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ABSTRACT
The direct link between smoking, lung diseases, cancer, cardiovascular disease and poor pregnancy outcomes, such as miscarriage and low birth weight, has
been extensively studied. In the past three decades,
there has also been an increasing awareness of the impact of smoking on periodontal disease. Smoking is
considered the major environmental risk factor in the
prevalence, extent and severity of periodontal disease.
This review article will attempt to build on previous
studies in the periodontal literature in order to present an evidence-based comprehensive literature review on the effects of smoking on periodontal disease.
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1. INTRODUCTION
Periodontitis is the result of complex interrelationships
between infectious agents and host factors. Environmental, acquired, and genetic risk factors modify the expression of disease and may therefore affect the onset or progression of periodontitis [1]. Among the environmental
risk factors, tobacco smoking has been found to be associated with an increased prevalence and severity of periodontal disease [2].
For many years, smoking has been linked to lung disease, cancer, cardiovascular disease, and poor pregnancy
outcomes, such as miscarriage and low birth weight [3].
Over the past two decades, it has also been recognized
that smoking is associated with periodontal disease. As
early as the 1940s, Pindborg noted that acute necrotizing
ulcerative gingivitis was associated with smoking in the
Danish Royal Marines [4].
OPEN ACCESS

It is now well established that tobacco use is the most
important, if not the most important, preventable risk
factor in the incidence and progression of periodontal diseases [5-7]. In addition, tobacco use has a negative adverse effect on the full spectrum of periodontal treatment
approaches, ranging from mechanical debridement, local
and systemic antimicrobial therapy to periodontal surgery
including regenerative procedures and oral implants [7].
Indeed, Haber has described a discrete, smoking-specific disease entity—smoking associated periodontitis—
that is characterized by fibrotic gingiva, limited gingival
redness and oedema relative to disease severity, proportionally greater pocketing in anterior and maxillary lingual sites, gingival recession at anterior sites, and a lack
of association between periodontal status and the level of
oral hygiene [8].
Evidence of risk factor status is strengthened by the
ability to demonstrate a dose-response and “years of exposure” to tobacco products as risk factors for periodontal disease [6,9]. It remains challenging, however, to determine the strength of smoking as a risk factor owing to
inherent problems in measuring accurately a subject’s
exposure to tobacco [10-12]. In general, therefore, there
is a substantial body of evidence to support the observation that the more a patient smokes, the greater the degree of periodontal disease. The logical corollary then is
that treatments for periodontal disease are likely to be
more efficacious in non-smokers than in smokers. In other words, this means when the effect of the level of cigarette consumption is considered, it seems that the response
to periodontal therapy is related to the amount of cigarettes smoked [13], and that previous smokers (quit-smokers) have a similar response to treatment compared to
nonsmokers [13,14].
Taking into consideration the vast body of medical literature that describes the biological basis of smoking, its
pathogenic mechanisms in addition to its clinical and ep-
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idemiological aspects, this review will attempt to build
on previous studies in the periodontal literature in order
to present an evidence-based comprehensive literature
review on the effects of smoking on periodontal disease.
To identify literature regarding the relationship between
smoking and periodontal disease, a MEDLINE literature
search has been conducted using the key words smoking,
tobacco, cigarette smoking and environmental/life-style
factors in combination with periodontitis or periodontal
disease. Searches were limited to the English language literature; no more restrictions were applied.

2. EVIDENCE-BASED REVIEW
2.1. Effects of Smoking on the Prevalence and
Severity of Periodontal Diseases
Bergstrom [15] demonstrated that tobacco use is a significant risk factor for the development of periodontal diseases. Bergstrom and colleagues [16] showed that disease severity increases with the frequency of smoking.
Smoking is also associated with an increased risk of periodontal attachment loss and formation of periodontal
pockets, as well as alveolar bone loss. The adverse effects of smoking on the periodontium correlate well with
both the quantity of daily consumption and the duration
as shown by Califano et al. [17] and Codd and coworkers
[18]. Grossi and colleagues [5] examined the relationship
between smoking and attachment loss and demonstrated
a dose dependent response in which more severe attachment loss occurred in smokers compared with nonsmokers, ranging from 2.05 mm for light smokers to 4.75
mm in heavy smokers. These findings support those of
Alpagot and colleagues [19], who reported that probing
depth was significantly correlated with “pack years” (i.e.,
packs of cigarettes smoked per day multiplied by the
number of years the subject has smoked). Furthermore
years of exposure to tobacco products have been shown
to be a statistically significant risk factor for periodontal
disease in 1156 community-dwelling New England elders, regardless of other social and behavioral factors [20].
Expressed as a percentage of tooth root length in 723
dentate adults, alveolar bone height was shown to be significantly lower in individuals smoking more than 5 g of
tobacco per day compared with those smoking between 1
and 5 g of tobacco per day [21]. Norderyd and Hugoson
examined 547 Swedish adults and found that moderate to
heavy smoking (greater than or equal to 10 cigarettes per
day) was associated with severe periodontitis, but that
light smoking (<10 cigarettes per day) was not [22].
Smokers were recorded to have a 2.5 to 3.5 times
greater risk of severe periodontal attachment loss [15]. In
analyses that adjusted for different oral hygiene habits,
patient age, sex, and socio-economic level, smokers had
deeper periodontal pockets, increased alveolar bone loss,
Copyright © 2014 SciRes.

