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Significant aspects and correlation between glycemic
control and generalized chronic periodontitis
in type 2 diabetes mellitus patients
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Abstract. The purpose of this research was to assess the
correlation between glycemic control and clinical periodontal
characteristics in type 2 diabetics with generalized chronic
periodontitis. A total of 182 patients with type 2 diabetes
mellitus and generalized chronic periodontitis were included
in our study. The clinical examination included full‑mouth
plaque accumulation, bleeding on probing (BoP), probing
depth (PD), presence of suppuration (SUP), clinical attach‑
ment level (CAL) and number of remaining teeth. Blood
analyses were conducted for glycated hemoglobin (HbA1c)
and fasting plasma glucose (FPG). The correlation between
the extent of periodontitis, defined as the percentage of PD and
CAL sites ≥5 mm, and glycemic control was also analyzed.
In addition, clinical parameters were compared between two
(<7 and ≥7%) glycemic subsets. The frequency of uncontrolled
diabetic subjects (HbA1c ≥7%) was higher than that of the
well‑controlled subjects (HbA1c <7%), 57.15 vs. 42.85%.
Among the clinical parameters evaluated, mean full‑mouth
plaque accumulation was significantly higher among patients
without glucose control (74.2±25.2 vs. 62.5±28.7%, P<0.01),
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as well as mean PD (3.78±0.9 vs. 3.42±0.8 mm, P<0.01) and
mean CAL (4.5±1.2 vs. 4.1±1.2 mm, P= 0.02). The sites with
PD ≥5 mm were statistically more prevalent among patients
with HbA1c ≥7% compared with patients with HbA1c <7%
(27.8±6.2 vs. 23.4±5.8%, P<0.01). The mean number of
remaining teeth was statistically significantly lower in patients
with HbA1c ≥7% compared with patients with HbA1c <7%
(18.5±3.2 vs. 20.4±4.1, P<0.01). In conclusion, the severity and
extension of generalized chronic periodontitis was higher in
type 2 diabetes mellitus patients with poor glucose control
compared with those with good glucose control.
Introduction
Diabetes mellitus is a well‑predicted risk factor for periodontal
disease, and conversely, periodontitis is thought to affect the
systemic inflammatory condition, insulin resistance, and lipid
and glucose metabolism (1,2). Being a chronic metabolic
disease, it is caused by the body's failure either to produce
the insulin hormone or to use insulin production effectively.
Insulin is a hormone produced by the pancreas which enables
the body to direct glucose from the bloodstream to cells for
energy. Without this vital hormone, glucose builds up in the
bloodstream and can lead to life‑threatening and debilitating
complications (3). Glycemic control is a key issue in the care of
people with type 2 diabetes mellitus (T2DM). Hyperglycemia
is the main cause of the progressive microvascular complica‑
tions associated with diabetes (retinopathy, nephropathy,
neuropathy) (4‑9).
Periodontitis is a chronic inflammation of the tissues
surrounding the teeth, due to the biofilm accumulation, in
the absence of proper oral hygiene, that leads to formation
of pockets between the teeth and gums, loss of periodontal
support and bone [clinical attachment loss (CAL) and bone
loss] which could lead to tooth mobility and subsequently the
need to remove the teeth.
The biofilm is composed of more than 1,000 different
species of microorganisms but some strictly anaerobic bacteria
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such as Porphyromonas gingivalis, Tannerella forsythia,
Treponema denticola and Aggregatibacter atinomycetemcomitans are frequently associated with the initiation and
perpetuation of periodontitis (10‑12).
A bi‑directional association between periodontitis and
diabetes has been postulated (13). The relationship between
diabetes and chronic periodontitis has recently attracted
the attention of researchers worldwide. Many studies have
suggested a two‑way relationship between diabetes mellitus
and chronic periodontitis. Over the years, epidemiological
studies have consistently reported that increased incidence,
prevalence and acuity of periodontitis is found among adults
with T2DM (14). The incidence of periodontitis increases
as diabetic patients age and is both more frequent and more
severe in T2DM patients with advanced systemic complica‑
tions (15). Poor glycemic control may be associated with an
increased risk of periodontal disease or increased severity of
periodontal disease in patients with diabetes. T2DM is there‑
fore considered to be one of the risk factors for periodontal
disease (16), and improving glycemic control can reduce the
pathological progression of periodontal disease (17,18). There
is also a vice versa assumption that periodontitis is considered
to increase the risk of developing diabetes mellitus (14).
Current scientific evidence suggests that better meta‑
bolic control brings significant benefits to the treatment of
chronic periodontitis. In consequence, the main aim of the
current research study was to assess the correlation between
glycemic control and clinical periodontal aspects in patients
with T2DM associated with generalized chronic periodontitis;
moreover, some particular aspects regarding this association
were followed, suggesting the possibility of a protocol that
associates the treatment of chronic periodontal disease as a
diagnostic criterion/follow‑up of subjects with T2DM.
Patients and methods
This study was approved by the Ethics Commission of the
Emergency Clinical County Hospital of Oradea, Oradea,
Romania, and was conducted respecting the World Medical
Association (WMA) Code of Ethics, Declaration of Helsinki
1967 (19). All patients were verbally informed, and they signed
an informed consent form.
From the initial group of 279 patients, due to the selec‑
tion criteria, 182 patients (age range, 40‑68 years) diagnosed
with T2DM and generalized chronic periodontitis completed
the study and were evaluated in two private dental clinics in
Oradea, Romania, from July 2018 to February 2020.
The inclusion criteria were as follows: i) ≥40 yeas of age;
ii) confirmed type 2 diabetes for at least 5 years; iii) diagnosis
of chronic generalized periodontitis; iv) history of T2DM
therapy.
The exclusion criteria were as follows: i) Smoker or
tobacco use in any form, in the preceding 5 years; ii) pregnant
or lactating; iii) mouth washing with antimicrobial agent in the
past 2 months; iv) chronic disease, excluding DM, associated
periodontal disease; v) periodontal or/and antibiotic therapy in
the preceding 6 months.
The participants were divided into two groups, according to
the determined HbA1c levels. Group 1 included patients with
HbAc1 <7% (considered to have a good glycemic control) and

