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Abstract

Objectives: The mechanism of passive smoking in terms of development of
periodontitis has not been investigated. This study examined the effect of passive
smoking on salivary markers related to periodontitis.

Methods: Periodontal status was evaluated on the basis of probing pocket depth and
clinical attachment level in 273 workers. Salivary marker levels were determined by
enzyme assay including enzyme-linked immunosorbent assay. Six periodontal
pathogens in saliva were assessed using real-time PCR methodology. Non-, passive
and active smokers were defined as subjects exhibiting salivary cotinine levels of 0 (53
subjects), 1-7 (118) and >8ng/ml (102).

Results: Levels of salivary markers, including IL-15, lactoferrin, albumin and aspartate
aminotransferase (AST), were elevated significantly in passive smokers relative to non-
smokers. Additionally, these marker levels, with the exception of IL-1p, decreased
significantly in active smokers in comparison with passive smokers. However, no
meaningful differences in percentages of periodontal pathogens were observed between
non- and passive smokers. Multiple linear regression analyses were performed for each
marker utilizing age, gender, cotinine level and periodontal status as independent
variables. IL-1f, albumin and AST were independently associated with cotinine level.
Conclusion: Passive smoke exposure leads to elevation of IL-1f, albumin and AST

levels in saliva.
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Periodontal diseases are infectious dis-
eases caused by a small group of pre-
dominantly anaerobic Gram-negative
bacteria. However, a susceptible host is
essential and host factors are determina-
tive with respect to occurrence of perio-
dontitis (Madianos et al. 2005). The local
host response to these bacteria includes
recruitment of leucocytes and subsequent
release of inflammatory mediator and
pro-inflammatory cytokines. Cytokines
such as interleukin (IL)-1f and tumour
necrosis factor-o induce and enhance the
production of prostaglandin E, (PGE,)
and matrix metalloproteinases (MMPs).
These molecules mediate destruction of
the extracellular matrix of gingiva and
periodontal ligament as well as resorp-

tion of alveolar bone (Madianos et al.
2005).

Numerous studies suggest that smok-
ing leads to epidemiologically and bio-
logically enhanced risk of periodontal
disease (Johnson & Hill 2004). Various
factors contribute to the deleterious
periodontal effects of smoking, includ-
ing alteration of both microbial and
host response factors. Although some
investigators noted no difference in the
prevalence of subgingival bacteria asso-
ciated with periodontitis (Lie et al. 1998,
Bostrom et al. 2001, Mager et al. 2003),
several recent reports documented high-
er prevalence or counts of certain organ-
isms in smokers (Haffajee & Socransky
2001, van Winkelhoff et al. 2001). On
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the other hand, smoking also affects the
human immune system and the cellular
and humoral inflammatory system; more-
over, smoking may exert effects through-
out the cytokine network (Kinane &
Chestnutt 2000, Palmer et al. 2005).
However, the importance of these smok-
ing-related alterations and the correspond-
ing mechanisms in terms of increased risk
of periodontitis remain unclear.
Recently, Arbes et al. (2001) reported
that the adjusted odds of periodontal
disease were 1.6 times greater for persons
exposed to passive smoke than for persons
not exposed based on evaluation of self-
reported environmental tobacco smoke
exposure. We previously established that
passive smoking classified in terms of
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salivary cotinine level is independently
associated with periodontitis (Yamamo-
to et al. 2005). Multiple logistic regres-
sion analysis revealed significantly
higher periodontitis odds ratios in pas-
sive smokers relative to non-smokers
following adjustment for other lifestyle
factors such as age, sex, alcohol con-
sumption and body mass index (BMI);
the odds ratio was 2.87. These results
suggest the presence of a harmful effect
in connection with passive smoking
with respect to periodontal diseases.
However, the changes in the host—
microbe interactions involved in perio-
dontal destruction in passive smokers
are poorly understood.

Saliva is easily collected and it con-
tains locally and systemically derived
markers of periodontal disease (Kauf-
man & Lamster 2000); consequently,
whole saliva was employed in the cur-
rent investigation for the measurement
of various biomarkers. The objective of
the present study was to evaluate the
influence of passive smoking on perio-
dontal pathogens and various biomar-
kers possibly related to development
of periodontitis including inflammatory
mediator and pro-inflammatory cyto-
kines in saliva.

