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Abstract
Background: Smoking is a risk factor for periodontitis. To clarify the contribution of smoking to periodontitis, it is
essential to assess the relationship between smoking and the subgingival microflora. The aim of this study was to
gain an insight into the influence of smoking on the microflora of Japanese patients with periodontitis.
Methods: Sixty-seven Japanese patients with chronic periodontitis (19 to 83 years old, 23 women and 44 men)
were enrolled in the present study. They consisted of 30 smokers and 37 non-smokers. Periodontal parameters
including probing pocket depth (PPD) and bleeding on probing (BOP) and oral hygiene status were recorded.
Detection of Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, Prevotella intermedia, Tannerella
forsythia, Fusobacterium nucleatum/periodonticum, Treponema denticola and Campylobacter rectus in subgingival
plaque samples was performed by polymerase chain reaction. Association between the detection of
periodontopathic bacteria and smoking status was analyzed by multiple logistic regression analysis and chi-square
test.
Results: A statistically significant association was found between having a PPD ≥ 4 mm and detection of T.
denticola, P. intermedia, T. forsythia, or C. rectus, with odds ratios ranging from 2.17 to 3.54. A significant association
was noted between BOP and the detection of C. rectus or P. intermedia, and smoking, with odds ratios ranging
from 1.99 to 5.62. Prevalence of C. rectus was higher in smokers than non-smokers, whereas that of A.
actinomycetemcomitans was lower in smokers.
Conclusions: Within limits, the analysis of the subgingival microbial flora in smokers and non-smokers with chronic
periodontitis suggests a relevant association between smoking and colonization by the specific periodontal
pathogens including C. rectus.

Background
Periodontitis, a local chronic inflammation in the supporting tissues of the teeth leading to progressive loss of
periodontal ligament and bone, is believed to result
from disruption of the homeostatic balance between
periodontopathic bacteria and the host response to
these microorganisms [1,2]. In addition, several factors,
including smoking, socioeconomic status, behaviour and
stress have been identified as potential risk factors for
periodontitis [3].
Among these risk factors, smoking is strongly implicated in the development of periodontal disease. There
is accumulating evidence for a higher level of periodontal disease among smokers [4,5]. Greater levels of
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clinical alveolar bone loss [5-7], tooth mobility [8], probing pocket depth [4,9] and tooth loss [10-12] have all
been reported to be more severe in smokers than in
non-smokers. Stoltenberg et al. [13] reported that the
odds ratio for having a mean probing depth ≥ 3.5 mm
was 5.3 times greater in smokers.
Mechanisms by which smoking affects the development of periodontitis are thought to be both direct and
indirect. It has been suggested that modification of the
periodontal microflora by smoking is involved in the
development of periodontitis. It was shown that in vitro
exposure of bacteria to cigarette smoking resulted in a
marked decrease in the numbers of viable bacteria
[14,15]. Zambon et al. [16] reported that smokers had
significantly higher levels of, and were at greater risk of
infection by Tannerella forsythia, in a study on 798 subjects with different smoking histories. Furthermore, they
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showed that smokers were 2.3 times more likely to harbour this periodontal pathogen than former smokers or
non-smokers, after adjusting for disease severity. Umeda
et al. [17] reported that current smokers displayed an
increased risk (odds ratio, 4.6) for harbouring Treponema denticola in periodontal pockets, and that the
presence of Aggregatibacter actinomycetemcomitans,
Porphyromonas gingivalis, Prevotella intermedia, Eikenella corrodens or Fusobacterium nucleatum and smoking increased the risk of having a mean pocket depth of
≥ 3.5 mm. Likewise, Stoltenberg et al. [13] found that
smoking was the strongest risk indicator for increased
pocket depth. With regard to early onset periodontitis,
Kamma et al [18] reported that smokers harboured
higher levels of periodontal pathogens. On the other
hand, other studies [13,19] found that both smokers and
non-smokers exhibited similar subgingival microflora,
suggesting that smoking has limited influence on the
microflora involved in periodontal disease. Given these
discrepancies, more information is needed to delineate
the relationship between smoking and periodontal
microflora. The aim of the present study was to gain
insight into the influence of smoking on the microflora
of Japanese patients with periodontitis.

