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Abstract

Background. This cross-sectional study investigated the bone mineral density (BMD) in type 2
diabetes mellitus (T2DM) subjects with or without chronic periodontitis (CP).

Methods. A total of 120 subjects aged 35-55, divided equally into four groups: i) T2DM with CP,
ii) T2DM without CP, iii) CP alone, and iv) healthy patients, were included in this study. Clinical
parameters like plaque index (Pl), gingival index (Gl), and probing pocket depth (PPD) were
recorded. All the participants were evaluated for blood sugar levels using glycated hemoglobin
(HbA1c) and BMD by Hologic dual-energy x-ray absorptiometry (DEXA) scan. The association
of BMD with clinical periodontal parameters and HbATc in all groups was investigated using
linear correlation analysis (r).

Results. The mean value of BMD (0.9020+0.0952 g/cm2) was lower in subjects with both
T2DM and CP compared to T2DM and CP alone. BMD was weakly correlated with all the
clinical periodontal parameters; a positive correlation was observed between BMD and Gl in
the T2DM and CP group (r=0.405, P=0.026) and the CP group (r=0.324, P=0.081). A weak
positive correlation was observed in BMD and HbATc in the T2DM group (r=0.261, P=0.13),
T2DM and CP group (r=0.007, P=0.970), with a negative correlation to HbAT1c in the CP
group (r=-0.134, P=0.479).

Conclusions: Diabetes mellitus impacts clinical periodontal status and bone mass, and the
effect is accentuated when chronic periodontitis is present. Based on the present study, BMD is
associated with T2DM and CP, but a weak correlation was observed between BMD and HbA1c

and clinical periodontal parameters.

Introduction

Diabetes mellitus (DM) is a type of metabolic disorder
characterized by a hyperglycemic state due to defects in
insulin secretion, insulin activity, or both.! Type 1 diabetes
mellitus (T1DM) is marked by the destruction of beta (f)
cells, while type 2 diabetes mellitus (T2DM) is associated
with insulin resistance coupled with insufficient
production of insulin.> Hyperglycemic condition is
followed by altered levels of circulating proteins such
as collagens or lipids, which undergo non-enzymatic
glycation and oxidation, resulting in advanced glycation
end products (AGEs), upregulated activation of the pro-
inflammatory transcription factor, nuclear factor-kappa
B (NF-kB), and pro-inflammatory cytokines.> Enhanced
superoxide production by mitochondria and elevated
levels of matrix metalloproteinases (MMPs) such as
MMP-2 and 9 play an essential role in the pathogenesis
of diabetes mellitus and its vascular complications.*®
It is predicted that by 2025, around 380 million adults
worldwide will be affected by diabetes, with a prevalence

of 6.4%, which is a major global health concern.®

Chronic periodontitis (CP) is a sub-gingival infection
mainly caused by gram-negative bacteria.”® There is an
abnormal host response against the pathogens, and in
its severe form, it is associated with bone loss and the
loss of soft tissue attached to the tooth.”'° Host-derived
mediators such as prostaglandin (PG) E-2 along with pro-
inflammatory cytokines such as interleukin (IL)-1, IL-6,
and tumor necrosis factor (TNF)-a cause periodontal
tissue breakdown, which is accentuated in the presence
of diabetes.!! Risk factors associated with chronic
periodontitis include cardiovascular diseases, poor
glycemic control in patients with T2DM, complicated
pregnancy, and osteoporosis.'>"

Among the plausible biological mechanisms that link
diabetes and periodontitis is enhanced inflammation; thus,
in diabetes mellitus subjects, there is increased production
of advanced glycation end products (AGEs), which are
accumulated in periodontal tissues.'* These AGEs interact
with receptor activators of AGE (RAGE) on cells, such
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as macrophages, and stimulate the production of MMPs,
adhesion molecules, and cytokines such as TNF-a, IL-1,
17, 6, 18, and other pro-inflammatory mediators."”” On
the other hand, the systemic inflammatory response in
periodontitis is characterized by dysregulated secretion
of host-derived mediators of inflammation and tissue
breakdown, further enhancing the hyperlipidemic diabetic
state. Therefore, it is likely that upregulated inflammation
arises from each condition adversely affects the other.'®
All these factors result in local tissue damage, increased
breakdown of the periodontal connective tissues, and
resorption of alveolar bone, leading to the exacerbation of
periodontitis."”