Subjects and Methods
Study population

Three hundred and sixty Japanese fac-
tory workers employed at a manufactur-
ing company were available for
evaluation; in 2003, 273 (75.8%) of
these individuals (236 males and 37
females, aged 18-62 years) were sur-
veyed via an oral examination and a
self-administered questionnaire as a part
of the annual health check-up. Oral
status was not assessed in 61 subjects
due to reasons corresponding to their
work; additionally, 26 participants refused
to provide saliva. No subjects were using
prescription medications for diabetes, hy-
perlipidaemia or hypertension. Further-
more, participants were not exposed to
sources of nicotine other than cigarettes,
including smokeless tobacco, nicotine
gum and nicotine patches. Informed con-
sent was obtained from all subjects. This
study population was introduced pre-
viously (Yamamoto et al. 2005). Based
on results from receiver-operating char-
acteristic (ROC) plots for cotinine-level
classification derived from self-reported
smoking status, we determined that 8 ng/
ml salivary cotinine was the most suitable

cut-off value for distinguishing active
smokers from non- or passive smokers.
However, an association between self-
reported exposure to passive smoking
and salivary cotinine concentration was
not observed in ROC analysis. In order to
justify substitution of biochemical mea-
sures of smoking behaviour for self-
reported cigarette smoking to quantify
risk, correlation with disease outcomes
must be demonstrated (Perez-Stable et
al. 1995). No meaningful difference was
detected in periodontal status between
non- and passive smokers classified by
self-reporting; in contrast, passive smo-
kers (1-7ng/ml) defined by salivary coti-
nine displayed significantly more severe
periodontal status in comparison with
non-smokers (Ong/ml). Consequently,
non-, passive and active smokers were
defined as those subjects exhibiting coti-
nine levels of 0, 1-7 and >8ng/ml,
respectively (Yamamoto et al. 2005); 53,
118 and 102 subjects were classified as
non-smokers, passive smokers and active
smokers, respectively (Table 1). Permis-
sion for this investigation was obtained
from the Ethical Committee for Clinical
Research of Osaka University Graduate
School of Dentistry.

Collection of saliva

Participants were asked to chew a piece
of paraffin gum for 30s at the annual
health check-up in order to stimulate
salivary flow. Subsequently, saliva sam-
ples were obtained by expectoration;
subjects were asked to spit approxi-
mately 2.0 ml of saliva into a test tube.
Saliva samples were collected between
09:00 and 12:00 hours. Samples, which
were stored at — 80°C until use, were
delivered to the laboratory for analyses.

Assessment of salivary biomarkers

Before assay, frozen salivary samples
were thawed completely and centrifuged
at 1500 x g for 15 min. Cotinine levels
were measured by a competitive enzyme-

linked immunosorbent assay (ELISA) as
described previously (Yamamoto et al.
2005). ELISA plates (Nunc A/S, Ros-
kilde, Denmark) were coated (0.1 ml/
well) with a solution of rabbit polyclo-
nal anti-goat immunoglobulin G (IgG)
(10 ug/ml) (Dako Cytomation A/S,
Glostrup, Denmark) in tris-buffer, pH
8.4, and incubated overnight at 4°C. The
plates were blocked with 0.2ml of
10mM phosphate buffer, pH 7.5, con-
taining 0.1% bovine serum albumin
(BSA) (phosphate-BSA buffer); subse-
quently, plates were incubated for 1h at
room temperature and stored at 4°C. A
standard inhibition curve was generated
by serial dilution (1:2) of a solution
consisting of cotinine (160ng/ml) in
phosphate-BSA buffer to obtain seven
dilutions of known concentration. Each
dilution was tested in duplicate via addi-
tion of 50 ul of cotinine solution, 50 ul of
(1/10,000) goat polyclonal anti-cotinine
reagent (Affiniti Research Product Ltd.,
Exeter, UK) and 50 ul of cotinine con-
jugated with horseradish peroxidase,
which was derived from carboxyl-
cotinine (Aldrich Chem Co., Milw., WI,
USA) and horseradish peroxidase (Sigma
Co., St. Louis, MO, USA) as described
previously by Grabarek & Gergely
(1990). Each unknown sample was also
tested in duplicate with 50 ul of saliva at
1:2 dilution and 50 ul of anti-cotinine
reagent and horseradish-conjugated coti-
nine reagent. Following a 1-h incubation
at 25°C, plates were washed three times
with 0.3ml of distilled water. Substrate
solution (100 ul) containing tetramethyl-
benzidine (TMB) was then added and
plates were incubated for 30 min at 25°C
in the dark. Color development was
terminated upon the introduction of
100 ul (1 M) of phosphoric acid. The
optical density of each well was deter-
mined with a microplate reader at
450 nm. The minimum limitation of the
measurement for salivary cotinine was
1 ng/ml in this study. The coefficients of
variation of the assay were 5.8% within
batch and 9.6% between batches.

