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Abstract This study aims to investigate the link between glycated hemoglobin and diabetic complications with
chronic periodontitis. A total of 207 patients with type 2 diabetes and chronic periodontitis (CP) were divided
according to tertiles of mean PISA (periodontal inflamed surface area) scores as low, middle and high PISA
groups. Simultaneously a group of 67 periodontally healthy individuals (PH) was recruited. Periodontal
examinations, including full-mouth assessment of probing depths (PPD), bleeding on probing, clinical attachment
level and plaque scores were determined. Blood analyses were carried out for glycated hemoglobin (HbA1c),
fasting plasma glucose (FPG), 2 h post parandial glucose (PPG). Individuals in PH group had significantly better
glycemic control than CP group. Upon one-way analysis of variance, subjects with increased PISA had
significantly higher HbA1c levels, retinopathy and nephropathy (P < 0.05). After controlling for age, gender, body
mass index (BMI), socioeconomic status (SES), family history of diabetes and periodontitis, duration of diabetes,
the mean PISA in mm2, PPD 4–6 mm (%) and PPD ≥ 7 mm (%) emerged as significant predictors for elevated
HbA1c in regression model (P < 0.05). Logistic regression analysis revealed that PISAwas associated with higher
risk of having retinopathy and neuropathy (odds ratio). In our study, the association between glycemic control and
diabetic complications with periodontitis was observed.
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Introduction

Diabetes mellitus (DM) and periodontal disease are two
chronic diseases that have long been believed to be
biologically linked. Moreover, both are common and
widespread enough to be considered as global epidemics.
Diabetes is a pathological consequence of many physio-
logical changes leading to metabolic imbalance, hypergly-
caemia and chronic inflammation with potential influence
on the tissue integrity and repair [1]. As a sequel to long
standing metabolic derangement (poor glycemic control),
blood vessels endure damage resulting in complications,
namely, atherosclerosis, myocardial infarction, retinopa-
thy, nephropathy, neuropathy, delayed wound healing and
an increased risk of infections [2,3].
Periodontitis is a chronic multifactorial infectious

disease of the supporting tissue of the teeth and is
characterized by destruction of periodontal connective

tissue and alveolar bone [4]. It is recognized as the sixth
complication of diabetes [5].
There is increasing evidence suggesting periodontitis as

risk factor for several systemic diseases such as cardio-
vascular diseases, preterm low-birthweight and diabetes
[6,7]. A number of studies have been conducted to explore
the association between diabetes and periodontal disease.
Some studies have assessed the effects of diabetes on
periodontal health [8–17]; whereas others have investi-
gated the converse side of this relationship, i.e., the effect
of periodontal disease on diabetic state and/or diabetes
complications [18–31]. However, the most direct evidence
can be derived from interventional studies and systematic
reviews assessing the effect of treatment of periodontitis on
glycemic control and reductions in HbA1c [32–37].
The degree of association between periodontitis and

type 2 diabetes mellitus (T2DM) appears to differ with the
geographic distribution. The differences in the strength of
association could be due to disparity in the cultural,
genetic, socioeconomic factors among the ethnic groups;
differences in study design, analysis, and measures to
categorize periodontitis [38]. The criteria used to identify
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periodontitis are also believed to influence the strength of
association between a particular systemic disease and
periodontitis. Therefore the findings from one study can
not be generalized to the overall population suffering from
diabetes and periodontitis [38–41].
Most studies exploring the association between period-

ontitis and diabetes use mean probing pocket depth (PPD),
mean clinical attachment level (CAL), or a particular cut-
off point for PPD or CAL to define or classify period-
ontitis. As PPD and CAL are linear measures they do not
quantify the amount of inflamed periodontal tissue. The
measure periodontal inflamed surface area (PISA)
expresses the surface area of bleeding pocket epithelium in
square millimeters. By far it is believed to be better than
currently used criteria’s for classifying periodontitis. PISA
was used in the present study as well to quantify
periodontal inflammatory burden [42].
This study was conducted with the aim to assess the

association of levels of glycemic control with periodontal
disease in type 2 diabetic patients with periodontitis in
north Indian population using several methods to classify
periodontitis. The authors also seek to explore the
association between periodontal inflamed surface area
and diabetes related complications.

