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Chronic periodontitis is caused by

complex microbial communities pres-

ent in the subgingival environment.

Moreover, subjects presenting with

diabetes mellitus (DM), particularly

with a poorly controlled glycemic sta-

tus, have a more severe and generalized

periodontitis (1). Hyperglycemia and

the resultant formation of advanced
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Background and Objective: There is a bidirectional relationship between peri-

odontal disease and type-2 diabetes mellitus (DM). Inflammatory mediators

may negatively affect glycemic control, and increased glucose levels and resul-

tant glycation end-products may alter the host response against bacterial

infection. However, no agreement has been reached regarding the effect of DM

on periodontal subgingival microbiota. Therefore, the purpose of the present

study was to compare the subgingival biodiversity in deep periodontal pockets

of subjects with chronic periodontitis and either uncontrolled type-2 diabetes or

no diabetes using 16S rRNA gene cloning and sequencing.

Material and methods: Twelve subjects with uncontrolled type-2 diabetes (glycated

hemoglobin > 8%) and eleven nondiabetic subjects presenting severe and gen-

eralized chronic periodontitis were selected. Subgingival biofilm from periodontal

pockets > 5 mm were assessed using the 16S rRNA gene cloning and sequencing

technique.

Results: Significant differences were observed in subgingival microbiota between

diabetic and nondiabetic subjects. Diabetic subjects presented higher percent-

ages of total clones of TM7, Aggregatibacter, Neisseria, Gemella, Eikenella,

Selenomonas, Actinomyces, Capnocytophaga, Fusobacterium, Veillonella and

Streptococcus genera, and lower percentages of Porphyromonas, Filifactor,

Eubacterium, Synergistetes, Tannerella and Treponema genera than nondiabetic

individuals (p < 0.05). Moreover, some phylotypes, such as Fusobacterium

nucleatum, Veillonella parvula, V. dispar and Eikenella corrodens were detected

significantly more often in diabetic subjects than in nondiabetic subjects

(p < 0.05).

Conclusion: Subjects with uncontrolled type-2 diabetes and chronic periodontitis

presented significant dissimilarities in subgingival biodiversity compared with

nondiabetic subjects.
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glycation end-products, one of the

pathways that is thought to lead to the

vascular complications of DM, seem

also to be involved in the pathophysi-

ology of periodontitis in DM subjects

(1), being associated with the imbalance

of pro-inflammatory and anti-inflam-

matory mediators (2,3) and osteoclas-

togenesis-related factors (4).

Previous studies have focused on the

role of periodontal infection and the

composition of dental biofilm in

patients with DM (5–7). However, the

results are still inconclusive. Although

some studies have shown that the

microbiota associated with DM do not

differ substantially from the micro-

biota of Non-DM patients (5–7), there

is evidence that DM subjects may

harbor higher levels of some bacterial

species than do Non-DM subjects (8).

A plausible explanation for differ-

ences in the biodiversity between DM

subjects and Non-DM subjects may be

that hyperglycemia could alter the oral

environment (e.g. saliva and gingival

crevicular fluid) and favor the coloni-

zation of some specific species. It has

been established in DM subjects that

the glucose concentration in gingival

crevicular fluid is correlated with the

glucose concentration in serum (9).

Therefore, glycemia might affect the

composition of periodontal microbi-

ota, as different levels of plasma glu-

cose can result in different availabilities

of this carbohydrate in the subgingival

area, which can alter environmental

and microbiota profiles. Therefore,

elevated levels of glucose in saliva and

in gingival crevicular fluid might in-

crease the number of bacteria associ-

ated with caries and periodontal

disease in the saliva and the supra-

gingival and subgingival biofilm of

patients with DM (8).

A previous study showed that

Capnocytophaga species are more pre-

valent in the microbiota of DM

patients (10), whereas Campus et al.

