Swedish
moist snuff were reported by in vitro studies using aqueous extracts of these products155-157. These experimental
systems were detailed in a recent IARC monograph154
(vol 89) and reviewed by Warnakulasuriya and Ralhan158.
Precancer

Oral mucosal disorders arise at the site where smokeless tobacco is regularly placed. These are mostly white
plaques with a wrinkled surface. The terms ‘leukoplakia’
or ‘snuff induced lesions’ are used to refer to these mucosal abnormalities. Clinical changes and pathological
findings were discussed in a recent review158. Smokeless
tobacco use is a strong risk factor for both oral leukoplakia and snuff-induced lesions154 and length of use is
a predictor of the severity of the lesion.
Most studies from India reporting on oral precancer
have been among betel quid or khini users in which
tobacco is mixed with other ingredients159,160. Multiple
oral premalignant lesions were described in a cohort
of tobacco chewers in Kerala, India161. Snuff-induced
changes have been reported on the lower lip in Sudanese
males where smokeless tobacco (toombak) is habitually
placed162. Among English coal miners (280 tobacco
chewers) prevalence of oral leukoplakia was reported
at 3.6%163.
Use of ST is prevalent among US baseball players.
In two US studies the prevalence of leukoplakia was 2839%164,165. In a further study of over 1,000 professional
baseball players, leukoplakia was significantly associated
with smokeless tobacco use (OR: 60, 95% CI 40.5,
88.8)166. In a US national survey among adolescents, the
prevalence of white lesions was reported to be 2.9% in
males and 0.1% in females. By multivariate analysis, the
odds ratios for the presence of one or more smokeless tobacco lesions among white males (aged 12-17
years) for snuff use was 18.4 (95% CI 8.5, 39.8) and
Warnakulasuriya et al.: Oral health risks of tobacco use and effects of cessation
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for chewing tobacco was 2.5 (95% CI 1.3, 5.0)167. Long
term significance of ST associated oral white lesions
or leukoplakia in these young US populations has not
been reported.
Scandinavian reports on snuff/snus induced lesions
(SILs) are mostly from Denmark and Sweden. These
occur mostly on the inner side of lower lip in Danish
snuff dippers168 and on the upper lip or upper vestibular
area among Swedes due to different traditional habits
of quid placement169. The most extensive study among
20,333 adults in middle Sweden was by Axell who
reported a prevalence of SILs in 15.9% of men and
of less than 1% in women170. A later study reported a
similar prevalence (14.5%) in men124. Among regular
snuff users presence of these mucosal lesions is quite
common (80-94%)124,170.
Gingival recession and periodontal disease

