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Background: Periodontitis, a complication of diabetes mel-
litus (DM), can induce or perpetuate systemic conditions. This
double-masked, placebo-controlled study evaluated the ef-
fects of periodontal therapy (scaling and root planing [SRP])
on the serum levels of glycated hemoglobin (HbA1c) and on
inflammatory biomarkers.

Methods: Thirty subjects with type 2 DM and periodontitis
were treated with SRP + placebo (SRP; N = 15) or with SRP +
doxycycline (SRP+Doxy; N = 15), 100 mg/day, for 14 days.
Clinical and laboratory data were recorded at baseline and at
3 months after treatment.

Results: After 3 months, the reduction in probing depth was
0.8 mm for the SRP group (P <0.01) and 1.1 mm for the
SRP+Doxy group (P <0.01) followed by a 0.9% (SRP; P = 0.17)
and 1.5% (SRP+Doxy; P <0.01) reduction in HbA1c levels. A
significant reduction in interleukin (IL)-6; interferon-inducible
protein 10; soluble fas ligand; granulocyte colony-stimulating
factor; RANTES; and IL-12 p70 serum levels were also verified
(N = 30). To our knowledge, this is the first report on the effects
of periodontal therapy on multiple systemic inflammatory
markers in DM.

Conclusions: Periodontal therapy may influence the sys-
temic conditions of patients with type 2 DM, but no statistical
difference was observed with the adjunctive systemic doxy-
cycline therapy. Moreover, it is possible that the observed
improvement in glycemic control and in the reduction of in-
flammatory markers could also be due to diet, which was
not controlled in our study. Therefore, a confirmatory study
with a larger sample size and controlled diet is necessary.
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D
iabetes mellitus (DM) and peri-
odontitis are common chronic dis-
eases in adults. Both diseases

are highly prevalent in the world popu-
lation. Approximately 21 million chil-
dren and adults in the United States (7%
of the population) have diabetes,1 and
this incidence is increasing annually. By
the year 2025, it is estimated that 300
million people will have diabetes and
that more than one in three people >30
years of age will have periodontitis. It is
also estimated that ‡35.7 million people
in the United States have periodontitis.2

DM is one of a group of metabolic dis-
eases characterized by hyperglycemia
resulting from defects in insulin secre-
tion, insulin action, or both. Based on
these conditions, DM can be classified
into two main types: type 1 DM is caused
by destruction of the pancreatic b cells
that are known to produce insulin; type
2 DM results from defects in insulin mol-
ecules or from defective cell receptors for
insulin. This defect indicates impaired in-
sulin function (insulin resistance) rather
than deficiency or lack of production.3

The chronic hyperglycemic condition of
diabetes is associated with long-term
damage to, dysfunction, or failure of var-
ious organs, especially the eyes, kidneys,
nerves, heart, and blood vessels. Peri-
odontitis is also considered to be one of
these complications. It is generally ac-
cepted that periodontal disease is more
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prevalent and more severe in patients with diabe-
tes.4,5 The mechanisms responsible for these out-
comes in patients with diabetes are mainly related
to their increased risk for infections, impairment of
the synthesis of collagen and glycosaminoglycan by
gingival fibroblasts, and increased crevicular fluid col-
lagenolytic activity.4,6,7

The relationship between these diseases represents
a well-recognized example of a systemic disease pre-
disposing to oral infection; if this infection actually oc-
curs, it, in turn, exacerbates the systemic disease.3

Thus, the chronic Gram-negative infection of peri-
odontal origin may be considered a potential focus of
infection that aggravates metabolic control in patients
who have diabetes.5 In this context, the virulence of the
subgingival bacteria present in the periodontium gains
a greater significance.