Table 1. Study population by sex, age and salivary continine levels

N Sex Age (years) Salivary
continine levels
male female mean SE  mean SE
Non-smokers (0 ng/ml)* 53 36 17 39.2 + 128 0 + 0
Passive smokers (1-7ng/ml) 118 103 15 40.6 + 111 3 + 0
Active smokers (=8 ng/ml) 102 97 5 41.4 +  10.8 143 + 9
Total 273 236 37 40.6 + 0.7 55 + 5

*Salivary cotinine level.
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Standards for IL-1f (0—400pg/ml),
PGE, (0-1000 pg/ml), MMP-8 (0—4 ng/
ml), MMP-9 (0-128 ng/ml), lactoferrin
(0-1000ng/ml), secretory immuno-
globulin (S-Ig)A (0-2000 ng/ml) and
albumin (0-1000 ng/ml) were prepared.
PGE, was determined with a competi-
tive ELISA (Cayman Chemical Co.,
Ann Arbor, MI, USA). IL-1 (human
IL-1f ELISA Kit, Pierce Biotechnol-
ogy, Rockfold, IL, USA), MMP-8
(MMP-8 Human Biotrak ELISA Sys-
tem, GE Healthcare Bio-Sciences, Pis-
cataway, NJ, USA; this system
recognized precursor and active forms
of MMP-8) and MMP-9 (MMP-9 Human
Biotrak ELISA System, Amersham Bio-
science Corp.; this system recognized
pro-MMP-9 and 83 kDa MMP-9) were
determined via conventional sandwich
ELISA. Analyses were performed accord-
ing to the manufacturers’ recommended
protocols. Lactoferrin, S-IgA and albumin
were determined via a conventional ELI-
SA using polyclonal antibody (Dakopatts,
Glostrup, Denmark) and alkaline phos-
phatase (Boehringer Mannheim GmbH,
Mannheim, Germany). Aspartate amino-
transferase (AST) was measured via
enzymatic methods with an automatic
analyzer (Auto Analyzer AU-5242,
Olympus, Tokyo, Japan) and Cica Liquid
AST (Kanto Kagaku, Tokyo, Japan).

Assessment of periodontal pathogens

For determination of numbers of six
periodontal pathogens and total cells pre-
sent in saliva, the quantitative real-time
polymerase chain reaction (PCR) method
was used with a LightCycler™ system
(Roche Diagnostic, Mannheim, Ger-
many) (Kuboniwa et al. 2004). Percen-
tage of each pathogen in total cells served
as a quantitative parameter. Salivary
periodontal pathogens examined in this
study included Porphyromonas gingiva-
lis, Tannerella forsythia, Actinobacillus
actinomycetemcomitans, Treponema den-
ticola, Prevotella intermedia and Prevo-
tella nigrescens. Species-specific probe
and primer sets were designed from the
variable regions of the 16S rRNA gene
sequences (Kuboniwa et al. 2004); addi-
tionally, a universal probe and primer set
was utilized (Nadkarni et al. 2002). Fluor-
escence intensity was monitored at the
annealing temperature in single acquisi-
tion mode. The dye signals generated
during a run were measured in fluori-
meter channel 2 (F2, 640 4+ 30nm) and
channel 1 (F1, 530 4 30nm); further-
more, results were indicated as the F2/
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F1 ratio, which was considered adequate
for a TagMan probe conjugated with
FAM and TAMRA. Fluorescent data
were analysed with LightCycler Data
Analysis software version 3.5 (Roche
Diagnostic). Thirty-eight subjects re-
fused the measurement of periodontal
pathogens in saliva, whereas permission
was obtained from 235 subjects; subse-
quently, detection of periodontal patho-
gens was implemented.

Assessment of periodontal status

Periodontal condition, which was mea-
sured as probing pocket depth (PPD)
and clinical attachment level (CAL) in
millimetres, was recorded by three
examiners using an automated probe
equipped with a 0.5-mm ball tip (Viva-
care TPS Probe™, Schaan, Liechten-
stein) involving a constant force (20 g).
Probing was performed at six sites per
tooth for all teeth (excluding the third
molar); moreover, the deepest reading
was recorded for each. In two selected
quadrants — one maxillary and one man-
dibular — CAL was calculated based on
the probed distances (in millimetres)
from the free gingival margin to the
cemento-enamel junctions and the base
of the sulcus; the greatest CAL was
recorded for each tooth. Calibrated ex-
aminers conducted the periodontal ex-
aminations. The mean x values among
the examiners were 0.71 and 0.77 for
assessment of PPD and CAL, respec-
tively, when PPD or CAL of 3.5mm
served as the cut-off point.

