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Abstract
Aims: To evaluate the associations between serum inflammatory biomarkers and
periodontal inflammation in subjects with type 1 diabetes mellitus (T1DM). Our
hypothesis was that local host responses may be modulated by the serum inflammatory
mediators.

Material and methods: Plaque, bleeding on probing and probing pocket depth (PD)
were examined in 80 T1DM subjects at the baseline and in 58 subjects 8 weeks after
periodontal therapy. The levels of glycosylated haemoglobin, serum interleukin (IL)-6,
ultrasensitive C-reactive protein and the lipid profile were measured at the baseline and
after therapy. Stratification of the sample separately by smoking and body mass index
(BMI) was performed. Adjusted associations between the levels of systemic
biomarkers and periodontal parameters were studied using multiple regression models.

Results: The level of serum IL-6 was associated with the extent of bleeding and
PDX4 mm at the baseline in non-smokers and in subjects with BMI426 kg/m2. These
associations were also evident after periodontal therapy. Subjects with a high after-
therapy IL-6 level presented poorer periodontal healing than those with a low level.

Conclusions: The observed associations may be considered to be suggestive of a
modulatory effect of IL-6 on host responses in T1DM subjects.
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Hyperglycaemia is known to induce a
pro-inflammatory state characterized by
increased concentrations of systemic
inflammatory biomarkers such as cell
adhesion molecules, C-reactive protein
(CRP) and pro-inflammatory cytokines,
including interleukin (IL)-6 and tumour
necrosis factor (TNF)-a (Devaraj et al.
2007, Kaul et al. 2010). While it is

generally accepted that the major causa-
tive factor behind diabetic complications
is hyperglycaemia, growing evidence
exists that the development and progres-
sion of diabetic micro- and macro-vascu-
lar complications are also linked with
systemic inflammation (Saraheimo et al.
2003, Devaraj et al. 2007). Both gingivi-
tis and periodontitis have been considered
as hyperglycaemia-related diabetic com-
plications (Taylor 2001, Lalla et al.
2007a). Since the very first reports by
Gislen et al. (1980) and by our own group
(Ervasti et al. 1985, Tervonen & Knuut-
tila 1986), the role of the metabolic
control of diabetes mellitus as the main
determinant of increased periodontal

inflammation has been confirmed in a
large number of studies (Taylor 2001,
Lalla et al. 2007a). Importantly, both
micro-vascular complications and perio-
dontal inflammation seem to share at least
some potential hyperglycaemia-related
pathways in their development, including
hyperglycaemia-enhanced formation of
advanced glycation end products, protein
kinase C activation, increased oxidative
stress and apoptosis (Graves et al. 2006,
Devaraj et al. 2007, Nassar et al. 2007,
van den Oever et al. 2010).

It is nowadays generally agreed that
chronic periodontitis is associated with
low-grade systemic inflammation both in
non-diabetic (Loos 2005, Nibali et al.
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2007, Saxlin et al. 2009) and in diabetic
(Engebretson et al. 2007, Lim et al. 2007,
Chen et al. 2010) individuals. On the
contrary, less is known about the contri-
bution of elevated levels of serum inflam-
matory mediators to periodontal
inflammation. This biological pathway
was studied recently by Andriankaja et
al. (2009), who observed a significant
association between serum IL-6 and gin-
givitis in type 2 diabetic subjects with no
deepened periodontal pockets (X3 mm)
and bleeding on probing (BOP) X10%.
One of the conclusions drawn by the
authors was that serum IL-6 might have
a specific role in modulating the local
inflammatory reaction in individuals with
type 2 diabetes mellitus .

We determined the periodontal health
status and systemic inflammation in a
group of type 1 diabetes mellitus
(T1DM) subjects before and after perio-
dontal therapy to explore the possible
bidirectional nature of the association
between periodontal health and systemic
inflammatory status. Moreover, our aim
was to study whether the possible link
between periodontal and systemic inflam-
mation is analogous to the link between
systemic inflammation and the develop-
ment and progression of micro-vascular
complications of diabetes mellitus.

Material and Methods

The study protocol was approved by the
Ethical Committee of Oulu University
Hospital, Oulu, Finland, and an informed
consent form was signed by the subjects.