Materials and methods

Study population

This cross sectional study was conducted from February
2010 to January 2012 in the Department of Periodontics
and Oral Implantology at the Post Graduate Institute of
Dental Sciences (PGIDS), Rohtak, India, in collaboration
with the Department of Medicine, Post Graduate Institute
of Medical Sciences (PGIMS), Rohtak, India. This study
was approved by the Institutional Review Board of Pandit
Bhagwat Dayal Sharma University of Health Sciences,
Rohtak (PGBOS/UHSR/Perio/04/2010/ Dated 18.02.
2010) and was carried out in accordance with the ethical
standards established in the 1975 Declaration of Helsinki,
as revised in 2000. A single examiner (R.K.S) screened
584 patients who had been receiving treatment for at least 1
year after a diagnosis of TD2M.
Criteria adopted for inclusion in the study were:

(1) adults in the age group of 45 – 60 years having ≥ 12
natural teeth excluding third molars; (2) no periodontal
intervention ≤ 6 months prior to study; (3) presence of
chronic periodontitis (CP). Case definition for CP required
presence of two or more interproximal sites with attach-
ment loss ≥ 4 mm, not on the same tooth, or two or more
interproximal sites with PPD ≥ 5 mm, not on the same
tooth [36].
Following conditions made the case candidate for

exclusion criteria: (1) indication for extraction at the time
of entry in the study; (2) history of systemic disease which
could influence course of periodontal disease or glucose
metabolism such as cardiovascular diseases, rheumatoid
arthritis, chronic respiratory, pregnancy or lactation,
hormone replacement therapy at the time of study;
(3) subjects aberrant lipid profile; (4) long-term treatment
with non-steroidal anti-inflammatory drugs; (5) systemic
infection or history of systemic antibiotic usage ≤ 3
months. Smokers as well as former smokers were also
excluded from the study. Simultaneously a group of 67
periodontally healthy subjects (PH) with T2DM was also
recruited (Fig. 1).
The American Diabetes Association (ADA) criteria

were used to categorize the subjects into prediabetes and
diabetes and microvascular complications [43].
Following criteria were used for diagnosis of T2DM:
(1) HbA1c ≥ 6.5%;
(2) FPG ≥ 126 mg/dl (7.0 mmol/L). Fasting is defined

as no caloric intake for at least 8 h;
(3) 2-h plasma glucose ≥ 200 mg/dl (11.1 mmol/L)

during an oral glucose tolerance test (OGTT). The test was
performed as described by the World Health Organization,
using a glucose load containing the equivalent of 75 g
anhydrous glucose dissolved in water.
OGTT was done with 75 g anhydrous glucose powder

dissolved in 250–300 ml water, which was to be consumed
over 5 min. Time was counted from the start of the drink.
Fasting plasma glucose and 2-h post glucose load were
estimated by glucose oxidase method.
Detailed systemic examinations, rather than personal

pronouncements, were relied upon to determine the
individual’s medical status via evaluation of plasma lipid
profile, glucose level, liver enzymes, and thyroid tests. Of
584 patients referred from the Department of Medicine,
207 participants were included in the study on the basis of
the inclusion and exclusion criteria. All patients were
explained the procedure in detail and were given
opportunity to ask questions, clear their doubts and were
included in the study only after obtaining their written
consent.

Clinical periodontal examination

After recruitment for the study, all patients underwent a
full-mouth periodontal examination. All patients were
examined in a standardized way using illumination by a
dental light, a mouth mirror, tweezer, a manual calibrated
periodontal probe (William’s periodontal probe, Hu-
Friedy, Chicago, IL, USA) and explorer. Recording of
periodontal parameters throughout the study was done by a
single examiner (S.C.N). Determination of the examiner
reproducibility was done by carrying out double clinical
periodontal data recording on 10 patients for PPD, location
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of gingival margin (LGM), and CAL on six sites per tooth.
Each participant was assessed twice in one appointment,
over a 3-h interval, and the repeat measurements were
carried out blinded to the first measurement. Both sets of
measurements had k > 0.8 for PPD, LGM, and CAL.
Clinical parameters were recorded at six sites per tooth
(mesio-buccal, mid-buccal, disto-buccal, mesio-lingual/
palatal, mid-lingual/palatal, disto-lingual/palatal) except
third molars. Bleeding on probing (BOP) was recorded as
present (score 1) if occurred within 30 s of probing and
absent (score 0) in absence of bleeding. Periodontal
probing depth (PPD) was measured as the distance from
the gingival margin to the base of the clinical pocket. LGM
was recorded with respect to the cementoenamel junction
(CEJ). Clinical attachment level (CAL) was recorded as
the distance from CEJ to the base of the clinical pocket.
CAL and PPD were recorded in millimeters. A Microsoft
Excel spreadsheet was used to facilitate periodontal
inflamed surface area (PISA) determination following the
procedure detailed on the website www.parsprototo.info.