Strong evidence indicates that pathogenic bacteria
or their products stimulate cells such as fibroblasts,
keratinocytes, and macrophages, which are present
in periodontal tissue, to release a number of inflam-
matory cytokines, such as tumor necrosis factor-
alpha (TNF-a); prostaglandin E2; interleukin (IL)-1b,
-6,8 and -12;9 granulocyte colony-stimulating factor
(G-CSF);10 and chemokines, such as IL-8; regulated
on activation, normal T-cell expressed, and secreted
(RANTES); interferon-inducible protein (IP)-10; and
macrophage inflammatory protein (MIP)-1a, that
are relevant to inflammatory processes in periodontal
diseases.9,11,12 The elevation in cytokine and chemo-
kine expression by cells within the gingival connective
tissue in chronic periodontitis lesions may result in
increased levels of these mediators in the blood circu-
lation where they can induce or perpetuate systemic
effects.13

The elevated serum levels of these important medi-
ators have deleterious effects on glucose and lipid
metabolism.14 TNF-a was reported to interfere with
lipid metabolism and to be an insulin antagonist.15,16

Chemokines play an important role in the develop-
ment of obesity-related disorders, such as type 2 dia-
betes. IL-6 and -1 receptor antagonist (ra) were also
reported to antagonize insulin action and to induce
the release of acute-phase proteins.14,15,17 Further-
more, it was shown that diabetes upregulates the pro-
duction of inflammatory cytokines and chemokines,18

leading to increased inflammation, tissue damage, and
apoptosis in patients who have periodontitis.3,13,19

Intervention trials3,17,20 have assessed the poten-
tial effects of periodontal therapy on glycemic control
in subjects who had diabetes. However, they did not
produce enough evidence to establish the fact that
periodontal therapy is influential in improving glyce-
mic control in these patients. Conversely, several
studies21-24 of subjects with diabetes and severe peri-
odontitis showed improvement in glycemic control

following scaling and root planing (SRP). Addition-
ally, the treatment of periodontal disease by incorpo-
rating systemic doxycycline or local minocycline
resulted in a significant reduction in periodontal infec-
tion and inflammation; this was followed by a short-
term reduction in the levels of glycated hemoglobin
(HbA1c).21,23

Taking into account the accumulated evidence and
the necessity of further investigations into the rela-
tionship between diabetes and periodontal disease,
the purpose of this study was to evaluate the changes
in the serum levels of HbA1c and inflammatory bio-
markers after non-surgical periodontal therapy.

MATERIALS AND METHODS

Study Population
This clinical study involved the joint collaboration of
the Department of Oral Surgery and Periodontology,
the Department of Internal Medicine, Division of
Endocrinology and Metabolism, and the Department
of Clinical Analysis, University of São Paulo-Ribeirão
Preto. The study was reviewed and approved by the
Institutional Human Research Committee, University
of São Paulo-Ribeirão Preto.

Approximately 2,400 medical records were re-
viewed between 2004 and 2005 to select subjects
for this study. Subjects who met the necessary criteria
for inclusion in the study were asked to sign a consent
form. After signing this form, they were examined by
an experienced periodontist (PAAO) who based her
selection of those to be included in the study on their
general health status and periodontal condition. Crite-
ria for inclusion were: type 2 DM diagnosed for >5
years and HbA1c >8%, at least one site with probing
depth (PD) ‡5 mm, and two teeth with attachment loss
‡6 mm. Exclusion criteria were: the use of antibiotics
or periodontal treatment in the previous 6 months,
smoking within the past 5 years, pregnancy or lacta-
tion, major diabetic complications, and concomitant
medical therapy. The subjects who qualified for the
study were rescheduled for laboratory, periodontal,
and clinical examinations and radiographs. Thirty-
five subjects who presented all of the inclusion criteria
agreed to participate in the study (Fig. 1).

Clinical Data Collection
An experienced examiner (PAAO) used a computer-
ized periodontal probe§ to perform the periodontal
measurements, which were recorded for six sites
per tooth at baseline and at 3 months after periodontal
treatment. The parameters recorded were PD, relative
clinical attachment level (CAL), bleeding on probing
(BOP), suppuration (SUP), and the presence or ab-
sence of biofilm at four sites per tooth (plaque index
[PI]).22

§ Florida Probe, Florida Probe, Gainesville, FL.
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Inflammatory Markers and HbA1c Measurements
Fifteen milliliters of blood (collected in three tubes)
was obtained by venipuncture from each participant
at baseline and at 3 months after therapy. Serum or
plasma was collected by centrifugation, aliquoted,
stored, and processed at the end of the study by
masked staff.

