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Abstract
Background: Cigarette smoking and stress are considered risk factors that have been
associated with periodontal disease progression. Conflicting results have been reported
concerning the direct influence of smoking on the subgingival microbiota of
periodontitis patients. Cytokine production may also be influenced by smoking and
stress leading to an imbalance that disturbs the host–parasite relationship.

Aim: The objective of the present study was to evaluate the influence of cigarette
smoking on the gingival crevicular fluid (GCF) levels of interleukin (IL)-1b, IL-4,
IL-6 and IL-8 in aggressive or early onset periodontitis (EOP) patients and in
healthy controls (H), psychosocial stress being considered as modifying factor.

Material and Methods: Sixty-five EOP and 35 periodontally healthy individuals
participated in this cross-sectional study. All the participants were interviewed about
their smoking habits and their stressful social events. Clinical examination included
the assessment of plaque index (PI), bleeding on probing (BOP), clinical attachment
level (CAL) and probing pocket depth (PPD). GCF was collected using durapore
strips, from four sites per patient, randomly selected in each quadrant. The total
amounts of IL-1b, IL-4, IL-6 and IL-8 were measured in a total of 400 samples using
commercially available enzyme-linked immunosorbent assays.

Results: All clinical parameters were significantly higher in the EOP group compared to
the H group. There were no significant differences between EOP smokers and EOP non-
smokers with regard to plaque accumulation, CAL and PPD of the sampling sites, whereas
mean CAL and PPD of the diseased sites were greater in EOP smokers than in EOP non-
smokers. In addition, EOP smokers seemed to have significantly less BOP and greater bone
loss compared to EOP non-smokers. Significant interactions between ‘‘EOP’’ and
‘‘smoking’’ were present for total amounts of IL-1b and IL-4. IL-1b, IL-6 and IL-8 showed
significant main effects with healthy smokers and healthy non-smokers, respectively. For
IL-8, stress presented a statistically significant interaction with smoking status and EOP
(F54.742, p50.030). More specifically EOP smokers were statistically affected by stress.

Conclusions: Smoking influences host-related factors including cytokine network.
The relative importance of smoking and stress-related alterations and their precise mode
of action in increasing the risk of aggressive periodontitis remains to be elucidated.
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The role of cigarette smoking in the
pathogenesis of periodontal disease
has been extensively studied and
well documented by several investiga-
tors.

Cigarette smoking is a significant risk
factor in the pathogenesis of periodontal
disease, also associated with disease
progression (Bergström & Preber 1994,
Grossi et al. 1994).

Conflicting results have been re-
ported concerning the influence of
smoking on the subgingival microbiota
of periodontitis patients (Stoltenberg
et al. 1993, Zambon et al. 1996,
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Boström et al. 1998a, 2001, Renvert
et al. 1998, Kamma et al. 1999, Darby
et al. 2000).

Regardless of the different microbial
profiles that are identified in smokers
and non-smokers in the majority of the
investigations it is unclear whether the
increased presence of certain micro-
organisms is the cause or the consequence
of a more severe disease condition.

It is known that bacterial products
stimulate monocytes/macrophages and
lymphocytes as well as resident cells
(fibroblasts, endothelial cells) to secrete
pro-inflammatory and immuno-regula-
tory cytokines. Smoking could have a
negative impact on periodontal health by
interfering with the immune system and
modifying host response in the presence
of plaque bacteria. (Barbour et al. 1997).

Interleukin (IL)-1b is a multifunc-
tional pro-inflammatory mediator with a
crucial role in the regulation of inflam-
matory reactions (Dinarello 1988). The
observation that IL-1b can act on a large
number of cells, like fibroblasts, chon-
drocytes, bone cells, neutrophils and
lymphocytes, suggests that periodontal
destruction and repair in periodontitis
may in part be associated with this
cytokine (Jandinski 1988).

IL-4 is a potent downregulator of
macrophage function by inhibiting the
secretion of IL-1b, tumor necrosis
factor-a (TNF-a) and IL-6 (Te Velde
et al. 1990). It also inhibits the secretion
of prostaglandin (PG)E2 by human
monocytes which leads to bone resorp-
tion (Corcoran et al. 1992, Shapira et al.
1992). Furthermore, localized absence
of IL-4 in diseased periodontal tissues
has been associated with periodontal
disease activity and progression (Sha-
pira et al. 1992, Kabashima et al. 1996).