Statistical analysis

Data were analysed with a statistical
package (Stat View, SAS Institute,
Cary, NC, USA). The Kruskal-Wallis
and Mann—Whitney U tests were utilized
to evaluate the differences in salivary
biomarkers or periodontal pathogens
among non-, passive and active smokers.
Multiple linear regression analyses were
performed for each biomarker utilizing
age, sex, cotinine level, number of teeth
with PPD>3.5 and number of teeth
with CAL>3.5 mm as independent vari-
ables in non- and passive smokers. All
reported p-values are two-tailed; more-
over, those p-values less than 0.05 were
considered statistically significant.

Results

The characteristics of the study popula-
tion with regard to smoking are pre-

© 2006 The Authors. Journal compilation © 2006 Blackwell Munksgaard

719

sented in Table 1. The total number of
participants in this study was 273 (236
males and 37 females). The mean ages
were quite similar in non-, active and
passive smokers, approximately 40 years
of age. In addition, the mean salivary
cotinine levels were Ong/ml for non-
smokers, 3ng/ml for passive smokers
and 143 ng/ml for active smokers (Table
1). Periodontal status was characterized
based on the number of teeth exhibiting
PPD>3.5mm and CAL>3.5mm. The
mean (+ SE) numbers of teeth with
PPD>3.5mm and CAL>3.5mm were
4.8 (£ 0.3) and 1.6 (&= 0.1), respectively.
The number of teeth displaying PPD>
3.5mm varied from a low of 0 to a high
of 25, whereas the number of teeth with
CAL>3.5mm varied from a low of 0 to
a high of 11.

Table 2 displays the mean values of
the salivary biomarkers by smoking status.
Levels of salivary markers, including IL-
1B, lactoferrin, albumin and AST, were
elevated significantly in passive smokers
in comparison with non-smokers. These
marker levels, with the exception of IL-
1p, decreased significantly in active
smokers relative to passive smokers.

The mean percentages of periodontal
pathogens by smoking status are sum-
marized in Table 3. Percentages of P.
gingivalis, P. intermedia and P. nigres-
cens in passive smokers were slightly
elevated in comparison with non-smo-
kers; however, the differences were not
statistically significant. However, per-
centage of P. gingivalis in active smo-
kers was significantly higher than that in
non- and passive smokers.

Multiple linear regression analysis
was conducted using salivary cotinine
level, the number of teeth with PPD >
3.5mm or CAL>3.5mm, age and sex
as independent variables; IL-1f, lacto-
ferrin, albumin and AST served as
dependent variables in non- and passive
smokers (Table 4). IL-1f, albumin and
AST exhibited significant standardized
regression coefficients with salivary
cotinine levels, but not with the number
of teeth displaying CAL >3.5 mm. How-
ever, AST was independently associated
with the number of teeth characterized
by PPD>3.5 mm.

Discussion

The previous investigation, which involved
the same subject population as the current
study (Yamamoto et al. 2005), revealed
that the mean numbers of teeth with
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production of PGE, and MMPs (Madia-
nos et al. 2005); however, changes in
PGE,, MMP-8 and MMP-9 saliva levels
were not observed in passive smokers.
Recent reports suggest that smoking
influences host cytokine levels. Bostrom
et al. (1998) noted that smokers dis-
played significantly higher quantities
of GCF TNF-o than did non-smokers
among periodontal patients. IL-1f also
significantly increased in terms of perio-
dontally healthy sites in smokers (Kam-
ma et al. 2004). Kuschner et al. (1996)
documented a dose-dependent effect of
smoking on IL-1, IL-6, IL-8 and mono-
cyte chemotactic protein levels. In con-
trast to the results of these studies,
no difference in GCF IL-1f was evident
between non-smokers and smokers
(Bostrom et al. 2000). In addition, de-
creased GCF IL-1 was detected in deep
bleeding periodontitis sites in smokers
(Rawlinson et al. 2003). It is difficult to
compare these findings with those of
other investigations due to variations in
the population, experimental methodol-
ogy and mathematical treatment of the
data. In particular, IL-1f in saliva was
measured in the current study. Although
cytokines have been identified in whole
saliva (Leigh et al. 1998), the present
observations appear to be the first
regarding the influence of passive smok-
ing on IL-1f in saliva.

