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AbstrAct
Objectives To compare the glycemic control in non-
smoking patients with type 2 diabetes according to their 
periodontal and dental status.
Research design and methods This cross-sectional 
study investigated patients previously diagnosed with type 
2 diabetes and under antidiabetic medication. Clinical 
data and fasting blood glucose (FBG) levels were collected 
from medical and dental records. Patients were divided 
into three groups according to dental and periodontal 
diagnosis: no or mild periodontitis (NO/MILD, n=96), 
moderate or severe periodontitis (MOD/SEV, n=74) and 
edentulous (n=141). FBG levels were compared between 
groups. Logistic regression was also applied to estimate 
the OR of presenting hyperglycemia.
Results Edentulous patients had significantly higher FBG 
levels of 155.7±70.9 (mean±SD mg/dL) than those in the 
MOD/SEV (136.6±33.8) and the NO/MILD (123.1±36.7) 
groups. Differences between the latter two groups were 
also significant. Edentulous patients had adjusted ORs 
of 4.53, 4.27 and 3.95 of having FBG≥126, ≥150 and 
≥180 mg/dL, respectively, in comparison with NO/MILD 
group. The MOD/SEV group also presented significant odds 
of having FBG≥126 mg/dL (OR=2.66) and ≥150 mg/dL 
(OR=2.45) than the NO/MILD group.
Conclusions Patients in the MOD/SEV group had worse 
glycemic control than the ones in the NO/MILD group. 
However, edentulous patients presented higher glycemic 
levels than both dentate groups, and also presented with 
higher odds of having hyperglycemia.

InTROduCTIOn
Diabetes and its complications are one of the 
most significant and growing chronic health 
problems in the world.1 Severe periodontitis 
is the sixth most prevalent disease world-
wide, with an overall prevalence of 10.8% 
and around 743 million people affected.2 A 
bidirectional relationship between diabetes 
and periodontitis has been demonstrated,3 
which suggests an effect of poor glycemic 
control on periodontitis, and consequently, 
tooth loss in more severe cases of the disease. 
Studies on representative population samples 
have shown that diabetes can increase the 

risk for severe periodontal disease by three 
times.4 Elevated glucose levels have also been 
associated with an increased probability of 
patients with diabetes presenting periodon-
titis compared with non-diabetic patients.5 
On the other hand, periodontitis can affect 
the glycemic control of type 2 diabetics6 and 
can be an early sign of the disease.7 

In adults, periodontal disease is the major 
reason for tooth loss.8 9 Tooth loss is an 
important public health problem due to its 
effects on quality of life, as a result of signifi-
cant effects on both oral and overall health.10 
Studies in different populations have demon-
strated that diabetes is an important risk 
factor for tooth loss and edentulism.11–15 
In a large adult population in Germany, it 
was reported increased odds (2.19 times) of 

significance of this study

What is already known about this subject?
 ► Periodontitis has been shown to be associated 
with increased glycemic levels in type 2 diabetics. 
We hypothesized that edentulous diabetics would 
present better glycemic control, since periodontitis 
cannot be present.

What are the new findings?
 ► In contrast to what was expected, edentulous 
patients presented higher glycemic levels than 
dentate patients with or without periodontitis and 
also increased odds of presenting hyperglycemia in 
relation to patients with no or mild periodontitis. The 
same trend was observed when patients with the 
most severe forms of periodontitis were compared 
with the latter group.

How might these results change the focus of 
research or clinical practice?

 ► Diabetes screening would be recommended for 
edentulous patients. The treatment of periodontitis 
would be important to help reduce glycemic levels 
and also prevent tooth loss, which can increase the 
risk for hyperglycemia.
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having edentulism in poorly controlled type 2 diabetics 
in comparison with patients with normal glucose toler-
ance.11 The US National Health and Nutrition Exam-
ination Survey data revealed that people with diabetes 
were 2.25 times more likely to be edentulous than those 
without diabetes.12 Among dentate adults, those with 
diabetes had a higher number of missing teeth than 
adults without diabetes,12 regardless of race/ethnicity.13 
On average, adults with diabetes lost approximately twice 
the number of teeth as adults without diabetes and one 
of every five cases of edentulism in the USA is linked to 
diabetes.13