IL-6 is a multifunctional cytokine
that contributes to the terminal differ-
entiation of B-lymphocytes to plasma
cells and stimulates secretion of im-
munoglobulin (Ig)A and IgG (Fujihashi
et al. 1993). Smoking causes a depres-
sion of IgG and possibly IgA production
in serum (Quinn et al. 1996). Of
particular significance is the ability of
IL-6 to induce bone resorption, both by
itself and in conjunction with other
bone-resorbing agents (Ishimi et al.
1990, Mundy 1991).

Finally, IL-8 is one of the chemo-
kines, which has powerful chemotactic
functions for polymorphonuclear leuko-
cytes but also for lymphocytes and
macrophages. Is a potent mediator of
granulocyte accumulation at the sites of

inflammation (Bickel 1993). Increased
levels of IL-8 are found in the gingival
crevicular fluid (GCF) of inflamed sites
compared with ones (Baggiolini &
Clark-Lewis, 1992, Tsai et al. 1995,
Mathur et al. 1996).

Previous studies reported signifi-
cantly increased levels of TNF-a, but
not of IL-6 and IL-1b, in the GCF of
current and former smokers with perio-
dontal disease in comparison to non-
smokers (Boström et al. 1998b, 1999,
2000).

In a recent study by Fredriksson et al.
(2002), smoking was found to reduce
the sensitivity of peripheral neutrophils
to stimulation by IL-8 when comparing
smoking to non-smoking patients.

This suggests that smoking may
interfere with the inflammatory process
by affecting the release of pro-inflam-
matory cytokines.

Stress has also been suggested to
contribute to periodontal inflammation
(Monteiro da Silva et al. 1996) by
affecting both immune functions (Her-
bert & Cohen 1993) and susceptibility
to infectious diseases (Cohen & Wil-
liamson 1991). The pathways mediating
these interactions are still unexplored.
Depressed immune responsiveness as a
result of physical or mental stress has
been postulated to be one of the several
factors involved in the etiology of
destructive periodontal disease (Ballieux
1991).

Increased levels of several cytokines
such as IL-1, IL-2, IL-6, IL-8 and TNF-a
have been observed in the GCF of
patients with periodontal disease (Lee
et al. 1995, Tsai et al. 1995, Wilson
et al. 1996, Hirose et al. 1997, Gianno-
poulou et al. 2003). EOP patients
showed a greater level of IL-1b, IL-6
and IL-8 in their GCF and lower level of
IL-4 as compared to adult periodontitis
patients and periodontally healthy in-
dividuals (Giannopoulou et al. 2003).

Therefore, the objective of the pre-
sent study was to evaluate the influence
of cigarette smoking on the GCF level
of IL-1b, IL-4, IL-6 and IL-8 in early
onset periodontitis (EOP) patients and
periodontally healthy controls, psycho-
social stress being considered as mod-
ifying factor.

Material and Methods

Subject population

Sixty-five aggressive periodontitis
(EOP) patients and 35 periodontally

healthy (H) individuals participated in
this cross-sectional study. They were
selected from a private practice limited
to periodontics in Athens, Greece. All
patients were systemically healthy, had
not received antibiotics during the 6
months prior to entering the study and
had no periodontal therapy during the
previous year. Individuals who were
pregnant or required pre-medication
with a systemic antibiotic were ex-
cluded.

Aggressive periodontitis patients
were selected according to clinical and
radiographic criteria (less than 35 years
old, loss of clinical attachment greater
than 5mm at two to three sites in more
than 14 permanent teeth and radio-
graphic evidence of bone loss).

In addition to aggressive periodontitis
patients, 35 individuals without evi-
dence of periodontitis (H) completed
baseline measures. They were desig-
nated as healthy if their mean full-
mouth clinical attachment loss values
was less than 2mm, and they had no
radiographic evidence of alveolar bone
loss.

The smoking history and the impact
of life events (stress) were assessed on
the patient’s own report.

A subject was classified as smoker if
he or she smoked regularly more than
10 cigarettes/day. Non-smokers were
subjects who had never smoked. Former
smokers, i.e. subjects who had pre-
viously been smokers but had stopped
their habit, were excluded.

During an interview, the stressful
social events were assessed using a
questionnaire based on the modified
and perceived stress scale (Linn 1986),
and expressed as total perceived stress.