Bone remodeling is a complex process affected by
various local and systemic factors.'"® Bone formation
is affected due to reduced expression of transcription
factors that regulate osteoblast differentiation.”” BMD
determined by bone turnover is one of the most predictive
factors of osteoporotic fracture.® Several mechanisms
have been proposed to explain decreased bone mass in
diabetes mellitus and periodontitis, such as disordered
insulin secretion, increased levels of inflammatory
mediators, and altered vitamin D and calcium levels.!>?!
Accumulated AGEs in diabetes mellitus and periodontitis
reduce osteoblast activity by the AGE-RAGE pathway and
enhance osteoclastogenic activity by upregulating RANKL
mRNA and impaired matrix mineralization.”»* Activation
of local immune and inflammatory responses results in
increased secretion of cytokines such as interleukin-1
beta (IL-1f3), TNF-a, and IL-6, increased oxidative stress,
and disruption of the receptor activator of NF-«B ligand/
osteoprotegerin (RANKL/OPG) axis to favor bone
resorption, resulting in reduced bone mineral density.**
The existing literature documents that diabetes mellitus is
linked with an increased risk of bone fracture and impaired
healing.® Prolonged inflammation in diabetes mellitus
and periodontitis inhibits osteoblast differentiation and
promotes osteoclastogenesis by producing lytic enzymes
that negatively modulate bone homeostasis, increase bone
resorption, and limit normal bone repair processes.”
Extension of periodontal inflammation to adjacent
bone and ligament reduces BMD causing alveolar bone
resorption.”’ Reduced BMD in periodontitis can be linked
to altered bone homeostasis due to systemic inflammation,
reduced collagen synthesis, or hormone deficiencies such
as estrogen or parathyroid hormone.*” Due to decreased
insulin secretion, bone formation slows down in T1DM,
while in T2DM, bone resorption becomes faster, resulting
in decreased BMD and impaired mineralization and bone
microarchitecture.”

Diabeticsubjectshaveahigherprevalenceofperiodontitis
as it is an established complication of diabetes mellitus.
Similarly, periodontitis influences metabolic control and
diabetic complications.”® The extent of the relationship
of BMD with T2DM and chronic periodontitis alone has
been studied widely, but its mechanism is still unclear.
However, no direct association of BMD in diabetic

patients with and without chronic periodontitis has
been reported. Therefore, our study aimed to assess and
compare BMD levels in T2DM subjects with or without
chronic periodontitis to clarify the effect of systemic
conditions on bone health. Correlation between BMD,
glycated hemoglobin (HbA1c), and clinical parameters in
T2DM subjects with or without chronic periodontitis was
also elucidated.

Methods

Study design and population

For this cross-sectional study, 120 consecutive patients
attending the clinics of the Department of Periodontics
were evaluated based on eligibility for participation.
Patients of both sexes aged 36-55 were included. The
study was approved by the Institutional Ethics Committee
(D.NO.576/FM) and conformed to the STROBES
guidelines for an observational study. All the patients
were individually informed about the study, and informed
consent forms were signed. The study was carried out
following the ethical standards laid down in the 1975
Declaration of Helsinki as revised in 2008.