Plaque index (PI) [44] and gingival index (GI) [45] were
recorded at 4 sites per tooth (mesio-buccal, midbuccal,
disto-buccal, midlingual/palatal).

Anthropometric and biochemical measurements

Information regarding age, gender, smoking status,
physical activity, duration of diabetes, family history of
diabetes, and type of medications used was obtained
through interview. On the basis of education, income, and
profession, patients were categorized into low, middle, and
high socioeconomic status. Anthropometric evaluation
included measurements of weight (kg) and height (m) for
the determination of body mass index (kg/m2).
Glycated hemoglobin (HbA1c) determination was based

on a latex agglutination inhibition assay using auto
analyzer (Konelab clinical chemistry analyzers; Thermo
scientific, Milan, Italy) and blood glucose level was
determined using glucose oxidase–peroxidase method
(Glucose in vitro diagnostic kit; Siemens, Vadodara,

Fig. 1 Enrollment and participation of the study participants.
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Gujarat, India) at the Department of Biochemistry, PGIMS,
Rohtak (laboratory staff was masked to the allocation
group).

Statistical analysis

Post hoc power analysis was performed using statistical
software (G power v.2.0, Bonn, Germany). With a sample
size of 207, the significance level of two sided α 0.05,
fixed-effect size was computed following the general rule
of the standardized difference in a given output variable
(HbA1c). This came out to be 0.30. With these measure-
ments, the statistical power of the study was found to
be > 80%. Mean PI, GI, PPD, CAL, and PISA were
calculated for each patient as well as group. For BOP the
percentage of positive sites were obtained for each
participant and thereafter a mean value was calculated
for the group. The normality of distribution of data was
tested using the Kolmogorov–Smirnov test. As data was
normally distributed, independent sample t test was used to
compare periodontally healthy group (PH) and chronic
periodontitis (CP) group. For comparison, subjects in CP
group were further divided into three groups according to
tertiles of the mean PISA (low, ranging from 250 to 850
mm2; middle, ranging from 851 to 1250 mm2; and high,
ranging from 1251 to 2500 mm2). So subsequently
according to their PISA scores patients were divided as
low PISA (LP), middle PISA (MP) and high PISA (HP)
groups. Differences between groups were assessed using
one-way analysis of variance, with Tukey’s post-hoc test
for ordinal data and the chi-square test for dichotomous
data. Partial correlations were carried out to calculate
correlations among HbA1c with various periodontal
parameters, including the number of teeth, PI, mean
PPD, mean PISA, percentage of sites with PPD 3 mm,
percentage of sites with PPD 4–6 mm, percentage of sites
with PPD ≥ 7 mm, mean CAL, percentage of sites with
BOP and diabetic complications after adjustment for
potential confounders including age, gender, BMI, SES,
family history of diabetes, family history of periodontitis,
and the number of years since diagnosed with diabetes.
Multiple stepwise regression analyses were performed to

explore the effect of each independent variable on the
HbA1c. All variables that had shown a significant associa-
tion (mean PPD, PPD 3 mm (%), PPD 4–6 mm (%),
PPD ≥ 7 mm (%), mean PISA (mm2), retinopathy, and
neuropathy) were entered in regression model after
controlling for confounders.
Binary logistic regression analyses were carried out to

explore association between diabetic complications
namely retinopathy, nephropathy, and neuropathy with
PISA (median value) in three separate models. To compute
the odds ratio (OR) and 95% confidence interval (CI),

diabetic complications were set as dependent variables.
The Hosmer–Lemeshow goodness-of-fit test statistic was
applied to verify whether the present model fits well.
Models were adjusted for covariates. All statistical
analyses were two-tailed, with a significance level of
0.05, and were calculated using SPSS statistical software
(SPSS, v.19.0 for Windows, SPSS, Chicago, IL, USA).

