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ABSTRACT
Objective: The objective of this case–control study
was to quantify the immune responsiveness in
individuals with type 2 diabetes (T2D) as compared
with patients without diabetes (NT2D) diagnosed with
periodontitis.
Research Design and Methods: Peripheral blood
was collected from 20 patients with moderate-to-severe
chronic periodontitis (10 T2D, 10 NT2D). Blood
samples were stimulated with ultrapure
Porphyromonas gingivalis and Escherichia coli
lipopolysaccharide (LPS) for 24 hours. 14 cytokines/
chemokines were quantified in culture supernatants
using multiplex technology.
Results: T2D individuals demonstrated higher
unstimulated levels of interleukin 6 (IL-6), IL-1β, tumor
necrosis factor α, interferon γ, IL-10, IL-8, macrophage
inflammatory protein 1α (MIP1α), and 1β (MIP1β),
and higher stimulated levels of IL-6, IL-8, IL-10,
MIP1α and MIP1β, along with lower unstimulated and
stimulated levels of granulocyte-macrophage colony-
stimulating factor (GM-CSF) when compared with
NT2D (p<0.05). Importantly, the LPS-induced levels of
IL-6, IL-8, IL-10 and MIP1α strongly correlated with
severity of disease, measured by pocket depths (PD),
within the T2D group (r2≥0.7, p<0.05), but not within
NT2D.
Conclusions: Among patients with chronic
periodontitis, patients with T2D seem to have an
enhanced LPS-induced immune responsiveness than
individuals without diabetes, which correlates with
periodontal disease severity, concomitant with a less
robust GM-CSF response. This data may in part explain
the higher predisposition to periodontitis in this
population.

INTRODUCTION
Periodontitis is a multifactorial/polymicro-
bial infection of the supporting tissues
around teeth, known as the periodontium.
Periodontitis is considered the result of an
inflammatory response to the bacterial
biofilm around teeth in a susceptible host.
Periodontal tissue destruction is mediated by
locally produced proinflammatory cytokines
in response to the bacterial flora and its

products. Lipopolysaccharides (LPS), an
outer membrane of Gram-negative bacteria,
often found in gingivitis and periodontitis
lesions, are recognized by host receptors
such as toll-like receptors (TLRs). TLR2 and
TLR4 can recognize a variety of bacterial
components and their interactions with LPS
initiate an inflammatory response, which
when unbalanced or excessive, may result in
periodontal tissue destruction.1

There is clear evidence that the LPS of
Gram-negative bacteria in periodontitis such
as Porphyromonas gingivalis (Pg), Aggregatibacter
actinomycetemcomitans, Prevotella intermedia,
Fusobacterium nucleatum and Tannerella for-
sythensis stimulate, via TLR2 and TLR4, the
production of proinflammatory cytokines
from the host, such as interleukin 1β (IL-1β)
and tumor necrosis factor (TNF)α, as well as
the production of matrix metalloproteases
which induces alveolar bone resorption,2

resulting in progressing periodontal tissue
destruction. It is possible that the production
of local cytokines/chemokines and/or low-
level asymptomatic bacteremia affects the
plasma concentrations of these mediators,3

perpetuating a local as well as a systemic
inflammatory state.
Research has shown that periodontal

disease is closely associated with diabetes
mellitus.4–10 For instance, individuals with
type 2 diabetes (T2D) have been shown to
be 2.81 times more likely to have clinical

Key messages

▪ Among patients with chronic periodontitis,
patients with type 2 diabetes have an enhanced
lipopolysaccharide-induced immune responsive-
ness than individuals without diabetes.

▪ The enhanced immune responsiveness found in
patients with type 2 diabetes correlates with their
periodontal disease severity.

