Original Article

Impact of Glycemic Levels in Type 2 Diabetes on Periodontitis
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Aim: The aim is to study the effect of glycemic level in Type 2 diabetes and cardiovascular risk factors on periodontal health.
Materials and Method: Type 2 diabetic and nondiabetic patients in the age group of 35-80 years (n = 1700) were recruited for the study.
Periodontal examination included as follows: Probing depth, clinical attachment level (CAL), gingival recession, and bleeding on probing.
Periodontitis was diagnosed based on the CAL levels and diabetes was diagnosed based on glycated hemoglobin (HbA1c¢) levels. Body mass
index, total cholesterol, triglyceride, and low-density lipoprotein (LDL) were assessed for cardiovascular risk. Patients were characterized into
two groups as follows: diabetic (z = 1235) and nondiabetic (n = 465). Sociodemographic variables included were: age, sex, obesity, smoking,
duration of diabetes, and periodontitis were assessed. SPSS version 20.0.1.0 was used for all the statistical assessments. Conclusion: HbA1c and
lipid levels were statistically significant with the severity of periodontitis (odds ratio [OR] [95% confidence interval [CI]]: HbAlc 1.34 [1.019—
1.21]; Total cholesterol 1.01 [1.03—1.42]; triglycerides 1.01 [1.01-1.14]; LDL 1.028 [1.08-1.71]). Smoking and obesity were also found to
be significantly associated with the presence of periodontitis [OR (95% CI): smoking 1.35 (1.10-1.67); obesity 1.23 (1.73-2.05)]. The study
concluded that uncontrolled HbA 1c levels and elevated cardiovascular risk factors significantly increase the severity of periodontitis in Type 2
diabetes mellitus.

Keywords: Body mass index, diabetes mellitus, glycemic level, periodontitis, triglyceride

utilization resulting in sustained hyperglycemia, affect
12.3% (29 millions) of U.S. population >20 years of age.[”
India has one of the highest incidence rates for diabetes with
more than 62 million suffering from diabetes and a projected
increase to 80 million by 2030.1% Periodontitis elevates
the systemic inflammation leading to a state of insulin
resistance precipitating into hyperglycemia and advanced
glycation end product accumulation.”? Hyperglycemia is
known to favor pro-inflammatory priming of periodontal
tissues thus contributing to the earlier onset of gingivitis, the

INTRODUCTION

Periodontitis is an inflammatory disease associated with oral
biofilm dysbiosis and unresolved inflammation leading to the
destruction of tooth-supporting structures and ultimately tooth
loss. The global burden of severe periodontitis measured using
disability-adjusted life-years increased by 57.3% worldwide
between 1990 and 2010, in the context of a 20.8% increase in
the global burden of all oral conditions, which was attributed
mainly to population growth and aging.[! Generalized severe
periodontitis contributes to the systemic inflammatory burden

that impacts overall health and control of conditions such as
diabetes mellitus and atherosclerotic cardiovascular disease.*
Diabetes mellitus is a highly prevalent metabolic disorder,
constituting a serious public-health burden. A predicted
300 million people are going to suffer from diabetes by 2025.5)
The severity of periodontal disease has been seen to be more
pronounced in patients with type 2 diabetes patients than in
patients with Type 1 diabetes.[

Prediabetes and diabetes, two chronic conditions characterized
by altered endocrine and metabolic pathways in glucose
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initial and reversible stage of periodontitis, in patients with
diabetes.'""!" Persistent hyperglycemic state and advanced
glycation end product besides causing the macrovascular and
microvascular complications of diabetes also result in the
impaired gingival fibroblast synthesis, defective phagocytic
activity of mononuclear, and polymorphonuclear cells.!’
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This results in the loss of periodontal fibers and supporting
alveolar bone.!'" These findings led to consider periodontitis
as the sixth complication of diabetes mellitus.['"*] Importantly,
the relationship between diabetes and periodontitis is
bidirectional.l""! Central to these relationships seems to
be unresolved systemic inflammation diagnosed by high
sensitivity C-reactive protein measurements and white blood
cell counts."™ Overweight and obesity as defined by a body
mass index (BMI) >25 and >30, respectively, are estimated to
affect 36% of U.S. adults.!'! Studies carried out over the past
two decades indicate a positive association between BMI >25
and periodontitis; although, the magnitude of this association
has varied in different settings.

