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Abstract
Aim: To study the role of serum cytokines tumour necrosis factor a (TNF-a) and
interleukin 6 (IL-6) as potential mediators in the association between body weight and
periodontal infection among an adult population.

Material and Methods: This study was based on a subpopulation of the Health 2000
Health Examination Survey, which included dentate non-diabetic, non-rheumatic
subjects, aged between 45 and 64 years, who had never smoked and whose serum
levels of TNF-a and IL-6 were analysed and whose periodontal status was clinically
determined (effective n 5 425). The number of teeth with periodontal pockets of 4 mm
or more and the number of teeth with periodontal pockets of 6 mm or more were used
as outcome variables. Relative risks and 95% confidence intervals were estimated
using Poisson regression models.

Results: Serum IL-6, but not TNF-a associated with teeth with deepened periodontal
pockets. Multivariate models showed that IL-6, but not TNF-a, could mediate the
effect of body weight on periodontium.

Conclusion: In this population of non-diabetic and non-rheumatic subjects, who had
never smoked, serum IL-6 was associated with periodontal infection. The results
suggest that serum IL-6 could be one mediating factor that connects body weight and
periodontal infection.
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Cytokines, essential parts in the regula-
tion of inflammation, play a role in
wound repair and in transient inflamma-
tions, as they activate defence mechan-

isms but may also give rise to
considerable tissue damage in more
severe inflammations. Cytokines have
been suggested to have a role in the
pathogenesis of several diseases, such as
diabetes mellitus (Stumvoll et al. 2005),
rheumatoid arthritis (Park & Pillinger
2007) and also in the pathogenesis of
periodontitis (Page 1991, Gemmell et al.
1997, Graves 1999). Moreover, it has
been suggested that cytokines are
important mediators in the cross-sus-
ceptibility of periodontitis with diabetes
mellitus (Preshaw et al. 2007) and rheu-
matoid arthritis (Mercado et al. 2003,
Bartold et al. 2005).

Obesity is characterized as a state
of low-grade systemic inflammation
(Fantuzzi 2005). It is known that adipose
tissue cells – adipocytes, preadipocytes
and macrophages – secrete cytokines,
including, for example, tumour necrosis
factor a (TNF-a) and interleukin 6 (IL-6),
among over 50 other bioactive substances
collectively known as adipokines (Ritchie
2007). This concurs with the findings
which have shown that obese individuals
have elevated levels of circulating TNF-a
and IL-6 compared with normoweight
subjects and also that the levels of these
cytokines decrease after weight loss
(Ziccardi et al. 2002).

Tuomas Saxlin1, Liisa Suominen-
Taipale2, Jaana Leiviskä2, Antti Jula2,
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In recent years, it has been found that
obesity is associated with periodontitis
(Saito et al. 2001, Al-Zahrani et al.
2003, Wood et al. 2003, Dalla Vecchia
et al. 2005, Genco et al. 2005, Reeves et
al. 2006) and has been suggested to be
second only to smoking as the strongest
risk determinant for periodontitis
(Nishida et al. 2005). However, the
nature of the association between body
weight and periodontal infection is not
known and the mechanisms how body
weight might affect periodontium are
also unclear. Earlier studies have sug-
gested that cytokines produced by adi-
pose tissue could be one mechanism
mediating this association (Saito &
Shimazaki 2007), although the evidence
is still somewhat ambiguous. The pre-
sence of such a mediating mechanism
would support the conception that the
association between body weight and
periodontal infection is causal, and con-
versely the lack of evidence suggests
that the association is not a causal one.

The aim of this study was to investi-
gate the role of serum cytokines TNF-a
and IL-6 as potential mediators in the
association between body weight and
periodontal infection among an adult
population.

Material and Methods

Study design

The nationally representative Health
2000 Health Examination Survey was
carried out in 2000 and 2001 by the
National Public Health Institute of Fin-
land. The study population comprised
8028 subjects aged 30 or older living in
continental Finland. The data for this
survey were collected from clinical oral
and health examinations, from labora-
tory measurements, from self-adminis-
tered questionnaires and by interviews.
Informed consent was obtained from the
participants. The study protocol was
approved by the ethical committee of
Helsinki University Hospital. Addi-
tional information about the Health
2000 Health Examination Survey is
available in the published report at:
http://www.ktl.fi/terveys2000/julkaisut/
baseline.pdf.