Group 2 comprised of patients with HbAc1 ≥7% (considered to
have a poor glycemic control).
Fasting blood glucose (FBG) from venous blood was
determined using glucose oxidase method, expressed in
milligrams per deciliter (mg/dl), while HbA1c was determined
using high‑performance liquid chromatography (HPLC)
and expressed as a percentage. All the patients underwent
a periodontal evaluation using a manual periodontal probe
(PCP‑UNC15; Hu Friedy). The periodontal parameters
recorded were as follows: PI (plaque index), BoP (bleeding on
probing), PD (probing depth) and CAL (clinical attachment
level). The percentage of PD ≥5 mm and CAL ≥5 mm sites
and the number of remaining teeth for each individual were
also recorded.
From the point of view of statistical analysis, in
order to examine the data distribution, the normality
Kolmogorov‑Smirnov test was used; also, because the data
had a normal distribution (P>0.05), analysis was performed
using parametric methods. PD and CAL were dichotomized
into <5 or ≥5 mm. The full‑mouth mean percentage of sites
with visible plaque, BoP, PD ≥5 mm, CAL ≥5 mm and SUP,
the full‑mouth mean PD and CAL were determined for each
subject. The clinical parameters were also grouped into
subsets of glycemia, according to two, <7% (good glycemic
control) and ≥7% (poor glycemic control) levels of HbA1c.
Values for each clinical parameter were averaged separately
within the two glycemic categories. The clinical param‑
eters between HbA1c subsets <7 and ≥7% were compared by
Student's t‑test. The Chi‑square test was used to detect differ‑
ences in the frequencies of sex and DM treatment regimen
among the glycemic groups. A value of P<0.05 was considered
statistically significant.
Results
A total of 279 patients were screened at two private dental
clinics in Oradea, Romania from July 2018 to February 2020.
The study was completed by 182 participants on the basis
of inclusion/exclusion criteria, divided in two groups. The
percentage of uncontrolled diabetic subjects (Group 2) was
higher than that of the well‑controlled subjects (Group 1)
(57.15 vs. 42.85%); uncontrolled diabetes being correlated with
increased levels of HbAc1 and FPG. Age, sex, duration of DM,
and diet did not have any statistical significance between the
two groups; for the numerical variables we applied a Student
t‑test and for the qualitative variable we applied the Chi‑square
test. Data resulted are depicted in Table I.
The mean full‑mouth plaque accumulation index
(74.2±25.2 vs. 62.5±28.7%, P<0.01), as well as the mean
PD (3.78±0.9 vs. 3.42±0.8 mm, P<0.01), and mean CAL
(4.5±1.2 vs. 4.1±1.2 mm, P= 0.02) were significantly higher
in Group 2 patients when compared with Group 1 patients.
The sites with PD ≥5 mm were statistically more prevalent in
patients with HbA1c ≥7% than that in patients with HbA1c <7%
(27.8±6.2 vs. 23.4±5.8%, P<0.01). The mean number of remaining
teeth was statistically significantly lower in Group 2 patients
(18.5±3.2 vs. 20.4±4.1, P<0.01) than in that in Group 1 patients.
For the numerical variables, a Student's t‑test was applied and for
the qualitative variable we used the Chi‑square test. The results
that were obtained are presented in Table II.
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Table I. Diabetes parameters.
Parameters
No. of subjects (%)
Mean age (years)
Sex (% men)
Duration of DM (years)
Diet (%)
Diet + oral hypoglycemic agents (%)
Diet + insulin (%)
Diet + insulin + oral hypoglycemic agents (%)
Mean FPG (mg/dl)

HbA1c <7% (Group 1)

HbA1c ≥7% (Group 2)

P‑value

78 (42.85%)
54.2±6.8
48.1
6.3±1.5
100
58.23
29.11
12.66
124±34.8

104 (57.15%)
53.7±7.1
49.03
5.9±1.8
100
50.00
35.58
14.42
146±46.8

<0.01
0.63
0.9
0.11
>0.05
0.27
0.35
0.73
<0.01

HbA1c, glycated hemoglobin; DM, diabetes mellitus; FPG, fasting plasma glucose. Statistically significant P‑values are noted in bold print.