Studies on ST have focused on periodontal conditions among young athletes, baseball players and
adolescent male teenagers. In 1990, a survey of 1,109
professional baseball players in the USA found that 39%
were using ST and these players had significantly more
gingival recession and attachment loss in the mandibular
anterior quadrant than non-users165.
Among 565 North American male schoolchildren
(mean age 13.8 years: 13.3% using ST, 1.4% cigarette
smoking), the odds of having gingival recession were
nine times greater in the children using ST compared with
non-users171. In contrast to these findings, in a study of
Navajo Indian adolescents aged 14-19, of whom 64%
used ST (75% of the males and 49% of the females), no
consistent relationship could be identified between ST use
and gingival recession or attachment loss172.
Many individuals in Sweden are users of ST. In
Swedish schoolchildren aged 13-14 years (many of
whom used snuff), snuff usage was strongly correlated with gingival inflammation after controlling for
plaque173,174. In another study of Swedish males aged 1625 years, 17% of those using ST demonstrated evidence
of gingival recession and attachment loss175. Increased
gingival recession was again reported in a study of 252
Swedish men of whom 23.5% of subjects using loose
snuff demonstrated gingival recession176. More recently,
the increased prevalence of gingival recession among
users of ST in Sweden has again been confirmed, and
42% of ST users had gingival recession compared to
17% of non-users177.
Regarding an effect of ST on periodontal disease, epidemiological data from 12,932 adults who participated
in the NHANES III survey identified that adult never
smokers who currently used ST were twice as likely to
have severe periodontal disease at any site compared
to non-users (OR: 2.1 95% CI 1.2, 3.7)178. In contrast,
in a Swedish study, use of ST was not associated with
increased interproximal alveolar bone loss179.
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The biological effects of ST on the periodontium
have been investigated in a number of studies. In a cell
culture system, co-culture of monocytes with ST and P.
gingivalis LPS resulted in a 10-fold increase in the release
of PGE2 by the monocytes treated with ST compared
to LPS alone180. Furthermore, exposure of gingival keratinocytes to aqueous ST extracts resulted in increased
production of PGE2, IL-1β and IL-1α by the cells181.
Use of ST clinically was shown to result in increased
GCF PGE2 concentrations and exacerbated gingival
inflammation, and relocation of the ST to a new site in
the mouth led to inflammatory reactions in the mucosa
at the new site of placement after just seven days that
ranged from erythema to ulceration182. In a later study in
patients with periodontal disease the effect of nicotine
and ST on stimulating PGE2 production by peripheral
blood mononuclear cells was confirmed183.
ST extracts have also been shown to increase the
production of TNF-α and IL-1β in a macrophage cell
line and to enhance lymphocyte proliferation in mice184.
In endothelial cells, ST extracts resulted in increased
expression of the adhesion molecule E-selectin and
chemokines such as IL-8 and monocyte chemoattractant
protein-1, leading to enhanced migration of neutrophils
across endothelial monolayers185.
Laboratory research examining the association of
ST with gingival recession leads to an understanding
that exacerbated inflammatory responses induced by
ST contribute to accelerated periodontal breakdown and
gingival recession at the site of placement. Mechanical
trauma resulting from the abrasive nature of the ST being held in close proximity to thin gingival tissues could
also be contributory to recession.
Dental caries

In addition to increased gingival recession165 ST use in
professional baseball players has also been associated
with cervical abrasion and root caries186. The NHANES
III data also confirmed that men who used ST had
more decayed and filled tooth surfaces (including root
surfaces) than users of other forms of tobacco or
non-users187. Increased susceptibility to root caries is
presumed to result from the gingival recession caused
by ST and the high sugar content of ST, which has been
reported to be 34% on average in different preparations
of chewing tobacco188.
Effects of cessation

Table 5 summarises reported interventions and the
potential benefits of smoking cessation for oral cancer,
precancer, melanosis, periodontal disease, tooth loss and
dental caries90,94,132,189-197.
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Table 5 Effects of smoking cessation.
Oral disease

Type of study & Ref

Outcome

Benefit for former Benefit time
smokers?
dependent?

Time for risk to equate
never smoker

Oral cancer

CC

Incidence

Yes

Yes

≥20yrs189,190

Periodontal disease

CS, PCS
Intervention

Prevalence/Incidence
Severity of disease (PPD)

Yes
Yes

Yes
N/A

≈10yrs191-193
1 Year194

Tooth loss

PCS

Incidence

Yes

Yes

≈10/13yrs90,94

Caries

CS, PCS

Incidence/Severity

Yes

No data

No data

Precancer

CS

Prevalence

Yes

Yes

No data 195,196

Melanosis

CS

Prevalence

Yes

Yes

≥6yrs132,197

Case control studies – CC, Cross sectional studies - CS
Prospective cohort studies – PCS
Periodontal Pocket Depth - PPD
Publications on precancer195,196 refer to interventions but not clinical evolution