Methods
Study Population

A total of 67 patients participated in the study. All were
patients with a clinical diagnosis of chronic periodontitis, attending the Department of Periodontology, Tokyo
Dental College, Chiba, Japan. The present study was
conducted in accordance with the Helsinki Declaration,
and informed consent was obtained from all participants
before experiment. All procedures conformed to the
protocols approved by the institutional ethical review
board of Tokyo Dental College. The clinical diagnosis of
chronic periodontitis was made on the basis of past dental history, clinical parameters and radiographic patterns
of alveolar bone loss [20]. Exclusion criteria included
previous periodontal treatment within the past year; systemic conditions that might affect periodontal disease
activity or requiring premedication with antibiotics for
periodontal probing; medications such as antibiotics,
steroids, or non-steroidal, anti-inflammatory drugs
within the past 6 months. Those with a diagnosis of
aggressive periodontitis were also excluded. Smoking
history was determined by means of a questionnaire.
Based on the responses, the patients were classified as
either smokers (current regular smokers) or non-smokers (who had never smoked tobacco). Smokers were
those who smoke regularly for at least 6 months and
had smoked more than 100 cigarettes in their lifetime.
Former smokers were excluded.
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Clinical Examination

To determine periodontal status, probing pocket depth
(PPD) and bleeding on probing (BOP) were examined at
six sites (mesio-buccal, buccal, disto-buccal, disto-lingual, lingual and mesio-lingual surfaces) in each tooth,
with the exception of the third molars. PPD was measured using a Williams probe from the gingival margin
to the limit of the periodontal probe penetration at each
site. Bleeding on probing (BOP) was recorded as the
presence or absence of bleeding within 15 sec after
probing. One trained examiner measured all the clinical
indices. The presence or absence of supragingival plaque
was recorded by O’Leary plaque control record [21].
Detection of periodontopathic bacteria from subgingival
plaque

A subgingival plaque sample was obtained as follows.
After supragingival plaque was carefully removed and
sampling sites were isolated with cotton rolls and airdried, a subgingival plaque sample was collected with 2
sterile paper points per site. The plaque samples were
collected from 3 to 4 sites with deepest PPD per patient.
Each sample was subsequently transferred to 200 μl
boiling buffer consisting of 20 mM Tris-HCl buffer
(pH8.5), 2 mM EDTA and 1% triton X-100. The suspension was heated at 100°C for 10 min, and then centrifuged. Genomic DNA of the supernatant was obtained
by phenol extraction. Periodontopathic microorganisms
were detected by polymerase chain reaction (PCR).
P. gingivalis, P. intermedia and T. forsythia were
detected according to the method of Ashimoto et al
[22], Fusobacterium nucleatum/periodonticum were
detected according to the method of Kobayashi et al.
[23] and Treponema denticola, Campylobacter rectus
were detected by the method described by YamazakiKubota et al [24]. Obtained PCR products were analyzed
using 2% agarose gel electrophoresis. The relative intensity of the bands in the scanned image was compared to
the control bands from known bacterial numbers
(1 ×102 to 1 ×104 cells of each species) using the public
domain Image J program (NIH; http://rsbweb.nih.gov/ij/),
and categorized into four groups (0 to 3).
Statistical analysis

The association between periodontitis (BOP positive or
PPD ≥ 4 mm) and detection of bacteria was assessed
using multiple logistic regression analyses adjusting for
age, gender, oral hygiene and smoking status. For data
analysis, each variable was coded as follows: Gender:
male = 1, female = 0; Smoking: yes = 1, no = 0; Oral
hygiene status: good (plaque score ≤ 30%) = 0, poor
(plaque score ≥ 30%) = 1, Relative level of subgingival
periodontal pathogens: (intensity of band < 102 cells) =
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0, (102 ~ 103 cells) = 1, (10 3 ~104 cells) = 2 and (104
cells ≤) = 3 as described above. The relationship
between detection of bacterial species and smoking status was determined by Pearson’s chi-square analysis.
Computations were carried out with SAS Ver. 8.02
software. A probability value of < 0.05 was considered
as statistically significant.