For the metabolic assessment, peripheral blood
samples were analyzed for HbA1c, and fasting plasma
glucose (FPG) was determined in triplicatei in
conjunction with commercial enzymatic kits.¶ The
FPG was expressed in milligrams per deciliter, and
it was measured using the glucose oxidase method.
HbA1c was expressed as a percentage, and it was
measured by high-pressure liquid chromatography.#

The inflammatory markers were identified simulta-
neouslyusingflowcytometrymultiplexassays(CMA).**
The following mediators were analyzed: IL-1b, -2, -4,
-5, -6, -7, -8, -9, -10, and -12 (p70); IP-10; MIP-1a and
-1b; monocyte chemoattractant protein (MCP)-1;
eotaxin; RANTES; monokine induced by interferon-
gamma (MIG); basic fibroblast growth factor (bFGF);
G-CSF; granulocyte macrophage colony-stimulating
factor (GM-CSF); lymphotoxin-alpha (LT-a); TNF-a;
interferon-gamma (IFN-g); and soluble fas ligand
(sFasL). The CMA was used according to the manu-
facturer’s protocol. Briefly, standard mediators were
solubilized in assay diluent. Ten microliters of the di-
luted sample (standards or test) were added to a 50-ml
cocktail of capture beads and detector antibodies, and
the mixture was incubated for 4 hours at room temper-
ature in the dark. Excess unbound detector antibody
was washed off before data acquisition. Two-color flow
cytometric analyses were performed using a flow cy-
tometer.†† A total of 2,000 events were acquired fol-
lowing the supplied protocol. Analysis was performed
using the appropriate CMA analysis software.‡‡

Periodontal Treatment
and Adjunctive
Antibiotic Therapy
Subjects were randomly assigned
to two groups: full-mouth SRP
(SRP; N = 15) or SRP in combina-
tion with doxycycline,§§ 100 mg/
day, for 2 weeks after an initial
dose of 200 mg (SRP+Doxy; N =
15). The SRP group received pla-
cebo instead of doxycycline. The
antibiotic therapy started on the
day before the periodontal treat-
ment. The SRP sessions were per-
formed by the same operator in
two to four sessions within 24 to
36 hours25 using hand instrumentsii

and an ultrasonic device¶¶ while the
subjects were under local anes-

thesia. Teeth presenting periapic radiolucencies and
severe periodontal destruction that deemed them to
be unsalvageable were extracted. Oral hygiene was
reviewed twice monthly, followed by prophylaxis, for
3 months.

Statistical Analysis
Mean CAL, PD, BOP, PI, SUP, missing teeth, HbA1c,
FPG, and serum biomarkers were calculated for each
subject as well as for each group, and comparisons
between the two groups were made using a two-sam-
ple Student t test or the Mann-Whitney U test. The
paired Student t test or Wilcoxon rank-sum test was
used to compare the baseline values with those after
3 months. The x2 test was used for the frequency of
subjects in the different PD categories. The data were
tested for normality before applying the adequate
parametric or non-parametric tests. The results were
considered statistically significant when the P value
was <0.05. Bonferroni correction was applied in the
analysis of serum biomarkers, and the a level was ad-
justed downward.

RESULTS

Five of the initial 35 subjects were excluded from the
study. Two subjects were eliminated because they did
not finish the treatment phase, two subjects were elim-
inated because they had to use an anticoagulant
agent, and one subject died. The final enrolled sample

Figure 1.
Study design and subject selection. A) A total of 2,400 medical records were reviewed between
2004 and 2005: 2,040 patients had type 2 DM, 240 subjects had type 1 DM, and 120 subjects
had other kinds of diabetes. B) A total of 800 subjects who fulfilled the entry medical criteria were
called to be examined by an experienced periodontist. C) A total of 481 of 800 subjects had
dentures, 153 subjects did not match the periodontal criteria, and 131 subjects did not agree to
participate in the study. Thirty-five subjects presented all of the clinical periodontal conditions and
agreed to participate in the study. D) Baseline: clinical data collection and measurement of
inflammatory markers and HbA1c. E) Periodontal therapy: SRP + placebo or SRP+Doxy.
Medicine or placebo was administered for 2 weeks. F) Plaque control: Subjects received prophylaxis
and oral hygiene instruction biweekly. G) Final examination: clinical data collection and
measurement of inflammatory markers and HbA1c.