Several studies have revealed the association between diabetes
and periodontitis/cardiovascular disease and periodontitis.['7??]
However, not much has been published on the association of
the glycated hemoglobin (HbA Ic¢) levels, cardiovascular risk
and severity of periodontal disease. We hypothesized that
HbAlc level is associated with severity of periodontitis. The
secondary outcome of the study was to further understand the
association of glycemic control levels, cardiovascular risk
factors with periodontitis.

MEeTHODS

Patients and study design

This study was conducted in accordance with the ethical
standards as laid down in the 1964 Declaration of Helsinki and
its later amendments or comparable ethical standards CTRI
registration (CTRI/2014/06/002748) and ethics approval was
obtained from the Institutional Ethical Committee at Max
Super Specialty Hospital, New Delhi, India. Two thousand
and twenty-nine patients were screened between December
2016—June 2017. Patients underwent comprehensive
examination for metabolic parameters which comprised
HbA ¢, fasting glucose (F-Glucose), cholesterol, triglycerides,
and low-density lipoproteins (LDL). Inclusion criteria for
diabetes were: history of diabetes, and/or antidiabetic treatment
including diet modification and HbA1c¢ >6.5.1l Nondiabetics
were screened based on the previous history of diabetes and
HbA1c <6.5. The final recruited sample size was 1700 (Type 2
diabetics and nondiabetics) average age group of 30—80 years
including both males and females. The co-investigator assigned
the patients into two groups: diabetic group (n = 1235) and
nondiabetic group (n = 465). Diabetic group was further
categorized based on the glycemic levels, i.e., poor control
diabetes (HbA1c >7) and good control diabetes (HbAlc <7).
The periodontal examination was done by the coinvestigator
for the presence/absence of periodontitis in both groups.
The periodontal assessment included the presence of more
than 14 natural teeth with no periodontal treatment in the
past 6 months. Diagnosis for chronic periodontitis was made
according to the American Academy of Periodontology
classification.?*! Informed written consent was obtained from
all the participants included in the study. The demographic
assessment was done for: age, gender, cigarette smoking years,

family history of diabetes, family history of periodontitis, the
frequency of tooth brushing, duration of diabetes, and obesity.
The current study conforms to the STROBE guidelines.

Glycemic level examination

Twelve hour fasting venous blood samples were collected
from the patients for measuring the glycemic levels: F-Glucose
and HbAlc. HBAlc was measured using ion exchange
high-performance liquid chromatography (Bio-Rad USA,
Variant-2 Turbo) F-Glucose was measured by Hexokinase
method (DXC-800, Beckmancoulter, USA). Nondiabetics were
defined as (HbAlc <5.7%, at risk HBAlc <6.4) and diabetic
when HBAlc >6.5%.1%¥) Patients were considered to have
well-controlled diabetes if HbAlc <7% and poor-controlled
if HbAlc >7%.1%

Clinical periodontal examination

Periodontal disease progression clinical variables as recorded,
i.e., probing depth (PD), bleeding on probing (BOP), gingival
recession (GR) and clinical attachment level (CAL), on 6
sites/tooth. CAL was measured from the cement-enamel
junction (CEJ) to the base of the sulcus as composite
measurement of recession (distance from free gingival margin
to CEJ) and PD (distance from free gingival margin to the base
of'the sulcus). Patients were divided into three categories based
on the CAL level as follows: mild periodontitis (CAL >2 mm),
moderate (CAL >3 mm), severe (CAL >5 mm), and no
periodontitis if there is no loss of attachment.?*!