▪ Our results may in part explain the higher predis-
position to periodontitis in patients with type 2
diabetes.
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attachment loss and 3.43 times more likely to have radio-
graphic bone loss than normoglycemic controls.4 8 In
addition, glycemic control also has an impact on perio-
dontal disease severity, whereby poorly controlled T2D
individuals (presenting glycated hemoglobin (HbA1c)
values of 9% or greater, as defined by authors) present
increased progression of bone loss compared with con-
trolled T2D (HbA1c<9%; OR 11.4 vs 2.2).11 Conversely,
severe periodontitis may also impact the control of the
diabetic state. Studies have shown that individuals with
T2D and severe periodontitis experience greater inci-
dence of diabetic complications, such as worsening of
glycemic control (HbA1c ≥9% at a 2-year follow-up),
nephropathy and ischemic heart disease, than indivi-
duals with diabetes with slight or no periodontitis.12–15

In fact, this strength of evidence on the two-way relation-
ship between diabetes and periodontal disease have led
some to suggest that periodontal disease should be listed
among the ‘classic’ complications of diabetes,16

although the mechanisms in which this relationship
occurs is still not completely understood. It is known,
however, that individuals with T2D often have a shift in
monocyte/macrophage function, which results in the
overproduction of proinflammatory cytokines in
response to periodontal pathogens.17 This overproduc-
tion of cytokines could then exacerbate the pathogenesis
of periodontal disease destruction. Similarly, insulin
resistance associated with T2D is strongly linked to the
actions of IL-6 and TNFα.18 These data suggest several
possible mechanisms to support the findings that severe
periodontitis and its inflammatory component could
increase the risk of poor glycemic control in individuals
with T2D, as previously reported.12 Specifically, it seems
that individuals with T2D could be more susceptible to
periodontal diseases due to both a hyperinflammatory
component leading to a predisposition for tissue
destruction as well as an impaired immune response,
which could delay/impair host’s natural healing/regen-
erative capabilities during the disease course. On the
other hand, periodontitis may aggravate the diabetes-
associated host inflammatory component both locally
and systemically, leading to worsening of diabetes status/
control.
Thus, the aim of this study was to compare the

LPS-induced immune responsiveness of individuals with
T2D and periodontal disease, as compared with
diabetes-free individuals who also have periodontitis. We
hypothesized that the condition of T2D will exacerbate
the LPS-induced immune responsiveness in patients
with chronic periodontitis.

MATERIALS AND METHODS
Patient selection
Two populations diagnosed with moderate-to-severe
chronic periodontitis were recruited for this case–
control study: individuals with T2D and without dia-
betes (NT2D). Patients were recruited from the

Endocrinology clinic, at the Shands Medical Plaza and
from the Graduate Periodontology clinic at the
University of Florida College of Dentistry, from August
2007 to November 2009. All subjects signed an informed
consent in order to participate in the study according to
the UF institutional Review Board approval (protocol
#70-2007). Inclusion criteria for all individuals were as
follows: Subjects aged 45–75 years; presence of at least
20 teeth; diagnosis of moderate-to-severe chronic peri-
odontitis, as defined by the presence of at least four sites
with probing depth of 5 mm or more and attachment
loss of 3 mm or more with bleeding on probing.
Inclusion criteria for the individuals with T2D: diagnosis
of T2D (HbA1c levels of ≥6.5%); currently under stand-
ard treatment and physicians care for diabetes control;
have not altered their diabetes medication in the past
3 months. Subjects without diabetes had seen their
primary care physician within a year prior to study inclu-
sion and were in good general health. Exclusion criteria:
diagnosed with any forms of aggressive or necrotizing
periodontal disease; presence of any other systemic dis-
eases or conditions that could influence the course of
periodontal disease and/or glucose control (such as
kidney/liver failure, immunosuppressive diseases); under
any medications that could influence the characteristics
of either diabetes and/or periodontal disease (such as
immunosuppressive drugs; antibiotics, long-term use of
steroids); pregnant or lactating women.