Cancer and precancer

A significant reduction of risk for oral cancer has been
shown among quitters and follow up studies indicate
that the level of risk approaches that of never smokers approximately 10 years after cessation. In a metaanalysis, pooled risk estimates for ex-smokers (OR: 1.40,
95% CI 0.99,2.00) were significantly lower compared
with current smokers (OR: 3.43, 95% CI 2.37,-4.94)3.
In a comprehensive study in an Italian population
(961 cases with oral and pharyngeal cancer), stopping
smoking has been shown to reduce the life time risk of
developing oral and other cancers. For oral/oropharyngeal cancers, the cumulative risk by 75 years of age
was 3.3% for men who continued to smoke any type of
tobacco, but dropped to 1.4% and 0.5% for men who
stopped smoking at around 50 and 30 years of age,
respectively198. The authors concluded that stopping
smoking in or before middle age enabled an individual
to avoid most of the eventual risk of developing cancer
of the oral cavity. Among young people, a significant reduction in risk was also shown for ex-smokers (OR:0.2,
95% CI 0.5,0.8 ) compared with current smokers6. In a
combined study from three countries (USA, Italy and
China) the authors reported that having stopped for less
than one year prior to diagnosis meant no change in risk,
but thereafter the risk decreased with an increase in the
time period for which a person had stopped smoking.
Among those who had stopped between one and nine
years ago, the relative risk was 0.7 (95% CI 0.5,1.1), for
those that had stopped more than nine years ago the
risk reduction was significant and the relative risk was
half that of current smokers 0.5 (95% CI 0.3,0.7)199.
Cessation of smoking was associated with a markedly
reduced risk for oral cancer in a combined study from
Italy and Switzerland189. This study demonstrated that
after stopping smoking for over 10 years, the OR was no
longer above unity. Among Brazilians, RRs for long term
(>20 years) ex-smokers tended to be lower for mouth

(RR:1.61) than for laryngeal cancer (RR:3.63)190. These
data suggest that for ex-smokers, the relative risk for
oral cancer declines with time since stopping smoking,
to almost reach the levels observed for non smokers.
In a Swedish study, patients with oral leukoplakia
who were smokers were asked to give up their smoking.
It was found that leukoplakias present in persons with
smoking habits were reversible when the smoking habit
was reduced or given up195. In a 10-year follow up study
in India the cessation of tobacco use led to a substantial
fall in the incidence of oral leukoplakia200.
Effects of smoking cessation on the
periodontium

There are few articles in the periodontal literature which
specifically address the impact of smoking cessation on
the periodontium, presumably because of the inherent difficulties in motivating patients to quit smoking.
Most investigations of the impact of smoking cessation
on the periodontium have been either cross-sectional
comparisons of periodontal status in current smokers, former smokers and never smokers, or have been
prospective cohort studies. To date there has only been
one intervention study to assess the effect of smoking
cessation on periodontal treatment outcomes (described
in more detail below)194.
The periodontal literature that has focused on smoking cessation can therefore be divided depending on the
type of study conducted. Cross-sectional and prospective cohort studies can be split into two categories: the
effect of smoking cessation on periodontal status and
the effect of smoking cessation on the outcome of
periodontal therapy. Intervention studies of the impact
of smoking cessation on the periodontium constitute
their own category and include studies of the biological effects of quitting smoking. For more background,
the reader is referred to excellent reviews by Tonetti201,
Ramseier202, Heasman203 and Johnson80.
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The effect of smoking cessation on
periodontal status

In broad terms, studies have indicated that periodontal
status in former smokers is usually intermediate to that
of current smokers and never smokers. Current smokers usually have significantly worse periodontal status
(greater probing depths, attachment loss, and alveolar
bone loss) than either former smokers or never smokers.
Several studies have indicated that the periodontal status
of former smokers, while intermediate to that of current smokers or never smokers, is usually closer to that
of never smokers than current smokers. Such findings
provide indirect evidence of the periodontal benefits
of quitting smoking and permit the conclusion that not
only should smoking status always be assessed as a key
parameter to indicate the periodontal disease risk for
an individual patient, but smoking cessation counselling
should form an integral part of periodontal therapy201.
The principal findings of studies that have investigated
the effect of smoking cessation on periodontal status
are shown in Table 632,41,93,109,191-193,204-211.
The effect of smoking cessation on
periodontal treatment outcomes