A subsample of the original Health
2000 Health Examination Survey was
invited to take further examinations in
2001 and 2002 (the average time span to
the original study was 481 days) con-
sisting of persons aged between 45 and
74 years living near five central univer-

sity hospitals (n 5 1526). Blood samples
were collected including serum cyto-
kines TNF-a and IL-6. For this study,
we used a subpopulation of dentate non-
rheumatic, non-diabetic subjects who
were 45–64 years old, who had never
smoked and whose serum levels of
TNF-a and IL-6 were analysed and
periodontal health clinically determined
(effective n 5 425). Rheumatoid arthri-
tis was determined on the basis of
information obtained from the health
interview. The question posed was
‘‘Do you have rheumatoid arthritis diag-
nosed by a physician?’’ with the answer
options being yes/no. Diabetes was
determined on the basis of the health
interview and the health examination.
Only subjects who had not been diag-
nosed with diabetes by a physician and
who had no indications of the disease
were included in the study population.

Outcome variables

Five calibrated dentists performed clin-
ical oral examinations in a dental chair
using a headlamp, mouth mirror and a
WHO periodontal probe in line with the
WHO instructions. The clinical oral
examinations included assessment of
the condition of periodontium and teeth.
Periodontal pocket depth on probing
was measured on four surfaces of each
tooth (distobuccal, mid-buccal, mid-
oral, mesio-oral), and the deepest mea-
surement on each tooth was recorded.
Third molars were excluded from the
periodontal examination. The percentual
agreement between the examiners and
the reference examiner in periodontal
pockets was 82% (k 0.32) (Vehkalahti et
al. 2004, p. 30). We used existing perio-

dontal infection, defined as the number
of teeth with deepened periodontal
pockets (4 mm or more) as an outcome
variable. We also used the number of
teeth with deep periodontal pockets
(6 mm or more) as an outcome variable.
The distributions of the outcome vari-
ables are presented in Fig. 1.

Explanatory variables

Serum levels of TNF-a and IL-6 were
analysed by solid phase, enzyme-
labelled chemiluminescent immuno-
metric assay using an analyzer Immulite
(Siemens Healthcare Diagnostics, Deer-
field, IL, USA). The inter-assay coeffi-
cient of variation (CV) of TNF-a varied
from 2.5% (high-level control, 500 ng/l)
to 11.0% (low-level control, 7 ng/l). The
inter-assay CV of IL-6 varied from 5.0%
(high-level control, 500 ng/l) to 7.0%
(low-level control, 21 ng/l). The detection
limits of the assays were 1.5 ng/l for TNF-
a and 0.5 ng/l for IL-6. Serum levels of
TNF-a and IL-6 were used in the multi-
variate analyses as continuous variables.

Body weight was assessed using body
mass index (BMI), which is a measure of
body weight in relation to height (kg/m2).
Information about height and weight were
primarily obtained from the clinical exam-
ination, but where this information was
missing, other sources were used, namely
interviews and questionnaires. BMI
(assessed at the time of the original Health
2000 Health Examination) was used in the
analyses as a continuous variable.

Confounding variables

Age was included into the analyses as a
continuous variable. Education was

Fig. 1. Number of subjects with teeth with deepened (4 mm or more) and deep (6 mm or
more) periodontal pockets.
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categorized into three categories. The
lowest level consisted of those who had
less than a high school education and
did not have formal vocational qualifi-
cations; the second level comprised
those who had graduated from high
school and the highest level subjects
with a university degree or who had
graduated from polytechnics. The pre-
sence of dental plaque was measured
from three teeth at one surface each as
follows: buccal surface from the most
posterior tooth on the upper right side,
lingual surface from the most posterior
tooth on the lower left side and buccal
surface from tooth 33. The presence of
plaque was categorized into three cate-
gories as follows: no visible plaque,
visible plaque at gingival margins, visi-
ble plaque elsewhere. The highest value
was recorded. Percentual agreement
between the examiners and the reference
examiner in the presence of dental pla-
que was 57% (k 0.22) (Vehkalahti
et al. 2004, p. 30). The number of teeth
(as a continuous variable) was treated as
the offset variable in the regression
models.