Assessment of obesity

Asian Indian obesity and overweight criteria are defined by BMI
and were calculated by dividing weight in kilograms by the square
of height in meters (kg/m?) (*Normal BMI: 18.0-22.9 kg/m?,
Overweight: 23.0-24.9 kg/m?, Obesity: >25).12¢!

Assessment of lipid profiles

Serum cholesterol and LDL was analyzed with the
cholesterol oxidase, esterase, and peroxidase method
(DXC-800 Beckmancoulter, USA). Serum triglycerides
were assessed with enzymatic with Glycerol Blank
(DXC-800, Beckmancoulter—USA).

Statistical analysis

Periodontal health was defined when there is no loss of
periodontal attachment. Patients were divided into three
categories based on CALs: mild periodontitis (CAL >2 mm),
moderate periodontitis (CAL >3 mm), and severe
periodontitis (CAL >5 mm).*¥ This categorization was done
to facilitate the interpretation and the range of variation of
the variables.’”! The difference in mean age, BMI, years of
smoking, and other quantitative measurements were tested for
significance by one-way ANOVA followed by Tukey test for all
pairwise comparisons. Prevalence and severity of periodontitis
were compared using Chi-square test. Multivariate regression
analyses were used to find the association between glycemic
levels and periodontitis after adjusting confounding factors.
Outliers were excluded from the analysis based on the residual
analysis. For all statistical analysis, data was entered into a
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Microsoft Excel spreadsheet and analyzed using IBM SPSS
Statistics 20.0.1 and Graphpad Prisms version 5. For all the
statistical tests, a valueof P < 0.05 was considered to indicate
statistical significance.

ResuLts

The study comprised 56% of males (n = 896) and 45% of
females (n =704). Mean age group of 50 years. Table 1 lists the
demographic parameters and information by tertiles of mean
CAL as categorized according to the severity of periodontal
disease. The mean percentage of the severity of periodontitis
was: 15% (mild), 28.5% (moderate), and 34.2% (severe).
Mean periodontal clinical measures for PD, CAL, and GR
were 3.21+£3.73,3.83+0.67, and 1.9 £ 0.41. Mean BOP was
37.87% = 16.12%, respectively.

Glycemic metabolic levels (glycated hemoglobin, fasting
sugar, cholesterol, triglycerides, low-density lipoprotein)
The mean levels of HbA 1¢ in diabetic group were 7.4% + 1.04%
and the nondiabetic was 5.7% =+ 0.10%. Mean fasting sugar
levels in diabetic group was 8.34 + 1.04 mmol/l and control
group was 5.06 £ 1.21 mmol/l. The mean cholesterol
levels in diabetic and nondiabetic groups were as follows:
8.12 £ 1.01 mmol/l and 6.74 + 1.13 mmol/l, respectively.
Mean triglyceride levels in the diabetic and nondiabetic group
were: 7.31 £ 1.71 mmol/l and 5.50 + 1.41 mmol/l, respectively.
Mean LDL levels in the diabetic and nondiabetic group were:
6.97 £ 1.72 mmol/l and 4.61 + 1.87 mmol/l, respectively.
Patients with increased HbAlc levels (HbAlc >7) had
elevated cholesterol (P = 0.003), triglycerides (P = 0.002),
LDL (P = 0.003) [Table 2]. Mean HbAlc level in poor
controlled diabetics, well controlled, and nondiabetics was
8.5+£2.56,6.37+0.20 and 5.31 £0.10, respectively. Glycemic
control levels (HbAlc >7, P = 0.001) HbAlc <7 P = 0.001
and HbAlc <5.6 P = 0.003) were found to be associated
with severity of periodontitis [Table 3]. In the multivariable

analysis, after adjusting for other covariates, a significant
relationship was found between diabetes and periodontitis.
Triglyceride and LDL also showed an increase in the odds
of having periodontitis [Table 4]. Patients with increased
BMI (a marker for obesity) were found to be associated with
periodontitis (P = 0.001).