(11) found a positive association

between DM and the presence of Por-

phyromonas gingivalis and Tannerella

forsythia. Recently, our research group

found a higher prevalence of T. for-

sythia in the periodontal pockets of

DM patients than in the periodontal

pockets of Non-DM patients, but no

differences were found in the preva-

lence of Aggregatibacter actinomyce-

temcomitans and P. gingivalis (12). In

addition, we showed that subjects with

type-2 diabetes and chronic periodon-

titis had a high prevalence of Candida

spp. in periodontal pockets. Also,

Candida dubliniensis was more com-

monly present than Candida albicans in

DM subjects when compared with

Non-DM subjects (13).

Despite some evidence regarding the

subgingival microbiota of DM sub-

jects, to date, it is still unclear if, and to

what extent, an altered microbiota

could contribute to an increased inci-

dence or severity of periodontal disease

in subjects with type-2 DM. Virtually

no data are available regarding sub-

gingival colonization by unculturable

microorganisms in DM patients with

chronic periodontitis.

Also, to the best of our knowledge,

none of the recent molecular finger-

printing techniques have been used to

compare the microbiota of DM pa-

tients with that of Non-DM patients.

Instead, 16S rRNA gene cloning and

sequencing, a technique that examines

several host-associated ecosystems, has

been employed for this purpose. The

presence of large tracts of variable se-

quences within the 16S rRNA gene

provides unique bacterial �signatures�
that allow for accurate identification of

bacteria, whereas sequencing a finite

number of clones from each sample

provides quantitative information on

the relative abundance of each organ-

ism within a community. Therefore,

the aim of the present study was to

determine the subgingival biodiversity

of subjects with chronic periodontitis,

either with or without uncontrolled

type-2 DM, using the 16S rRNA gene

cloning and sequencing technique.

Material and methods

Patient selection and groups

Type-2 DM and Non-DM subjects

presenting generalized chronic peri-

odontitis were consecutively selected

from the population referred to the

Periodontal Clinic of Guarulhos Uni-

versity and Piracicaba Dental School

from July 2007 to February 2010. All

eligible subjects were provided with

detailed information on the nature,

potential risks and benefits of their

participation in the study and signed

an informed consent form. The study

protocol was previously approved by

Guarulhos University�s Ethics Com-

mittee on Clinical Research. All

patients received a complete periodon-

tal examination, including full-mouth

periodontal probing, a radiographic

examination and complete anamnesis.

The study inclusion criteria were: a

diagnosis of chronic periodontitis,

according to the criteria of the 1999

International Classification (14); the

presence of at least 15 teeth; ‡ 30% of

the sites and at least nine teeth pre-

senting a probing pocket depth of

‡ 5 mm with bleeding on probing (with

two or more of these teeth having a

probing pocket depth of ‡ 7 mm);

uncontrolled type-2 DM, determined

by a glycated hemoglobin (HbA1c)

concentration of > 8% (15) (in the

group of subjects with DM); and age

> 35 years. Patients were excluded if

they were pregnant or lactating,

required antimicrobial premedication

in order to complete the periodontal

examination, were suffering from any

other systemic diseases (e.g. cardio-

vascular, pulmonary, liver or cerebral

diseases), had received antimicrobial

treatment in the previous 3 mo, were

taking long-term anti-inflammatory

drugs and/or had received a course of

periodontal treatment within the last

6 mo.

The patients were placed into one of

two groups: Non-DMs (patients diag-

nosed with generalized chronic peri-

odontitis who were in good general

health); and DM (patients diagnosed

with generalized, chronic periodontitis

who had a diagnosis of uncontrolled

type-2 DM for at least the past 5 years,

which was confirmed by a physician�s
examination).

Clinical examination

The following clinical parameters were

assessed by calibrated examiners (TMB

and VRS; interexaminer intraclass cor-

relation = 92% in clinical attachment

level): full-mouth plaque index,

according to Ainamo & Bay (16) and
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full-mouth bleeding score, according to

Muhlemann & Son (17). These indices

were calculated after dichotomously

assessing the presence of dental biofilm

at the site or bleeding on probing from

the bottom of the pocket when prob-

ing with a manual probe (PCP-15;

Hu-Friedy, Chicago, IL, USA). In

addition, a full-mouth clinical exami-

nation was performed to evaluate the

following parameters: probing pocket

depth (the distance from the bottom of

the pocket to the margin) and clinical

attachment level (the distance from the

bottom of the pocket to the cemento–

enamel junction).