This scale measures total and average
perceived stress in relation to major life
events that happened during the pre-
vious year. While number of major life
events gives a measure of objective
stress, the total perceived stress score
provides a measure of subjective stress
within the person’s environment over a
given time. On the other hand, the
average perceived stress score is pre-
sumed to reflect a person’s usual way of
perceiving stress. The instrument con-
tained 30 life events applicable to
adults. Subjects estimated on a 10-point
scale (05 none, 95 extreme) the de-
gree to which the event was perceived
as stressful.

The demographic and behavioral data
of each subject group are presented in
Table 1.
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Periodontal examination

The clinical and radiographic evalua-
tions were performed by one perio-
dontist (J. K.). The clinical examination
included assessment of probing pocket
depth (PPD), clinical attachment level
(CAL) (Glavind & Löe 1967), plaque
index (PI) (O’Leary et al. 1972) and
bleeding upon probing (BOP) (Ainamo
& Bay 1975) at six sites around each
tooth, excluding third molars. Measure-
ments were carried out to the nearest
millimeter using a Goldman/Fox Wil-
liams periodontal probe. PPD was
defined as the distance in millimeter
from the most coronal margin of the
free gingiva to the most apical penetra-
tion of the probe. CAL was defined as
the distance in millimeter from the
cemento-enamel junction to the most
apical point of penetration of the probe.
The number of teeth present in each
patient was also recorded during the
clinical examination.

Full-mouth standardized periapical
radiographs were taken for all patients.
Destruction of alveolar bone was as-
sessed by the Schei method (Schei et al.
1959) and expressed as percentage bone
loss. Measurements were made on the
mesial and distal aspect of all teeth. The
clinical parameters for each subject
group are presented in Table 1.

GCF sampling

Clinical measurements were recorded
and GCF sampling sites were pre-
selected 1 week before sampling. GCF
was collected in the four pre-selected
sites, the deepest ones in each quadrant
of each patient.

Briefly, teeth were air-dried and
isolated with cotton rolls, supragingival
plaque was removed and GCF was
sampled with pre-cut durapore filter
membranes 2mm � 6mm (pore size
5 0.22mm; Millipore Corp., Bedford,
MA, USA). The first durapore strip was
inserted 1mm into the sulcus or pocket
and left in place for 15 s. After removal
of this first strip and waiting 3min, a
second durapore strip was inserted in
the same site, in the same manner. The
two strips were then placed into a
microcentrifuge tube and immediately
frozen at � 701C until the day of
analysis. In case of visible contamina-
tion with blood, the strips were dis-
carded and other sites fulfilling the same
criteria were selected.

Clinical measurements were recorded
and GCF sampling sites pre-selected 1
week before sampling. Clinical para-
meters were re-examined after GCF
sampling and these values were used
in the analysis.

Analysis of mediator production

The amounts of IL-1b, IL-4, IL-6 and
IL-8 in the GCF were determined after
centrifugal elution, by using commer-
cially available enzyme-linked immu-
noadsorbent assays (ELISAS) (Ruwag
Diagnostics Zurich, Switzerland), spe-
cific for each cytokine. The assays were
sandwiched (ELISAs) and performed
according to the manufacturer’s instruc-
tions using human recombinant stan-
dards.

Results were calculated based on
ELISA concentration values and re-
ported as total cytokine amounts (in
pg � SD) per 30 s sample. Sites with
cytokine levels below the limits of
assay’s detectability were scored as
0 pg.

Statistical analysis

An ANOVA model with two factors was
fitted at a first stage in order to
determine factors’ effects. The two
factors were ‘‘EOP’’ (with two levels:
1 if an individual was EOP and 0 if it
was periodontally healthy) and ‘‘smok-
ing’’ (1 for a smoker and 0 for a non-
smoker). At a second stage, ‘‘stress’’
was added as a covariate with all
possible interactions with ‘‘EOP’’ and

‘‘smoking’’. Due to data heterogeneity
a weighted regression model was used
(Montgomery et al. 2001).

Results

Patient biographical and clinical data

The demographic and behavioral data
including gender, age, smoking habits
and stress characteristics are summar-
ized in Table 1. Interestingly, signifi-
cantly more patients of the EOP group
were found to be under more stressful
conditions as compared to those in the
H group. In addition, significantly more
patients of the EOP-smokers group were
under more stressful conditions as
compared to the EOP-non-smokers
group.