i VP Super System Autoanalyzer, Abbott, Irving, TX.
¶ Labtest, Lagoa Santa, MG, Brazil.
# Labtest Sistemas para Diagnóstico, Lagoa Santa, MG, Brazil.
** Cytometric Bead Array, BD Bioscience, San Jose, CA.
†† FACCanto, Becton Dickinson, Sunnyvale, CA.
‡‡ FCap Array, Becton Dickinson.
§§ Vibramicina, Pfizer, São Paulo, SP, Brazil.
ii Gracey curets, Hu-Friedy Instruments, Chicago, IL.
¶¶ Cavitron, Dentsply, York, PA.
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consisted of 30 subjects with poorly controlled dia-
betes with an elevated to severe mean HbA1c serum
level of 11.2%. Sixteen subjects (53.3%) were women,
and 14 (46.7%) were men. Their mean age was 52.9
years, and they had an average of 21.1 teeth. The SRP
group consisted of nine women and six men whose
mean age was 53.5 – 13.6 years, and the SRP+Doxy
group consisted of seven women and eight men whose
mean age was 52.3 – 6.3 years (Table 1). At baseline,
both groups had similar mean values for age, gender,
plaque, and gingival bleeding, as well as for the sever-
ity of their periodontal disease, which was measured
by PD and CAL. Both groups also had similar average
values for the metabolic parameters (Table 1).

Periodontal Parameters
The periodontal treatment protocol (SRP or SRP+Doxy)
resulted in a statistically significant improvement in
almost all of the analyzed variables after 3 months.
The overall (N = 30) results showed a mean PD reduc-
tion of 0.9 mm and a mean CAL gain of 0.7 mm. The
plaque score decreased 23%, BOP decreased 38%,
and no SUP was observed after 3 months. The PD
and CAL reductions for the SRP group were 0.8 and
0.5 mm, respectively, and they were 1.1 and 0.9
mm, respectively, for the SRP+Doxy group. Thus,
there were no statistically significant differences be-
tween the groups after 3 months. The generalized ini-
tial periodontal inflammation is noted because of the
high prevalence of BOP: 49.1% for SRP and 51.3% for
SRP+Doxy. After 3 months, the reductions were not
different between the groups: SRP showed a reduction
of 34.9%, and SRP+Doxy showed a reduction of
42.4%. The oral hygiene status was evaluated at
baseline and twice a month for 3 months. Both groups
showed significant reductions in PI scores; SRP
showed a reduction of 22.2%, and SRP+Doxy showed
a reduction of 23.8%, with no statistically significant
difference between them. All individuals had peri-
odontal pockets of up to 3 mm at baseline and after
3 months; however, the frequency of subjects who
initially manifested deeper pockets was reduced
after the periodontal treatment. The SRP+Doxy group
had statistically fewer subjects with PD >4 mm after
therapy (Fig. 2).

Metabolic Parameters
The normal healthy range for HbA1c levels is 4.5% to
6%. In our study, the mean HbA1c value was 10.7% for
the SRP group and 11.8% for the SRP+Doxy group. Di-
abetes was poorly controlled in both groups. After 3
months, the periodontal therapy had caused a signif-
icant reduction in the average (N = 30) HbA1c levels
(Fig. 3). The difference in HbA1c levels after 3 months
was 0.9% for SRP and 1.5% for SRP+Doxy. These re-
ductions represent a 7% improvement for SRP (P =

Table 1.

Characteristics of Study Population and
Monitored Parameters (mean – SD) at
Baseline and 3 Months After
Periodontal Therapy

Variable SRP SRP+Doxy P Value*

Male (n) 6 8

Female (n) 9 7

Mean age (years) 53.5 – 13.6 52.3 – 6.3 0.746

PD (mm)
Baseline 2.9 – 0.8 3.0 – 0.5 0.115
3 months 2.1 – 0.3 1.9 – 0.3 0.048
P value 0.0001 <0.0001

Sites with PD
£3 mm (n)

Baseline 95.1 – 31.1 87.5 – 41.0 0.294
3 months 121.7 – 34.5 105.8 – 48.0 0.278
P value 0.001 0.238

Sites with PD
4 to 5 mm (n)

Baseline 26.7 – 20.3 29.2 – 13.9 0.693
3 months 8.0 – 7.3 7.4 – 7.7 0.879
P value 0.004 0.0001

Sites with PD
‡6 mm (n)