A small number of studies have investigated the efficacy of periodontal treatment in former smokers as
compared to current smokers or never smokers, and
these also provide indirect evidence of the benefit of
smoking cessation on periodontal treatment outcomes.
Taken collectively these studies confirm that treatment
outcomes in former smokers are generally similar (if
sometimes slightly inferior) to those that can be expected in never smokers, but are usually better than those
that can be expected in current smokers. The principle
findings of these studies are shown in Table 7212-217.
Intervention studies

A small number of intervention studies have been
conducted that have investigated the effect of smoking
cessation on the periodontium. These studies have indicated that smoking has a negative impact on the gingival
microvasculature and that these changes are reversible
on quitting smoking. To date, only one interventional
study to assess the impact of smoking cessation on
outcomes following non-surgical periodontal therapy
has been conducted194. This study achieved a 20% quit
rate at 12 months, which confirms the effectiveness of
dental healthcare professionals in providing smoking
cessation counselling (Table 8)194,218,219. In this study,
those individuals who successfully quit smoking had
the best periodontal treatment response. The treatment response in the failed quitters (i.e. the ‘oscillators’,
who initially quit smoking but then resumed) was not
significantly different from that seen in those who did
not manage to quit.
International Dental Journal (2010) Vol. 60/No.1

The potential benefit of smoking cessation on
the periodontium is likely to be mediated through a
number of different pathways such as a shift towards a
less pathogenic subgingival microflora, recovery of the
gingival microcirculation, and improvements in aspects
of the immune-inflammatory responses. In general
terms, periodontal status and response to treatment in
former smokers is intermediate to that seen in never
smokers and current smokers, and is usually closer to
that seen in never smokers. From the small number of
studies to date, it appears that the periodontal status of
former smokers approximates that of never smokers
after around 10 years since quitting smoking.
Tooth loss

Few studies have investigated the association between
smoking cessation and tooth loss risk. In the study by
Ahlqwist et al.89, the mean number of teeth lost in the
12 year period of follow-up was similar between never
smokers and former smokers who had quit any time
before baseline. In the VA DLS population, Krall et al.94
demonstrated an association between time since cessation of cigarette smoking and tooth loss risk, suggesting
that it may take up to 13 years after smoking cessation
for the risk of tooth loss to drop to that of never smokers. These results are consistent with the results reported
by Dietrich et al.90 for the male USA health professionals, where the risk of tooth loss declined exponentially
soon after smoking cessation but remained significantly
elevated by about 20% even after 10+ years of smoking
cessation (Figure 3).
Effect of cessation on dental implants

Only one article was identified with regard to the potential effect of smoking cessation on the outcome of
implant treatment220. The study reported that four out
of 34 implants (12%) in subjects who refrained from
smoking in conjunction with implant placement surgery
showed early implant failure (implant loss or >50%
bone loss) as compared to five of 13 (38%) implants in
subjects who continued to smoke. Because the number
of subjects involved and affected by implant loss was
not given, the finding must be interpreted with great
caution.
Effect of cessation on other disorders

Mucosal hyperpigmentation can decrease and disappear
after a successful attempt to quit smoking199. In a population of 30,118 adults from Sweden, the prevalence of
oral pigmentation was found to increase during the first
year of smoking. After cessation this effect resolved,
and after a period of more than six years the pigmentation returned to the level found among non-smokers
(≈ 3%)132,197.
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Table 6 The effect of smoking cessation on periodontal status.
Author, year

Study

Sample

Results

Bergstrom, 1991204

Cross-sectional

210 subjects (dental hygienists aged 24-60
years old). 30% current smokers, 32% former
smokers, and 38% never smokers.

The mean distance from the CEJ to interproximal bone crest
was significantly greater for current smokers (1.71 ± 0.08
mm) compared to never smokers (1.45 ± 0.04 mm). The
corresponding measurement for former smokers was 1.55 ±
0.05 mm, intermediate to that seen in the other two groups.