Table 1 also describes the periodontal
status of each group including mean
PPD, CAL of the four selected sites in
each patient, as well as mean PPD and
CAL of the diseased sites, namely sites
exhibiting 45mm PPD. Furthermore,
Table 1 shows the percentage of sites
with PI and BOP, as well as percentage
of bone loss. As expected, all clinical
parameters were significantly higher in
the EOP group as compared to the H
group. Concerning the EOP group, there
were no significant differences between
smokers and non-smokers with regard
to PPD and CAL of the sampling sites
and plaque accumulation, whereas mean
PPD and CAL of the diseased sites were
greater in EOP smokers as compared to
EOP non-smokers. In addition, EOP
smokers seemed to have significantly

Table 1. Demographical, behavioral and clinical characteristics of periodontally healthy and
early onset periodontitis (EOP) or aggressive periodontitis patients

Healthy EOP

smokers non-smokers smokers non-smokers

N 16 19 39 26
male/female 6/10 7/12 15/24 14/12
mean age 38 � 8.8n 38 � 11.8n 32.4 � 2.9n 32.6 � 2.8n

cigarettes 40 � 25.9 30.5 � 12.5
stress 4.5 � 12.8 3.2 � 7.3 22.8 � 21.4 10 � 14.7
PPD (mm)/sampling sites 1.7 � 0.2 2.2 � 0.3 6.2 � 1.7 6.5 � 1.2
PPD (mm)/diseased sites (45mm) 6.7 � 1.2w 5.9 � 1.0
CAL (mm)/sampling sites 0 0 6.5 � 1.9 6.6 � 1.6
CAL (mm)/diseased sites (45mm) 7.2 � 1.4w 6.7 � 1.4
plaque 37.5 � 0.4 36.8 � 0.2 84.9 � 0.1 89.4 � 0.2
bleeding on probing (% of sites) 0 0 56.3 � 0.0 78.9 � 0.5w

mean bone loss (%) 0 0 46.9 � 7.1 40.4 � 7.6
teeth present (N) 25.9 � 2.3 26.7 � 2.6

nmean � SD.
w
ANOVA statistically significant differences.

PPD, probing pocket depth; CAL, clinical attachment level.
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less BOP and greater bone loss as
compared to EOP non-smokers.

GCF mediator level

Table 2 presents the mean total amounts
of each cytokine in smokers and non-
smokers for periodontally healthy (H)
and for patients with EOP. When
analyzing a factorial design, there are
two classes of effects that we are
interested in: the main effects and
interactions. The differences between
the means of the observations of the
level of a factor (i.e. smoking, EOP,
stress) are the main effects. If the main
effects of one factor are not the same
across the levels of another factor then
these factors interact. Differences be-
tween smokers and non-smokers (main
effects of smoking) were not the same
for EOP and periodontally healthy
individuals (interaction between EOP
and smoking).

The results of the first stage of
analysis showed that significant inter-
actions between ‘‘EOP’’ and ‘‘smoking’’
were present for IL-1b and IL-4 expres-
sion (F5 4.78, p5 0.029 and F5 6.67,
p5 0.010, respectively) (Table 3).
These interactions are graphically de-
picted in Fig. 1. For IL-1b and for EOP
individuals there was no significant
difference between smokers and non-
smokers (mean difference5 1.00, p5
0.801). For healthy individuals, how-
ever, there was a statistically significant
difference in favor of smokers (mean
difference5 10.12, po0.001). The dif-
ference between the two mean differ-
ences (d) is statistically significant
(� 9.12, p5 0.029) indicating the pre-
sence of a statistically significant inter-
action of ‘‘EOP’’ and ‘‘smoking’’ status
(Table 4). With regard to IL-4 in EOP
individuals, smokers showed signifi-
cantly increased levels of this cytokine
as compared to non-smokers (1.19,
p5 0.002), while in healthy individuals
this difference was reversed (mean
difference5 � 1.74, p5 0.106), (Table
4 and Fig. 2). Again the difference
between the two mean differences (d) is
statistically significant (2.93, p5 0.01).
Also, IL-6 in healthy individuals ex-
hibited a statistically significant differ-
ence in favor of smokers (mean
difference5 0.81, po0.001) (data not
shown in table). Contrarily, IL-6 and IL-
8, did not exhibit any significant inter-
action between smokers and EOP
(F5 0.051, p5 0.822 for IL-6 and
F5 0.057, p5 0.811 for IL-8). How-

ever, main effects were apparent (Table
3). Table 5 presents the means of
IL-6 and IL-8 in EOP and healthy
individuals, for smokers and non-smo-
kers. IL-6 showed differences when
comparing EOP and healthy individuals
(mean difference5 4.23, po0.001) and
between smokers and non-smokers
(mean difference5 0.82, po0.001)
(Fig. 3). Likewise, IL-8 showed differ-
ences between EOP and healthy indivi-
duals (mean difference548.34, po0.001)
and between smokers and non-smokers
(mean difference5 � 3.72, p5 0.019),
the difference being in favor of non-
smokers (Table 5, Fig. 4).