Diagnosis of T2DM was made according to the
American Diabetes Association (ADA) criteria defining
diabetes as HbAlc level 7%, and diagnosis of chronic
periodontitis conformed to the classification by the
American Academy Of Periodontology (2018). The
patients were divided into four groups (n=30): group 1,
systemically and periodontally healthy (N) (13 males, 17
females, 36-51 years of age), group 2, patients with type
2 diabetes mellitus only (T2DM) (16 males, 14 females,
38-51 years of age), group 3, patients with type 2 diabetes
mellitus along with chronic periodontitis (T2DM+CP)
(14 males, 16 females, 39-54 years of age), group 4,
patients with chronic periodontitis only (CP) (13 males,
17 females, 37-52 years of age).

Exclusion criteria

Pregnancy, lactating, early menopause, hormone
replacement therapy, history of drug intake that affects
BMD (thiazide diuretics, statins, anticoagulants,
antiepileptics), diseases influencing bone metabolism
(hypo/hyperthyroidism, Cushing syndrome, primary
hyperparathyroidism, renal failure, liver disease,
inflammatory bowel disease, malabsorption), alcohol
consumption, osteoporotic fracture history, scoliosis,
history of periodontal treatment within the last six
months, surgical periodontal therapy, and antibiotic,
anti-inflammatory, immunosuppressive or cytotoxic drug
intake within the last three months. The demographic,
clinical, and laboratory data were obtained from all the
selected patients.

Measurements of clinical parameters, BMD, HbAlc

Two suitably qualified examiners conducted periodontal
examinations. All 32 teeth were examined. Probing pocket
depth (PPD), plaque index (PI), gingival index (GI), and
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clinical attachment level (CAL) were measured at six sites
per tooth (mesiobuccal, buccal, distobuccal, mesiolingual,
lingual, and distolingual) using a UNC-15 probe. The
CAL was calculated by measuring the distance of the PPD
from the cementoenamel junction, adding the gingival
recession, and subtracting gingival hyperplasia. BMD was
performed using the non-invasive Hologic dual-energy
x-ray absorptiometry (DEXA) method at Rajeev Gandhi
Centre and expressed in g/cm? Serum HbAlc levels were
measured for all the selected subjects.

Statistical analysis

Statistical analyses were carried out using MINITAB 19.
All the data were expressed as means + SD on a subject
basis. The Kolmogorov-Smirnov test assessed the
normality of all the groups. One-way ANOVA followed by
post hoc Tukey tests determined the differences between
the groups for parametric variables and Kruskal-Wallis
test for non-parametric variables. Pearson’s correlation
coefficient was used to determine the correlation between
BMD and HbAlc and clinical periodontal parameters.
P <0.05 were considered statistically significant.

Results

Table 1 shows demographic data, periodontal clinical
parameters, HbAlc, and BMD status of the study groups.
The mean BMD level (0.9020+0.0952) was lower in
the T2DM+CP group than the T2DM and CP groups
(0.9517+0.0760 and 0.9562+0.0810, respectively). All the
periodontal clinical parameters exhibited significantly
higher mean values in the T2DM+CP group than the
CP and T2DM groups, suggesting faster periodontitis in
T2DM patients. The mean HbAlc level (7.6167+0.4395)
was markedly higher in the T2DM+CP group, supporting
the evidence of a two-way relationship between T2DM
and CP.

Kolmogorov-Smirnov normality test was performed
to discriminate between the effects of gender, age,
HbA1lc level, periodontal parameters, and BMD. All the
periodontal parameters and age and gender were normal

(parametric), with a P<0.05 except for BMD (P>0.05).
The difference between the groups was analyzed using
one-way ANOVA, followed by Tukey tests for multiple
comparisons for normal parameters of PI, GI, PPD,
CAL, HbAlc, and Kruskal Wallis test for the non-normal
parameter, i.e., BMD, in all the study groups (Table 2).