Haber, 1993205

Cross-sectional

132 subjects with type 1 diabetes (28%
current smokers, 13% former smokers and
59% never smokers) and 95 age- and sexstratified non-diabetic subjects (22% current
smokers, 19% former smokers and 59%
never smokers).

In the non-diabetic subjects aged 19-30 years, 36% of former
smokers had periodontitis (defined by at least one site with
probing depth ≥ 5 mm and attachment loss ≥ 2 mm) compared to 12% of never smokers and 46% of current smokers. In those aged 31-40 years, 50% of former smokers had
periodontitis, compared to 33% of never smokers and 88% of
current smokers. In both age groups, the difference between
current and never smokers was statistically significant. A similar pattern was also seen in the diabetic patients. There were
no differences between current and never smokers in the
proportion of sites with plaque.

Jette, 1993109

Cross-sectional

1156 community-dwelling adults aged ≥70
years. Of the men, 18% were current smokers, and 65% were former smokers. Of the
women, 8% were current smokers, and 37%
were former smokers.

Duration of exposure to tobacco products (current smokers
versus former smokers) was a statistically significant risk factor for tooth loss and periodontal disease, regardless of other
social and behavioural factors.

Bolin, 1993206

Prospective cohort,
10 year follow-up

349 subjects examined at two intervals, 10
years apart.

Bone loss was calculated as percent loss in bone height from
the first examination to the second examination. Bone loss in
smokers over the 10 years was 6.0%, compared to 3.9% in
never smokers. Former smokers (i.e. those who were smoking at examination one, but who had quit by examination two)
demonstrated 4.4% bone loss, which was significantly less
than that in the smokers.

Tomar, 2000193

Cross-sectional

12,329 dentate subjects ≥18 years old from
NHANES III, of whom 27.9% were current
smokers and 23.3% were former smokers.

Current smokers were 4 times more likely (odds ratio 3.97)
and former smokers nearly twice as likely (odds ratio 1.68)
than never smokers to have periodontitis, after adjusting for
potential confounding variables. In the current smokers, there
was a highly significant dose-response relationship between
cigarettes smoked per day and the odds of having periodontitis. In former smokers, the odds of having periodontitis declined with the number of years since quitting, from an odds
ratio of 3.22 for 0 to 2 years since quitting to an odds ratio of
1.15 (95% CI, 0.83-1.60) after ≥ 11 years since quitting. The
authors concluded that 41.9% of periodontitis cases in the
U.S. adult population were attributable to current cigarette
smoking and 10.9% to former smoking.

Bergstrom, 2000207

Cross-sectional

257 dentally aware adults aged 20-69 years.
50 current smokers, 61 former smokers and
133 non-smokers

The mean frequency of sites with probing depths ≥ 4 mm was
6.6 in the former smokers compared with 16.8 in the current
smokers and 5.2 in the never smokers (significantly greater in
the current smokers compared to the other two groups). Periodontal bone height (% of root length with bone) was 82.0%
in former smokers compared to 81.3% in current smokers
and 84.5% in never smokers (significantly lower in the current
smokers compared to the other two groups). The periodontal
status of former smokers was thus intermediate to that of current and never smokers.

Table 6 continued on next page ...
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Table 6 continued ......
Bergstrom, 2000191

Prospective cohort,
10-year follow-up

257 dentally aware adults examined in 1982
and 1992. 10-year follow-up of data from
Bergstrom 2000207.

The frequency of sites with probing depths ≥ 4 mm decreased from 11.1% to 7.8% in the former smokers, compared with a decrease from 8.7% to 6.6% in never smokers
and an increase from 18.7% to 41.6% in the current smokers
over the 10 year period (the frequency of such sites was
significantly greater in the current smokers compared to the
other two groups at the second examination). Periodontal
bone height decreased from 80.7% to 79.6% in former smokers, compared with a decrease from 85.1% to 84.1% in never
smokers and a decrease from 80.3% to 76.5% in current
smokers. Overall, the periodontal status of former smokers
was similar to that of non-smokers and remained stable (in
terms of probing depths and bone height), suggesting that
smoking cessation is beneficial to periodontal health.