Nonobese people were found to be 0.44 times less likely to
have periodontitis [Table 4]. One year of smoking showed an
increase of 1.36 times in the odds to have periodontitis [ Table 5].
A proportional odds model when applied onto the severity
of periodontitis revealed that diabetes does not affect the
severity of periodontitis. However, smoking and obesity both
can increase its severity. High-blood cholesterol, LDL, and
triglyceride were also found to be associated with increased
severity of periodontitis [Table 5].

When replacing binary variable “diabetes” with HbAlc
in the model, results revealed that one unit increase in
HbAlc could lead to 1.34 times more likelihood of having
periodontitis [Tables 6 and 7]. In correlation analysis, HbAlc
measurements were found to be significantly associated with
the severity of periodontitis [Figure 1].

Discussion

This large dataset study in the Indian population highlighted
an important finding that poor periodontal health is found
in diabetics with poor glycemic controls (HbAlc > 7) and
high cardiovascular risk levels. This is in agreement with the
previously published study.*® The probable reasons cited for the
failing periodontal health in poor glycemic control individuals
are the monocyte-macrophage and periodontal bacteria
interaction. The ulcerated pocket lining in chronic periodontitis
gives a favorable environment to the bacteria and their
byproducts that alleviate the systemic inflammation leading
to stimulation of the proinflammatory cytokines (C-reactive
proteins, tumor necrosis factor-alpha, interleukin-6). This, in

Table 1: Demographic variables of study subjects by tertiles of mean periodontal disease

Variable Total No Mild periodontitis Moderate Severe 95% CI' ORe

(n=1700) periodontitis (n=255)° periodontitis  periodontitis

(n=400)° (n=484)¢ (n=561)°

Age (years) (mean=SD) 50.25+12.77 48.7+12.90 47.80+11.48 49.49+13.47 53.78+11.90 1.000-1.037  0.238
Male/female (1) 896/704 39/38 29/25 59/39 68/53 0.72-1.635  0.185
Smoking (years) (mean+SD)* 1.64+2.48 0.62+1.22 0.89+1.48 1.712.55 1.93+3.26 1.101-1.676  1.358
Family history of diabetes 247/18/85 67/3/37 41/5/8 86/8/27 53/2/43
mellitus (N/UK/Y)*
BMI (mean+SD) 30.53+6.82 18.86+5.63 26.89+6.90 30.70+7.12 33.54+7.89 1.738-2.053 1231
Frequency of tooth - 23 120 115 92 1.417-6.763 0.095
brushing (n), >2 times/daya
Family history of 211/139 27 22 50 34
periodontitis (N/Y)*
Duration of diabetes - - 9.76+6.245 8.42+5.772 7.9146.124 1.426-2.872  0.872

mellitus (years) (mean+SD)*

“Data was received from patients and reflects patients’ knowledge of their medical, social and family history, ®No loss of attachment, ‘CAL >2 mm, ‘CAL >3
mm, “CAL >5 mm, "¢Prevalence and severity of periodontitis was compared by Chi-square test; multi variable logistic regression adjusted to demographic
variables (with determination of OR, 95% Cls) was used to determine factors associated with severity of periodontitis. -: Not applicable, OR: Odds ratio, Cls:
Confident intervals, n: Number of subjects, CAL: Clinical attachment level, BMI: Body mass index, SD: Standard deviation, N: no, UK: unknown, Y: yes
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Table 2: Metabolic parameters (glycated hemoglobin, fasting glucose, cholesterol, triglycerides, low-density lipoprotein),

and periodontal disease severity: Glycated hemoglobin >6.5%

Variable n=1700 No periodontitis ~ Mild periodontitis Moderate Severe 95% CI P OR
(n=400; 23.52%)°  (n=255; 15%)" periodontitis periodontitis
(n=484; 28.4%)°  (n=561; 33%)"