increased tooth mobility, and more tooth loss than did
non-smokers [5]. In addition, emotional stress and poor
oral hygiene seem to play an important interactive role
with tobacco smoking [23]. Acute necrotising gingivitis
is also strongly correlated with tobacco use [24]. Although
the precise cause of this infection remains unknown; it
tends to occur most frequently in teenagers and young
adults. Some patients with acute necrotising gingivitis
have defective neutrophil function, thereby allowing bacterial, or possibly viral (cytomegalovirus) invasion of
gingival tissues [25]. The gingival bleeding in smokers is
“less severe” than in non-smokers, which could be related to the vasoconstrictive effect of the nicotine. The main
vasoconstrictive property of nicotine exerts its effect at
the end-arterial vasculature of the gingivae [26]. And other
tobacco components can also induce tissue necrosis and
ulceration seen in the disease.
Smokeless tobacco users have an incidence of gingivitis and gingival bleeding that is similar to the incidence
among non-users. Nevertheless, use of this form of tobacco is known to produce a painless loss of gingival tissues and alveolar bone destruction in the area of chronic
tobacco contact, as a result of collagen breakdown due to
increased release of collagenase [27].
In another study performed in the US exploring the
relationship between periodontitis and cigarette smoking;
where more than 12,000 dentate individuals over the age
of 18 years participated as part of the National Health
and Nutrition Examination Survey (NHANES III) smokers were on average 4 times as likely to have periodontitis as persons who had never smoked. Former smokers
were 1.68 times more likely to have periodontitis than
persons who had never smoked [28]. This study also demonstrated a dose-response relationship between cigarettes smoked per day and the odds of having periodontitis. In subjects smoking 9 cigarettes or less per day the
odds for having periodontitis was 2.79 whereas subjects
smoking 31 cigarettes per day or more were nearly 6
times more likely to have periodontitis. With former smokers, the odds of having periodontitis declined with the
number of years since quitting.
These data are consistent with the findings of other
studies. A meta-analysis of data from six studies involving 2361 subjects indicated that current smokers were
nearly 3 times more likely to have severe periodontitis
than nonsmokers [29]. Other studies indicated that older
adult smokers are approximately 3 times more likely to
have severe periodontal disease [30] while young adults
between the ages of 19 to 30 years who smoke are 3.8
times more likely to have periodontitis than nonsmokers
[2].
Less information is available on the effects of cigar
and pipe smoking, but it appears that effects similar to
cigarette smoking may be observed with this form of toOPEN ACCESS
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bacco use [31-33]. On the other hand smokeless tobacco
use has been associated with ora leukoplakia and carcinoma [34].
Of greater interest is the observation that former
smokers have less risk for periodontitis than current
smokers but more risk than nonsmokers and that the risk
for periodontitis decreases with the increasing number of
years since quitting smoking [28]. This suggests that the
effects of smoking on periodontal disease progression are
reversible with smoking cessation and that smoking cessation programs should be an integral component of periodontal education and therapy.