Table 2 Adjusted odds ratio for probing pocket depth
(PPD) ≥ 4 mm
Factor

Odds Ratio (95% CI)*

Age

0.991 (0.97 - 1.01)

P-value
0.450

Gender

3.09 (1.365 - 7.0)

0.007

A. actinomycetemcomitans
P. intermedia

1.626 (0.72 - 3.69)
2.790 (1.23 - 6.32)

0.245
0.014

P. gingivalis

0.710 (0.34 - 1.47)

0.364

Results

T. forsythia

2.171 (1.03 - 4.58)

0.042

Relationship between periodontal status and etiological
factors

F. nucleatum/periodonticum

1.624 (0.84 - 3.16)

0.153

T. denticola

3.544 (1.48 - 8.52)

0.005

C. rectus

2.889 (1.22 - 6.85)

0.016

Smoking
Oral hygiene status

0.637 (0.32 - 1.26)
1.213 (0.57 - 2.57)

0.194
0.617

The demographic information, periodontal parameters
and smoking status are summarized in Table 1. The
total number of sites sampled for subgingival plaque
was 135 for non-smokers and 118 for smokers. The
seven periodontopathic bacteria were detected from 20%
to 75% of the sites tested, with the detection rate for P.
gingivalis being highest (75%). Table 2 shows the odds
ratios for having a PPD of 4 mm or greater after adjusting for confounders. A statistically significant association
(p < 0.05) was found between PPD ≥ 4 mm and detection of T. denticola, P. intermedia, T. forsythia or C. rectus, with odds ratio ranging from 2.17 to 3.54. In
addition, males showed a higher risk (odds 3.09) for
having a PPD ≥ 4 mm. The risk for having a PPD ≥ 4
mm in smokers was no different from that in non-smokers. In contrast, having BOP positive was significantly
associated with being a smoker.
A significant association was noted between BOP and
the detection rates of C. rectus or P. intermedia, and
smoking, with odds ratios ranging from 1.99 to 5.62
(Table 3).
Relationship between smoking status and detection of
periodontal pathogens

When the relationship between smoking status and
detection of periodontal pathogens was sought by chisquare test, A. actinomycetemcomitans or C. rectus
showed a significant association (Table 4). The odds
ratio for colonization by A. actinomycetemcomitans in

Gender (M; F)
Age*
PPD (mm)*
Mean BOP + (% sites)

10; 27
52.5 ± 15.6
5.01 ± 2.24
34.1

smokers was approximately 0.5, whereas that for C. rectus was 1.7 (p < 0.05).

Discussion
In the present study, the detection of T. denticola, C.
rectus, T. forsythia or P. intermedia was associated with
having a PPD of 4 mm or greater. This finding was in
line with the previous reports, which implicate these
periodontal pathogens in the etiology of periodontitis
[17,25-27]. Also in our study, the detection of C. rectus
or P. intermedia increased at sites with PPD ≥ 4 mm or
BOP positive. Takeuchi et al [28] reported that the
detection of C. rectus was high in aggressive periodontitis lesions in Japanese. [29]. The detection of C. rectus
in plaque samples was significantly correlated with clinical parameters such as PPD, BOP, and Gingival index in
Japanese subjects [30]. Increased proportions of P. intermedia and C. rectus have been associated with both the
initiation and progression of the disease in other populations as well [31,32]. Alves et al [33] reported that an

Table 3 Adjusted odds ratio for bleeding on probing
(BOP) positive
Factor

Odds Ratio (95% CI)*

P-value

Age

0.987 (0.97 - 1.01)

0.238

Gender

1.545 (0.71 - 3.36)

3.356

A. actinomycetemcomitans

1.074 (0.50 - 2.30)

0.854

P. intermedia

2.214 (1.09 - 4.48)

0.027

13; 17

P. gingivalis

0.642 (0.31 - 1.34)

0.235

46.2 ± 14.1

T. forsythia

1.358 (0.62 - 2.96)

0.441

5.37 ± 2.62

F. nucleatum/periodonticum

1.154 (0.61 - 2.18)

0.659

T. denticola

1.095 (0.52 - 2.31)

0.811

5.623 (2.71 - 11.65)

<.0001

Table 1 Demographic information, periodontal and
smoking status of participants
Non-smoker
(n = 37)

* 95% confidence interval, multiple logistic regression analysis

Smoker
(n = 30)

55.1

Cigarette consumption* (cig/day)

-

16.0 ± 7.2

C. rectus

Duration of smoking* (years)

-

21.1 ± 12.4

Smoking

1.986 (1.07 - 3.69)

0.030

Oral hygiene status

1.281 (0.62 - 2.64)

0.502

*mean ± standard deviation
PPD (probing pocke depth); BOP (Bleeding on probing)

* 95% confidence interval, multiple logistic regression analysis
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Table 4 Periodontal pathogens with significant
association with smoking
Species