HbAlc (%) 7.4+1.04 5.78+0.10 7.00£1.64 7.09+1.71 8.5+2.56 1.01-121  0.001* 1.340
Fasting-glucose ~ 8.34+1.04 5.06+1.21 6.94+1.20 7.66+1.13 10.02+1.47 0.729-1.040  0.041*  1.063
(mmol/L)

Cholesterol 8.12+1.01 6.74+1.13 7.33+1.31 8.16+1.43 9.27+1.54 1.03-1.42  0.003* 1.015
(mmol/L)

Triglyceride 7.31£1.71 5.50+1.41 6.05+0.35 6.22+1.78 7.88+1.68 1.01-1.14  0.002* 1.016
(mmol/L)

LDL (mmol/L)  6.97£1.72 4.61+1.87 6.38+1.28 7.72+1.40 8.44+1.48 1.08-1.71  0.003* 1.028

“No loss of attachment, "CAL >2 mm, “‘CAL >3 mm, ‘CAL >5 mm, *Mean difference was significant at=0.05 (P<0.05). n: Number of subjects, HbAlc:
Glycated hemoglobin, OR: Odds ratio, CAL: Clinical attachment level, CIs: Confident intervals, LDL: Low-density lipoprotein

Table 3: Glycated hemoglobin control levels and its association with periodontitis

Glycemic level (%) n (%) HbA1c No? - mild Moderate® - severe 95% CI P OR
periodontitis® periodontitis*
(percentage = SD) (percentage =SD)
HbAlc >7 (poor control diabetes) 857 (50) 8.5+2.56 - 61.7£2.67 1.02-1.61  0.001* 1.24
HbAlIc <7 (well control diabetes) 378(22)  6.37+0.20 18.78+1.56 - 0.72-1.04  0.001*  1.063
HbAlc <5.6 (no diabetes) 465(27)  5.31x0.10 19.52+0.98 - 1.03-1.09  0.003*  1.015

“No loss of attachment, °CAL >2 mm, ‘CAL >3 mm, ‘CAL >5 mm, *Mean difference was significant at=0.05 (P<0.05). n: Number of patients, HbAlc:
Glycated hemoglobin, CAL: Clinical attachment level, SD: Standard deviation, OR: Odds ratio, Cls: Confident intervals

Table 4: Odds ratio estimates of factors on the presence
of periodontitis

Effect OR 95% CI

Diabetes: No versus yes 1.036 0.65-1.65

Gender: Female versus male 1.085 0.72-1.635
Age 1.018 1.000-1.037
Years of smoking 1.189 1.081-1.307
Not obese 0.44 0.306-0.70
Total cholesterol 1.015 1.006-1.025
Triglyceride 1.016 1.006-1.026
LDL 1.028 1.012-1.020

OR: Odds ratio, CI: Confidence interval, LDL: Low-density lipoprotein

Table 5: Odds ratio estimates of factors on the severity
of periodontitis

Effect OR 95% Cl

Diabetes: No versus yes 1.096 0.562-2.138
Gender: Female versus male 1.208 0.673-2.168
Age 1.008 0.983-1.034
Years of smoking 1.362 1.101-1.676
Not obese 0.439 0.245-0.787
Total cholesterol 1.017 1.001-1.033
Triglyceride 1.023 1.009-1.038
LDL 1.018 1.007-1.031

OR: Odds ratio, CI: Confidence interval, LDL: Low-density lipoprotein

turn, may lead to insulin resistance and hyperglycemia.?*3"
In this study, the cutout level of HbAlc defining diabetes was
kept at 7.0% to classify the good control versus uncontrolled

0 1 2

3
Syt

Figure 1: Effect of glycated haemoglobin on severity of periodontitis

diabetics.*!! Several studies have used HbAlc of 8% or 9% at
the cutout level.**? Importance of keeping the cutout level low
as close to 7.0% gives an added benefit of decreasing the adverse
periodontal outcomes.B Percentage of poorly controlled, well
controlled, and nondiabetics was assessed as 50%, 22%, and
27%, respectively [Table 3] Overall periodontitis prevalence
as found in our study among diabetics and nondiabetics was
72% and 27%, respectively.

