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patients with type 2 diabetes mellitus according to glycemic control: 
A pilot study
Priscila Larcher Longo1, Hilana Paula Carilo Artese2, Anna Carolina Ratto Tempestini Horliana3, Giovane Hisse Gomes2, 
Giuseppe Alexandre Romito2, Sergio Atala Dib4, Marcia Pinto Alves Mayer1

1Department of Microbiology, Institute of Biomedical Sciences, 2Department of Stomatology, Division of Periodontics, School of Dentistry, University 
of São Paulo, São Paulo, 3Postgraduate Program in Biophotonics Applied to Health Sciences, Nove de Julho University, São Paulo, 4Department of 
Endocrinology, School of Medicine, Federal University of São Paulo, São Paulo, Brazil

ABSTRACT

Background: Type 2 diabetes mellitus (T2DM) and periodontitis are inflammatory conditions with 
a bidirectional association. This pilot study aimed to evaluate whether T2DM and glycemic control 
interfere in inflammatory markers profiles in gingival crevicular fluid (GCF) in periodontitis patients.
Materials and Methods: Fourteen diabetic periodontitis patients were enrolled in this study, seven 
with adequate glycemic control (glycated hemoglobin [HbA1c] <8.0%) (DMA + P) and seven with 
inadequate control (HbA1c ≥8.0%) (DMI + P). Seven chronic periodontitis patients without diabetes 
formed the control group (P). GCF was obtained from diseased sites (probing depth >6 mm) of 
an entirely hemiarch, pooled and cytokines levels determined using multiplex beads immunoassay. 
Clinical periodontal parameters were analyzed by Mann-Whitney test and levels of cytokines by 
Kruskal-Wallis and Dunn’s multiple comparison tests with confidence level of 95% (P < 0.05).
Results: Cytokines profile of GCF obtained from deep periodontal pockets presented high levels 
of inflammatory cytokines, and there were no statistical differences between levels of interleukin-6 
(IL-6), IL-8 and tumor necrosis factor-α according to presence of diabetes or percentage of HbA1c 
among the groups, despite groups with T2DM and periodontitis exhibit higher levels of PD.
Conclusion: Within the limitations of this study, inflammatory mediators in GCF are dependent 
to the local response and do not correlate with the diabetic status.
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INTRODUCTION

According to World Health Organization,[1] the term 
“diabetes mellitus” (DM) describes a metabolic 
disorder of multiple etiology characterized by chronic 
hyperglycemia with disturbances of carbohydrate, 
fat and protein metabolisms due to defects in insulin 
secretion and/or activity. The condition is considered 

the major epidemic of the century affecting more than 
340 million of people around the world.

It is associated with chronic inflammatory process 
and with a number of complications. Acute metabolic 
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complications associated with mortality include 
diabetic ketoacidosis from exceptionally high blood 
glucose concentrations (hyperglycemia) and coma 
as the result of low blood glucose (hypoglycemia). 
However, the most devastating consequences of 
diabetes are long-term vascular complications, 
including kidney disease, blindness, heart attacks, 
strokes,[2] and amputation of extremities.[3]

Epidemiological studies[4-8] have found a high degree 
of association between DM and periodontal diseases 
(PDs), which were proposed as the sixth complication 
of DM.[9] According to recent studies,[10,11] this 
relationship is bidirectional, with periodontitis 
exerting an effect on DM and vice-versa. Over the 
years, various biologically plausible mechanisms 
have been established for a common inflammatory 
etiopathogenesis of DM and PDs.[12-15]

Chronic periodontitis, an inflammatory disease of 
tooth-supporting structures, results in the loss of 
periodontal support tissues, with increased tooth 
mobility and eventually tooth loss. Patients with 
chronic periodontitis present increased systemic 
inflammation and high levels of inflammatory markers 
when compared with healthy control subjects.[16]

The gingival crevicular fluid (GCF) is a serum exudate 
originated from the microcirculation in the gingival 
tissues which flows into periodontal pocket (gingival 
sulcus) carrying inflammatory mediators and products of 
tissue metabolism.[17] Several inflammatory markers such 
as interleukin (IL)-1β and C-reactive protein (CRP) are 
present in high levels in patients with periodontitis.[18]

Since the composition of GCF somewhat mirrors the 
plasma, it could be used as a less invasive medium 
to evaluate systemic conditions including DM.[17] 
However, the production of inflammatory mediators is 
increased locally at PDs sites.[19]

Biomarkers in GCF in diabetic patients with PDs have 
been evaluated in different groups of patients, exhibiting 
differences in periodontal treatment, diabetic status, 
sites characteristics which contributed to the biased 
results,[20,21] restricting the comparison among them.