Results

Table 1 shows comparison between periodontally healthy
(PH) group and chronic periodontitis (CP) group. Subjects
with chronic periodontitis had significantly higher BMI,
higher levels of HbA1c, FPG, PPG, higher prevalence of
diabetes related complications, and duration of diabetes as
compared to periodontally healthy (PH) group.
Table 2 shows demographic parameters of study

subjects by tertiles of mean PISA. Patients in all the
groups were comparable in terms of age, gender, and BMI.
Also no significant difference was observed between the
groups in terms of modality to manage diabetes. Patients
with family history of diabetes mellitus were significantly
more in both middle PISA and high PISA groups than low
PISA group (P < 0.0001 and P < 0.0001, respectively).
High PISA group had significantly less number of patients
with high socioeconomic status (P < 0.0001 and
P < 0.0001, respectively). Diabetes associated complica-
tions were highest in high PISA group.
Table 3 depicts glycemic levels and plaque scores by

PISA severity. HbA1c in high PISA group was significantly
higher than both low PISA and middle PISA groups
(P < 0.0001 and P < 0.0001, respectively). Subjects in
low PISA group had best control over glycemic control
over time. FPG and PPG were significantly higher in high
PISA group as compared to both low PISA and middle
PISA groups.
In correlation analysis, HbA1c had a significant and

positive association with mean PPD (r = 0.547,
P < 0.0001), PPD 4–6 mm (%) (r = 0.543, P < 0.0001),
PPD ≥ 7 mm (%) (r = 0.678, P < 0.0001), mean PISA
(mm2) (r = 0.553, P < 0.0001), retinopathy (r = 0.162,
P < 0.0001), and neuropathy (r = 0.192, P < 0.0001)
whereas HbA1c shared a significant and negative associa-
tion with PPD 3 mm (%) (r = – 0.722, P < 0.0001) after
controlling for confounders. Scatter plot between the level
of HbA1c in subjects with type 2 diabetes and periodontal
parameters having positive association is depicted in
Fig. 2.
In multiple regression model using HbA1c as the

dependant variable, mean PISA in mm2, PPD 4–6 mm (%)
and PPD ≥ 7 mm (%) became significant predictor
variables for elevated HbA1c levels (Table 4). The results
of the logistic regression analysis (Table 5) revealed that
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Table 1 Patients characteristics for periodontally healthy and chronic periodontitis groups

Variable
Periodontally healthy (PH) group

(Total = 67)
Chronic periodontitis (CP) group

(Total = 207) P

Age (year; mean � SD) 52.21�6.96 53.81�7.18 NS

Male/female (n) 34/33 (50.74%/49.25%) 102/105 (49.27%/50.72%) NS

Duration of diabetes mellitus (year; mean � SD) 4.95�2.03 7.59�5.49* <0.0001

BMI (mean � SD) 23.53�5.03 25.56�4.44* <0.0001

Regular physical exercise (n) 51 (76.11%) 122 (58.93%)* <0.0001

Family history of diabetes mellitus (n) 19 (28.35%) 104 (50.24%)* <0.0001

Family history of periodontitis (n) 9 (13.43%) 94 (45.41%)* <0.0001

Diabetes mellitus treatment (n)
Diet control
Oral medication
Insulin

35 (52.23%)
28 (41.79%)
4 (5.97%)

26 (12.56%)*
154 (74.39%)*
27 (13.04%)*

<0.0001
<0.0001
<0.0001

Frequency of tooth brushing (n)
≥2 times/day 54 (80.59%) 172 (83.09%) NS

Socioeconomic status
Low
Middle
High

11 (16.41%)
35 (52.23%)
21 (31.34%)

103 (49.75%)*
37 (17.87%)*
67 (32.36%)*

<0.0001
<0.0001
<0.0001

Diabetic complications
Retinopathy
Nephropathy
Neuropathy

14 (20.89%)
10 (14.92%)
6 (8.95%)

136 (65.7%)*
109 (52.65%)*
70 (33.81%)*

<0.0001
<0.0001
<0.0001

HbA1c (%)
FPG (mmol/L)
PPG (mmol/L)

5.74�1.34
95.29�23.19
112.12�28.81

7.24�2.39*
119.24�48.58*
158.78�71.52*

<0.0001
<0.0001
<0.0001

n, number of subjects; mean�SD, mean�standard deviation; NS, not significant.
*indicates P ≤0.05 significant difference between periodontally healthy and chronic periodontitis groups.