Subjects

Originally, a total of 80 patients with
T1DM were recruited on a volunteer basis
and examined clinically by a periodontal
specialist (T. R.) at the Specialist Dental
Health Care Unit, City of Oulu, Finland
(Tervonen et al. 2009). Subjects requiring
prophylactic antibiotic medication in
association with periodontal probing and
those with immunosuppressive medi-
cation or antibiotics during the past 4
months were excluded. After anti-infec-
tive periodontal therapy, a total of 65
subjects were re-examined. Data on gly-
cosylated haemoglobin (HbA1c), high-
density HDL cholesterol, low-density
LDL cholesterol, IL-6 and ultrasensitive
C-reactive protein (usCRP) were available
for all subjects at the baseline and for 59
subjects after therapy. One subject with a
severe and acute wound infection and
maxillary sinusitis showed a pronounced

increase in serum IL-6 (from 3.6 to
8.2 pg/ml) during the study and was
excluded, leaving a total of 58 treated
subjects for the analyses.

Patient records were used to retrieve
data regarding the general health status
of the subjects. Four subjects had either
chronic maxillary sinusitis, skin infec-
tion or symptoms of a urinary tract
infection during the study (indicated in
Fig. 1a). Smoking data were obtained
by an interview and the subjects were
categorized as smokers and non-
smokers. A total of 56 subjects of those

examined at the baseline and 44 out
of the treated subjects reported to be
non-smokers. The subjects’ body mass
index (BMI kg/m2) and age were also
recorded. A total of 58 subjects out of
those studied at the baseline and 44 of
the treated subjects had BMI426 kg/m2

(Table 1) (according to the WHO, the
lower limit for overweight is 25 kg/m2).

Clinical periodontal examination and
periodontal therapy

Periodontal variables were recorded on
the mesiobuccal, midbuccal, distobuccal

Fig. 1. (a) Subject-level changes in serum IL-6 level. A decrease in serum IL-6 level (� 0.2
pg/ml) between the baseline and the follow-up examination was observed in 23 subjects
(lines on the left) and an increase (� 0.2 pg/ml) in 17 subjects (lines on the right). The lines
in the middle present subjects with a stable IL-6 level (change o0.2 pg/ml). Subjects with
chronic infections, other than gingivitis or periodontitis, are indicated using dashed lines. (b)
Healing of periodontal inflammation indicated as the reduction in the number of sites with
bleeding and PD � 4 mm in subjects presenting increased, stable or decreased serum IL-6
level between the baseline and the follow-up examination (see Fig. 1a).

Table 1. Subject characteristics presented as mean values/subject (� SD) and numbers of
subjects

Baseline After therapy

All subjects (n 5 80) Treated subjects (n 5 58) (n 5 58)

Age (years) 38.6 � 12.3 39.5 � 12.6 39.5 � 12.6
Gender (female/male) 46/34 34/24 34/24
Smoking (non-smoker/smoker) 56/24 44/14 44/14
BMI426 (kg/m2) 58/22 44/14 44/14
Duration of DM, years 19.9 � 11.9 19.7 � 12.4 19.7 � 12.4
Number of

Teeth 25.7 � 4.1 26.2 � 3.2 26.0 � 3.3
Sites 102.9 � 16.5 105.0 � 12.8 103.8 � 13.1

Number of sites with
Plaque 30.7 � 22.3 30.1 � 21.8 3.4 � 8.2
BOP 69.3 � 18.1 70.9 � 15.1 14.9 � 12.9
Bleeding and PDX4 mm 23.1 � 18.5 23.0 � 19.0 1.0 � 2.1

IL-6 (pg/ml) 1.7 � 1.0 1.7 � 1.0 1.6 � 1.1
HbA1c (%) 8.5 � 1.4 8.5 � 1.4 8.4 � 1.4
HDL (mmol/l) 1.6 � 0.4 1.5 � 0.4 1.5 � 0.3
LDL (mmol/l) 2.3 � 0.8 2.4 � 0.7 2.4 � 0.7
usCRP (mg/l) 2.3 � 3.9 2.3 � 3.9 2.9 � 4.8
BMI (kg/m2) 24.7 � 3.3 24.5 � 3.1 24.5 � 3.1

BOP, bleeding on probing; bleeding and PDX4 mm, bleeding pocketX4 mm in depth; BMI, body

mass index; HbA1c, glycosylated haemoglobin; HDL, high-density lipoprotein; IL-6, interleukin;