At the second stage of analysis, stress
entered as a covariate. Table 6 sum-
marizes the statistically significant
interactions of stress with EOP and/or
smoking status. According to these
results, the slopes of EOP and healthy
individuals were different for IL-1b
(p5 0.007). The same difference was
noticed for IL-4 (p5 0.006) and IL-6
(p5 0.001). Likewise, significant differ-
ences in the slopes were observed
between smokers and non-smokers in
IL-4 (p5 0.037). IL-8 demonstrated a
complex linear dependence with stress,
the slopes being different for EOP,
healthy, smokers and non-smokers.

Table 2. Meann GCF inflammatory mediator levels in periodontally healthy and early onset
periodontitis (EOP) patients, smokers and non-smokers

EOP Healthy

smokers non-smokers smokers non-smokers

IL-1b 62.37 61.37 17.97 7.85
IL-4 3.08 1.90 10.33 12.07
IL-6 6.04 5.04 1.70 0.89
IL-8 68.30 72.96 20.43 24.00

nResults are expressed as pg/30 s sample.

GCF, gingival crevicular fluid; IL, interleukin.

IL-1β

0

10

20

30

40

50

60

70

Healthy EOP

Smokers

Non smokers

T
ot

al
 a

m
ou

nt
s 

(p
g/

30
s)

Fig. 1. Mean total amounts of interleukin (IL)-1b in early onset periodontitis (EOP) and
healthy groups between smokers and non-smokers. Healthy exhibited greater differences in
total amounts of IL-1b between smokers and non-smokers than EOP patients (po0.001).

Table 3. Significance levels of main and interaction effects of the two variables between group
(H, EOP) and smoking status

IL-1b IL-4 IL-6 IL-8

EOP � smoking 0.029 0.010 0.822 0.811
smoking 0.008 0.623 0.003 0.071
EOP o0.001 o0.001 o0.001 o0.001

Bold face denotes statistically significant interactions and main effects.

H, healthy; EOP, early onset periodontitis.
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Specifically, for IL-1b, in healthy
individuals, the slope of stress was of
� 0.02 (p5 0.736) while in EOP pa-
tients this was of 0.31 (difference in
slopes 0.33, p5 0.007) showing a
positive correlation with stress. For
IL-4, the slopes of stress in healthy
individuals, smokers and non-smokers,
were � 0.175 and � 0.134 (p5 0.012),
respectively. The difference of the two
slopes was statistically significant
(� 0.0407, p5 0.037). EOP smokers
and non-smokers had small slopes for

stress (� 0.033 and 0.008, respec-
tively). Stress showed no linear relation-
ship with IL-6 in healthy individuals
(� 0.0043, p5 0.437) and this relation-
ship was positive and significant in EOP
patients (0.074, p5 0.001). Finally, for
IL-8 stress presented a statistically
significant interaction with smoking
status and EOP (F5 4.742, p5 0.030).
The slope for EOP smokers was
estimated as 0.307 (p5 0.017); for
EOP non-smokers it was � 0.195 (p5
0.368), for healthy individuals who

smoked it was 0.04 (p5 0.659) and
finally, for healthy individuals who did
not smoke, the slope was 0.23 (p5
0.192), showing that only EOP smokers
were statistically affected by stress.

Discussion

The objective of this study was to
evaluate the influence of smoking and
stress on the clinical parameters and
cytokine profile in a group of individuals
exhibiting aggressive periodontitis.

Clinical parameters

The observation that PPD and CAL
were greater in diseased sites in smokers
as compared to non-smokers, confirms
that smoking might be associated with
increased disease severity. Furthermore,
smokers exhibited greater bone loss
than non-smokers. This outcome is in
general agreement with observations
presented by our group (Kamma et al.
1999) in an EOP population. Schenkein
et al. (1995) observed that smokers with
generalized EOP had significantly more
teeth with at least 5mm of clinical
attachment loss than did non-smokers.
Thus, the risk of smoking could greatly
accelerate tooth loss in this group of
relatively young individuals who are
already at high risk for progressive
periodontal attachment loss. Cigarette
smoking was associated mostly with a
greater increase in probing depth and
attachment loss, as well as greater tooth
loss at an earlier age (Chen et al. 2001).
A strong relation between smoking and
severe bone destruction in subjects with
EOP was also found by Mullally et al.
(1999). Payne et al. (2000) reported that
postmenopausal female smokers were
more likely to lose alveolar bone height
and density as compared to non-smo-
kers with a similar periodontitis, plaque
and gingival bleeding experience.