Table 2 Demographic parameters of study subjects (total = 207) by tertiles of mean PISA

Variable
Low PISA (LP)
(n = 79)

Middle PISA (MP)
(n = 68)

High PISA (HP)
(n = 60)

P
(LP/MP)

P
(LP/HP)

P
(MP/HP)

Age (year; mean�SD) 54.47�8.43 53.89�6.18 53.21�6.47 NS NS NS

Male/female (n) 39/40
(49.36%/50.63%)

33/35
(48.52%/51.47%)

32/28
(53.33%/46.66%)

NS NS NS

Duration of diabetes mellitus (year; mean�SD) 6.94�4.57 8.77�6.83 7.11�4.74 NS NS NS

BMI (mean�SD) 24.04�5.17 26.48�3.69* 28.51�3.62*† <0.0001 0.002 0.002

Regular physical exercise (n) 41 (51.89%) 46 (67.64%) 35 (58.33%) NS NS NS

Family history of diabetes mellitus (n) 24 (30.37%) 34 (50.00%)* 46 (76.66%)*† 0.000 0.000 <0.0001

Family history of periodontitis (n) 31 (39.24%) 26 (38.23%) 37 (61.66%)* NS NS <0.0001

Diabetes mellitus treatment (n)
Diet control
Oral medication
Insulin

10 (12.65%)
61 (77.21%)
8 (10.12%)

8 (11.76%)
51 (75.00%)
9 (13.23%)

8 (13.33%)
42 (70.00%)
10 (16.66%)

NS
NS
NS

NS
NS
NS

NS
NS
NS

Frequency of tooth brushing (n)
≥2 times/day 64 (81.81%) 57 (83.82%) 51 (85.00%) NS NS NS

Socioeconomic status
Low
Middle
High

37 (46.83%)
9 (11.39%)
33 (41.77%)

31 (45.58%)
13 (19.11%)
24 (35.29%)

35 (58.33%)
15 (25.00%)
10 (16.66%)*†

NS
NS
NS

NS
NS
<0.0001

NS
NS
<0.0001

Diabetic complications
Retinopathy
Nephropathy
Neuropathy

38 (48.10%)
29 (36.70%)
21 (26.58%)

43 (63.23%)
37 (54.41%)
26 (38.23%)

55 (91.66%)*
43 (71.66%)*
23 (38.33%)

NS
NS
NS

<0.0001
<0.0001
NS

NS
NS
NS

n, number of subjects ; mean�SD, mean�standard deviation; NS, not significant.
* indicates P≤0.05 significant difference between low PISA with middle PISA and high PISA.
† indicates P≤0.05 significant difference between middle PISA and high PISA.
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there was a significant association between retinopathy and
neuropathy with PISA (median).

Discussion

The results of the present study show association between
glycemic control (HbA1c) over time with chronic period-
ontitis. This relationship was found to be independent of
age, gender, BMI, SES, family history of diabetes or
periodontitis, and duration of diabetes in regression
analysis model. Further, higher odds of retinopathy and
neuropathy with high periodontal inflamed surface area
after applying logistic regression suggests that periodontal
inflammation may contribute to diabetic complications.
Our results are in agreement with the study by Nesse

et al. [21] who observed a dose–response relationship
between PISA and HbA1c in T2DM patients. It is
imperative to note that their study had a relatively small
sample size of 40 patients having T2DM. Moreover, 90%
of their study population was either overweight or obese,
with more than 80% of female participants. Consequently
results of their study can be mainly confined to obese
women of mixed black origin from the Netherlands
Antilles [21].
Our results confirm those of Chen et al. [23], who

observed that subjects with an increased mean PPD had
significantly higher levels of HbA1c and CRP (C-reactive
proteins). In their study mean PPD emerged as a significant
predictor variable for elevated HbA1c levels [23].
In contrast to our findings, in the study [26] on

Indonesian population no association was observed
between any measure for periodontitis severity and
HbA1c in patients with diabetes. Authors in the study
[26] believed that this could be due to the influence of oral
hypoglycemic agents used by the patients in their study
which may have veiled the effect of periodontitis on the
HbA1c level. They also advocated that since diabetic
patients follow dietary restrictions (e.g., avoiding sugar
rich foods), such a diet may impact blood glucose levels
and consequently mask the influence of periodontitis on
HbA1c level. They also concluded that relatively controlled
BMI (average 25) could be the reason for no observed
association. A rather relaxed inclusion criteria in terms of
age (stated as ≥ 18 years) of the participants in their study
might have also influenced their results [26]. As both
diabetes and periodontitis are chronic inflammatory states,