2.2. Effects of Nicotine on the Periodontal
Tissues
While nicotine is the primary psychoactive component,
and addiction to it is the main reason for people subjecting themselves to frequent and high doses over many
years, one must appreciate that tobacco smoke contains
thousands of different compounds. Many of these are
directly noxious/poisonous to living organisms and cells,
and nicotine may be unfairly blamed for most of these
properties. Moreover, it is also very important to appreciate that most of the harmful effects of tobacco products
will result from systemic exposure through absorption in
the lungs rather than topical absorption in the oral cavity
[35]. A regular heavy smoker exposes himself/herself to
these compounds many times per day for several minutes
at a time. Although increasing evidence is being presented for the harmful effects of passive smoking, the periodontal literature is generally confined to active smoking.
Many smokers develop the habit in their teenage years
and continue it throughout their life. No other drug is administered so frequently or over such a time period as
smoking. This is to emphasize the fact that the detrimental effects on the periodontium are derived from longterm chronic exposure and bear little relationship with
the effects that can be measured on a single exposure
[10]. Cotinine, a metabolite of nicotine, can be measured
in the serum/plasma and saliva, and is a better measure
of tobacco smoke exposure as it has a longer half-life
than nicotine (18 h compared with 1 - 2 h). Smokers
would be expected to have serum cotinine levels of over
14 ng/ml, and this could be as high as 1000 ng/ml. Resting plasma nicotine levels are much lower (5 - 50 ng/ml),
and are maintained by the individual to satisfy their craving for nicotine. Because nicotine is so rapidly absorbed
from the lung and transport to the brain is rapid, very
high peak levels can be measured in the brain. It is important to understand these variations in relation to levels
tested in in-vitro experiments [26].
Some early studies suggested that smokers experienced less gingival bleeding than non-smokers [36,37]. This
observation was confirmed in a comparative study of 10
Copyright © 2014 SciRes.
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heavy smokers (at least 20 cigarettes per day) and 10
non-smokers who had similar levels of periodontitis [38].
These authors cited the potential vasoconstrictive effect
of nicotine previously reported by Clarke [26]. The reduced bleeding on probing was further demonstrated in a
study by Bergstrom & Bostrom [39]. Gingival bleeding
was lower in 130 smokers (median [interquartile range,
IQR] bleeding score 19.0 [13.0]) than 113 non-smokers
(median [IQR] bleeding score 32.0 [20.3]), with similar
levels of periodontitis (p < 0.001).
Tobacco smoke contains carbon monoxide, which is
detectable in the breath of smokers and can be used to
assess compliance in quit-smoking programmes [10].
Oxygen saturation of haemoglobin is affected and attempts have been made to measure this in the gingival
tissue of smokers and non-smokers. Hanioka and coworkers [40] showed variable results. In healthy gingiva,
smokers did appear to have lower oxygen saturation, determined using tissue reflectance spectrophotometry, whereas in the presence of inflammation, the converse was
shown. The same group of workers [40] also examined
the oxygen tension in the pockets of 34 non-smokers and
27 heavy smokers with mild to moderate periodontitis.
They showed that the pocket oxygen tension was significantly lower in smokers (mean 21.9 mm Hg) compared
with non-smokers (mean 33.4 mm Hg [p < 0.0001]).
This could have an impact on the pocket microflora.
The vasculature has also been examined in histological
and immunocytochemical studies. In a very limited study
of one histological section from three smokers and four
non-smokers, Mirbod and coworkers [41] found that
there were a high proportion of small vessels compared
with large vessels in smokers compared with non-smokers, but no difference in the vascular density. The region
chosen for study was the connective tissue beneath the
external gingival epithelium, which was therefore remote
from the pocket wall/sulcus and the inflammatory lesion.
SÖnmez and colleagues [42] did not show differences in
the density or number of Factor VIII labelled vessels in
gingival tissues obtained at the time of periodontal surgery from 38 smokers and 36 nonsmokers. The orientation and location of the specimens were not described. A
more comprehensive histological comparison of smokers
and non-smokers was presented by Rezavandi and coworkers [43], who labelled the vessels by immunocytochemical staining to the von Willebrand factor, ICAM-1
and E-Selectin. They reported that a significantly larger
number of vessels were observed in inflamed tissues of
nonsmokers than smokers (p < 0.05).
Baab & Öberg [44] were the first researchers to question the vasoconstrictive action of nicotine (from cigarette smoking) on gingival tissues. In a Laser Doppler
Flow (LDF) study of 12 young regular smokers, they
showed that gingival blood flow rose by about 25% durOPEN ACCESS
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ing smoking, was maintained for 5 min. and then gradually declined to baseline values. This was associated with
an increase in heart rate and systolic and diastolic blood
pressure. They confirmed that the blood flow to the skin
of the forearm did decrease slightly, demonstrating the
differences in response between peripheral skin responses and those in the head and neck. It was interesting to
note that 3 of their subjects felt light headed after smoking, suggesting that the inhalation dose was greater than
they normally experienced.
Animal studies have shown that local nicotine delivery
negatively impacts bone healing [45], which may be related to inhibited expression of various growth factors
[46] and delayed revascularization [47]. These findings
might help explain the diminished treatment response to
surgical periodontal procedures, especially that involving
tissue regeneration.
This means that tobacco smoking may exert a masking
effect on gingival symptoms of inflammation, which
might give smoking patients a false sense of assurance of
gingival health [39]. Smoking upregulates the expression
of pro-inflammatory cytokines, such as interleukin-1,
this contributes to increased tissue damage and alveolar
bone resorption [48]. Interleukin-1 genotypepositive smokers are more susceptible to severe adult periodontitis
[48].