LDL, low-density lipoprotein; usCRP, ultrasensitive C-reactive protein.
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and midlingual surfaces of each tooth as
described earlier (Tervonen et al. 2009).
Briefly, the presence of visible plaque
according to the criteria of the scores 2
and 3 of the plaque index (Silness & Löe
1964), probing depth (PD) and BOP
were registered. Anti-infective perio-
dontal therapy including oral hygiene
education, scaling and root planing
were performed. As the goal was to
minimize periodontal inflammation,
these treatments were repeated and
periodontal surgery was performed
whenever indicated. In the follow-up
examination approximately 8 weeks
after the completion of the treatment,
one to nine bleeding sites were found in
14 subjects, 10–19 sites in 19 and 420
sites in 16 subjects. Moreover, bleeding
and PDX4 mm were detected at one to
two sites in 14 subjects and at 3–10 sites
in seven subjects.

Laboratory assays

Venous blood samples were drawn at the
baseline and in the follow-up examina-
tion. Glycosylated haemoglobin (%) was
analysed using a latex immunoturbidi-
metric method (Siemens Medical Solu-
tions Diagnostics, Tarrytown, NY, USA).
Serum samples were stored at � 701C
until assayed. Serum IL-6 level (pg/ml)
was measured using a sensitive ELISA
Quantikine HS Immunoassay kit (R&D
Systems GmbH, Wiesbaden-Nordenstadt,
Germany). The usCRP (mg/l) analyses
were performed using an Innotrac Aio!
analyser (Innotrac Diagnostics Oy, Tur-
ku, Finland), which utilizes a unique all-
in-one (Aio!) dry-reagent concept and
time-resolved fluorometric detection
(Hedberg et al. 2004). Low-density LDL
cholesterol (mmol/l) and high-density
HDL cholesterol (mmol/l) were measured
using direct enzymatic methods imple-
mented in the Advia 2400 Chemistry
systems (Siemens Medical Solutions
Diagnostics, Tarrytown, NY, USA).

An ‘‘increase’’ in the IL-6 level
between the baseline and the follow-up
examination was recorded if the level was
elevated by X0.2 pg/ml, a ‘‘decrease’’ if
the level declined by X0.2 pg/ml and a
lack of either of the previous was con-
sidered a ‘‘stable’’ level (Fig. 1a).

Statistical methods

Statistical analyses were performed using
statistical software (SPSS Statistical Pack-

age for Social Sciences, version 16.0 for
Windows; SPSS Inc., Chicago, IL, USA)
and the level of statistical significance
was set at o5% (po0.05). All analyses
were based on subject-level data. The
extent of periodontal inflammation was
measured as the number of affected sites
per subject. The mean serum IL-6 levels
before and after therapy were compared
using the Wilcoxon signed ranks test.
Spearman’s rank correlation analysis
was used to study unadjusted associations
between periodontal parameters and ser-
um inflammatory markers at the baseline
(Table 2). Depending on the distribution
of the outcome, variable-adjusted associa-
tions between periodontal inflammation
and serum inflammatory markers were
studied using either linear regression or
binomial regression analyses. In the bino-
mial regression models, the ln of the
number of measured sites was used as
an offset variable. In order to control the
confounding/modifying effect of smoking
and BMI on the association between
serum IL-6 and periodontal inflammation,
we used the interaction terms BMInIL-6
and smokingnIL-6 in the models. We also
stratified the sample by BMI (426 kg/m2/
426 kg/m2) and smoking (non-smokers/
smokers) to study the associations in the
stratified samples. The association
between periodontal healing and serum
IL-6 level was studied using linear regres-
sion analysis, with the reduction in the
number of sites with bleeding and
PDX4 mm (number of sites after therapy
deducted from the number of sites at the
baseline, range � 2 to 90) as the outcome.

Results

The subject characteristics are presented
in Table 1. The group of treated subjects
was comparable with the entire study
group in terms of age, gender, smoking
habits, BMI, duration of DM and num-
ber of teeth. Regardless of a favourable
response to periodontal therapy, no
essential changes in the mean levels of
serum inflammatory markers from the
baseline to the follow-up examination
could be observed.