Glycemic status

Peripheral blood samples were collected

from DM subjects for assessment of the

levels of HbA1c (using high-perfor-

mance liquid chromatography) and

fasting plasma glucose (using the glu-

cose oxidase method).

Subgingival biofilm analysis

Subgingival biofilm collection— After a

full-mouth examination, five noncon-

tiguous pockets that presented a prob-

ing pocket depth of > 5 mm, a clinical

attachment level of > 6 mm and

bleeding on probing were randomly

chosen. For all potential sites with these

characteristics, a paper code was gen-

erated and placed in an opaque enve-

lope. Afterward, through a paper draw,

five sites were selected to undergo sub-

gingival biofilm sampling and analysis.

In order to avoid any bias, all teeth that

presented furcation lesions, endodontic

pathology and/or extensive crown

destruction were excluded from the

draw. Following careful removal of the

supragingival biofilm, the areas were

washedwith awater spray, isolatedwith

cotton rolls and gently dried.

A sterile paper point (#35; Tanari,

Manaus, AM, Brazil) was inserted into

the bottom of the periodontal pocket

for 30 s. The paper points were placed

in sterile tubes containing 300 lL of

reduced transport fluid. They were

then placed separately in plastic tubes

containing 0.01 M Tris–EDTA solu-

tion, pH 8. DNA collection and

extraction were performed as previ-

ously described by Casarin et al. (18).

For each patient, samples from the

selected sites were pooled together to

permit cloning and sequencing of the

16S rRNA gene.

Cloning and sequencing— First of all, the

16S rRNA gene was amplified using a

universal primer set (27f and 1492r), as

previously described (19). Cloning pro-

cedures were performed using a TOPO-

TA cloning kit (Invitrogen, San Diego,

CA, USA). Initially, the amplicons

generated from universal amplification

were cloned into Escherichia coli. Then,

E. coli containing the amplicons were

seeded onto LuriaBertani plates and the

bacterial colonies obtained after culture

were transferred to Luria–Bertani broth

media (LB-Top Agar; Sigma-Aldrich,

Buchs, Switzerland). Vectors were ex-

tracted, purified (QIAprep Spin Mini-

prep Kit�; Qiagen, Quebec, QC,

Canada) and sequenced (CHUQ, Cen-

tre Hospitalier Universitaire deQuébec,

Université Laval, Québec, QC, Can-

ada).

After sequencing, a partial sequence

of 600 bp was generated. The

sequences were initially aligned, and a

similarity matrix was constructed from

the alignments using the method

described by Jukes & Cantor (20).

Phylogenetic trees were constructed

via the neighbor–joining method.

Sequences were compared using the

HOMD database (21), with a level of

98.5% sequence identity as the cut-off.

Sequences presenting similarity, within

a genus, of ‡ 98% were considered to

be the same species.

Data management and statistical
analysis

Clinical parameters were analyzed

using the Student�s t-test (for baseline

intergroup comparisons). The sample

size was based on previous studies

(12,13,22). For microbiological data, a

variance-stabilizing transformation

described in Shchipkova et al. (22) was

used, promoting a normal distribution

of the data that was previously tested

using the Shapiro–Wilk test.

The proportion (p) of each species in

the periodontal biofilm community of

each subject was expressed as:

X ¼ sin�1ðppÞ

A two-tailed Student�s t-test was

used to compare the means of this

transformed variable (X) between DM

and Non-DM subjects. A chi-square

test was used to test for the presence or

absence of species and genera (release

9.02; SAS Institute Inc., Cary, NC,

USA). A 5% level of significance was

used in clinical and microbiological

data analyses.