Table 3 Glycemic levels and plaque scores by PISA severity (mean�SD)

Variable
Low PISA (n = 79)
(LP)

Middle PISA (n = 68)
(MP)

High PISA (n = 60)
(HP)

P
(LP/MP)

P
(LP/HP)

P
(MP/HP)

HbA1c (%) 6.06�1.59 7.03�1.77* 9.05�2.79*† 0.006 <0.0001 <0.0001

FPG (mmol/L) 101.04�28.81 121.98�48.86* 140.11�59.47* 0.014 <0.0001 0.066

PPG (mmol/L) 129.68�38.08 166.93�82.09* 187.85�78.87* 0.003 <0.0001 0.170

PI 1.48�0.31 1.43�0.37 1.51�0. 24 NS NS NS

mean�SD, mean�standard deviation; NS, not significant.
* indicates P≤0.05 significant difference between low PISA with middle PISA and high PISA.

Fig. 2 Scatter plot of subjects with type 2 diabetes showing, after
controlling for age, gender, BMI, SES (high/middle versus low), family
history of diabetes, family history of periodontitis, the number of years
since diagnosed with diabetes, a positive relationship between the level
of HbA1c and PPD 4–6 mm (%) (r = 0.543, P < 0.0001) in partial
correlation analysis. There was also a significant positive correlation
between the levels of HbA1c with PPD ≥ 7 mm (%) (r = 0.678,
P < 0.0001) and mean PISA (mm2) (r = 0.553, P < 0.0001).
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any proven effect of such diseases takes time to manifest
[46–48]. Therefore, there is possibility of underlying
derangement which may not be large enough to be of clear
clinical or statistical relevance at initial stages of these
chronic diseases. In our study we restricted the age of the
participants to 45–60 years. Also when measures to control
diabetes were included in the linear regression model in
our study, the association of periodontitis and HbA1c was
not influenced by it.
We grouped the patients based on their PISA scores

unlike the previous studies. It is noteworthy that out of the
several methods to operationalize periodontitis severity,
the PISA, PPD 4–6 mm (%) and PPD ≥ 7mm (%)
emerged as significant predictors of HbA1c. The possible
reason for this observation may be that as PISA reflects the
amount of inflamed periodontal tissue, therefore it possibly
predicts both infectious and inflammatory burden more
accurately than conventional methods used to operationa-
lize periodontitis [21,42]. Also as periodontal destruction
is site-specific therefore taking into account overall mean
values often leads healthy sites to obscure sites of
destruction, thereby leading to loss of important observa-
tions and probable associations with systemic health [49].
We believe that this might have been a reason for
observation of lack of association between periodontitis
and metabolic control in some studies in contrast to our
study where association between PPD 4–6 mm (%) and
PPD ≥ 7 mm (%) with HbA1c was observed [26,50].
Patients in high PISA group had highest HbA1c values

followed by middle PISA group while patients with
diabetes in low PISA group had least HbA1c. A dose
response relationship was observed between control of
blood glucose level over time (HbA1c) and PISA.
In the study byWolff et al. [50] glucose levels in patients

with periodontitis who have not been diagnosed with
diabetes were not found to be correlated with periodontal
disease extent suggesting there may be a threshold above
which periodontitis influences HbA1c values. In another
study, subjects with periodontitis but otherwise healthy
individuals exhibited higher levels of systemic inflamma-
tion, dyslipidemia, and increased non-fasting serum
glucose levels compared with those with good oral health
[51].
We found that periodontally healthy subjects (PH group)

had significantly lower levels of HbA1c and diabetic
complications as compared to periodontitis group (CP
group) (Table 1).
Furthermore higher prevalence of diabetic related

complications namely retinopathy and nephropathy was
observed in patients with high periodontal inflamed surface
as compared to low and middle PISA groups (Table 2). The
logistic regression outcomes of our study revealed that
PISA (median) became a significant predictor variable for
retinopathy and neuropathy (Table 5). Our results are in
agreement with previous studies which found an associa-
tion between periodontal diseases and diabetic complica-
tions [19–24,30].
Chronic dysregulation of the cytokine pool is hallmark

Table 4 Results from multiple linear regression analyses (models to predict HbA1c)