Based on the unadjusted associations
between serum inflammatory markers and
the periodontal parameters at the baseline
(Table 2), we studied the adjusted asso-
ciations between the number of sites with
BOP and bleeding and PDX4 mm (the
outcome variables) and serum IL-6 and
HbA1c in further analyses using multiple
regression models. The regression ana-
lyses of all subjects both at the baseline
and after periodontal therapy (non-strati-
fied samples) revealed statistically signifi-
cant associations between serum IL-6 and
periodontal inflammation. We then con-
trolled for possible interaction between
serum IL-6 and smoking and serum IL-6
and BMI by adding the interaction term
smokingnIL-6 and BMInIL-6 in the
model and found that the interaction terms
were not statistically significant in the
models. Neither was there any statistically
significant association between serum IL-
6 level and periodontal inflammation in
the new model (data not shown). There-
fore, further analyses were performed in
samples stratified separately by smoking

Table 2. Unadjusted associations, based on Spearman’s rank correlation analysis, between the
numbers of sites presenting bleeding on probing (BOP) and bleeding and PDX4 mm, serum
inflammatory markers and body mass index (BMI) at the baseline

BOP Bleeding
PDX4 mm

HbA1c IL-6 HDL LDL usCRP

Bleeding PDX4 mm 0.715
o0.001

HbA1c 0.332 0.258
0.003 0.021

IL-6 0.137 0.234 0.071
0.226 0.037 0.534

HDL � 0.128 � 0.219 0.025 � 0.127
0.257 0.051 0.823 0.260

LDL 0.142 0.049 0.136 0.148 0.322
0.210 0.669 0.231 0.191 0.004

usCRP 0.156 0.140 0.348 0.427 0.223 0.279
0.167 0.215 0.002 o0.001 0.047 0.012

BMI 0.045 0.028 -0.045 0.187 -0.031 0.293 0.272
0.692 0.808 0.694 0.097 0.787 0.008 0.015

Correlation coefficients, p-values; statistically significant values are presented in boldface.

Bleeding and PDX4 mm, bleeding pocketX4 mm in depth; BMI, body mass index; HbA1c,

glycosylated haemoglobin; HDL, high-density lipoprotein; IL-6, interleukin; LDL, low-density

lipoprotein; usCRP, ultrasensitive C-reactive protein.
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and BMI. While the serum HbA1c level
was associated significantly with BOP
and bleeding and PDX4 mm both in
subjects with BMI426 kg/m2 and in
non-smokers at the baseline, the serum
IL-6 level turned out to be a statistically
significant determinant of the number of
sites with bleeding and PDX4 mm in the
same subjects (Table 3, Models I and II).
At the baseline, the adjusted associations
between serum IL-6 level and the number
of sites with BOP and bleeding and
PDX4 mm were not statistically signifi-
cant in subjects with BMI426 kg/m2

(n 5 22) and in smokers (n 5 24) (data
not shown).

After periodontal therapy, a statisti-
cally significant association was found
between the level of serum IL-6 and the
number of sites with bleeding and
PDX4 mm in subjects with BMI4
26 kg/m2 (p 5 0.043) (Table 4, Model
III). In non-smokers, this association
was of borderline significance (p 5
0.064) (Table 4, Model IV). The number
of sites with bleeding and PDX4 mm
after therapy was not associated with
smoking. The actual serum levels of
IL-6 in subjects with BMI426 kg/m2

and in non-smokers according to the
number of residual sites with bleeding
and PDX4 mm after periodontal ther-
apy are presented in Table 5. These
results also indicate that the level of
serum IL-6 is higher in subjects with
higher numbers of residual sites with
inflammation. The adjusted associations
between serum IL-6 level and the num-
ber of sites with BOP and bleeding and
PDX4 mm were not statistically signifi-
cant in subjects with BMI426 kg/m2

(n 5 14) and in smokers (n 5 14) after
therapy (data not shown).