The selection of covariates was based
on current knowledge of the potential
risk factors of periodontal infection. We
estimated relative risks (RR) with 95%
confidence intervals using Poisson
regression models. Logarithmic trans-
formations of serum TNF-a and IL-6
were made to normalize the skewed
distributions of serum TNF-a and IL-6
before the analyses. The basic charac-

teristics of the study population are
presented in Table 1 (Fig. 1).

Results

Spearman’s correlation coefficients
between the number of teeth with dee-
pened (4 mm or more) and deep (6 mm
or more) periodontal pockets, BMI and
the serum levels of cytokines TNF-a and
IL-6 are presented in Fig. 2.

In these data, we found an association
between serum levels of IL-6 and the
number of teeth with deepened (4 mm or
more) and deep (6 mm or more) perio-
dontal pockets (Table 2) after control-
ling for confounding factors such as
gender, age, education and presence of

plaque. We found no consistent associa-
tion between serum levels of TNF-a and
the number of teeth with deepened
periodontal pockets (Table 2).

There was an association between
BMI and the number of teeth with
deepened and deep periodontal pockets
in this population of subjects aged 45–
64 years (Table 3). Adding TNF-a into
the regression models did not have an
essential effect on the strength of these
associations, whereas adding IL-6
slightly weakened the strength of the
association between BMI and the num-
ber of teeth with periodontal pockets of
6 mm or more, but not the association
between BMI and the number of teeth
with periodontal pockets of 4 mm or
more (Table 3).

Table 1. Basic characteristics of the study population

n Minimum–Maximum Mean (SDn)/proportion

Age 430 45–64 53.8 (5.7)
Gender (%)

Males 153 35.6
Females 277 64.4

Number of teeth 430 1–32 23.0 (7.0)
Number of teeth with periodontal pockets X4 mm 430 0–23 3.7 (4.5)
Number of teeth with periodontal pockets X6 mm 430 0–17 0.5 (1.6)
Education (%)

Low 125 29.1
Intermediate 132 30.7
High 173 40.2

Presence of plaque (%)
No plaque 168 39.5
Plaque in gingival margins 226 53.2
Plaque also elsewhere 31 7.3
Missing information 5

Body mass index
Original survey 430 19.0–45.5 26.7 (4.2)
Further examinations 427 19.1–47.7 26.7 (4.4)

Serum tumour necrosis factor a (TNF-a), (ng/l) 430 1.4–126 5.7 (6.1)
Serum interleukin 6 (IL-6), (ng/l) 430 0.4–12.9 1.5 (1.2)

nSD, standard deviation.

Fig. 2. Spearman’s correlation coefficients (r) between the number of teeth with deepened
(4 mm or more) and deep (6 mm or more) periodontal pockets, body mass index (BHI) and
serum levels of cytokines tumous necrosis factor alpha (TNF-a) and interleukin 6 (IL-6).
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Discussion

In these data IL-6, but not TNF-a,
associated with the number of teeth
with deepened (4 mm or more) and
deep (6 mm or more) periodontal pock-
ets. This means that IL-6, but not TNF-
a, could be one potential mediating
factor in the association between body
weight and periodontal infection. This
interpretation is also supported by the
fact that adding IL-6 into the multi-
variate model slightly attenuated the
association between BMI and the num-
ber of teeth with periodontal pockets of
6 mm or more.

Obesity, a state of low-grade systemic
inflammation, has been suggested to
associate with periodontal infection in
several studies (Saito et al. 2001, Genco
et al. 2005). The mechanisms how obe-
sity has an effect on periodontium are
not known, but there are several possible
biological explanations. For example,
adipose tissue is known to secrete sev-
eral types of substances, including cyto-
kines TNF-a and IL-6 (Ritchie 2007),
which has been suggested to mediate the
effect of body weight on periodontium
(Saito & Shimazaki 2007). This view is
supported by the findings of Lundin
et al. (2004), who reported a significant
positive correlation between the levels

of TNF-a in gingival crevicular fluid
(GCF) and high BMI (over 40). In their
study, the level of TNF-a in GCF was
positively associated with high BMI in
subjects without periodontal disease,
which suggests that the TNF-a in GCF
is partly originated from adipose tissue.
In addition, systemic TNF-a may play a
part in the development of insulin resis-
tance (Nishimura & Murayama 2001),
which is also suggested to be a mediat-
ing mechanism between obesity and
periodontitis (Genco et al. 2005). How-
ever, it must be pointed out that dia-
betics and subjects with any indication
of the disease were excluded from our
study sample, so we cannot draw any
conclusions about the possible role of
insulin resistance (and the role of TNF-a
in insulin resistance) in the aetiology of
periodontal infection.