Glycemic status in type 2 diabetes mellitus 
(T2DM) patients seems to modulate osteo-immune 
inflammatory mediators.[22] Furthermore, diabetes 
affects GCF levels of cytokines, by increasing levels 
of IL-6,[23] CRP[16] and resistin[24] and reducing the 
levels of β-glucuronidase and IL-8[25] in patients with 
periodontitis. However, there is still no consensus on 

the differences induced by DM and glycemic control 
in GCF cytokine profile in patients with PDs.[26]

Thus, in order to evaluate the effect of diabetes 
and glycemic control on the cytokines profile of 
periodontitis patients, we evaluated the levels of IL-6, 
IL-8 and tumor necrosis factor-α (TNF-α) in the GCF 
of sites with periodontal destruction (probing depth, 
PD >6 mm) in patients with periodontitis and type 2 
diabetes mellitus with adequate glycemic contorl (DMA 
+ P, glycated hemoglobin (HbA1c) <8.0%) and in 
patients with periodontits and type 2 diabetes mellitus 
with inadequate glycemic control (DMI + P, HbA1c 
≥8.0%) glycemic control and these data were compared 
with nondiabetic subjects with periodontitis (P).

MATERIALS AND METHODS

Participants
This study was conducted between January 2012 
and March 2013 in accordance with Declaration of 
Helsinki, and it was approved by Biomedical Sciences 
Institute Committee (#011/CEP) from University of São 
Paulo (SP, Brazil). Fourteen diabetic subjects and seven 
nondiabetic subjects, all with chronic periodontitis, 
attending the Diabetes Center, Federal University 
of São Paulo and School of Dentistry, University of 
São Paulo were enrolled in this study. Subjects who 
fulfilled the inclusion/exclusion criteria were invited 
to participate. Eligible subjects were informed of the 
nature, potential risks and benefits of their participation 
in the study and signed an informed consent.

Patients presented at least 15 teeth (excluding third 
molars), with at least ≥30% of sites showed probing 
depth (PD) >4 mm, clinical attachment level (CAL) ≥4 
mm and bleeding on probing (BOP). Diabetic subjects 
should have type 2 DM diagnosed for at least 3 years 
and should be under hypoglycemic medication. The 
glycated haemoglobin (HbA1c) level was measured by 
Clinical Analysis Laboratory from University of São 
Paulo Hospital and based on the results participants 
were assigned as inadequate controlled (HbA1c ≥8.0%) 
(DMI + P), adequate controlled (HbA1c <8.0%) (DMA 
+ P) type 2 diabetic subjects, and nondiabetic subjects 
(HbA1c ≤6.0%) (P). Exclusion criteria included 
pregnancy, lactation, current cigarette smoking and 
cigarette smoking within the past 5 years, periodontal 
and antibiotic therapies in the previous 12 months, 
continuous use of antimicrobial mouthrinses, systemic 
condition other than DM (e.g., immunological disorders, 
osteoporosis, heart diseases, rheumatoid arthritis, 
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tumors) that could affect periodontal status, continued 
use of anti-inflammatory and immunosuppressive 
medications and morbid obesity (i.e., body mass index 
[BMI] ≥40 kg/m2).

All volunteers received full-mouth periodontal 
clinical examination performed at six sites per tooth 
(excluding third molars) from a calibrated examiner 
intra-examiner reliability for detecting PD within 
1 mm was >90%. The presence of supragingival 
biofilm was recorded as plaque index (PL). Marginal 
gingival bleeding (GB), bleeding on probing (BOP), 
probing depth (PD) and attachment level (AL) were 
also evaluated using North Caroline probe (Hu-Friedy 
Mfg. Co., Chicago, IL, USA). PL, GB and BOP were 
recorded as absent (0) or present (1).