Periodontal parameters, such as PI, GI, PPD, CAL,
and HbA ¢, were highly significant P=0.000, suggesting
diabetes as a risk factor in chronic periodontitis patients or
indicating chronic periodontitis as a risk factor in T2DM
patients. However, age and gender were not significant,
suggesting that age and gender were less likely to affect
disease progression or BMD levels. BMD was significant
by Kruskal-Wallis test (P=0.014), thus rejecting the
hypothesis and suggesting that BMD has a relationship
with periodontal disease and diabetes progression.
Pearson’s correlation was performed to determine the
extent of correlation.

Correlation between BMD and other parameters

Table 3 shows the correlation of BMD with all the clinical
periodontal parameters and HbAlc; however, not a very
strong relationship could be observed. A weak negative
correlation was observed in PI, GI, and BMD in T2DM
patients, but there was a positive correlation in other
groups. A strong positive correlation was seen between
BMD and GI in T2D+CP and CP groups. BMD was
weakly correlated with PD and CAL in other groups;
however, there was a strong positive correlation between
BMD and CAL in T2DM+CP. There were significant
differences (P<0.001) in clinical periodontal parameters
in all the groups. There was a weak negative correlation
between the HbAlc and BMD in the CP group. The
BMD was negatively correlated with clinical periodontal
parameters CAL and PPD. BMD was positively correlated
with HbAlc in T2DM and weakly with T2DM+CP, with a
weak negative correlation with CP. BMD was very weakly
correlated with age in all the groups. Correlation analysis
by a scatterplot showed lower BMD in T2D+CP compared
to T2DM and CP groups (Figure 1). As observed by the

Table 1. Descriptive statistics of all clinical periodontal and diabetic parameters

Factor (study groups) (1;‘2=Dg‘(\;;
Demographic Age (years) 45.433+4.400
findings Gender (%) M=53% F=47%
Plaque Index (mm) 0.9900+0.2074
Clinical Gingival Index 0.8600+0.2387
parameters  probing Pocket Depth (mm) 2.0100+0.4751

Clinical Attachment Level (mm)
HbATc (%)

Investigations
BMD (gm/cm?)

1.1267+0.4354
7.0400+0.3900
0.9517+0.0760

T2DM+CP cp N
(n=30) (n=30) (n=30)
44.677+3.871 45.300+4.170 44.00+3.76
M=47% F=53% M=43% F=57% M=43% F=57%
2.5733+0.2420 2.2767+0.2825 0.80+0.23
2.0533+0.2177 1.4800+0.2369 0.60+0.07
4.353+0.671 2.9933+0.3982 1.25+0.30
5.360+0.727 3.2733+0.3362 0.89+0.20
7.6167+0.4395 5.2100+0.3325 4.60+0.33

0.9020+0.0952

0.9562+0.0810

Data were expressed as means = SD. It can be seen that the mean BMD value is lower in the T2DM+CP group than in other study groups.
Similarly, periodontal parameters are significantly higher in the T2DM+CP group. T2DM: Type 2 diabetes mellitus, CP: chronic periodontitis,
N: control group, HbATc: glycated hemoglobin, BMD: bone mineral density, gender expressed in %, M: male, F: female. Clinical

parameters were expressed in mm.
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Table 2. Difference between the groups for parametric and non-
parametric parameters

Parameter P value *
Pl 0.0000
Gl 0.0000
PPD 0.0000
CAL 0.0000
HbATc 0.0000
AGE 0.5030
GENDER 0.8920
BMD 0.014

*P < 0.05 was considered significant. All P values are from one-way
ANOVA, except for that of BMD, which is from Kruskal-Wallis Test.
Pl: plaque index, GlI: gingival index, PPD: probing pocket depth,
CAL: clinical attachment level, HbAlc: glycated hemoglobin,
BMD: bone mineral density

scatterplot, BMD value decreased with increasing HbAlc
levels, reaching a minimum in the T2DM+CP group,
followed by T2DM and CP groups (Figure 2).