In this study population of non-dia-
betic and non-rheumatic subjects, serum
TNF-a showed no association with
periodontal infection. This may be
related to the fact that serum TNF-a
did not show as strong a correlation
with BMI in this population as for
instance in the previously mentioned
study by Ziccardi et al. (2002). In con-
trast, serum IL-6 associated with the
number of teeth with deepened perio-

dontal pockets (4 mm or more) and deep
periodontal pockets (6 mm or more).
This suggests that systemic IL-6 may
have some detrimental effects on
periodontium or alternatively that perio-
dontal infection causes systemic eleva-
tion of IL-6 levels. Naturally, the latter
possibility cannot be excluded due to the
cross-sectional study design.

Other possible explanations

Our group has recently studied the role
of another suggested mediating mechan-
ism – namely elevated levels of serum
lipids. Interestingly, these results
suggest that none of the serum lipids
(triglycerides, HDL–cholesterol or
LDL–cholesterol) separately seem to
be an important mediating factor in the
association between body weight and
periodontal infection, at least among
normoweight subjects (Saxlin et al.
2008). However, based on the said
study, the possibility that different lipid
fractions in combinations have some
effects on periodontium cannot be
excluded.

There are also other possible mechan-
isms that could mediate the effect of
body weight on periodontium. These
include for example the effect of other
adipokines produced by adipose tissue,
such as leptin and plasminogen activator
inhibitor-1 (PAI-1). The biological
mechanisms how these substances
might affect the pathogenesis of perio-
dontal infection is quite poorly under-
stood to date. Leptin is thought to
regulate adipose tissue mass and it has
been reported that leptin concentrations
in gingival tissues and in GCF are
negatively correlated with periodontal
disease progression (Johnson & Serio
2001, Karthikeyan & Pradeep 2007).

PAI-1 is a regulatory protein of the
coagulation cascade and it prevents the
dissolution of clots by inhibiting
extracellular matrix degradation and
fibrinolysis. PAI-1 is strongly expressed
in visceral fat in obese subjects

Table 2. The relation of serum tumour necrosis factor a (TNF-a) and interleukin 6 (IL-6) levels to the number of teeth with periodontal pockets
[unadjusted and adjustedn relative risks (RR) with 95% confidence intervals (CI)]

Teeth with periodontal pockets X4 mm Teeth with periodontal pockets X6 mm

unadjusted RR (95% CI) adjusted RR (95% CI) unadjusted RR (95% CI) adjusted RR (95% CI)

TNF-aw 0.89 (0.43–1.86) 0.79 (0.40–1.54) 1.41 (0.17–11.6) 1.08 (0.08–13.8)
IL-6w 1.60 (1.04–2.45) 1.20 (0.78–1.86) 3.94 (1.73–8.95) 2.42 (0.94–6.24)

nAdjusted for gender, age (continuous variable), education, presence of plaque and number of teeth (offset variable).
wLog-transformed value.

Table 3. The relation of body mass index (BMI) to the number of teeth with periodontal pockets
[adjusted relative risks (RR) with 95% confidence intervals (CI)]

Teeth with periodontal
pockets X4 mm

Teeth with periodontal
pockets X6 mm

RR 95% CI RR 95% CI

Model 1n BMI 1.03 1.00–1.06 1.04 0.94–1.14
Model 2w BMI 1.03 1.00–1.06 1.04 0.94–1.14
Model 3z BMI 1.03 1.00–1.06 1.02 0.93–1.13

nAdjusted for gender, age (continuous variable), education, presence of plaque and number of teeth

(offset variable).
wAdjusted for gender, age (continuous variable), education, presence of plaque, number of teeth