Smoking has been shown to have
similar negative impact in a group of
289 adult periodontitis patients studied
by Haffajee & Socransky (2001). Cur-
rent smokers had significantly more
CAL, missing teeth, deeper pockets
and fewer sites exhibiting bleeding on
probing than past or never smokers.
Recently, Bergström et al. (2000) in a
10-year prospective study of tobacco
smoking and periodontal health, have
shown that periodontal health is com-
promised in chronic smokers as evi-
denced by an increase of periodontally

Table 4. Differencesn in total amounts of IL-1b, IL-4, IL-6 and IL-8 in EOP and healthy
population between smokers and non-smokers

IL-1b IL-4

EOP smokers/non-smokers 1.00 (p5 0.801) 1.19 (p5 0.002)
H smokers/non–smokers 10.12 (po0.001) � 1.74 (p5 0.106)
differences (d) � 9.12 (p5 0.029)w 2.93 (p5 0.01)w

nWeighted least-squares regression.
wInteraction effects (statistically significant differences of differences (EOP smokers/non-smokers)

� (H smokers/non-smokers).

Bold face denotes statistically significant differences.

IL, interleukin; EOP, early onset periodontitis; H, healthy.
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Fig. 2. Mean total amounts of interleukin (IL)-4 in early onset periodontitis (EOP) and
healthy groups between smokers and non-smokers. EOP patients showed greater differences
between smokers and non-smokers (po0.001). Healthy non-smokers had the greatest total
amounts of IL-4.

Table 5. Estimated marginal meann GCF inflammatory mediator levels in periodontally healthy
and early onset periodontitis (EOP) patients, smokers and non-smokers

Smokers Non-smokers d EOP Healthy d

IL-6 3.83 3.01 0.82
po0.001

5.53 1.30 4.23
po0.001

IL-8 44.53 48.25 � 3.72
p5 0.019

70.56 22.22 48.34
po0.001

Weighted least-squares regression.

Bold face denotes statistically significant differences.

GCF, gingival crevicular fluid; IL, interleukin.

898 Kamma et al.



diseased sites concomitant with loss of
bone height, as compared to non-
smokers whose periodontal health con-
dition remained unaltered throughout
the 10-year period of investigation.

With respect to plaque accumulation,
we found no significant difference

between EOP subjects who smoke and
EOP subjects who did not smoke.
However, smokers had fewer bleeding
sites.

Nicotine has been shown to have a
vasoconstrictive effect on gingival
blood vessels thereby reducing gingival

blood flow (Clarke et al. 1981). How-
ever, another study has yielded contra-
dictory results (Baab & Oberg 1987).

According to Bergström et al. (1988),
the reduced inflammatory response is
considered to be caused by a lower
increase in the number of gingival blood
vessels in smokers as compared to non-
smokers.

Using the experimental gingivitis
model, Bergström & Preber (1986)
showed an increase in inflammation
during the experiment which was less
pronounced in smokers than in non-
smokers.

Using the same model, Lie et al.
(1998) revealed that smokers have a
lower bleeding tendency after 14 days
of experimentally induced gingivitis
than non-smokers. These two studies
suggest that in smokers the inflamma-
tory response measured clinically dur-
ing experimental gingivitis seems to be
‘‘delayed’’.

Biochemical parameters

In the present study, the total amounts
of IL-1b, IL-4, IL-6 and IL-8 were
analyzed in the GCF of periodontally
healthy (H) and early onset or aggres-
sive periodontitis patients (EOP) smo-
kers and non-smokers.

Because of the inability of measuring
the extremely small quantities of GCF
available from healthy sites, the levels
of the biochemical compounds have
been reported as total amounts per 30 s
sample, as an alternative to concentra-
tions. This is in accordance with the
findings of several authors (Eley & Cox,
1992, Smith et al. 1992, Nakashima
et al. 1996), suggesting that total
amounts rather than concentrations of
GCF components should be used when
estimating periodontal disease activity.