Haffajee, 2001208

Cross-sectional

289 patients aged 20-86 years with chronic
periodontitis.

Current smokers had significantly more attachment loss,
missing teeth, deeper pockets and fewer sites exhibiting
bleeding on probing than former or never smokers. Increasing age and smoking status were significantly related to mean
attachment level and the effect of these parameters was
additive.

Jansson, 200293

Prospective cohort,
20-year follow up

507 individuals who were examined in 1970
and 1990.

Interproximal bone levels were assessed from radiographs
obtained in 1970 and 1990. In 1970, 50.7% were smokers
and this decreased to 31.0% in 1990. Smoking was significantly correlated with alveolar bone loss over the 20 years.
Individuals who quit smoking between 1970 and 1990 lost
significantly less bone than those who smoked continuously.

Baljoon, 2004209

Prospective cohort,
10-year follow-up

257 dentally aware adults examined in 1982
and 1992. Same population as Bergstrom
2000207.

The prevalence of vertical bone defects in 1982 was 47%
for current smokers, 49% for former smokers, and 24% for
non-smokers. In 1992, the prevalence was 42%, 28%, and
19% for current smokers, former smokers, and non-smokers,
respectively. Both in 1982 and 1992 the prevalence of vertical
defects was significantly related to smoking status.

Paulander, 2004210

Prospective cohort,
10-year follow-up

295 subjects who were 50 years old when
examined in 1988, and who were examined
again in 1998.

The relative risk for a mean loss of alveolar bone height ≥ 0.5
mm was 3.69 (95% CI: 2.33-5.85) in current smokers and
0.70 (95% CI: 0.31-1.59) in former smokers

Baljoon, 2005192

Prospective cohort,
10-year follow-up

91 individuals examined in 1982 and 1992.
24 smokers, 24 former smokers, and 43
non-smokers. Sub-group of population from
Bergstrom 2000207.

A statistically significant increase in the proportion of vertical
defects was observed in all groups but was particularly associated with smoking. In particular, the difference between
smokers and never smokers was significant, whereas former
smokers did not differ from never smokers.

Torrungruang, 2005211

Cross-sectional

1960 subjects aged 50-73 years. 14.4%
current smokers, 36.9% former smokers, and
48.7% never smokers.

Current smokers had more plaque, greater probing depths
and more loss of attachment than former smokers and never
smokers. Current smokers were 4.8 times more likely to have
severe periodontitis than never smokers and former smokers
were 1.8 times more likely. Quitting smoking reduced the
odds of having periodontitis. For quitters who had < 15 packyears of smoking, their odds for severe periodontitis reverted
to the level of non-smokers when they had quit smoking for
≥10 years. For those with ≥ 15 pack-years of smoking, the
odds of having severe periodontitis did not differ from those
of non-smokers when they had quit smoking for ≥ 20 years.

Thomson, 200741

Prospective cohort,
6 year follow up

810 individuals in a longstanding cohort study
examined at age 26 and age 32. 31.5% were
current smokers, 17.4% were former smokers, and 51.1% were never smokers.

Smokers had 5-7 times increased risk for having at least
one site with ≥ 5 mm attachment loss compared to never
smokers. Two-thirds of new cases of periodontitis after age
26 were attributable to smoking. There were no significant
differences in periodontal health between never smokers and
those who had quit smoking after age 26.

Do, 200832

Cross-sectional

3161 individuals examined as part of an
Australian national oral health survey. 15%
current smokers, 23% former smokers, and
62% never smokers.