Baseline 12.6 – 14.1 7.5 – 5.2 0.232
3 months 3.7 – 2.6 2.5 – 0.7 0.576
P value 0.056 0.006

CAL (mm)
Baseline 10.2 – 1.3 10.7 – 1.6
3 months 9.7 – 1.4 9.8 – 1.6 0.561
P value 0.0054 <0.0001 1.000

PI (%)
Baseline 59.7 – 18.8 69.9 – 17.3 0.171
3 months 37.5 – 19.0 46.1 – 14.2 0.152
P value <0.0001 <0.0003

BOP (%)
Baseline 49.1 – 18.5 51.3 – 14.9 0.787
3 months 14.2 – 12.5 8.9 – 4.8 0.319
P value <0.0001 <0.0001

SUP (%)
Baseline 0.7 – 1.4 1.6 – 2.4 0.197
3 months 0 – 0 0 – 0 0.983
P value 0.2500 0.0078

Remaining teeth (n)
Baseline 21.9 – 6.5 20.2 – 6.7 0.481
3 months 21.7 – 6.4 18.3 – 7.0 0.125
P value 0.250 0.001
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0.17) and a 13% improvement for SRP+Doxy (P
<0.01). Although SRP+Doxy demonstrated a greater
reduction in HbA1c levels, the comparison between
the groups did not show a statistical difference as
measured by analysis of covariance (Fig. 4).

FPG levels were reduced slightly after therapy
(from 228.3 to 217 mg/dl), but that reduction was
not statistically significant. The differences in FPG
levels were 21.7 mg/dl for SRP and 0.9 mg/dl for
SRP+Doxy.

Immunologic Parameters
The periodontal treatment protocol led to improve-
ment in 16 of the 24 cytokines that were analyzed after

3 months (Table 2). The overall (N = 30) mean reduc-
tions in IL-6, IP-10, sFasL, G-CSF, RANTES, and IL-12
(p70) were 47.6%, 13.2%, 15%, 27.4%, 6.5%, and 36%,
respectively. These changes in cytokine and chemo-
kine serum levels were statistically significant (P
<0.05). However, when the Bonferroni correction was
used, the only significant reductions were for G-CSF
(P = 0.0002) and IL-12 (p70) (P = 0.0019). No differ-
ences were observed between the groups for any of
the monitored serum mediators.

DISCUSSION

Previous clinical studies3,26 showed that periodontitis
and its treatment have the potential to alter glycemic
control. These studies indicated that the successful
management of periodontal infection is associated
with a reduction in the local symptoms and markers

of the disease.21,23 Our study sug-
gests that periodontal therapy
improves glycemic control and re-
duces systemic proinflammatory
mediators. However, these results
may be influenced by dietary fac-
tors, which were not monitored
during this investigation. In this re-
gard, it is important to highlight the
fact that alterations in systemic
mediators may be caused by peri-
odontal infection and factors such
as glucose metabolism and other
systemic conditions.

Considering that patients with
diabetes have a higher risk for
infection that is due to vascular
alterations and poor healing re-
sponses, one-stage periodontal
therapy within 24 to 36 hours
was adopted to minimize the risk
for reinfections25 and to reduce
the repeated trauma and edema
that are responsible for the contin-

ued maintenance of high levels of proinflammatory
cytokines. After treatment, there were improvements
in all of the monitored clinical parameters. These im-
provements were reflected at the systemic level by
alterations in inflammatory serum markers and, as
verified in previous studies,6,21,23 a reduction in gly-
cated hemoglobin.

A previous study22 by our group showed a signifi-
cant reduction (25%) in PD after SRP. In this study,
we observed a 25.2% reduction in PD after SRP; how-
ever, the association of SRP with systemic doxycy-
cline provided a better result (37.6% reduction in
PD). This superior result can be explained by the an-
timicrobial and additional anti-inflammatory effects of

Figure 2.
Percentage of individuals at baseline and 3 months after treatment who had PDs in the respective
categories. All subjects (100%) had sites with PD £3 mm. The percentage of subjects showing
deeper PD values was reduced after therapy. SRP · SRP+Doxy (x2 = 16.76; P = 0.01).