Periodontal examination
All patients received a full mouth periodontal evaluation
for the diagnosis of periodontal disease. Full mouth
periodontal parameters evaluation and diagnosis was
performed and determined by two calibrated examiners
(LMS and RM). Intracalibration and intercalibration was
performed on a separate set of periodontitis subjects.
Calibration was attained when at least 80% of duplicate
periodontal measurements of pocket depth and clinical
attachment levels were within 1 mm. Subject diagnosis
was given according to the 1999 Classification of
Periodontal Disease established by the American
Academy of Periodontology.19

LPS stimulation and detection of cytokines/chemokines
Approximately 4 mL of peripheral blood was collected
by venipuncture and processed as described previously.20

Briefly, blood was diluted 1:4 in RPMI1640 (Invitrogen,
Carlsbad, California, USA) then stimulated or left
unstimulated with 1 µg/mL of ultrapure Escherichia coli
(Ec) or Pg LPS (InvivoGen, San Diego, California, USA).
After 24 hours, 14 cytokines/chemokines; eotaxin,
granulocyte-macrophage colony-stimulating factor (GM-
CSF), interferon γ (INFy), IL-1β, IL-6, IL-8, IL-10, IL-2,
IL-12p40, IL-12p70, IP10, macrophage inflammatory
protein 1α (MIP1α), granulocyte colony-stimulating
factor (GMCSF) and tumor necrosis factor alpha TNFα,
were detected and quantified in the supernatant
using multiplex fluorescence detection kits (Millipore,
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St. Charles, Missouri, USA). Culture supernatants and
cytokine capture-bead cocktails were incubated for
2 hours. The samples were then incubated for 1.5 hours
with biotin-labeled anticytokine and for 30 min in a
1:12.5 dilution of streptavidin-phycoerythrin. Data were
obtained by Luminex 200 and analyzed with Milliplex
Analyst software (Millipore) with five parameter logistics
and standard curves. Unstimulated data were subtracted
from the stimulated values.

Statistical analysis
Analysis of cytokines/chemokine means from T2D and
non-T2D groups were compared by non-paired t-tests, with
a significance level of α=0.05. Mann-Whitney tests were
used data was not normally distributed. Spearman correl-
ation was run among stimulated/non-stimulated levels of
systemic markers and clinical parameters of periodontal
disease. According to our preliminary data on cytokine
levels before and after LPS stimulation, a sample size of 10
per group would give us at least 80% power to detect a
minimum 20% difference in the levels of cytokines
between the groups, with a 15% SD. p Values were not
adjusted at this initial evaluation as the independent
versus grouped role of cytokines/chemokines here has
not been defined in this disease/population.21

RESULTS
The demographics and clinical results of these two
populations are as follows (table 1): 10 subjects per
group participated in the study whereby the age range
of those with T2D and those without was not statistically
different (51–69, mean 61.3±5.4; and 45–64, mean
53.3±6.4, respectively, p>0.05). Similarly, the ratios of
female/male gender between the groups were also
similar 4/6 (T2D) 5/5 (T2D-free). There was only one
smoker among T2D group and two in the NT2D group
(p>0.05). The mean HbA1c values for subjects with T2D
was 8.13±1.23 and all subjects were diagnosed with
moderate-to-severe chronic periodontitis (mean pocket
depth of 5.22±0.52 and 4.5±0.23 mm and mean clinical
attachment levels of 5.64±0.93 and 4.5±1.2 mm for
NT2D and T2D, respectively, p>0.05). Patients with T2D
had higher body mass index (BMI) than NT2D
(p=0.0178).
In the absence of LPS stimulation, peripheral blood cul-

tures of individuals with T2D and chronic periodontitis
presented with higher levels of IL-6, IL-1β, TNFα, INFy,
IL-10, IL-8, MIP1α, and MIP1β compared with those from
individuals without T2D but who still had chronic peri-
odontitis (p<0.05, figure 1A–J, p<0.05). Interestingly, these
same cultures from individuals without T2D presented
with higher levels of GM-CSF compared with those from
individuals with T2D (figure 1J, p<0.05).
Following LPS stimulation with either Ec or Pg LPS,

cultures from T2D individuals also presented with
higher levels of IL-6, IL-8, IL-10, MIP1α and MIP1β
(p<0.05, figure 2A–E) concomitant with lower levels of

GM-CSF (figure 2F, p<0.05) when compared with NT2D
individuals. All other markers evaluated did not demon-
strate statistically significant differences between the two
cohorts.
Importantly, periodontal pocket depth, a measure-

ment of periodontal disease severity, correlated with Ec
LPS-stimulated levels of IL-6, IL-8, IL-10 and MIP1α, as
well as Pg LPS-stimulated levels of IL-8 only within the
T2D participant cohort (table 2). No other significant
correlations were found.