Odds Ratio (95% CI)*

P-value

A. actinomycetemcomitans

0.4591 (0.26 - 0.80)

0.005

C. rectus

1.6875 (1.01 - 2.81)

0.043

* 95% confidence interval, chi-square test

increase in probing depth correlated with the number of
genotypes of P. intermedia. These reports suggested that
P. intermedia and C. rectus are associated with advanced
periodontitis.
In this study, the colonization by C. rectus was significantly higher in smokers, while that by A. actinomycetemcomitans was lower. This finding of C. rectus in
smokers agrees with that of a previous report by
Kamma et al [18]. They reported that P. gingivalis, T.
forsythia, Parvimonas micra and C. rectus were predominant in subgingival microflora in smokers, but were
not so in non-smokers with early-onset periodontitis. It
is important, however, to note that our results might be
affected by differences in PPD or BOP between smokers
and non-smokers, because of the statistical method we
used.
The presence of C. rectus was reported to be correlated
with the presence of P. gingivalis, T. denticola or T. forsythia [34]. C. rectus utilizes end products of other microorganisms such as formate from streptococci and H2 from
Prevotella and Porphyromonas [35]. Our finding that the
prevalence of C. rectus and P. intermedia increased at sites
with PPD ≥ 4 mm or BOP positive, suggested that the
change in microflora induced by smoking would provide a
certain advantage to colonization by a subset of pathogens
including C. rectus. However, further analysis is required.
Although C. rectus and A. actinomycetemcomitans are
facultative anaerobes, C. rectus is asaccharolytic and negative in many routine biochemical tests, while A. actinomycetemcomitans is saccharolytic [36]. It is possible that
these differences in metabolism affect colonization by
A. actinomycetemcomitans.
Several reports demonstrated limited influence of
smoking on periodontal pathogens [19,37,38]. Among
them, Bostrom et al [37] found that the detection rate
of periodontopathic bacteria was higher in smokers,
although not significantly. Haffajee et al [39] reported
that species such as T. forsythia, P. gingivalis, T. denticola, P. intermedia, P. micra and P. nigrescens were significantly higher in the current smokers at sites with
pocket depth < 4 mm compared with the non-smokers.
Recently, Teixeira et al [40] reported that P. gingivalis
with type IV fimbriae was associated with disease severity of smokers. Further cohort analysis between colonization of periodontopathic bacteria and smoking is
required to clarify the whole situation.

In our study, the risk for having a PPD of 4 mm or
greater in smokers was no different from that in nonsmokers (odds ratio for smoking; 0.637). It has been
reported that PPD in smokers was higher than that in
non-smokers [4], and being a moderate/heavy smoker
was a risk indicator for PPD ≥ 6 mm (odds ratio = 3.7,
95% confidence intervals: 1.4-10.1) [41]. In this study, the
mean cigarette consumption per day was 16.0. Twenty
seven of 30 patients in the present study can be categorized as light smokers in Corraini’s study [41]. In their
study, being a light smoker was not a risk indicator at p
< 0.05. It is possible that the level of cigarette consumption affects the odds ratio, although further analysis after
adjusting for deposition of plaque and frequency of
smoking is required to clarify this discrepancy.
We found that the odds ratio for BOP-positive was
significantly higher in smokers, although the risk of having a PPD of 4 mm or greater was not associated with
smoking. Several studies have reported that BOP in
smokers was at the same level or lower than that in
non-smokers [42,43]. It was also reported that no difference was observed in BOP or gingival bleeding between
non-smokers and smokers [44,45]. Although BOP indicates presence of inflammation, its sensitivity was
reported as only 29% [46]. The difference in the relationship between BOP and smoking found in this and
earlier studies might be explained by differences in the
condition of periodontitis.
The relevant weakness of the present study is the relatively small sample size. Exact age and gender matching
of smokers and non-smokers was not possible. Finally
we could not obtain clinical attachment level data,
mainly because of the limited time allowed for the single-appointment clinical examination. However, our
results add to the existing literature by suggesting the
salient relationship between the detection of periodontal
pathogens and smoking status in a population of periodontitis patients in Japan. Further studies utilizing more
comprehensive clinical assessment and quantitative
microbiological method such as real-time PCR are
necessary.

Conclusions
Within limits, our data suggest that smoking favours
colonization by the specific periodontopathic bacteria
including C. rectus, and that this contributes to the disease severity in smokers.
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