Table 1. (continued)

Characteristics of Study Population and
Monitored Parameters (mean – SD) at
Baseline and 3 Months After
Periodontal Therapy

Variable SRP SRP+Doxy P Value*

HbA1c (%)
Baseline 10.7 – 2.0 11.8 – 1.6 0.062
3 months 9.8 – 2.0 10.3 – 2.3 0.590
P value 0.168 0.0068

FPG (mg/dl)
Baseline 219.1 – 107.6 237.5 – 84.3 0.340
3 months 197.4 – 93.2 236.6 – 95.1 0.171
P value 0.454 0.934

*P values represent intra- (vertical) and intergroup (horizontal) comparisons.
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the drug.23,27 The mean CAL change of 0.7 mm cor-
roborates a previous study.28

Significant changes in biofilm and BOP were evi-
dent throughout the study. The overall mean improve-

ment was 36.2% for PI and 77% for BOP.
The reductions in PI represented im-
provements of 39.7% and 32.7% for
SRP and SRP+Doxy, respectively. For
BOP, the improvements were 72.5%
and 80%, respectively. Other studies
showed similar results. PI reductions
were 30% to 34%,23 19% to 25%,22 and
81%.28 The reductions in BOP were
63% to 65%,22 and 60%.28

The hypothesis that metabolic con-
trol can be improved by the successful
treatment of periodontitis associated
with systemic antibiotics as adjunctive
therapy21-23 was confirmed by this
study. In addition to the periodontal
improvement, a significant reduction
in HbA1c levels was obtained, which
represented a mean 10.7% improve-
ment compared to baseline values.
The SRP+Doxy group showed a sig-
nificant reduction of 1.5%, which cor-
responded to a 13% improvement,
whereas the SRP group showed a re-
duction of 0.9%, which corresponded
to only a 7% improvement. These re-
sults are corroborated by previous
studies,21-23 but the superior result for
the SRP+Doxy group may have been
influenced by the baseline HbA1c levels
and the individual dietary patterns.29

One study23 verified a 10% HbA1c
reduction after 3 months of non-surgi-
cal periodontal treatment combined
with systemic doxycycline, whereas
there was no significant change in the
control group. Another investigation21

that administrated 10 mg local minocy-
cline showed a significant reduction
in HbA1c levels after 1 month. The
average reduction was 0.8%, which
corresponded to a 10.5% reduction
compared to baseline. In addition to
the methodologic differences, it is im-
portant to address the level of metabolic
control of the subjects at baseline. The
subjects with poorly controlled diabetes
in this study seemed to demonstrate the
greatest differences between the initial
and final levels of HbA1c. Therefore, a
larger study with a balanced group is
necessary to support this observation.

The use of doxycycline combined with mechanical
periodontal treatment in subjects with diabetes is jus-
tified as follows. First, it is a broad-spectrum antibiotic
that is effective against most periodontal pathogens,

Figure 4.
Effect of periodontal therapy on HbA1c levels after 3 months for each group. Despite the
fact that HbA1c baseline levels were different between the groups, a similar final HbA1c
level was observed. No statistically significant differences were observed between the
groups after 3 months (P = 0.529).

Figure 3.
Effect of periodontal therapy on HbA1c levels after 3 months. A significant reduction in the
HbA1c levels was seen after the periodontal therapy when considering the total sample
(N = 30). *Statistically significant mean change from 11.2% to 10% accounted for a nearly
11% reduction in the HbA1c level (P = 0.0005).
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and it reaches higher concentrations in the gingival
fluid than in the serum,30 providing an important ad-
junct for the reduction of periodontal pathogens. Sec-
ond, it is a potent modulator of the host response in the
subject with diabetes, as well as being a metalloprotei-
nase inhibitor.27 It also inhibits non-enzymatic glyca-
tion of extracellular proteins, and it may have a similar
effect on the glycation of hemoglobin.23 When amox-

icillin with clavulanic acid was used as
an adjunct toperiodontal therapy, noad-
ditional effect on the HbA1c levels was
observed.22

Neither group manifested a signifi-
cant alteration in fasting glucose levels
as was observed in previous stud-
ies.21-23 However, the FPG level is sus-
ceptible to great oscillations; therefore,
it is not considered a good indicator of
glycemic control.