Model
Unstandardized coefficients Standardized coefficients

t Sig.
95% confidence interval for B

B Std. Error Beta Lower bound Upper bound

(Constant) 1.070 1.246 0.859 0.391 – 1.387 3.527

PPD mm – 0.092 0.444 – 0.031 – 0.208 0.836 – 0.969 0.784

PPD 4–6 mm (%) 0.058 0.011 0.303 5.440 <0.0001* 0.037 0.079

PPD≥7mm (%) 0.223 0.019 0.521 11.687 <0.0001* 0.186 0.261

CAL mm 0.174 0.338 0.061 0.513 0.608 – 0.495 0.842

PISA mm2 0.001 0.000 0.194 2.066 0.040* 0.000 0.002

BOP (%) – 0.003 0.007 – 0.023 – 0.421 0.674 – 0.015 0.012

Retinopathy – 0.080 0.245 – 0.017 – 0.329 0.743 – 0.563 0.403

Nephropathy 0.155 0.247 0.032 0.627 0.531 – 0.330 0.643

Neuropathy 0.180 0.208 0.037 0.863 0.389 – 0.231 0.590

Dependent variable, HbA1c. Confounders: age, gender, BMI, SES, family history of diabetes, family history of periodontitis, the number of years since
diagnosed with diabetes.
* P≤0.05 indicates significance.

Table 5 Logistic regression analyses of the association between diabetic complications with PISA (median value)

Variable
Model 1 Model 2 Model 3

95% CI P* SE 95% CI P* SE 95%CI P* SE

PISA median 1.010–1.568 0.04 0.298 0.965–1.491 NS 0.021 1.084–1.674 0.007 0.301

* indicates P≤0.05 significance. NS, not significant. Model 1 dependent variable, retinopathy. Model 2 dependent variable, nephropathy. Model 3 dependent
variable, neuropathy.

116 Periodontitis and glycemic level in type 2 diabetes



of prediabetic conditions as well as type 1 diabetes mellitus
(T1DM) and T2DM [52]. The presence of a chronic
inflammatory condition, such as periodontitis, is believed
to induce an increase of circulating mediators such as CRP,
tumor necrosis factor-α (TNFα), interleukin (IL)-6 and IL-
1 and this could be the biological basis of its influence on
the diabetic state [53,54]. Furthermore, once periodontitis
is established, its lingering character may contribute to
worsening of diabetic status leading to more severe
diabetes linked complications [55,56].
The strength of the present study is that, despite the

consequent reduction in sample size, stringent inclusion
criteria were followed to minimize potential confounding
factors. Subjects within a range of age 45–60 years were
included to minimise the confounding effect of age. The
fact that participants had at least 12 teeth reduced
heterogeneity in the study group, thereby minimizing
confounding. The authors ensured that the patients
included in the study were never smokers as despite
good adjustment for smoking, residual confounding effect
of smoking can lead to biased estimates [57].
The observations of the present study should be

interpreted with caution in light of certain limitations.
The participants for the study were recruited at a single
center, thus limiting the validity and generalizability of the
findings of this study to overall patients with T2DM and
periodontitis. The inbuilt formulas translating CAL and
recession to surface area used in the PISA assessment
software use population-based average mean values of root
surface areas and root lengths, which limits its account-
ability for individual variation in root surface area and root
length [42]. UNC-15 probe would have been a more
superior and reliable probe over Williams probe to assess
periodontal parameters. Systemic markers of inflammation
such as TNFα, IL-6 and IL- 1 are believed to correlate best
with the indicators of glycemic control. As none of the
inflammatory markers were assessed in the present study,
future studies should aim to do the same.

Clinical significance

The results of present study demonstrate that a dose
response relationship between HbA1c and periodontal
inflammatory surface area. Also periodontitis was seen to
be associated with diabetic complications. Therefore,
periodontal treatment might benefit diabetic patients to
achieve better glycemic control.

Conclusions

The results of this study suggest a strong association
between periodontal inflamed surface area and sites with
greater periodontal destruction (severity of periodontitis)

with glycemic control. Also periodontal inflammation was
observed to be associated with diabetic complications.
Considering that periodontal diseases can be managed
effectively with the available inhand treatment modalities,
it becomes pertinent to determine if periodontitis indeed
plays a role in the development of diabetes and its
potentially hazardous complications. If a causal relation
indeed exists between these two chronic diseases, a new
paradigm in dental and medical standard of care for
screening, prevention, and management of diabetes could
be developed in the future for the benefit of population
worldwide.
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