Conversely, complete tooth loss has been associated 
with systemic diseases, such as cardiovascular disease,16 17 
increased blood pressure,18 severe cognitive impairment19 
and diabetes.20 21 A cross-sectional study conducted in the 
US Department of Veteran Affairs revealed that patients 
with six or fewer teeth had OR of 4.06 times greater 
for developing type 2 diabetes than those with partial 
or complete dentitions.20 In a large Mexican survey, 
it was observed that edentulous patients had a 1.82 
times greater odds of having diabetes than the dentate 
patients.21 However, since periodontitis adversely affects 
diabetes outcomes,6 there is a lack of information in 
these studies regarding the presence of periodontitis in 
dentate patients.

Prospective studies reporting extraction of periodon-
tally compromised teeth were associated with a significant 
reduction of systemic inflammatory22–24 and glycemic 
markers.25 This study included patients with type 2 
diabetes with advanced periodontal disease requiring 
extraction of all affected teeth, and reported a signifi-
cantly greater reduction of the glycated hemoglobin 
levels after 3 months in the group which had extractions 
as a treatment (1.23%) compared with the controls 
(0.28%) which did not have any teeth extracted.25

Thus, in this context, it is rational to suggest that eden-
tulous patients should present better glycemic control 
since the absence of teeth may reduce the risk of infec-
tion and inflammation associated with periodontal 
disease. To test this hypothesis, a cross-sectional study was 
conducted in an adult Brazilian sample. Therefore, the 
aim of this study was to compare the glycemic control in 
edentulous and dentate patients with and without peri-
odontitis presenting type 2 diabetes.

MaTeRIals and MeTHOds
data source and study population
This cross-sectional study included a convenience sample 
of 311 patients with type 2 diabetes, 141 were completely 
edentulous and 170 dentate. Patients included in this 
study were from the urban area of Sobral, Ceara, Brazil. 
Inclusion criteria were: at least 40 years old, never 
smokers, use of antidiabetic medication (eg, metformin, 
glibenclamide or insulin) and registered in the data-
bases of the Brazilian Health Ministry. This last criterion 
confirmed the medical diagnosis of type 2 diabetes and 

assures regular audit of medical records. Patients were 
excluded if inconsistencies or inaccurate information was 
found in medical records or if they were not edentulous 
and present less than six teeth.

Demographic data along with antidiabetic medication 
history and overnight fasting blood glucose (FBG) results 
were collected by two examiners from medical records 
of 17 Community Health Centers in the city of Sobral. 
Examination of FBG was performed at the Public Health 
Laboratory of Sobral, Brazil, by the colorimetric enzy-
matic method (Labtest Diagnóstica, Lagoa Santa, MG, 
Brazil). Once patients with at least six teeth were iden-
tified, they were scheduled for subsequent periodontal 
examination.

A full-mouth periodontal examination was performed 
in all present teeth excluding third molars with a 
15 mm periodontal probe (UNC-15, Trinity Industria 
e Comercio, Sao Paulo, SP, Brazil). Plaque index (PI), 
gingival bleeding index (GBI), probing depth (PD) 
and gingival recession (GR) were recorded. PI and GBI 
were assessed dichotomously as presence or absence of 
visible plaque and gingival bleeding, respectively.26 PD 
(measured from the gingival margin to the bottom of the 
pocket) was measured in six sites per tooth (mesiobuccal, 
buccal, distobuccal, mesiolingual, lingual, distolingual). 
GR (measured from the cementoenamel junction to the 
gingival margin) was measured in sites where the gingival 
margin was located apical to the cementum-enamel junc-
tion. Clinical attachment loss (CAL) was calculated for 
these sites as the sum of PD and GR for each site. One 
examiner, previously calibrated, performed all examina-
tions. Intraclass correlation coefficient was applied to 
evaluate intraexaminer reproducibility, with a value of 
0.93 for PD.