Samples
GCF was sampled 2 weeks after the clinical 
examination in order not to alter its nature. All 
mesio-vestibular sites with PD >6 mm from two half 
arches (one upper and other lower) were collected. 
After removal of the supragingival biofilm with 
sterile cotton pellets, the sites were isolated with 
cotton rolls and gently dried with an air syringe to 
eliminate the possibility of contamination with saliva. 
GCF was collected through inserting standard paper 
strips (Periopaper; Oraflow Inc., Smithtown, NY, 
USA) into the sulcus/pocket for 20s. Strips that were 
visually contaminated with blood were discarded. 
The GCF volume was measured in a calibrated 
device (Periotron 8000; Proflow Inc., Amityville, NY, 
USA) and the readings were converted to an actual 
volume by reference to a standard curve. Strips were 
immediately placed into microcentrifuge tubes and 
stored at −80°C until assays.

Assays
Periopapers from different tooth of the same participant 
were pooled, and 300 µL of phosphate-buffered saline 
(pH 7.4) with bovine serum albumin (0.5%) was added. 
After mixing and centrifugation for 10 min at 13000 
rpm at 4°C, the levels of cytokines in the supernatant 
were analyzed in duplicate using a multi-analyte method 
according to the manufacturer’s recommendations 
(Bio-Plex Pro Human Cytokine Standard, Bio-Rad, 
Hercules, CA, USA) in the multiplex platform MagPix 
System (Luminex Corporation, Austin, TX, USA). The 
amount of biomarkers in each sample was estimated 
by comparison with a standard curve using appropriate 
software (Beadview; Merck Millipore, Darmstadt, 
Germany).

Data analysis
Periodontal clinical data were analyzed using a 
statistical packet (SPSS for Windows, version 
17.0, SPSS Inc., Chicago, IL, USA) considering 
the individual as a study unit. Data were analyzed 
by nonparametric statistical methods. Intragroup 
and intergroup comparisons were determined using 
Mann–Whitney test. Data were tested for normality 
before applying nonparametric tests. Tests were 
based on average values with variability measures 
(standard deviation [SD]). Results were considered 
as statistically significant at P < 0.05. For GB, 
PL and BOP data, percentages of positive sites 
were obtained per patient and thereafter, mean 
values were calculated for the groups. For PD and 
AL, measured by millimeters, percent frequency 
was first obtained per patient and thereafter, as a 
mean value for the group. Data from MagPix were 
analyzed by Kruskal-Wallis and Dunn’s multiple 
comparison tests (Prisma 5 Project, GraphPad 
Software Inc., La Jolla, CA, USA). Values were 
obtained per patient, and a median value was 
calculated for each group.

RESULTS

Analysis of demographic data (average ± SD) showed 
age in years of 47.4 ± 4.9 for P group, 58.4 ± 8.1 
for DMA + P group and 51.7 ± 6.15 for DMI + P 
group (Kruskal–Wallis test, P = 0.03). There was no 
significant difference of BMI (kg/m2) among groups 
(P = 26.33 ± 3.07; DMA + P = 28.97 ± 3.83; DMI 
+ P = 29.28 ± 5.94). Also, there was no difference 
among GCF average volume (mL) measured per teeth 
in each group (P = 0.48 ± 0.23; DMA + P = 0.53 ± 
0.20; DMI + P = 0.49 ± 0.27). As expected, there 
was significant difference in HbA1c levels (%) 
between DMI + P (11.63 ± 2.22) and the other two 
groups (P = 5.40 ± 0.48 and DMA + P = 6.98 ± 0.65) 
(Kruskal-Wallis test, P < 0.001).

Table 1 presents the average of periodontal clinical 
parameters of patients in each group. Subgingival 
clinical parameters in all groups were similar, with the 
exception of PD, which was higher in the diabetics 
groups (Kruskal–Wallis test, P = 0.048).