IL-1b, IL-6 and IL-8 showed signifi-
cant main effects with EOP. This
finding is consistent with the observa-
tions of our previous study showing that
elevated total amounts of IL-1b, IL-6
and IL-8 were associated with sites of
periodontal destruction. Indeed, these
three markers increased significantly in
sites belonging to the aggressive perio-
dontitis and EOP patients, compared to
those belonging to the H and gingivitis
groups (Giannopoulou et al. 2003).

Cytokine profiles are of considerable
value when studying periodontal tissue
destruction. The penetration of bacteria
and/or bacterial products into the tissues
results in recruitment and activation of
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Fig. 3. Mean total amounts of interleukin (IL)-6 in early onset periodontitis (EOP) and
healthy groups between smokers and non-smokers. Smokers exhibited greater total amounts
of IL-6 than non-smokers (po0.001).
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Fig. 4. Mean total amounts of interleukin (IL)-8 in early onset periodontitis (EOP) and
healthy groups between smokers and non-smokers. Non-smokers had greater total amounts
of IL-8 compared to smokers (p5 0.019).

Table 6. Statistically significant interactions of stress with EOP and smoking status

IL-1b IL-4 IL-6 IL-8

EOP � stress
p5 0.007

EOP � stress
p5 0.006

EOP � stress
p5 0.001

EOP � smoking � stress
p5 0.030

smoking � stress
p5 0.037

EOP, early onset periodontitis; IL, interleukin.

Cytokines in EOP, influence of smoking and stress 899



the monocyte/T lymphocyte axis. This
leads in turn to the enhanced monocytic
release of TNF-a, IL-1b and IL-6,
associated with periodontal tissue de-
struction. IL-8 secreted by monocytic
cells but also from keratinocytes, en-
dothelial cells and fibroblasts, induces
matrix metalloproteinase (MMP)-8 re-
lease by neutrophils. This MMP is a
potent collagenase and plays a critical
role in degrading connective tissue at
the site of inflammation during forma-
tion of periodontal pocket.

The microflora of EOP individuals,
and more specifically the one of smo-
kers, consists of an elevated number of
periodontal pathogens, as well as spe-
cies pertaining to exogenous flora, and
causes more severe and widespread
periodontal destruction (Kamma et al.
1999). In summary, in diseased sites an
imbalance in the cytokine network is
locally induced by the bacterial chal-
lenge, thus contributing to the develop-
ment of elevated B cell responses in the
inflamed gingival tissue. The fact that
all cytokines were detected in perio-
dontally healthy sites of both smokers
and non-smokers, is attributable to the
presence of a small number of macro-
phages and mononuclear cells in the
gingival tissues and/or to the neutrophils
of GCF. Finally, the wide range in total
amounts obtained for all four cytokines,
is mostly related to the diversity of cell
types which can produce these media-
tors.

IL-1b showed a clear association
with smoking, the difference being
statistically significant in favor of
healthy smokers. In contrast Boström
et al. (2000) who analyzed GCF levels
of IL-1b and its receptor antagonist IL-
1ra with respect to smoking in patients
with moderate-to-severe periodontal
disease, showed no association between
GCF levels of these molecules with
smoking. In our previous study as well,
no correlation was demonstrated be-
tween smokers with different forms of
periodontitis. When nicotine was ap-
plied in vitro, on peripheral blood
monocytes and lymphocytes and on
gingival mononuclear cells of patients
with periodontitis, no effect on IL-1b
secretion was observed, suggesting that
nicotine cannot activate more cells,
possibly due to maximal previous sti-
mulation in the periodontitis lesion
(Payne et al. 1996, Bernzweig et al.
1998). Therefore, smoking affects the
expression of IL-1b in healthy indivi-
duals only.

In the present study, IL-6 and IL-8
showed significant relationships with
smoking. IL-6 showed an evident asso-
ciation with smoking, the difference
being statistically significant in favor
of healthy smokers.

In individuals who smoke, an imbal-
ance in cytokine production seems to
occur. Boström et al. (1999) observed
no significant differences regarding the
GCF IL-6 level between current smo-
kers, former smokers and non-smokers,
in patients with moderate-to-severe
forms of periodontal disease. In con-
trast, elevated concentrations of IL-6
were observed in the plasma of smokers
(Tappia et al. 1995), as well as in the
alveolar cells of healthy donors stimu-
lated by tobacco glycoprotein (TGP), a
phenol-rich glycoprotein, present in
tobacco leaves and cigarette smoke
condensate (Francus et al. 1992).