Levels of albumin, which is an anti-
oxidant in saliva, were not influenced by
smoking status (Zappacosta et al. 1999;
Zuabi et al. 1999). However, an associa-
tion between periodontal disease and
lower antioxidant capacity was detected
(Sculley & Langley-Evans 2003). Sig-
nificantly higher levels of albumin were
observed in passive smokers in the
current study. It is hypothesized that
salivary albumin may counteract the
harmful action of free radical and reac-
tive oxygen species derived from pas-
sive smoke or inflammatory cells in
order to protect periodontal tissue and/
or oral mucosa.

Zappacosta et al. (2002) described
inhibition of salivary AST activity fol-
lowing smoking of a single cigarette.
However, the chronic effect of smoking
on salivary AST remains unclear. On the
other hand, AST levels in saliva were
correlated with periodontal diseases
evaluated with the community perio-
dontal index, suggesting that perio-
dontal destruction such as periodontal
pockets, gingival bleeding and suppura-
tion may be related to higher AST levels
in saliva (Cesco et al. 2003). Passive

smokers displayed significantly higher
CAL in comparison with non-smokers
(Yamamoto et al. 2005); as a result,
elevated AST levels in passive smokers
may be associated with periodontal
destruction. Nakamura et al. (2000)
have suggested that AST activity may
be positively correlated with levels of
IL-15, PGE, and collagenase. These
findings may lend support to the ele-
vated levels of AST and IL-1f in pas-
sive smokers observed in the present
investigation.

Recently, reports regarding a higher
prevalence of certain organisms in Smo-
kers have appeared in the literature
(Haffajee & Socransky 2001, van Win-
kelhoff et al. 2001). In the current
investigation, somewhat greater differ-
ences between passive smokers and
non-smokers in terms of percentages of
P. gingivalis and P. intermedia were
also detected; however, these differ-
ences were not statistically significant.
It is unlikely that passive smoke reaches
subgingival plaque directly; therefore,
passive smoking may not affect these
bacteria. Indeed, a number of studies
have indicated that smoking has little
effect on the subgingival microflora (Lie
et al. 1998; Bostrom et al. 2001; Mager
et al. 2003).

Levels of IL-1f, lactoferrin, albumin
and AST in saliva increased in passive
smokers; thus, passive smoke exposure
may stimulate inflammatory responses
of periodontal tissue. These responses
may be intended to eliminate the micro-
bial challenge in periodontal pockets.
Actually, passive smokers did not exhi-
bit increased proportions of periodontal
pathogens in spite of periodontal
destruction. On the other hand, active
smoking led to decreased levels of some
inflammatory markers including PGE,,
MMP-9, lactoferrin, albumin and AST
as well as to an increase in the propor-
tion of P. gingivalis in saliva relative to
passive smoking. In general, gingival
inflammatory responses are reduced in
active smokers (Palmer et al. 2005).
Several investigations have demon-
strated impairment of neutrophil func-
tion in GCF of smokers (Persson et al.
2001, Soder et al. 2002, Guntsch et al.
2006). Neutrophil function in active
smokers may affect lower levels of
PGE, and lactoferrin observed in this
study. Our findings suggest that active
smoke exposure may impair an inflam-
matory response in the development of
periodontitis. In addition, suppression of
inflammatory responses in active smo-

kers may result in an increase in some
periodontal pathogens.

However, this study was characterized
by several limitations, the most important
of which was the cross-sectional design.
Data pertaining to periodontal disease and
levels of cotinine and other biomarkers
in saliva were collected simultaneously.
Moreover, biomarkers and periodontal
pathogens were obtained from whole sal-
iva samples. Despite these limitations, the
current investigation possessed consider-
able strength in terms of the result that
passive smoke exposure affects biomar-
kers related to periodontitis. Longitudinal
studies involving larger populations are
necessary in order to provide stronger
evidence with respect to the biological
mechanisms of passive smoking in the
development of periodontitis.
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Clinical Relevance

Recently, several investigations demon-
strated the presence of a harmful effect
in connection with passive smoking
with respect to periodontal diseases.
However, changes in the host-microbe
interactions involved in periodontal

destruction in passive smokers are
poorly understood. In this study, no
meaningful differences in the popula-
tion of periodontal pathogens were
detected. However, passive smoke
exposure leads to elevation of IL-1f,
albumin, lactoferrin and AST levels in

saliva. These findings should provide
important information regarding the
pathologic mechanisms via which pas-
sive smoking affects the inflammatory
responses in the development of perio-
dontitis.
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