DISCUSSION
The influence of T2D on periodontal disease is well
accepted, whereby there is also substantial evidence indi-
cating that diabetes is a risk factor for periodontal
disease.4 9 Previous investigations have demonstrated
that chronic periodontitis severity is significantly asso-
ciated with elevated plasma levels of many proinflamma-
tory cytokines in individuals with T2D.18 22–24 For
instance, a recent study evaluated plasma levels of TNFα
in subjects with T2D and chronic periodontitis and
found that TNFα had a significant positive association
with periodontitis, raising the hypothesis that high circu-
lating levels of TNFα in these individuals could influ-
ence both diabetes and periodontitis severity.24

Conversely, another study did not find a correlation
between the severity of periodontal disease and serum
TNFα levels in T2D individuals.25 However, these
authors did find a positive correlation between C reac-
tive protein (CRP) levels and periodontal parameters in
these patients, which could also indicate a more proin-
flammatory state.25 Indeed, periodontal disease, even in
the absence of T2D, has been associated with higher
levels of IL-6 and CRP when compared with periodon-
tally healthy individuals.3 26 While the current study did
not directly evaluate the plasma or serum concentration
of soluble mediators, it did demonstrate higher levels of
proinflammatory markers, such as IL-1β, IL-6 and TNFα,
in unstimulated cultures from T2D subjects with perio-
dontal disease, compared with NT2D individuals with
periodontal disease. This exaggerated expression may be
reflective of a higher inflammatory status observed in
T2D, and also reflective of a higher BMI encountered in
these patients, and thus, may exacerbate the inflamma-
tory state within the periodontium of T2D individuals in
this population.
The current study also demonstrates among patients

diagnosed with chronic periodontitis, those with T2D
have an exacerbated inflammatory response to bacterial
LPS. Other studies have demonstrated a correlation
between high levels of proinflammatory cytokines with
active progressive periodontal lesions in diabetes-free
individuals.3 27 Thus, we propose that the increased
LPS-induced inflammatory response reported here
could at least in part contribute to the higher suscepti-
bility of individuals with T2D to periodontal disease.
Similar to our findings, Salvi et al23 also found a
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significantly higher monocytic expression of TNFα
(4.6-fold) in T2D individuals when compared with
diabetes-free controls. Note stimulations levels here
accounts for LPS stimulation alone as unstimulated
levels were subtracted from the stimulated ones.
According to the present findings, IL-6 levels, a major

mediator of the host response to tissue injury, infection

and bone resorption, were expressed at higher levels in
cultures from T2D individuals with or without LPS
stimulation. Loos et al3 reported that IL-6 can be
detected in plasma of >50% of patients with severe peri-
odontitis. In addition, several studies demonstrate ele-
vated levels of serum IL-6 in individuals with T2D.22 28

To this end, Ross et al29 found that expression of IL-6

Table 1 Demographics of the population

Age F/M PD (mm) CAL (mm) HbA1c BMI Smoking

T2D (10) 61.3±5.4 4/6 4.5±0.23 4.5±1.2 8.13±1.23 36.4±10.95* 1

NT2D (10) 53.3±6.4 5/5 5.22±0.52 5.64±0.93 n/a 25.7±3.52 2

*p<0.05 by t-test between groups.
BMI, body mass index; CAL, clinical attachment level; F, females; HbA1c, glycated hemoglobin; M, males; NT2D, patients without type 2
diabetes; PD, pocket depth; T2D, patients with type 2 diabetes.

Figure 1 Unstimulated levels of soluble mediators from in cultures of individuals with and without T2D with periodontitis.