Data were collected between May and December 2012. 
The Ethics Committees of the Federal University of Ceara 
and the State University of the Acarau Valley, Brazil, 
approved the study protocol. For this study, a completed 
Strengthening the Reporting of Observational Studies in 
Epidemiology checklist is provided as a online supple-
mentary file.

study power
The ideal sample size to ensure adequate power for 
this study was calculated considering data previously 
published regarding comparisons between controlled 
and poorly controlled dentate patients with type 2 
diabetes.4 27 28 It was estimated that 170–210 dentate 
patients would be needed to provide 80% power with 
α=0.05. Then, a convenient sample of 141 edentu-
lous patients attending the public health system of the 
same community was recruited. The power analysis was 
recalculated using G*Power V.3.0.5 (G*Power, Hein-
rich-Heine University, Dusseldorf, Germany) and it was 
estimated that the current sample, with α=0.05, yields 
98% power to detect significant FBG level differences 
between groups.
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study variables
The primary outcome of the study was the influence of 
tooth loss and periodontitis on FBG levels. Hyperglycemia 
was considered if a patient presented FBG≥126 mg/
dL.29 Presence of periodontitis was diagnosed following 
the Centers for Disease Control and Prevention and the 
American Academy of Periodontology case definitions.30 
Severe periodontitis was defined as having ≥2 interprox-
imal sites with CAL ≥6 mm (not on the same tooth) 
and one or more interproximal site(s) with PD ≥5 mm. 
Moderate periodontitis was defined as two or more inter-
proximal sites with ≥4 mm CAL (not on the same tooth) 
or two or more interproximal sites with PD ≥5 mm, also 
not on the same tooth. The diagnosis of no or mild peri-
odontitis (NO/MILD) was assigned to patients who did 
not qualify as having moderate or severe periodontitis 
(MOD/SEV). Then, the patients were divided into three 
groups: NO/MILD, MOD/SEV and Edentulous.

statistical analysis
Comparison of age and FBG between the groups was 
made by the one-way analysis of variance. The inde-
pendent samples t-test was used to compare the clinical 
periodontal parameters PI, GBI, PD, tooth count and 
FBG among the dentate groups (MOD/SEV vs NO/
MILD). Gender as well as antidiabetic medications was 
compared between groups by the Χ2 test.

Multivariate linear regression analysis was also used to 
assess the FBG levels among the three groups. The models 
were adjusted for age, gender and number of medica-
tions taken. Univariate and multivariate binary logistic 
regression and OR with 95% CIs were also applied to 
estimate the odds of presenting hyperglycemia according 
to periodontal status and edentulism. To account for 
severity of hyperglycemia, glycemic control was stratified 
using FBG cut-off points of 126, 150 and 180 mg/dL. The 
logistic regression was adjusted for the parameters, which 
presented statistically significant difference on the linear 
model.

A difference of p<0.05 was considered statistically 
significant. The data analysis was performed using SPSS 
V.23 (SPSS, IBM) and SAS V.9.4 (SAS Institute).

ResulTs
The sample included 311 patients who were divided into 
three groups according to the presence of teeth and peri-
odontal disease severity. Data on age, gender, FBG, clin-
ical condition and medications are presented in table 1. 
The mean age of patients in the edentulous group was 
significantly higher compared with the other two groups, 
but not between the two dentate groups. FBG levels were 
significantly different between all groups. Periodontal 
clinical parameters PI, GBI and PD were significantly 
different between dentate groups.

There were no significant differences between groups 
regarding medications use (table 1). Most of the patients 
included in each group used only one of the antidiabetic 

medications. Only a small percentage of them used all 
three medications. According to the multivariate anal-
ysis, 13.1% of the variations observed in FBG levels were 
a result of age, periodontal status and number of medica-
tions. Gender did not affect these results (table 2).

Table 3 presents univariate and multivariable logistic 
regression models. The ORs of having FBG of 126 mg/dL 
were 2.47 for patients presenting moderate to severe peri-
odontitis, and 2.42 for edentulous, when compared with 
those presenting no or mild periodontitis. After adjusting 
for age and number of antidiabetic medications, it was 
observed ORs of 3.08 and 4.53, respectively. The same 
trend was observed for the other two cut-offs; however, 
there was a lack of association between the two dentate 
groups at the 180 mg/dL cut-off.