The GCF levels of IL-6, IL-8 and TNF-α did not 
differ among any of the periodontitis groups (P, 
DMA + P and DMI + P) (Kruskal–Wallis test, 
P > 0.05) as shown in Figure 1.
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DISCUSSION

The mechanisms underlying the association between 
DM and PDs are still a matter of controversial 
discussion.[24] DM patients may exhibit an 
exhacerbated response to subgingival bacteria and or 
altered microbiota. Furthermore, GCF composition 
may be altered by DM since it comprises the sum 
of components produced locally in the gingival 
tissues and those of other sources, brought with 
the plasma. Thus, comparison of GCF composition 
analysis may provide information not only on the 
gingival inflammatory status but also on the systemic 
inflammatory response.

The availability of methods to measure cytokines 
and other inflammatory mediators with high 
sensitivity and specificity is critically important. The 
conventional method enzyme-linked immunosorbant 
assay (ELISA) is the most widely used and best- 
validated method, but it is limited by its ability to 
measure only a single biomarker in each sample what 
is a problem especially in samples with minimum 
volume such as GCF. On the other hand, Multiplex 
Arrays technique offers the potential of better 

evaluating the complexity and dynamic nature of 
inflammatory responses with reduced cost and sample 
savings over traditional ELISA measurements. 
Despite the potential advantages of this new 
technology, experience with these techniques is 
limited.[27]

All patients enrolled in this study presented 
periodontitis (P), but differed on their metabolic 
condition and/or glycemic status. The only clinical 
parameter that differed significantly between diabetic 
and nondiabetic groups was the mean PD, since 
diabetic subjects (DMA + P and DMI + P) showed a 
higher mean full-mouth PD than nondiabetic subjects 
(P), as observed by others.[28]

Our study did not aim to compare epidemiological 
clinical data between the studied groups, not only 
due to the low number of enrolled subjects, but 
also due to the exclusion criteria used for selection. 
GCF volume is usually high in periodontitis 
sites and tends to decrease after the periodontal 
treatment.[29] Since periodontitis is associated with 
diabetes, it is reasonable to expect higher GCF volume 
in diabetes than in the systemically health subjects, 
as reported.[28,30-32] However, the GCF volume was 
similar when periodontitis patients with and without 
diabetes were compared, which is in agreement 
with other data[21] reporting similar GCF volumes 
in well-controlled diabetic chronic periodontitis and 
systemically healthy chronic periodontitis patients.

Certain systemic conditions such as diabetes and 
obesity are characterized by pro-inflammatory 
state,[33] exerting a profound effect on the levels 
of inflammatory markers, both locally at sites of 
periodontal disease, and elsewhere[19] and components 

Table 1: Average ± SD of clinical parameters 
for patients of P, DMA + P and DMI + P groups
Periodontal clinical 
parameters

P  
(n = 7)

DMA + P 
(n = 7)

DMI + P 
(n = 7)

P

PL (%) 0.82±0.38 0.87±0.33 0.75±0.42 0.60
GB (%) 0.74±0.43 0.82±0.38 0.75±0.42 0.65
BOP (%) 0.82±0.38 0.86±0.34 0.79±0.40 0.71
PD (mm) 4.3±2.1 4.8±2.0 4.7±2.7 0.04*
AL (mm) 5.2±2.1 5.4±1.9 5.1±2.9 0.35

*Kruskal-Wallis test α=5%; PL: Visible plaque index; GB: Gingival bleeding 
index; BOP: Bleeding on probing; PD: Probing depth; AL: Attachment level; 
SD: Standard deviation

Figure 1: Interleukin-6 (IL-6), IL-8 and tumor necrosis factor-α gingival crevicular levels in patients with periodontitis (P) and 
without type 2 diabetes mellitus (T2DM), patients with T2DM with adequate glycemic control and periodontitis (DMA + P) and 
patients with T2DM with inadequate glycemic control and periodontitis (DMI + P).
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of GCF may be affected by its systemic levels. 
For instance, it was recently shown that there was 
correlation in levels of IL-6 but not of TNF-α 
between serum and GCF samples.[34]

Many studies have been performed to define 
biomarkers in saliva and GCF associated to 
periodontal diseases. IL-1β levels are usually higher in 
the saliva and/or CGF of patients with gingivitis,[35,36] 
but there is no clear consensus among the authors 
on the levels of other cytokines in the oral fluids of 
periodontitis patients.[37]

A recent review[26] analyzing 10 studies on the GCF 
cytokines profile in patients with periodontitis with 
poorly controlled T2DM and medically healthy 
individuals showed that there is no consensus on this 
topic, with contradictory results among studies on the 
association of IL-6, IL-8, IL-17, IL-23, IL-1α and 
IF-γ and T2DM.