(offset variable) and serum tumour necrosis factor a (TNF-a) level (continuous variable, log-

transformed value).
zAdjusted for gender, age (continuous variable), education, presence of plaque, number of teeth

(offset variable) and serum interleukin 6 (IL-6) level (continuous variable, log-transformed value)
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(Shimomura et al. 1996). The plasmino-
gen activator system has been reported
to be active in gingival tissues (Kinnby
et al. 1999). Although the exact mechan-
isms are not known, one possible
mechanism is that PAI-1 reduces the
blood flow in the periodontium of obese
subjects and therefore promotes the
development of periodontal disease
(Saito & Shimazaki 2007).

The nature of the association between
body weight and periodontal infection
has not been confirmed yet. It is possible
that this association is confounded by
factors that are difficult, unless impos-
sible to control for. Moreover, previous
studies on this association, to our knowl-
edge, have been cross-sectional in nat-
ure, which means that any conclusions
about the directions of the causal rela-
tions cannot be made. To truly clarify
the direction of the association between
body weight and periodontal infection,
longitudinal studies are needed.

Strengths and limitations

Using the number of teeth with perio-
dontal pockets as an outcome variable
provides many advantages. Perhaps the
most important aspect is that, this way
the study focuses on the extent of the
infection at the time of the survey and
does not incorporate the disease history.
The use of a continuous variable also
reduces the effect of misclassification of
periodontal infection compared with a
situation where the outcome is dichot-
omous. An additional advantage is that
risk estimates, that is RR, can be inter-
preted in a probabilistic manner. Prob-
ing depths of 4 and 6 mm were used as
cut-off values, because they are widely
used boundary values for pathologically
deepened periodontal pockets. How-
ever, when interpreting the results, it
must be noted that the number of teeth
with deep periodontal pockets (6 mm or
more) was low, so the results are subject
to large random variation.

We restricted the analysis to never
smokers, because smoking is known to
be a strong risk factor for periodontal
disease, preventing the detection of
weaker determinants. Our decision to
restrict the analysis to never smokers
was based on suggestions in earlier
studies that have shown that control
for smoking is otherwise insufficient
(Hujoel et al. 2002).

The limitations of the present study
include the cross-sectional study design.
Hence, as mentioned above, we cannot

draw any definite conclusions about the
relation between cause and effect.
Another limitation is that we only stu-
died the effect of cytokines TNF-a and
IL-6. We cannot therefore exclude the
possibility that there are other cytokines
or substances produced by adipose tis-
sue that could mediate the association
between body weight and periodontal
infection.

Serum samples of TNF-a and IL-6
were collected for more than 1 year after
the original health examination (mean
481 days). However, because the aim of
this study was to examine the possible
mediating effects of elevated levels of
serum TNF-a and IL-6 on the associa-
tion between body weight and perio-
dontal infection, we do not consider
this time span to be a major obstacle
due to the stability of body weight. For
example, in this study population mean
BMI was 26.68 at the time of the original
health examination, and later, at the time
of the follow-up examinations, which
included the serum samples of TNF-a
and IL-6, the mean BMI was 26.71.

Conclusions

When interpreting the results, it must be
kept in mind that the disease mechan-
isms leading to periodontal infection
might be different in subgroups such
as diabetics, rheumatics and among
morbidly obese subjects, for instance.
In this study population consisting of
non-diabetic and non-rheumatic sub-
jects, we found that serum IL-6, but
not TNF-a, may mediate the possible
inflammatory effect of body weight on
periodontium. Despite these suggestive
findings, the mechanisms how body
weight has an effect on periodontium
need to be further investigated.
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Clinical Relevance

Scientific rationale: It has been sug-
gested in a number of cross-sectional
studies that there might be an asso-
ciation between body weight and
periodontal infection. To date, the
nature of this association has not
been confirmed. Cytokines TNF-a

and IL-6 produced by adipose tissue
have been suggested to be one pos-
sible biological mechanism explain-
ing this association.
Principal findings: Serum IL-6 may
mediate the effect of body weight on
periodontium.

Practical implications: Longitudinal,
preferably randomized, studies are
needed to clarify the true nature of
the association between body weight
and periodontal infection.
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