IL-8 demonstrated a negative asso-
ciation with smoking, the difference
being significant in favor of non-smo-
kers. In a recent study by Fredriksson
et al. (2002), smoking was found to
reduce the sensitivity of peripheral
neutrophils to stimulation of IL-8 when
comparing smoking with non-smoking
patients, and Kuschner et al. (1996)
reported a dose-dependent effect of
smoking on levels of host cytokines
such as IL-1, IL-6, IL-8 and monocyte
chemotactic protein-1 levels.

The results from studies of nicotine
effects on cell cytokines and cytokine
levels in smokers appear to be contra-
dictory. Careful clinical and laboratory
studies are needed considering that
smoking effects are more complex than
just increasing the in vitro nicotine
concentration. The concentrations of
nicotine and those of other chemicals
or noxious stimuli related to smoking,
should be included into such studies.
These investigations may have impor-
tance given the weight currently given
to the theories that cytokines’ over-
production may be detrimental to the
host response predisposing such a way
an individual to periodontitis (Kornman
& di Giovine 1998).

Stress in this study showed interac-
tion with EOP in GCF IL-1b, IL-6 and
IL-8 levels. Stress is suggested as an
important disruptive factor in the
homeostatic regulation between oral
bacteria and the host’s immune system
(Genco 1992, Seymour et al. 1993,
Ainamo & Ainamo 1996). We may thus
expect stress experiences to have both
direct (through biochemical mediators)

and indirect effects (through altered
compliance and health behavior). Re-
cent research has provided evidence that
products from the nervous and neuroen-
docrine systems, released by emotional
stress, may influence immune activities
by immune cells, via alterations in the
production of cytokines (Blalock 1994),
thus affecting the T helper (Th)1/Th2
balance (for review, see Breivik et al.
1996). For example, stress from aca-
demic examination significantly in-
creased serum IL-1b, IL-6 and IL-10
and decreased IFN-g production (Paik
et al. 2000). IL-6 serum concentrations
were increased in patients with post-
traumatic stress disorder (Maes et al.
1999) as well as after speaking and
exercise tasks (Goebel et al. 2000).
Students with high-stress perception
during the stressful condition had a
significantly higher production of
TNF-a and IL-6 as compared to students
with a low-stress perception (Maes et al.
1998). IL-6 has often been called
‘‘stress-inducible cytokine’’. IL-1b is
the only cytokine studied in GCF in
association to stress and this is by
Deinzer et al. (1999, 2000) who mea-
sured GCF IL-1b in a group of medical
students who participated in a major
medical examination. The authors ob-
served significantly higher amounts of
GCF cytokine levels as compared to a
group of students not participating in
the exam. These studies, together with
the present one, suggest that there is an
interaction between endocrine and im-
mune systems in response to a physio-
logical stress.

The present study demonstrated a
significant interaction between smok-
ing, stress and increased levels of IL-8
in EOP patients. IL-8 can be induced by
a variety of stimuli including cytokines,
like IL-1b, bacterial products or viral
products. In periodontal disease, speci-
fic Gram-negative bacteria and their
products are inducers of pro-inflamma-
tory cytokine secretion (Birkedal-Han-
sen 1993). One of the best examples for
cytokine network mechanisms is pro-
vided by IL-8 and IL-1b, where IL-1b
controls the local levels of IL-8 (Wilson
et al. 1996). In addition, Deinzer et al.
(1999) suggested that stress might affect
periodontal health by increasing levels
of IL-1b locally, especially when oral
hygiene is neglected.

Summing up, IL-1b, IL-4, IL-6, IL-8
showed a clear association with EOP.
This association was dependent on
smoking for IL-1b and IL-4. IL-1b and
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IL-6 showed a significant association
with smoking, in favor of healthy
smokers while IL-8 showed significant
association with healthy non-smokers.
Stress showed significant relationship
with IL-1b, IL-6, IL-8 and EOP. Also,
stress demonstrated a significant inter-
action with smoking and increased
levels of IL-8 in EOP patients.

In conclusion, the present study
suggests that smokers and the stressed
may have more disease because both
smoking and stress influence host-
related factors including cytokine net-
work, thereby modifying the microbial
flora to be more pathogenic.

However, the relative importance of
smoking and stress-related alterations
and their precise mode of action in
increasing the risk of aggressive perio-
dontitis remains to be elucidated.
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