Further, the study revealed that with increased severity
of periodontitis, the patients with poorly-controlled
diabetes (HbAlc >7) also had elevated lipid levels
(LDL, total cholesterol, and triglyceride). The effect of
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Table 6: Effect of glycated hemoglobin on the presence
of periodontitis

Effect OR 95% CI

Gender: Female versus male 1.270 0.698-2.312
Age 0.990 0.966-1.015
Years of smoking 1.425 1.144-1.774
Total cholesterol 1.014 0.998-1.030
Triglyceride 1.025 1.011-1.040
HBAIlc 1.340 1.109-1.619
Not obese 0.520 0.288-0.938
LDL 1.270 1.014-1.120

OR: Odds ratio, CI: Confidence interval, LDL: Low density lipoprotein,
HbA lc: Glycated hemoglobin

Table 7: Effect of glycated hemoglobin on severity of
periodontitis

Effect OR 95% CI

Gender: Female versus male 1.014 0.667-1.542
Age 0.998 0.981-1.016
Years of smoking 1.230 1.115-1.357
Total cholesterol 1.014 1.004-1.024
Triglyceride 1.019 1.009-1.029
HBAIlc 1.405 1.249-1.581
LDL 1.216 1.152-1.231
Not obese 0.525 0.345-0.799

OR: Odds ratio, CI: Confidence interval, LDL: Low-density lipoprotein,
HbA lc: Glycated hemoglobin

lipid levels on the severity of periodontal inflammation is
in agreement with the published study.*?! The odds ratio
estimates showed increased severity of periodontitis with
obesity, smoking, and lipid levels. Results are in concurrence
to the similar studies.*3-3¢) Recent meta-analysis and
meta-regression suggested that periodontitis is associated with
elevation of LDL and triglyceride concentrations. This analysis
supported the important finding that periodontal disease affects
the lipid metabolic control levels.B”

The third NHANES survey reported that individuals >45 years
of age suffering from severe periodontitis were 2.3 times
more likely to have metabolic syndrome compared with
unaffected individuals (95% confidence interval: 1.13-4.47).5%
Chronic periodontitis is a low-grade inflammatory condition
characterized by increased levels of the circulating
cytokines.*>* The underlying mechanisms for the association
between obesity and periodontal disease are not well known.
Obesity may act as a factor responsible for the severity of
periodontitis through immune modulation. Obesity triggers
inflammation with increased proinflammatory markers and
adipokines (adiponectin, leptin, and oromucosoids).[ 4%
These obesity markers have been found to be associated
with metabolic conditions in diabetes and atherosclerosis.[*!
Meta-analysis has reported associations between BMI and
periodontitis. The study is in consensus with a recent study
evaluating the severity of periodontitis in morbidly obese

patients which concluded that disease severity was associated
with raised inflammatory markers.? Overweight individuals
have double the incidence of periodontitis, and obese have
triple the incidence of periodontitis.[*>46!

A key finding of this study suggests that in addition to the
preponderance of periodontitis (72%) with Type 2 diabetes
mellitus (T2DM), those who continue to have poor/uncontrolled
glycemic level have increased the risk of severe periodontitis
and not merely the presence of diabetes alone. In other words,
it can be interpreted that a well-controlled diabetic will not
have any significantly higher risk of developing periodontal
disease and in anyway contribute to its severity when compared
to the nondiabetic.

ConcLusION

Risk of worsening of periodontal disease is associated with
HbAlc in T2DM. Results support the clinical relevance
of identifying patients with poor glycemic control and
periodontitis and harness the individualized integrative
approaches for the management of metabolic conditions and
periodontitis by endocrinologists and periodontists. At the level
of clinical practice, this concept would possibly reinforce the
need for development and implementation of guidelines to
screen prediabetes and diabetes in dental and medical primary
care settings.
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