A decrease (X0.2 pg/ml) in the serum
IL-6 level was observed in 23 (39.7%)
subjects between the baseline and
the follow-up examination. The level
remained stable in 18 (31.0%) subjects
and an increase (X0.2 pg/ml) was
observed in 17 (29.3%) subjects (Fig.
1a). Subjects with chronic infections
were evenly distributed into the previous
groups (Fig. 1a). The reduction in the
number of sites with bleeding
and PDX4 mm was similar in subjects
with a decreased, a stable or an increased
serum IL-6 level (Fig. 1b). After control-
ling for confounding factors, a statisti-
cally significant association (p 5 0.003)
was found between periodontal healing
(the outcome variable) and the after-
therapy serum IL-6 level, indicating
poorer periodontal healing in subjects

with a high IL-6 level (Table 6). In a
second model (data not shown) including
the interaction terms BMI?IL-6 and smo-
kingnIL-6, the above association turned
out to be weaker (p 5 0.022). The inter-
action terms were, however, not statisti-
cally significant.

Discussion

In line with earlier studies (Loos et al.
2000, Buhlin et al. 2003) reporting high-
er serum IL-6 levels in patients with
chronic periodontitis than in healthy
control subjects, we found a statistically

Table 3. Adjusted associations between the number of bleeding sites (BOP) and sites with
bleeding and PDX4 mm (the outcome variables) and serum IL-6 level at the baseline in subjects
with BMI426 kg/m2 and in non-smokers

B 95% CI p-value

Model I; BMI426 kg/m2 (n 5 58)
BOPn

IL-6 3.029 � 0.553 to 6.612 0.096
HbA1c 4.032 1.515 to 6.549 0.002
Smokingw � 6.383 � 14.429 to 1.662 0.117

Bleeding and PDX4 mmz

IL-6 0.327 0.075 to 0.578 0.011
HbA1c 0.274 0.087 to 0.460 0.004
Smokingw � 0.653 � 1.245 to � 0.061 0.031

Model II; Non-smokers (n 5 56)
BOPn

IL-6 1.021 � 2.686 to 4.728 0.582
HbA1c 3.998 1.181 to 6.815 0.006

Bleeding and PDX4 mmz

IL-6 0.288 0.040 to 0.536 0.023
HbA1c 0.218 0.011 to 0.425 0.039

nLinear regression.
wSmoking as a categorized variable; non-smokers versus smokers (reference). Boldface denotes

statistical significance.
zNegative binomial regression models: Model I; adjusted for age, gender, smoking, HbA1c, serum

HDL, plaque and number of sites. Model II; adjusted for age, gender, HbA1c, BMI, serum HDL,

plaque and number of sites.

Bleeding and PDX4 mm, bleeding pocketX4 mm in depth; BMI, body mass index; HbA1c,

glycosylated haemoglobin; IL-6, interleukin.

Table 4. Adjusted associations between the number of bleeding sites (BOP) and sites with
bleeding and PDX4 mm (the outcome variables) and serum IL-6 level after therapy in subjects
with BMI426 kg/m2 and in non-smokers

B 95% CI p-value

Model III; BMI426 kg/m2 (n 5 44)
BOP

IL-6 0.287 � 0.069 to 0.644 0.114
HbA1c 0.078 � 0.159 to 0.315 0.518
Smokingn � 0.210 � 0.968 to 0.548 0.588

Bleeding and PDX4 mm
IL-6 0.550 0.016 to 1.084 0.043
HbA1c � 0.052 � 0.454 to 0.350 0.800
Smokingn 0.308 � 0.911 to 1.527 0.621

Model IV; Non-smokers (n 5 44)
BOP

IL-6 0.142 � 0.146 to 0.429 0.335
HbA1c 0.015 � 0.214 to 0.244 0.896

Bleeding and PDX4 mm
IL-6 0.402 � 0.023 to 0.827 0.064
HbA1c 0.040 � 0.320 to 0.401 0.827

nSmoking as a categorized variable; non-smokers versus smokers (reference). Boldface denotes

statistical significance.

Negative binomial regression models: Model III, adjusted for age, gender, smoking, HbA1c, serum

HDL, plaque and number of sites. Model IV, adjusted for age, gender, HbA1c, BMI, serum HDL,

plaque and number of sites.

Bleeding and PDX4 mm, bleeding pocketX4 mm in depth; BMI, body mass index; HbA1c,

glycosylated haemoglobin; IL-6, interleukin.
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significant association between the level
of serum IL-6 and the number of sites
with bleeding and PD � 4 mm at the
baseline. A new finding was that this
association was also evident after perio-
dontal therapy. We also observed that
periodontal therapy was not consistently
followed by a decrease in the serum IL-
6 level and that periodontal healing
turned out to be poorer in subjects
with a high after-therapy IL-6 level
than in those with a low level.