Results

Table 1 shows the characteristics of the

DM (n = 12) and Non-DM (n = 11)

subjects included in this study. No dif-

ferences in gender, age or full-mouth

periodontal clinical parameters (clinical

attachment level and probing pocket

depth) were noted (p > 0.05). DM

subjects had greater biofilm accumula-

tion and a lower bleeding index

than Non-DM subjects (p < 0.05).

Moreover, the levels of HbA1c

(13.8 ± 2.2%) and fasting plasma glu-

cose (268.2 ± 69.4 dg/lL) highlighted
the poor glycemic control of DM sub-

jects evaluated in this study.

In total, 2012 clones were identified

(representing a mean number of clones

per subject of 87.4, range: 80–101

clones), representing 79 species/phylo-

types in Non-DM subjects and 113 in

subjects with uncontrolled type-2 dia-

betes. As shown in Table 2, there was a

difference in the distribution of phyla

between DM and Non-DM subjects.

DMsubjects showedhigher percentages

of total clones of Actinobacteria,

Deferribacteres, Fusobacteria, Proteo-

bacteria and TM7. Conversely, they

presented a lower percentage of Bacter-

oidetes, Spirochaetes and Synergistetes

(p < 0.05). With regard to the culture

status of clones, no statistically signifi-

cant difference was detected (p > 0.05).

Figure 1 shows the distribution of

genera in Non-DM and DM subjects.

The genera that were statistically highly

detected in Non-DM subjects, such as

Porphyromonas, Filifactor, Eubacteri-

um, Synergistetes, Tannerella and

Treponema (p < 0.05) are shown on the

left of the graph. The most prevalent

genera among subjects with DM were

TM7, Aggregatibacter, Neisseria, Gem-
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ella, Eikenella, Selenomonas, Actino-

myces, Capnocytophaga, Fusobacteri-

um, Veillonella and Streptococcus

(p < 0.05) and are shown on the right

of the graph.

The TOP-15 phylotypes (i.e. the

phylotypes with the highest values in

DM and Non-DM subjects,

considering the transformed X-value)

are described in Table 3. The preva-

lence of several species differed be-

tween DM and Non-DM subjects.

Subjects with uncontrolled type-2 DM

had higher percentages of total clones

of Streptococcus mitis, Eikenella

corrodens, Veillonella parvula and

Veillonella dispar (p < 0.05) than did

systemically healthy individuals.

Higher percentages of Fusobacterium

nucleatum were also observed in sub-

jects with DM than in Non-DM sub-

jects, whereas higher percentages of

P. gingivalis, T. forsythia, Filifactor

alocis and Synergistetes clone BH017

were found in the periodontal pockets

of Non-DM subjects (p < 0.05).

Discussion

The bidirectional link between DM

and periodontal disease has been

extensively described since the early

1990s, although no conclusion has

been reached regarding how it occurs.

The present study hypothesized that

specificities in the microbial profile

could also play an important role in

the alterations promoted by DM on

periodontitis development. Therefore,

the microbial profiles of DM and Non-

DM subjects presenting with chronic

periodontitis were screened. In general,

the results showed evident dissimilari-

ties between DM and Non-DM sub-

jects that could directly influence the

severity of periodontitis in subjects

with uncontrolled DM.

In agreement with the findings of the

present study, differences in subgingi-

val microbial profiles between DM and

Non-DM subjects have been previ-

ously reported (10,23). Sandholm et al.

(23) found more gram-negative anaer-

obes in DM subjects than in Non-DM

subjects. Moreover, some studies fo-

cused on the role of glycemic control in

the subgingival frequency of certain

organisms. Recently, Casarin et al.