COnClusIOns
This study was undertaken with the idea that among 
type 2 diabetics, the periodontally healthy ones present 
better glycemic control than those presenting perio-
dontitis. Hypothetically, glucose levels would improve in 
completely edentulous patients with diabetes, since they 
cannot develop periodontal disease. According to the 
American Diabetes Association (2016), FBG cut-off levels 
for diabetics are equal or greater than 126 mg/dL.29 
In the present study, even under antidiabetic medica-
tion, patients with moderate to severe periodontitis and 
edentulism presented, on average, glucose levels above 
the cut-off when compared with patients presenting no 
or mild periodontitis. The comparison between the two 
dentate groups showed statistically significant differences 
in FBG levels. Patients in both groups presented a similar 
number of teeth, but PI, GBI and PD were significantly 
higher in patients with diabetes with moderate to severe 
periodontitis. After adjusting for age and number of 
medications taken, these patients presented ORs of 3.08 
and 2.77 in relation to no or mild periodontitis for the 
FBG cut-offs of 126 and 150 mg/dL, respectively. These 
results were statistically significant and clinically rele-
vant since with an increase in glycemic levels there is an 
increase in the risk for more diabetes complications.31 
Similar findings have been reported in other observa-
tional studies and demonstrate that glycemic control is 
worse in patients with more severe forms of periodon-
titis compared with those without periodontitis or even 
those with milder forms of the disease. This suggests that 
periodontal disease adversely affects glycemic control 
and diabetes complications.6 32 Another important topic 
regarding this is that periodontitis may be an early sign 
of diabetes.7

However, patients with edentulism presented higher 
glycemic levels than the ones with the most severe forms 
of periodontitis and also increased odds of having hyper-
glycemia in comparison with the healthier group. The 
studies evaluating the association between tooth loss, 
edentulism and diabetes did not take into account the 
presence of periodontitis among dentate patients20 21 
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Table 1 Characteristics of the study population

Groups

NO/MILD MOD/SEV Edentulous Total

Number of patients 96 74 141 311

Age, years (mean±SD) 57.0±9.9 57.7±9.5 68.5±9.1* 62.4±10.9

Age, years, n (%)

  40–55 44 (45.8) 29 (39.2) 11 (7.8) 84 (27.0)

  56–70 43 (44.8) 38 (51.4) 68 (48.2) 149 (47.9)

  >70 9 (9.4) 7 (9.5) 62 (44.0)* 78 (25.1)

Female gender, n (%) 66 (68.7) 50 (67.5) 122 (86.5)* 238 (76.5)

FBG (mg/dL), mean±SD 123.1±36.8 136.6±33.8** 155.7±70.9* 141.1±56.2

95% CI 115.7 to 130.6 128.8 to 144.5 143.9 to 167.5 134.8 to 147.4

Antidiabetic drugs taken, n (%) 

  Glibenclamide 64 (66.7) 52 (70.3) 97 (68.8) 213 (68.5)

  Metformin 55 (57.3) 37 (50.0) 78 (55.3) 170 (54.7)

  Insulin 23 (23.9) 16 (21.7) 33 (23.4) 72 (23.2)

Number of antidiabetic drugs taken, n (%)

  1 53 (55.2) 45 (60.8) 77 (54.6) 175 (56.3)

  2 40 (41.7) 27 (36.5) 61 (43.3) 128 (41.1)

  3 3 (3.1) 2 (2.7) 3 (2.1) 8 (2.6)

Tooth count (mean±SD) 14.4±6.4 14.1±5.8 – NE

PD (mm), mean±SD 1.9±0.4 2.8±0.7*** ND NE

Proportion of sites/mouth
 PD≥5 mm (%), mean±SE

0.4±0.1 11.5±1.4*** ND NE

PI (%), mean±SD 60.1±23.1 76.1±17.7*** ND NE

GBI (%), mean±SD 77.7±18.9 88.9±12.6*** ND NE

*P<0.001, different from MOD/SEV and NO/MILD; **P=0.01, different from NO/MILD; ***P<0.001, different from NO/MILD. 
FBG, fasting blood glucose; GBI, gingival bleeding index; MOD/SEV, moderate or severe periodontitis; ND, no data; NE, not estimated; NO/
MILD, no or mild periodontitis; PD, probing depth; PI, plaque index. 