Sixteen of the 24 investigated serum
mediators were higher at baseline than
after the periodontal treatment. How-
ever, the serum mediator levels after
SRP did not manifest differently from
those after SRP+Doxy. Serum samples
showed high individual variability in
their cytokine profiles; no compelling
association between their concentra-
tions and the clinical parameters of
periodontitis was possible. Conversely,
some inflammatory mediators were re-
lated to periodontal infection and to di-
abetes as well, especially those that
manifested statistically significant dif-
ferences, such as IL-6 and -12 (p70),
IP-10, sFasL, RANTES, and G-CSF.

In this study, therapy reduced the
levels of chemokines, such as RANTES
and IP-10 by 6.5% and 13%, respec-
tively. Significantly elevated levels of
these mediators were also found in in-
flamed periodontal tissues and/or in
gingival crevicular fluid. This correlated
with the presence of inflammatory cells
infiltrate and, therefore, corroborated a
positive correlation.11,31

IL-12 (p70), a proinflammatory cy-
tokine induced by several pathogens
or by pathogen-associated molecular
patterns, including lipopolysaccha-
ride,32 experienced a 32% reduction
after periodontal therapy. Increased
levels of IL-12 and IL-12 (p40) pro-
tein/mRNA expression were found in
inflamed periodontal tissues in experi-
mental models, in subjects,12,33 and

in the biologic fluids from patients with periodonti-
tis.34 It also was reported that elevated glucose levels
and diabetes increased IL-12 gene expression in
mouse macrophages.35 These findings suggest that
diabetes and periodontal diseases may act syner-
gistically to elevate IL-12 levels and may explain
why subjects presented elevated serum levels of
IL-12 before treatment.

Table 2.

Concentration of Serum Inflammatory Markers
(pg/ml; mean – SEM) at Baseline and 3 Months
After Periodontal Therapy (N = 30)

Marker Baseline 3 Months P Value Trend

IL-1b 0.3 – 0.3 0.3 – 0.3 1.000 =

IL-2 5.9 – 2.8 5.0 – 2.7 0.820 Y

IL-4 0.6 – 0.2 0.5 – 0.3 0.695 Y

IL-5 1.6 – 0.3 1.1 – 0.2 0.103 Y

IL-6 2.1 – 0.3 1.1 – 0.2 0.005* Y

IL-7 1.2 – 0.5 1.1 – 0.4 0.946 Y

IL-8 9.0 – 1.1 10.6 – 2.5 0.621 [

IL-9 0.7 – 0.5 0.9 – 0.6 0.875 [

IL-10 1.0 – 0.4 0.7 – 0.2 0.804 Y

IL-12 (p70) 2.5 – 0.2 1.6 – 0.3 0.001† Y

IP-10 90.8 – 8.0 78.8 – 6.8 0.014* Y

MIP-1a 156.6 – 101.9 157.2 – 108.8 0.845 [

MIP-1b 104.9 – 14.3 94.4 – 12.2 0.224 Y

MCP-1 122.2 – 17.7 132.3 – 18.3 0.210 [

Eotaxin 86.1 – 6.6 89.7 – 7.2 0.396 [

RANTES 18,026.0 – 537.4 16,845.1 – 545.0 0.029* Y

MIG 267.3 – 54.3 172.2 – 26.8 0.338 Y

TNF-a 0.3 – 0.3 0.3 – 0.2 1.000 =

LT-a 0.4 – 0.3 0.3 – 0.2 0.250 Y

IFN-g 2.8 – 1.3 3.3 – 2.0 1.000 [

bFGF 0.4 – 0.4 0.0 – 0.0 1.000 Y

G-CSF 7.3 – 0.5 5.3 – 0.4 0.0002† Y

GM-CSF 0.4 – 0.2 0.1 – 0.1 0.500 Y

sFasL 16.6 – 1.7 14.1 – 1.5 0.003* Y

A marker is a substance used as an indicator of a biologic state.
= = stable; Y = downtrend; [ = uptrend.
* Significant difference (P <0.05).
† Bonferroni correction (P <0.0021).
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Similarly, the levels of G-CSF that are produced by
gingival keratinocytes after stimulation with bacteria
or bacterial products10 were reduced significantly
(by 27%). Also, G-CSF is a critical factor for the neu-
trophil differentiation of bone marrow cells, neutrophil
survival, and inflammatory neutrophil differentiation
to effector cells in inflamed tissues.36 Therefore, it
is reasonable to suggest that reduced G-CSF levels
after therapy may be a consequence of PI reduction
and may be relevant to clinical improvements in PD,
CAL, and BOP.