2.3. Effects of Smoking on the Etiology and
Pathogenesis of Periodontal Disease
The increased prevalence and severity of periodontal destruction associated with smoking suggests that the hostbacterial interactions normally seen in chronic periodontitis are altered, resulting in more aggressive periodontal
breakdown. This imbalance between bacterial challenge
and host response may be due to changes in the composition of the subgingival plaque, with increases in the numbers and/or virulence of pathogenic organisms; changes
in the host response to the bacterial challenge; or a combination of both.

2.4. Physiology
The clinical signs of inflammation are less pronounced in
smokers when compared with nonsmokers [49,50]. These
observations may be due to alterations in the inflammatory response in smokers or due to alterations in the vascular response of the gingival tissues. Although no significant differences in the vascular density of healthy
gingiva have been observed between smokers and nonsmokers, the response of the microcirculation to plaque
accumulation appears to be altered in smokers when
compared with nonsmokers. With developing inflammation, increases in gingival crevicular fluid flow [49],
bleeding on probing [49], and gingival blood vessels
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were less in smokers when compared with nonsmokers.
In addition, the oxygen concentration in healthy gingival
tissues appears to be less in smokers than nonsmokers,
although this condition is reversed in the presence of
moderate inflammation [51]. Subgingival temperatures
are lower in smokers than nonsmokers [52] and recovery
from the vasoconstriction caused by local anaesthetic
administration takes longer in smokers [53]. These cumulative data suggest the presence of significant alterations in the gingival microvasculature of smokers when
compared with nonsmokers and that these changes lead
to decreased blood flow and decreased clinical signs of
inflammation when disease progresses.

2.5. Microbiology
Several studies have explored the changes that may occur in subgingival plaque as a result of smoking with
conflicting and inconclusive results. In a study of 142
patients with chronic periodontitis, plaque samples from
deep pockets (>6 mm) showed no differences in the
counts of Aggregatibacter actinomyceterncomitans, Porphyromonas gingivalis, and Prevotella intermedia [54].
In a similar study of 615 patients, the prevalence of A.
actinomyceterncomitans, P. gingivalis, P. intermedia, and
Eikenella corrodens was not found to be significantly
different between smokers and nonsmokers using immunoassay [55]. In contrast, other studies have shown differences in the microbial composition of subgingival plaque between smokers and nonsmokers. In a study of 798
subjects with different smoking histories, it was found
that smokers had significantly higher levels of T. forsythensis and that smokers were 2.3 times more likely to
harbor T. forsythensis than nonsmokers and former smokers [55]. Of particular interest was the observation that
smokers do not respond to mechanical therapy as well as
nonsmokers and that this is associated with increased
levels of T. forsythensis, A. actinomyceterncomitans, and
P. gingivalis remaining in the pockets after therapy in the
smoking group when compared with non-smokers [14,
56-58]. Many discrepancies between the findings of microbiologic studies are a function of the methodology
involved, including bacterial counts versus proportions
or prevalence of bacteria, number of sites sampled and
the pocket depths selected, the sampling technique, the
disease status of the subject, and the methods of bacterial
enumeration and data analysis [57]. In an attempt to
overcome some of these problems, another study sampled subgingival plaque from all teeth with the exception
of third molars in 272 adult subjects, including 50 current smokers, 98 past smokers, and 124 nonsmokers [59].
Using checkerboard DNA-DNA hybridization technology to screen for 29 different subgingival species; it was
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found that members of the orange and red complexes
including Eikenella nodatum, Fusobacterium nucleatum
ss. vincentii, P. intermedia, Peptostreptococcus micros,
Prevotella nigrescens, T. forsythensis, P. gingivalis, and
Treponema denticola were significantly more prevalent
in current smokers than in non-smokers and former
smokers. Of interest was that the increased prevalence of
these periodontal pathogens was due to an increased colonization of shallow sites (pocket depth <4 mm) with no
differences between smokers, former smokers, and nonsmokers in pockets deeper than 4 mm [59]. In addition,
these pathogenic bacteria were more prevalent in the maxilla than the mandible. There are also reports of higher
proportions and/or prevalence of exogenous [60] or commensal [61] flora in moderate to deep probing depths in
smokers that point towards an adverse effect of smoking
on the host response. This concept is also supported by
the persistence of periodontal bacteria in smokers following scaling and root planning [14,57,61-63]. These
data suggest that smokers have a greater extent of colonization by periodontal pathogens than nonsmokers or
former smokers and that this colonization may lead to an
increased prevalence of periodontal breakdown.