When interpreting the above observa-
tions, we started with the premise that the
causal pathway between serum IL-6 and
periodontal inflammation may be bidirec-
tional. Increased serum levels of inflam-
matory markers, such as IL-6, in subjects
with chronic periodontitis have been
explained by dumping of locally concen-
trated IL-6 from the inflamed areas into
the circulation, its production by distant
immune cells as a response to bacterial
irritation from the site of infection or
both. In light of the above, a high serum
IL-6 level observed at the baseline of this
study may be interpreted as reflecting a
high extent of periodontal inflammation.

The association between serum IL-6
level and the number of sites with bleed-

ing and PDX4 mm after therapy on the
one hand and the reduction in the number
of sites with bleeding and PDX4 mm on
the other was interpreted to indicate
poorer periodontal healing in subjects
with higher serum IL-6 levels and to be
suggestive of a causal pathway, where a
high serum IL-6 level acts as a suscept-
ibility factor for periodontal inflammation.
IL-6 is known for its pro-inflammatory
properties (Kaplanski et al. 2003, Gabay
2006, Kishimoto 2006) and it also accel-
erates bone resorption (Tamura et al.
1993). Therefore, a high serum IL-6 level
may boost inflammation and modulate
tissue responses locally in the periodontal
area. Although we consider the above
direction of the causal pathway more
likely, one could also speculate that the
resolution of inflammation contributed to
the decreased serum IL-6 levels; the high-
er the number of healed sites, the less IL-6
could be detected in serum after therapy.
Supporting this, slightly decreased levels
of serum inflammatory markers after anti-
infective therapies have been reported
(D’Aiuto et al. 2004, 2005, Kardes-ler et
al. 2010). However, in our subjects, the
decrease in the mean serum IL-6 level
from the baseline to the follow-up exam-

ination (0.1 pg/ml) was not statistically
significant. In addition, similar perio-
dontal healing was followed by a decrease
in the IL-6 level in 40%, a stable level in
31% and an increase in 29% of the
subjects (Fig. 1a,b). These results further
support our interpretation that serum IL-6
acts as a susceptibility factor for perio-
dontal inflammation. We cannot fully
exclude that there were also other
mechanisms/conditions, such as sub-clin-
ical or unreported infections, which may
have contributed to the serum IL-6 levels.
Also, including a non-diabetic group with
a comparable periodontal health status
would have made it possible to assess
the influence of diabetes mellitus itself on
the systemic IL-6.

One of the methodological challenges
in studies of the periodontal–systemic
relationship is to adequately control the
confounding/modifying effects of smok-
ing and BMI. Smoking is known to
deteriorate periodontal health (Berg-
ström 2006) and evidently increase the
serum IL-6 level (Tappia et al. 1995).
On the other hand, adipose tissue is
considered an important source of IL-6
(Mohamed-Ali et al. 1997, Fried et al.
1998), and obesity/BMI has been asso-
ciated with chronic periodontitis (Ylöstalo
et al. 2008). We took into consideration
the above both by using respective inter-
action terms in the multivariate models
and by stratifying the samples according
to smoking and BMI. Because of the
small sample size, stratification according
to smoking and BMI at the same time was
not possible. As regards a more complete
control of the confounding/modifying
effect of smoking and BMI, a need for
verification of our result in larger samples
remains. Moreover, a more definite mea-
sure of smoking, such as pack-years,
should be used.

As the goal of periodontal therapy
was to minimize periodontal inflamma-
tion, anti-infective treatments were
continued until this goal was reached.
The lack of a statistically significant
association between smoking and perio-
dontal inflammation after therapy can
be explained by the setting of the
study, where additional treatments
were delivered to poorly responding
subjects such as smokers. Considering
the treatment protocol used and the
suggested poorer healing response of
subjects with higher IL-6 levels, we
speculate that the strength of the asso-
ciation between serum IL-6 and the
number of inflamed sites after therapy
was underestimated.