(24) showed that glycemic control

influenced the prevalence of herpes

viruses, especially Epstein–Barr virus-

1, in the periodontal pockets of DM

individuals. This finding was consistent

with that of Makiura et al. (25), who

found a relationship between P. gingi-

valis colonization and different levels of

Table 1. Characteristics of subjects. [mean±standard deviation (range)]

Characteristic

Nondiabetic

(n = 11)

Diabetic

(n = 12)

Age (years) 47.8 ± 4.9 (41–62) 51.8 ± 11.3 (40–70)

Gender (% male) 55 42

Full-mouth plaque index (%)* 82.6 ± 3.1 90.5 ± 16.9

Full-mouth plaque score (%)* 78.4 ± 4.1 48.9 ± 31.3

Probing depth (mm) 3.5 ± 0.8 3.7 ± 1.0

Clinical attachment level (mm) 4.1 ± 0.9 4.5 ± 1.0

Sites with periodontal probing

depth ‡ 5 mm (%)

28.9 ± 8.5 24.6 ± 7.5

HbA1c (%) – 13.8 ± 2.2 (10–17)

Fasting plasma glucose (dg/lL) – 268.2 ± 69.4 (200–35)

HbA1c, glycated hemoglobin.

*Statistically significant difference (Student�s t-test, p < 0.05).

Table 2. Distribution (percentage of total

clones) regarding phylum and culture status

(%) in diabetic and nondiabetic subjects

Nondiabetic Diabetic

Phylum

Actinobacteria* 2.1 8.1

Bacteroidetes* 27.9 11.9

Deferribacteres* 0 1.4

Firmicutes 46.5 52.9

Fusobacteria** 3.8 8.7

Proteobacteria* 3.5 14.3

Spirochaetes* 7.2 1.7

Synergistetes* 9.1 0.2

TM7** 0 0.8

Culture status

Cultured 73 82

Statistically significant difference between

groups (chi-square test: **p < 0.001,

*p < 0.0001).

Fig. 1. Distribution (percentage of total clones) of types of bacterial genus in diabetic and nondiabetic subjects. Black line, nondiabetic

subjects; gray line, diabetic subjects (Student�s t test, *p < 0.05, #p <0.01).
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glycemic control. Aly et al. (26) and

Nowakowska et al. (27) reported higher

levels ofCandida in subjects with poorly

controlled diabetes than in subjects with

well-controlled DM or in Non-DM

subjects. In addition, high levels of

HbA1c were positively correlated with

the presence of Streptococcus mutans

and Lactobacilli, as well as with the

occurrence of caries, in DM patients.

However, it is important to note

that the aforementioned studies used

microbiological techniques to identify

only a few species. Recently, nontar-

geted techniques have been used to

describe the subgingival microbiota of

subjects with periodontitis (22,28,29).

To the best of our knowledge, this is

the first study to employ an open-

ended technique (16S rRNA cloning)

to identify the biodiversity of oral

microorganisms in subjects with

uncontrolled type-2 DM subjects.

Previous studies used this methodol-

ogy to provide representational infor-

mation on previously unknown and

unsuspected bacteria associated with

periodontal health and disease

(22,28,29). The data of the present

study clearly showed that subjects with

uncontrolled type-2 diabetes and

chronic periodontitis harbored a

significantly different microbiota in

periodontal pockets compared with

Non-DM subjects.

In the present study, Capnocytoph-

aga spp. were more prevalent in DM

subjects than in Non-DM subjects. In a

sample of patients with type-1 DM,

Mashimo et al. (10) found a high pro-

portion of Capnocytophaga spp. They

also reported that 30% of the patients

harbored A. actinomycetemcomitans

concomitantly. In the present study,

the higher counts of Capnocytophaga

spp. found in DM subjects confirmed

the findings reported by Ciantar et al.

(30) using PCR identification of cul-

tured samples. Capnocytophaga spp.

are saccharolytic organisms, some of

which manifest an increased biomass

and proteolytic potential when grown

in elevated glucose conditions (31).

This might explain the higher fre-

quency of this species in DM subjects.

Moreover, DM individuals also had

higher percentages of total clones of

Aggregatibacter, Fusobacterium and

TM7 genera, as well as E. corrodens,

disease-associated genus/species (32).

E. corrodens has been associated with

chronic (32,33) and aggressive (34)

periodontitis. It has also been found to

be closely associated with other bacte-

ria that are often found in periodontitis

(35,36).