Table II. Periodontal parameters.
Parameters
Mean full‑mouth plaque accumulation (%)
Mean full‑mouth PD (mm)
Mean full‑mouth CAL (mm)
Mean full‑mouth BoP (%)
Mean full‑mouth SUP (%)
Sites with PD ≥5 mm (%)
Sites with CAL ≥5 mm (%)
Number of teeth (n)

HbA1c <7% (Group 1)

HbA1c ≥7% (Group 2)

P‑value

62.5±28.7
3.42±0.8
4.1±1.2
45.24±27.5
2.7±2.1
23.4±5.8
43.7±12.1
20.4±4.1

74.2±25.2
3.78±0.9
4.5±1.2
47.90±30.1
3.1±2.8
27.8±6.2
42.6±13.5
18.5±3.2

<0.01
<0.01
0.02
0.53
0.28
<0.01
0.56
<0.01

PD, probing depth; CAL, clinical attachment level; BoP, bleeding on probing; SUP, presence of suppuration. Statistically significant P‑values
are noted in bold print.

Discussion
Current literature suggests two‑way inter‑relationships between
diabetes mellitus and periodontitis (20). Previous longitudinal
studies have shown associations between baseline periodontitis
and diabetes incidence (21‑24) whereas one showed no associa‑
tion (25). Few cross‑sectional studies showed periodontitis to be
associated with precursors of diabetes (26‑30). Consequently,
since periodontitis‑diabetes interactions may have a negative
effect on patient glycemic control, the management of highly
prevalent periodontal disease in diabetic patients is beneficial
in improving overall health status.
The exact mechanisms by which glycemic control influ‑
ences periodontal disease and its treatment may affect
glycemic control, in patients with type 2 diabetes mellitus
(T2DM), have not been fully elucidated. A popular hypothesis
involves inflammatory pathways common to periodontitis and
insulin resistance pathogenesis (20).
Botero et al showed that the reduction in HbA1c values
(0.23 to 1.03%) was significant for the treatment of T2DM (31).
However, it was observed that for every percentage point
decrease in HbAlc (e.g. 9 to 8%), there was a 35% reduction
in the risk of complications, with periodontal disease being a
major complication of diabetes (32). Therefore, it is biologically

plausible that periodontitis may exacerbate glycemia in T2DM
patients, and that treatment may improve glycemic control by
reducing circulating cytokine levels (33).
Preshaw et al and Winning et al reported similar results
with our findings. Therefore, the number of poor glycemic
control patients was higher than the number of good glycemic
control patients. Increased values were found in poor
glycemic control patients, when comparing the periodontal
parameters of the two groups (PD, CAL, BoP and SUP) (20,21).
The most striking changes in uncontrolled diabetes are the
reduction in defense mechanism and the increased suscepti‑
bility to infections, leading to destructive periodontal disease.
The glucose content of gingival fluid and blood is higher in
individuals with diabetes than in those without diabetes, with
similar plaque and GI scores (34). The increased glucose in
the gingival fluid and blood of diabetic patients could change
the environment of the microflora, inducing qualitative
changes in bacteria that could contribute to the severity of
periodontal disease observed in those with poorly controlled
diabetes. In patients with poorly controlled diabetes, the
function of polymorphonuclear granulocytes (PMNs) and
monocytes/macrophages is impaired (35), and as a result, the
primary defense (PMNs) against periodontal pathogens is
diminished, and bacterial proliferation is more likely.
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The correlation between worsening periodontitis and poor
glycemic control in the Group 2 patients was also reflected
in the reduced number of teeth (mean value of 20.4 in
Group 1 vs. 18.5 in Group 2). This result was in accordance
with a study performed by Joshipura et al (13). The presence
of periodontitis increases the risk of worsening of glycemic
control over time. For example, in a 2‑year longitudinal trial,
diabetic subjects with severe periodontitis at baseline had a
six‑fold increased risk of worsening of glycemic control over
time compared to diabetic subjects without periodontitis (36).
Group 2 patients had significantly worse periodontal
status, deeper periodontal pocket and higher attachment
loss. Increased bleeding on probing and suppuration index
were also increased for Group 2 patients. These results are
in concordance with the findings reported by Wu et al in a
systematic review (37).
Periodontitis may also be associated with an increased
risk of other diabetic complications, as seen in a longitudinal
case‑control study in which 82% of diabetic patients with
severe periodontitis experienced the onset of one or more
major cardiovascular, cerebrovascular, or peripheral vascular
events compared to only 21% of diabetic subjects without
periodontitis (13).
Although many diabetic patients show improvement in
clinical parameters of disease immediately after therapy,
patients with poorer glycemic control may have a more rapid
recurrence of deep pockets and a less favorable long‑term
response (38).
As the present research proves once again by the results
obtained, it is recommended that the criterion of inclusion of
patients with periodontal treatment may be an important part
of the protocol for the management of diabetic patients.
In conclusion, the severity and extension of generalized
chronic periodontitis are higher in T2DM patients with poor
glycemic control compared to patients with good glycemic
control.
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