Table 5. Mean serum IL-6 levels (pg/ml) according to the number of sites with bleeding and
PDX4 mm after periodontal therapy

BMI426 kg/m2 Non-smokers

N IL-6 (pg/ml) N IL-6 (pg/ml)

All subjects 44 1.6 � 1.1 44 1.6 � 1.1
Subjects with

No sites with bleeding and PDX4 mm 29 1.2 � 0.6 27 1.3 � 0.6
X1 sites with bleeding and PDX4 mm 15 2.2 � 1.6 17 2.0 � 1.5
X2 sites with bleeding and PDX4 mm 8 2.9 � 1.9 10 2.3 � 1.8
X3 sites with bleeding and PDX4 mm 5 3.2 � 2.3 5 2.8 � 2.4

Bleeding and PDX4 mm, bleeding pocketX4 mm in depth; BMI, body mass index; IL-6,

interleukin.

Table 6. Adjusted associations between periodontal healing (the outcome variable) and serum
IL-6 level (pg/ml) after therapy using linear regression analysis

B 95 % CI for B p-value

IL-6 after therapy (pg/ml) � 0.973 � 1.599 to � 0.348 0.003
IL-6 at the baseline (pg/ml) 0.381 � 0.288 to 1.050 0.258
Number of sites with bleeding and PDX4 mm
at the baseline

0.951 0.922 to 0.980 o0.001

Reduction in the number of sites with plaque 0.028 0.002 to 0.055 0.039
Smoking � 0.800 � 1.920 to 0.320 0.158
BMI 0.014 � 0.141 to 0.168 0.860

The outcome variable: the number of sites with bleeding and PDX4 mm after therapy deducted from

the number of the sites at the baseline (range � 2 to 90).

Smoking as a categorized variable; non-smokers versus smokers (reference).

Bleeding and PDX4 mm, bleeding pocketX4 mm in depth; BMI, body mass index; IL-6,

interleukin. Boldface denotes statistical significance.
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The shortcomings of this study
include the fairly small sample size
and the lack of power analysis for the
sample size. Moreover, this study allows
us to suggest a bidirectional relationship
between serum IL-6 level and perio-
dontal inflammation exclusively in
T1DM subjects. Regarding the associa-
tion observed between serum IL-6 level
and periodontal inflammation, the like-
lihood of a spurious association must
also be considered; in that case, there
are one or more common background
factors contributing to both the
increased serum level and the higher
extent of periodontal inflammation.

In summary, while the serum IL-6
level was associated significantly with
periodontal inflammation at the base-
line, resolution of inflammation was
not followed by a decrease in the serum
IL-6 level in all subjects. The response
to anti-infective periodontal therapy was
poorer in subjects with a high after-
therapy level of serum IL-6 than in those
with a low level. Thus, a high serum IL-
6 level may modulate inflammatory
responses in the periodontal area as it
modulates the development and progres-
sion of diabetic micro- and macro-vas-
cular complications. The evident
bidirectional causal pathway between
serum IL-6 and periodontal inflamma-
tion is essential in elucidating both the
pathogenesis of periodontitis and perio-
dontal–systemic relationships. There-
fore, future studies should be focused
on confirming the observed associations
also in non-diabetic individuals.

References

Andriankaja, O. M., Barros, S. P., Moss, K., Panaga-

kos, F. S., DeVizio, W., Beck, J. & Offenbacher, S.

(2009) Levels of serum interleukin (IL)-6 and

gingival crevicular fluid of IL-1beta and prostaglan-

din E(2) among non-smoking subjects with gingi-

vitis and type 2 diabetes. Journal of Periodontology

80, 307–316.

Bergström, J. (2006) Periodontitis and smoking. Jour-

nal of Evidence Based Dental Practice 6, 33–41.

Buhlin, K., Gustafsson, A., Pockley, A. G., Frostegård,
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Clinical Relevance

Scientific rationale for the study:
While some studies indicate a causa-
tive role of periodontal infection on
systemic inflammatory responses,
less is known of the influence of
high serum levels of pro-inflamma-
tory mediators on local host
responses.

Principal findings: The level of ser-
um IL-6 was associated with the
extent of bleeding and PDX4 mm
at the baseline in non-smokers and
in subjects with BMI426 kg/m2.
These associations were also evident
after periodontal therapy. Subjects
with a high IL-6 level presented
poorer periodontal healing than those
with a low level.

Practical implications: Serum IL-6
may modulate inflammatory res-
ponses in the periodontal area and
contribute to both the progression
and the healing of periodontal infla-
mmation as it contributes to the
initiation and progression of other
inflammation-associated diabetic
complications.
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