In addition, high numbers of

Fusobacterium spp., particularly

F. nucleatum, were detected in DM

subjects. This species has been fre-

quently associated with periodontitis

(32,33) and evidence shows that it can

play a role in disease by providing the

anaerobic environment that is neces-

sary for the growth of pathogens (37).

Interestingly, in the present study,

TM7 clones, a genus composed entirely

of nonculturable clones, was detected

only in DM subjects (specifically, in five

of 12 diabetic subjects, p < 0.05). Con-

sidering that this genus was previously

associated with sites presenting peri-

odontitis signs (32,33,38), its impor-

tance should be considered and studied

in future analyses. Moreover, as this is

the first study to harvest subgingival

samples from a selected population of

DM subjects, further studies should be

conducted to better understand the

specific role of TM7 clones in peri-

odontal breakdown, especially in the

periodontitis related to DM.

Another interesting result of the

present microbiological assessment was

that DM subjects exhibited signifi-

cantly higher percentages of clones of

Veillonella, Streptococcus and Neisseria

than did Non-DM subjects. These

genera are reportedly abundant in

biofilm associated with healthy peri-

odontal conditions, and their levels

decrease in the presence of disease

(28,29). However, it is important to

consider that the increased glucose

content in serum, and subsequently in

gingival crevicular fluid, of DM sub-

jects could perhaps stimulate the

selective growth of bacteria, facilitating

the survival of facultative gram-posi-

tive fermenting bacteria, such as

streptococci, lactobacilli and Actino-

myces (9). This hypothesis could par-

tially explain the higher percentage of

these health-compatible genera in the

subgingival environment of the DM

subjects enrolled in the present study.

The consequences of these findings

should be investigated further as gram-

positive species could also promote

immunological responses inperiodontal

tissues through their antigenic patterns.

Several studies showed that teichoic

acids, for example, are present in the cell

wall of gram-positive species, being able

to induce experimental periodontal dis-

ease in rats (39) and stimulate the release

of inflammatory mediators in cell cul-

ture (40). Thus, the subgingival presence

Table 3. Top-15 phylotypes in diabetic and nondiabetic subjects

Phylotype Nondiabetic Diabetic p*

1 Filifactor alocis 0.13 ± 0.04 0.05 ± 0.06 0.00

2 Porphyromonas gingivalis 0.09 ± 0.08 0.02 ± 0.04 0.01

3 Eubacterium [XI][G-5] saphenum 0.10 ± 0.07 0.00 ± 0.01 0.00

4 Streptococcus mitis 0.00 ± 0.00 0.07 ± 0.05 0.00

5 Synergistetes [G-3]

sp.|Oral Taxon 360|Clone BH017

0.04 ± 0.04 0.00 ± 0.02 0.00

6 Peptostreptococcaceae [XI][G-4]

sp.|Oral Taxon 369|Clone MCE10_174

0.03 ± 0.04 0.02 ± 0.02 0.03

7 Porphyromonas endodontalis|Oral

Taxon 273|Clone BB13

0.02 ± 0.04 0.02 ± 0.03 0.55

8 Fusobacterium nucleatum 0.04 ± 0.04 0.08 ± 0.05 0.05

9 Veillonella parvula 0.00 ± 0.00 0.06 ± 0.05 0.00

10 Veillonella dispar 0.00 ± 0.00 0.04 ± 0.05 0.01

11 Eikenella corrodens 0.00 ± 0.00 0.04 ± 0.16 0.01

12 Rothia dentocariosa 0.01 ± 0.02 0.07 ± 0.04 0.27

13 Tannerella forsythia 0.09 ± 0.05 0.04 ± 0.04 0.02

14 Capnocytophaga gingivalis 0.01 ± 0.04 0.03 ± 0.04 0.20

15 Parvimonas micra 0.02 ± 0.03 0.03 ± 0.04 0.11

Data represent mean ± standard deviation.