The overall prevalence of periodontitis was 23%. In unadjusted analyses, former and current smokers had significantly
higher prevalence of periodontitis than never smokers.
Relative to non-smokers, adjusted prevalence ratios (95% CI)
for periodontitis were as follows: former smokers: 1.22 (1.031.46), moderate smokers (5-15 pack years): 1.63 (1.16-2.30);
and heavy smokers (> 15 pack years): 1.64 (1.27-2.12).
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Table 7 The effect of smoking cessation on periodontal treatment outcomes.
Author, year

Study

Sample

Results

Kaldahl, 1996212

Prospective cohort, 7-year
follow-up

74 patients with periodontitis.
31 heavy smokers, 15 light
smokers, 15 former smokers
and 18 never smokers.

Heavy and light smokers demonstrated less favourable treatment outcomes than former smokers or never
smokers.

Grossi, 1997213

Cross-sectional (3 month
evaluation of treatment outcomes)

143 patients with periodontitis. 60 current smokers, 55
former smokers and 28 never
smokers.

Mean probing depth reductions in former smokers
were 0.49 mm (full mouth) and 1.7 mm (pockets >
5mm at baseline), almost identical to the probing depth
reductions seen in never smokers (0.49 mm and 1.8
mm, respectively), and better than those observed in
current smokers (0.33 mm and 1.3 mm, respectively).
The probing depth reductions were significantly lower
for the current smokers compared to the other two
groups.

Ryder, 1999214

Prospective cohort, 9-month
follow up of patients from two
9-month multicentre clinical
trials that compared scaling and root planing to local
delivery of doxycycline

358 patients with periodontitis. 121 current smokers,
137 former smokers, and 100
never smokers.

In the scaling and root planing group, mean probing depth reductions in former smokers (1.05 mm in
pockets ≥ 5 mm and 1.58 mm in pockets ≥ 7 mm) were
almost identical to those seen in current smokers (1.02
mm and 1.48 mm, respectively) and were significantly
less than those observed in never smokers (1.43 mm
and 2.06 mm, respectively). In the doxycycline treated
group, there were no marked significant differences
in clinical attachment gain or probing depth reduction
among the 3 smoking groups.

Preshaw, 1999215

Prospective cohort, 6 month
follow-up

41 patients with periodontitis. 15 current smokers, 14
former smokers, and 12 never
smokers.

Current smokers, former smokers and never smokers
did not differ significantly in plaque scores, bleeding
scores, attachment levels, or radiographic bone loss.
Mean probing depths were significantly greater in current smokers than in never and former smokers. Probing depths were reduced comparably in all 3 smoking
subgroups following treatment, with no significant
differences between groups (mean full mouth probing
depth reductions were 0.55 mm in never smokers, 0.67
mm in former smokers and 0.78 in current smokers).

Meinberg, 2001216

Prospective cohort, 1-year
follow-up

95 patients with treated chron- Mean baseline radiographic interproximal bone loss
ic periodontitis in a 3-monthly in former smokers (4.89 mm) was intermediate to that
seen in current smokers (5.75 mm) and never smokers
maintenance programme.
(4.64 mm). Over 1 year, bone loss occurred in 5% of
the sites, but was not significantly different between the
smoking sub-groups.

Hughes, 2006217

Prospective cohort, 10 weeks
follow-up

79 patients with generalised
aggressive periodontitis. 20
were current smokers, 19
were former smokers and 40
were never smokers.

Treatment outcomes were poorer in smokers (mean
probing depth reduction 1.75 ± 0.56 mm) than in the
former smokers and never smokers combined (mean
probing depth reduction 2.23 ± 0.87 mm). There were
no significant differences in treatment responses
between former smokers (mean probing depth reduction 2.1 ± 0.84 mm) and never smokers (mean probing
depth reduction 2.3 ± 0.89 mm).
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Table 8 Interventional studies of the effect of smoking cessation on the periodontium.
Author, year

Study

Sample

Results

Nair, 2003218

Interventional study, short
term (4-6 weeks) investigation
of effect of smoking cessation
on gingival bleeding

27 smokers participating in a
quit smoking programme who
had no signs of advanced
periodontitis.