It was previously shown that uncontrolled T2DM 
(HbA1c ≥7.5%) modulates local levels of several cyto/
chemokines at both healthy and diseased periodontal 
sites in favor of a proinflammatory profile, which may 
partially explain the greater susceptibility of diabetic 
subjects to periodontal breakdown.[28]

In the present study, there are no statistical differences 
among IL-6 GCF levels in deep pockets among P, 
DMA + P and DMI + P groups. This interleukin is 
considered the major mediator of the host response to 
tissue injury, infection, and bone resorption.[23] Although 
IL-6 levels decrease after periodontal treatment,[30] this 
result is not so evident in diabetic patients.[31] Despite 
the increased PD in diabetes groups, our data indicated 
no differences in IL-6 levels between diabetes and 
control (P), in accordance with previous data.[23] 
However, the lack of difference in IL-6 levels in GCF 
between diabetes patients with inadequate glycemic 
control (DMI + P) and control (P) is in disagreement 
with another study using multiplex analysis, which 
had shown that IL-6 levels were higher in healthy and 
diseases sites of uncontrolled T2DM (HbA1c >7.5%) 
than in nondiabetic patient.[28]

These data highlighted that the effect of diabetes 
and glycemic control on IL-6 GCF levels are still 
controversial. Differences in parameters to define 
periodontitis and controlled/uncontrolled glycemic 
status, use of drugs and others such as the method 
to access cytokines levels should account for these 
different results.

Interleukin-8 is a potent neutrophils chemoattractive, 
aiming to eliminate the invasive microorganisms. 
However, red complex bacteria associated with 
periodontitis present an effective immune-evasive 
strategy by suppressing the IL-8 production.[38] The 
periodontopathogen Porphyromonas gingivalis down-
regulates the expression of this chemokine at both 
the mRNA and protein levels, leading to a so-called 
“chemokine paralysis”.[39,40]

In the present study, there were no differences in IL-8 
CGF levels between diabetes (DMA + P and DMI + P) 
and nondiabetes periodontitis (P) groups. Our data 
contradict a previous report who showed that GCF 
IL-8 levels were lower in T2DM periodontitis patients 
than in periodontitis nondiabetic patients.[25] This 
observation is further reinforced by the demonstration 
that IL-8 levels did not change according to the 
glycemic control, despite the high differences in mean 
levels of HbA1c between both groups (DMA + P 
and DMI + P), which is in accordance with the same 
authors[25] who reported that IL-8 and HbA1c levels 
were not correlated.

Regardless of the higher disease severity in 
diabetes patients when compared to controls in the 
present study, represent by significant higher PD 
measurements, there were no statistical differences 
in TNF-α levels in GCF among the studied groups. 
A wide range of cells in periodontal tissues secretes 
inflammatory cytokines, such as TNF-α recognized 
by Toll-Like receptors.[38] This result agrees with 
others[22,41] who showed no difference between TNF-α 
GCF levels according to diabetes or glycemic control.

Despite the limitation of the present study due to 
the low number of subjects, the patients enrolled in 
each group were very homogenous regarding diabetes 
status and periodontitis severity. Even in such groups, 
the production of inflammatory mediators in gingival 
tissues were similar, indicating that, possibly, the 
local challenge overwhelm the potential of gingival 
tissues to produce the studied factors in periodontitis 
patients, independently of the diabetes status, and 
other mediators may be involved with the increased 
severity of periodontitis in diabetes patients.

CONCLUSION

Our data indicate that GCF levels of IL-6, IL-8 and 
TNF-α were not correlated with glycemic status and 
T2DM in periodontitis patients.
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