*Student�s t-test (p < 0.05).
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of these genera could play a role in the

progression and the severity of peri-

odontal disease, particularly in a group

at risk of infection, such as subjects with

uncontrolled diabetes.

Surprisingly, in the present study

some well-established periodontal patho-

gens, such as T. forsythia and P. gin-

givalis, were more prevalent in Non-

DM subjects than in subjects with DM.

A previous study, using PCR amplifi-

cation, did not show a significant dif-

ference between DM and Non-DM

subjects in the prevalence of P. gingi-

valis (41). Hintao et al. (8), using a

DNA–DNA hybridization technique,

identified some differences in supra-

gingival microbiota between DM and

Non-DM subjects. However, in the

subgingival environment, no differ-

ences were found. Therefore, it may be

suggested that other nonsuspicious and

not-well-known phylotypes could rep-

resent a higher proportion of the sub-

gingival microbiota of subjects with

type-2 diabetes and play a more

important role in periodontal break-

down than the well-recognized peri-

odontal pathogens. Thus, the study of

the microbiome in DM subjects with

chronic periodontitis has an increased

importance to precisely assess the

subgingival bacterial profiles in these

subjects. However, some limits of the

present study should be considered.

The main limitation of our study

was the number of subjects in each

group. Only 12 subjects with uncon-

trolled type-2 DM and 11 Non-DM

subjects were included. It is important

to note that our inclusion criteria were

very restrictive. Individuals from both

groups had to present generalized,

severe periodontal disease in at least 15

teeth. These criteria, especially the

minimum number of teeth in subjects

with type-2 DM, complicated the

selection process. Moreover, specifi-

cally with respect to subjects with type-

2 DM, we looked for subjects who

presented uncontrolled disease with an

HbA1c level of > 8%. Thus, several

individuals who were preselected dur-

ing a clinical examination did not

present an altered level of HbA1c. As a

result, they were excluded from the

study. Another important factor that

enhanced the difficulty of the process in

including subjects with type-2 DM was

the obligation that they must be free of

any other systemic disease, as

described in the exclusion criteria.

Most of the individuals with type-2

DM presented some associated disease,

such as hypertension, dyslipidemia and

other conditions that caused them to

be excluded from this analysis. These

conditions result in a lengthy selection

process (i.e. approximately 30 mo),

especially with respect to individuals

with type-2 DM, and a reduced num-

ber of individuals were included. We

believe that the restricted inclusion

criteria are an important step in studies

that compare subjects with and with-

out DM. In this vein, the results,

although unedited, should be consid-

ered with caution and future studies

ought to attempt to enroll a larger and

different population in order to con-

firm our results.

The second point that should be

considered as a study limitation is the

fact that DM individuals presented a

higher mean plaque index and older

age. The older age could result in the

worst-case periodontal condition, as it

could reflect the accumulation of

damage sustained by the periodontium

over time (42). Accordingly, subjects

with type-2 diabetes who are older

than individuals who do not have type-

2 DM, could be affected by this �time-

to-disease� process although, in the

present study, clinical parameters were

not significantly different between

individuals with or without type-2

DM. Regarding plaque index, DM

subjects presented a statistically higher

accumulation of biofilm than Non-DM

individuals. The role of biofilm as an

etiologic agent of periodontal disease

and the direct relationship

between plaque accumulation and dis-

ease occurrence are well established

details. So, the fact that the DM sub-

jects presented a higher biofilm index

could represent a different aspect of

periodontitis development. However,

in contrast, the bleeding index did not

corroborate the plaque index.

Although they presented a higher pla-

que index, individuals with type-2 DM

had a lower bleeding index value. This

unexpected result should be considered

in future studies carried out to identify

the possible significance of this

difference in microbiological terms,

although all pockets from which bio-

film was harvested bled while being

probed.

Therefore, within the limits of the

present study, it could be concluded

that subjects with uncontrolled type-2

diabetes showed differences in subgin-

gival biodiversity in comparison with

Non-DM subjects.
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