Table 2 Linear regression analysis models evaluating the 
response to FBG adjusted for multiple variables

Variable Model 1 Model 2 Model 3

Periodontal status/
edentulism

P<0.001 P<0.001 P<0.001

Age P<0.001 P<0.001 P<0.001

Number of antidiabetic 
drugs taken

P<0.001 P<0.001 NE

Gender P=0.240 NE NE

R2 0.145

R2adjusted 0.131

F 10.37

P <0.001

FBG, fasting blood glucose; NE, not estimated.

Epidemiology/Health Services Research

or were carried out using the diabetes diagnosis or the 
glycemic control as the independent variable.11–15 Based 
on large epidemiological studies from the USA12 and 
Germany,11 diabetics were 2.25 and 2.19 times more 
likely to be edentulous than were those without diabetes, 

respectively. A representative sample of the American 
population has shown that adults with diabetes lost 
more teeth compared with those without diabetes, thus 
demonstrating that diabetes is an important risk factor 
for tooth loss. Adults with diabetes lost twice more teeth 
on average than patients without diabetes, increasing 
from 1.7 times, between 1971 and 1975, to 2.1 times 
between 2011 and 2012, independent of race/ethnicity.13 
A study including 35 000 dentate adult men evaluated the 
association between type 2 diabetes and the incidence of 
periodontal disease and tooth loss in a 20-year period.14 
The authors observed that type 2 diabetes was associated 
with a 22% increase in tooth loss compared with those 
patients without diabetes. Another study evaluating the 
association between diabetes and tooth loss in approx-
imately 16.000 Hispanic/Latino adults found that the 
risk of being edentulous was 2.2 times greater in poorly 
controlled type 2 diabetics than in patients without 
diabetes.15

In the present study, the mean age of the edentulous 
group was 68.5 years, and the NO/MILD and MOD/
SEV groups were 57.0 and 57.7, respectively. It has been 
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Table 3 Bivariate and multivariate analyses comparing participants’ periodontal status and glycemic control at different cut-
offs on FBG levels

Clinical condition n (%) n (%) 

Unadjusted Adjusted* Adjusted†

OR (95% CI) OR (95% CI) OR (95% CI)

≥126 mg/dL <126 mg/dL

NO/MILD 37 (38.5) 59 (61.5) Referent Referent Referent

MOD/SEV 45 (60.8) 29 (39.2) 2.47 (1.33 to 4.60) 2.66 (1.40 to 5.04) 3.08 (1.6 to 6.0)

Edentulous 85 (60.3) 56 (39.7) 2.42 (1.42 to 4.11) 4.33 (2.27 to 8.24) 4.53 (2.3 to 8.8)

≥150 mg/dL <150 mg/dL

NO/MILD 22 (22.9) 74 (77.1) Referent Referent Referent

MOD/SEV 30 (40.5) 44 (59.5) 2.29 (1.18 to 4.46) 2.45 (1.24 to 4.84) 2.77 (1.36 to 5.62)

Edentulous 57 (40.4) 84 (59.6) 2.28 (1.27 to 4.08) 4.53 (2.03 to 8.11) 4.27 (2.08 to 8.75)

≥180 mg/dL <180 mg/dL

NO/MILD 12 (12.5) 84 (87.5) Referent Referent Referent

MOD/SEV 10 (13.5) 64 (86.5) 1.09 (0.45 to 2.69) 1.13 (0.45 to 2.83) 1.19 (0.47 to 2.99)

Edentulous 34 (24.1) 107 (75.9) 2.45 (1.08 to 4.56) 3.87 (1.67 to 8.97) 3.95 (1.68 to 9.28)

Bold text indicates a statistically significant association.
*Adjusted for age.
†Adjusted for age and number of antidiabetic medications taken.
FBG, fasting blood glucose; MOD/SEV, moderate or severe periodontitis; NO/MILD, no or mild periodontitis. 