Cultures from individuals with T2D presented with higher levels IL-6, IL-1β, TNFα, INFy, IL-10, IL-8, MIP1α, and MIP1β, while
those from NT2D individuals presented with higher values of GM-CSF. *p<0.05, **p<0.01 between T2D and NT2D groups by

Mann-Whitney test. GM-CSF, granulocyte-macrophage colony-stimulating factor; IL, interleukin; MIP1, macrophage inflammatory

protein 1; NT2D, non-type 2 diabetes; T2D, type 2 diabetes; TNF, tumor necrosis factor.
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within the periodontal tissues increases when disease
status changes from ‘no disease’ to ‘one disease’
(periodontal disease) to ‘two diseases’ (periodontitis +
diabetes). In the present study, IL-8 was also found to be
elevated in cultures from T2D individuals in the absence
and presence of LPS stimulation. IL-8 is known to be
involved in the recruitment of PMNs and is highly
expressed in the junctional epithelium adjacent to
infected periodontal defects, where PMNs infiltrate.
Similarly, MIP1α, which was also found in the current
study to be elevated in cultures from T2D individuals,
has been correlated to high levels of IL-8 in early

mucositis lesions.30 Therefore, the exacerbated induc-
tion of these cytokines in patients with T2D may contri-
bute to susceptibility of this patient population to the
initial stages of periodontal breakdown.27 Interestingly,
cultures (with and without LPS stimulation) from T2D
individuals also presented with higher levels of IL-10
concomitant with lower levels of GM-CSF when com-
pared with those of diabetes-free individuals. IL-10 is a
pleiotropic cytokine which can be involved in the inhibi-
tion of cytokine synthesis due to its inhibitory effect on
macrophage-monocytes31 as well as the differentiation
and chemotaxis of cytotoxic T cells. GM-CSF is mainly

Figure 2 Pg and Ec LPS induced levels of soluble mediators from in cultures of individuals with and without T2D with

periodontitis. LPS stimulated cultures from individuals with T2D presented with higher levels of IL-6, IL-8, IL-10, MIP1α, and
MIP1β, while those from NT2D individuals showed higher values of GM-CSF. *p<0.05, **p<0.01, ***p<0.001, between T2D and

NT2D groups by Mann-Whitney test. Ec LPS, Escherichia coli lipopolysaccharide; GM-CSF, granulocyte-macrophage

colony-stimulating factor; IL, interleukin; MIP1, macrophage inflammatory protein 1; NT2D, non-type 2 diabetes; T2D, type 2

diabetes.

BMJ Open Diabetes Research and Care 2016;4:e000260. doi:10.1136/bmjdrc-2016-000260 5

Pathophysiology/complications



responsible for the differentiation of innate immune
cells such as monocytes and dendritic cells. Thus, high
levels of IL-10 and low levels of GM-CSF along with a
substantial proinflammatory milieu could indicate an
environment in which clearance of pathogen by innate
responses is inhibited leading to a sustained inflamma-
tory stimulus resulting in host-mediated periodontal
breakdown. Together these data suggest that T2D has
the potential to aggravate local tissue inflammation
observed in periodontal disease. Further studies need to
be conducted to elucidate the specifics of these
mechanisms.
One limitation of the present study is the absence of a

periodontally healthy control group. The inclusion of a
healthy control group would enable us to evaluate the
role of periodontal disease alone in LPS-induced inflam-
matory responses. However, other studies have already
shown a heightened inflammatory state in patients with
periodontitis when compared with a periodontally
healthy cohort.3 20 Thus, the objective of the present
study was to evaluate the additive role of T2D on the
inflammatory response observed in periodontal disease.
Finally, it is clear that a larger study population and a
longitudinal evaluation (postperiodontal treatment)
would be crucial to draw further conclusions regarding
the inflammatory response in individuals with T2D and
different severities of periodontitis, response to treat-
ment, and diabetes control.
In summary, the present study describes a significantly

more robust LPS-induced inflammatory response in
T2D patients with periodontitis, which could explain the
observed increased susceptibility to periodontal disease
in T2D patients. In support of this, the present study
observed a positive and strong correlation between
LPS-stimulated levels of multiple inflammatory markers,
including IL-6, IL-8 and MIP1α, with pocket depth.
Importantly, this correlation was only observed within
the individuals with T2D, but not diabetes-free indivi-
duals. These data strengthen the evidence that an exag-
gerated response to LPS by individuals with T2D may
contribute to the exaggerated breakdown and/or pro-
gression of periodontal disease in these patients (T2D).
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