For the first time, to the best of our knowledge, our
results provide evidence that sFasL is involved in peri-
odontal diseases and that therapy reduced its level
significantly (by 15%). sFasL is an alternative form
of the transmembrane FasL molecule that triggers
apoptosis on Fas-expressing cells. The presence of
inflammatory cells, such as neutrophils, causes gingi-
val tissue destruction, and the interaction of FasL and
Fas expressed on osteoclast precursors did not induce
apoptosis but signaled them to differentiate into ma-
ture osteoclasts.35 Therefore, the upregulated sFasL
levels in patients with diabetes and periodontitis
may be correlated with the clinical severity in the peri-
odontal tissues, and their reduction is associated with
the attenuation of the clinical condition in treated pa-
tients. Also, this observation about sFasL levels can
provide insights that are of diagnostic value for the
evaluation of the severity of periodontal diseases
and for monitoring the efficacy of therapy.

The role of IL-6 in the pathogenesis of periodontitis
has been supported by studies14,17,37,38 showing that
IL-6 mRNA expression is significantly upregulated in
inflamed gingival tissues. Also, IL-6 levels are elevated
in the gingival crevicular fluid and serum of patients
with chronic periodontitis14 or diabetes.4 IL-6 in peri-
odontitis is mainly produced by non-hematopoietic
cells,37 and the upregulated condition is associated
with tissue damage and disease recurrence.38

Also, increased circulating levels of IL-6 showed a
significant correlation with HbA1c and the progression
of diabetic nephropathy.18 In a more general sense, an
augmented acute-phase response mediated by IL-6
may explain many of the clinical and biochemical fea-
tures of type 2 DM and its complications.18 The peri-
odontal therapy in this study significantly reduced
IL-6 serum levels (by 48%) following the significant
improvements in the clinical (PD, CAL, and BOP)
and metabolic (HbA1c) measurements. However,
other studies39,40 did not report the same benefits.

The fact that some inflammatory mediators de-
creased and that clinical and metabolic improvements
were demonstrated following periodontal therapy is a
strong indicator of systemic health amelioration. It is
hypothesized that non-surgical periodontal therapy
leads to a significant reduction in the pathogenic bac-

teria load in biofilm. Then, it reduces the release of
proinflammatory mediators, such as IL-6 and -12
(p70), IP-10, G-CSF, and RANTES, in the infected tis-
sue and consequently moderates inflammatory cell
chemotaxis and activation. The reduced levels of FasL
may be an indication of reduced apoptosis and inflam-
mation in the gingival tissues. The reduced levels of
inflammatory cells and IL-6 lead to attenuated peri-
odontal tissue damage. The reduced levels of IL-6 lead
to improvements in diabetes by controlling HbA1c
levels. In turn, the controlled diabetic condition atten-
uates the inflammatory process in the periodontal
tissues by regulating chemokines and IL-12 (p70) pro-
duction. Effective control of the inflammatory process
by the reduction of pathogenic bacteria and of the di-
abetic condition provide a favorable periodontal tissue
environment that allows tissue repair such as the clin-
ical improvements observed in this study.

CONCLUSIONS

Anti-infective periodontal therapy and adjunctive sys-
temic doxycycline may influence the systemic condi-
tions of patients with type 2 DM. However, it is
possible that the observed improvements in glycemic
control and in the reduction of inflammatory markers
might be due to diet, which was not controlled in our
study. Therefore, a confirmatory study with a larger
sample size and controlled diet is necessary.
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Analuiza S. Costa, Antônio Zanardo Filho, and Fabiana
R.deMorais, laboratory technicians, ImmunologyLab-
oratory, School of Pharmaceutical Sciences, Univer-
sity of São Paulo-Ribeirão Preto. The authors report
no conflicts of interest related to this study.

REFERENCES
1. Cowie CC, Rust KF, Byrd-Holt DD, et al. Prevalence of

diabetes and impaired fasting glucose in adults in the
U.S. population: National Health And Nutrition Exam-
ination Survey 1999-2002. Diabetes Care 2006;29:
1263-1268.
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