Epidemiology/Health Services Research

demonstrated that the prevalence of periodontal disease 
increases with age33 and elevated glucose levels may be 
more difficult to be controlled due to an increase in 
insulin resistance.34 Even with the use of antidiabetic 
agents, higher glucose levels in older patients can be due 
to increased insulin resistance observed in this age group. 
However, after adjusting for age, the results remained 
statistically significant and clinically relevant. It can be 
hypothesized that older adults may have presented with 
diabetes for a much longer period compared with the 
younger age groups. Although diabetes duration was not 
evaluated in this study, it is known that the longer the 
diabetes duration the worst are the complications asso-
ciated with it.35 36 Thus, older patients may present with 
greater duration of the disease and consequently have 
also been exposed to periodontopathogens for a longer 
period, presenting signs of periodontal disease, and a 
faster disease progression leading to tooth loss. None-
theless, the causes of tooth loss were not investigated in 
this study. It can also be hypothesized that patients with 
diabetes who are negligent with their overall health could 
also be negligent with their oral health, and present with 
more complications associated with diabetes.37 38 Another 
factor that could have contributed to the finding of 
edentulism in older groups is that until the late 1980s 
the dental service offered by the public health system in 
Brazil was, in the vast majority, tooth extraction.

A very important aspect of this population was its char-
acterization. All individuals used the Brazilian healthcare 
system, were diabetic and used some type of antidiabetic 
medication to control the disease. The patients were 
residents of the urban area of the same city and it was 
assumed that everyone had the same eating habits, living 

conditions, overall quality of life and socioeconomic 
status.32 Another important topic was the fact that they 
were all non-smokers. Smoking is a risk as well as a detri-
mental factor for both diabetes and periodontal disease.39 
Since the study population consisted of non-smokers, it 
is possible to infer that smoking did not influence the 
onset and course of both conditions, which is highly 
recommended when evaluating the relationship between 
systemic diseases and their risk factors.40

It is important to keep in mind some of the limitations 
of the present study. One was the evaluation of glycemic 
control by FBG, which is common in low/middle-in-
come countries like Brazil, where this research was carried 
out.29 Despite the fact that glycated hemoglobin (HbA1c) 
is considered the gold standard for being the most accu-
rate method, good correlation between FBG and HbA1c 
has been demonstrated.41 The FBG threshold of 150 mg/
dL would be equivalent to HbA1c levels around 7% (ie, 
6.9%), the suggested target for diabetes control.42 After 
adjustments, the odds of presenting FBG≥150 mg/dL on 
edentulous and moderate to severe periodontitis groups 
in relation to the NO/MILD group were 4.27 and 2.77, 
respectively. Thus, the increased odds presented by the 
edentulous patients and also by patients with moderate 
to severe periodontitis may lead to relevant negative 
impacts on the systemic health due to the higher risk for 
major diabetes complications such as nephropathy and 
micro/macrovascular outcomes.31 43 44

The present study is a cross-sectional evaluation and 
the associations are made according to previous obser-
vations in the study population. This study design does 
not account for temporality. Therefore, it cannot be 
determined if the diabetes led to the tooth loss or if the 
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observed tooth loss contributed to the poor glycemic 
control of the edentulous group. Since these patients 
were not longitudinally followed, other factors associ-
ated with diabetes and glucose control, such as level of 
physical activity, weight, body mass index and diet, also 
could not be studied. Another possible limitation of 
this study is the lack of information on the use of pros-
thesis. The chewing ability of individuals with complete 
dentures is impaired due to tooth loss, and this can lead 
to a reduced intake of fruits and vegetables.45 Complete 
denture wearers have been reported to eat a diet low 
in nutrients, abundantly found in fruits and vegetables, 
compared with those with natural teeth.46 Besides this, it 
has been reported that the biofilm formed on dentures 
can harbor bacteria, fungi and yeast, which can trigger 
an inflammatory response in the oral tissues.47 Thus, this 
lack of information did not allow us to draw a plausible 
relationship between denture hygiene and a possible 
metabolic dysregulation that would be observed in the 
edentulous group.

It can be concluded that moderate and severe 
periodontitis are associated with higher FBG levels 
compared with milder forms of the disease or no peri-
odontitis. Edentulous patients presented worse glycemic 
control when compared with patients with teeth, inde-
pendent of periodontal status. These findings empha-
size the need for improved oral healthcare in patients 
with type 2 diabetes. They also serve as a warning that 
the treatment of periodontitis would be important to 
help reduce glucose levels and also prevent tooth loss, 
which can increase the risk for hyperglycemia. Diabetes 
screening would be recommended for edentulous 
patients. Further longitudinal studies, controlling for 
confounding factors and possibly for periodontitis 
inflammatory markers, are necessary in order to clarify 
the relationship between type 2 diabetes, periodontitis 
and tooth loss.
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