Data for the 27 quitters revealed a statistically
significant increase in the proportion of sites that bled
on (constant force) probing from 15.7% to 31.9% as
a result of quitting. At the same time, a significant
decrease in the proportion of sites with plaque
occurred, from 38.9% to 28.1%.

Morozumi, 2004219

Interventional study, short
term (8 weeks) investigation
of effect of smoking cessation
on gingival vasculature

16 male, periodontally healthy 11 of the 16 subjects successfully quit smoking for
smokers.
8 weeks (and the other 5 subjects dropped out of
the study). Gingival blood flow (determined by laser
Doppler flow) and gingival crevicular fluid volume
increased significantly following smoking cessation in
the 11 quitters.

Preshaw, 2005194

Interventional study, 12 month 49 smokers with chronic
follow-up
periodontitis who wished to
quit smoking.

After 12 months, of patients with complete data, 10
had continuously quit (20% quit rate), 10 continued
smoking and six were ‘oscillators’ (patients who quit
and then resumed smoking). Analysis of probing
depth reductions between baseline and month 12,
and comparing quitters with the other two groups
combined, demonstrated a significant benefit of quitting
on mean probing depth reductions (additional mean
reduction of 0.32 mm in the quitters). Quitters were
significantly more likely to demonstrate probing depth
reductions ≥ 2 and ≥ 3 mm than non-quitters and
oscillators. Thus, quitters had increased odds (relative
risk = 1.67) of demonstrating probing depth reductions
≥ 2 mm compared with the other two groups, and more
than twice the odds of demonstrating probing depth
reductions ≥ 3 mm (relative risk = 2.36).

Time-dependant association of smoking cessation with risk of tooth loss
(Reference: never smokers)

Hazard-Ratio (95% CI)
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Figure 3. Hazard ratios and 95% confidence intervals (CI) for the time-dependent
association between cessation of cigarette smoking and risk of tooth loss in the Health
Professionals Follow-up Study, United States, 1986-2002. (Used with permission)
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Conclusion

There is considerable evidence suggesting that former
smokers have smaller risks of tobacco related oral diseases than current smokers. Reduction of risk following
smoking cessation appears to be a function of time since
cessation. While marked benefits of smoking cessation
can be expected in the short-term, it may take several
years of abstinence for the risk to decline to that of
never smokers. However, robust data to estimate the
decline in risk as a function of time since cessation are
lacking for several oral health endpoints (Table 5). Nevertheless, it is evident that substantial oral health benefits
can be expected from successful smoking cessation in a
wide variety of populations across all ages.
The effectiveness of interventions in a dental setting
to achieve smoking cessation is considered by Needleman et al.221. Although few intervention studies have
specifically evaluated the effect of smoking cessation on
oral health endpoints the group felt that planning and
conducting randomised controlled trials in the future
on the effectiveness of smoking cessation to improve
oral health outcomes may not be feasible due to many
difficulties including ethical considerations because of
the generally well documented benefits of smoking cessation as well as large sample sizes and long follow-up
needed to document improvements in oral health outcomes. However, the group firmly believed that properly
designed studies of the effects of smoking cessation
interventions (for example, prospective observational
studies of the effect of quitting) should continue to
be performed to increase further the evidence base
to support the benefits of tobacco use cessation and
to provide further information on matters such as the
length of time since quitting by which disease risks are
reduced to be similar to those of non-smokers. In fact
after completion of our workshop and prior to this publication, new evidence emerged that quitting smoking
for 1-4 years resulted in oral cancer risk reduction (OR
0.65 95% CI 0.52-0.80) compared with current smokers, with risk reduction due to smoking cessation after
20 years (OR 0.19 95% CI 0.15-0.24) reaching level of
never smokers222.
In summary, the findings of this review demonstrate
robust evidence that avoidance or cessation of smoking, results in substantial improvements in oral health
status at all ages.
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