2.6. Immunology
The immune response of the host to plaque accumulation
is essentially protective. In periodontal health and gingivitis, a balance exists between the bacterial challenge of
plaque and the immune response from within the gingival tissues, with no resulting loss of periodontal support.
In contrast, periodontitis appears to be associated with an
alteration in the host-bacterial balance that may be initiated by changes in the bacterial composition of subgingival plaque, changes in the immune response, or a
combination of both elements. Smoking exerts a major
effect on the protective elements of the immune response,
resulting in an increase in the extent and severity of periodontal destruction. The deleterious effects of smoking
appear to be due in part to a down regulation of the immune response to bacterial challenge [64]. The neutrophil is an important component of the host response to
bacterial infection, and alterations in neutrophil number
or function may result in localized and/or systemic infections. Critical functions of neutrophils include chemotaxis (directed locomotion from the blood stream to the
site of infection), phagocytosis (internalization of foreign
particles such as bacteria), and killing using oxidative
and nonoxidative mechanisms. Neutrophils, obtained
from the peripheral blood or saliva of smokers or exposed in vitro to whole tobacco smoke or nicotine, have
been shown to demonstrate functional alterations in chemotaxis, phagocytosis, and the oxidative burst. Smoking
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has been shown to impair the chemotaxis and phagocytosis of neutrophils obtained from the oral cavity [48,65]
and in vitro studies of the effects of tobacco products on
neutrophils have shown detrimental effects on cell movement and the oxidative burst [66-69]. However, it should
also be noted that the majority of studies have reported
no major differences of neutrophil numbers in the pocket
[70]. However, in lung tissues exposed to smoke there
are increased numbers of neutrophils within the tissue
itself [71]. In addition, smokers have an increased number of T cells in the periodontal tissues [48], another host
response cell that uses the integrin/selectin system to migrate into tissues. These series of observations indicate
that neutrophils in smokers may be stimulated to migrate
into the periodontal tissues, but once in the tissues, the
continual exposure to smoke may impair their further
progress into the periodontal pocket. Nevertheless, these
neutrophils in tissue would still be exposed to intermittent acute higher exposure of tobacco substances that
could penetrate into the superficial tissue and trigger
destructive processes. In addition, the production of antibody essential for phagocytosis and killing of bacteria,
specifically lgG2 levels to periodontal pathogens, has
been reported to be reduced in smokers versus non-smokers with periodontitis [17,72,73], suggesting that smokers may have reduced protection against periodontal infection. In contrast, elevated levels of TNF-α have been
demonstrated in the gingival crevicular fluid of smokers’
as well as elevated levels of PGEg, neutrophil elastase,
and matrix metalloproteinase [15]. In vitro studies also
have demonstrated that exposure to nicotine increases the
secretion of PGEz by monocytes in response to LPS [74].
These data suggest that smoking may impair the response of neutrophils to periodontal infection but may
also increase the release of tissue-destructive enzymes.
It is interesting to know that for patients who use tobacco as a smoke product, such as cigarettes, cigars and
pipes, there are two levels of tobacco exposure that are
encountered; these can be termed “chronic” and “acute”
smoke exposures [67,75-77].
In the smoker there are “chronic” low levels of tobacco products in serum, saliva, gingival crevice fluid, and
within the cells and extracellular matrix of the periodontal tissue itself. These low concentrations of tobacco may
have one type of effect on the host response [64]. However, during the act of smoking, concentrations of tobacco products, several hundred to thousands of times higher, are encountered in the saliva, gingival crevice fluid
and periodontal tissues [67,77,78]. These much higher
concentrations may have different effects on cells and
other elements of the host response when compared with
the longer-term chronic levels [64]. Such higher concentrations have been shown to impair fibroblast attachment
and collagen synthesis which may in turn impair the hea-
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ling response in periodontal diseases in smokers [64].

3. CONCLUSION
In view of the fact that smokers are two- to eight-fold
more likely to have periodontitis than nonsmokers, smoking cessation should be an important treatment consideration for periodontal patients. This fact can be useful in
patient education and may provide encouragement to patients contemplating cessation. Dental professionals are
well positioned to provide smoking cessation advice to
their patients because patients are likely to visit their periodontologists/dentists more often than their physician.
Therefore, close collaboration of dentists/periodontologists and physicians is recommended in the treatment of
smoking patients.
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