Discussion

This cross-sectional study was designed to evaluate
BMD using Hologic dual-energy x-ray absorptiometry
(DEXA) in males and females with T2DM with or
without chronic periodontitis, who had no osteopenia or
osteoporosis. DEXA scan is an accepted standard method
for the measurement of bone mineral density clinically. It
measures spine density versus peripheral density, unlike
other non-invasive methods, such as photodensitometry,
radiography, single-photon absorptiometry, and dual
photon absorptiometry. Higher resolution, shorter scan
time, and longer source life are some of its advantages.
It uses x-rays produced by an x-ray cathode (low
level) to estimate bone mineral content expressed in
g/cm®.? To the best of our knowledge, this is the first
study that reports BMD in T2DM subjects with or
without chronic periodontitis. The findings suggested a
significant difference between diabetic subjects with or
without periodontitis regarding BMD. Diabetic subjects
with higher HbA1C levels exhibited more significant
periodontal destruction, supporting pre-existing studies

documenting a direct relationship between glucose and
periodontitis progression.” This study also supports
existing literature that local mechanisms potentially
contribute to decreasing the BMD of systemically healthy
chronic periodontitis patients. As documented, cytokines,
such as IL-1p and TNF-a, are potent stimulators of
bone resorption in periodontitis and diabetes.® HbAlc
can be regarded as a positive factor for reduced BMD
as higher glucose levels in blood generate an increased
concentration of advanced glycation end products
(AGEs), which possibly interact with the bone to reduce
bone strength, resulting in osteoporosis in patients
with diabetes mediated by apoptosis of osteoblasts,
contributing to the defective bone formation and also
hypercalciuria apart from microvascular complications of
diabetes, which might lead to reduced blood flow to the
bone, contributing to bone loss and fragility.*
Contradictory to our results, Oei et al* reported a high
bone mineral density in T2DM subjects, irrespective of
poor glycemic control. In another study, the association
between BMD and non-insulin-dependent diabetes
mellitus (NIDDM) was assessed using DEXA; however, a
strong relationship could not be concluded. Nonetheless,
a slight decrease in bone mass was reported.?” Ibrahim et
al** reported an insignificant correlation between T2DM
and bone mineral density values in men and women in
a retrospective study conducted between 2010 and 2013,
disregarding osteoporosis as a complication of T2DM.
Still, the mechanism of how diabetes affects BMD is not
clear; however, metanalysis have reported decreased
markers of bone formation osteocalcin, bone-specific
alkaline phosphatase, collagen type 1 C propeptide, and
increased markers of bone formation markers of bone
resorption deoxypyridinoline, C terminal cross-linked
telopeptide, and N-terminal cross-linked telopeptide of
type-I collagen in diabetic subjects, suggesting disturbed
bone remodeling.”

Several studies have addressed the association between
systemic BMD and periodontitis. Yoshihara et al®
reported a significant relationship between general BMD
and periodontal disease in older adults. Some authors
have reported an increase in BMD, others have reported
a decrease, and a few have reported unaltered BMD

Table 3. Correlation (r) analysis between BMD and all the diabetic and periodontal parameters

Correlation Parameters T2DM T2DM+CP Ccp

r-value P value r-value P value r-value P value
BMD vs PI -0.259 0.167 0.262 0.162 0.048 0.802
BMD vs Gl -0.123 0.517 0.405 0.026 0.324 0.081
BMD vs PPD 0.014 0.940 -0.141 0.458 0.091 0.633
BMD vs CAL 0.016 0.935 0.355 0.054 -0.047 0.807
BMD vs HbA1c 0.261 0.163 0.007 0.970 -0.134 0.479
BMD vs AGE 0.153 0.420 -0.317 0.087 0.076 0.691

*P<0.05 indicated a significant correlation.

As can be seen, BMD shows a weak correlation between diabetes and clinical periodontal parameters.
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Figure 1. Correlation between bone mineral density (BMD) and
Factor (Study Group). The scatterplot shows a lower BMD value
in subjects with type 2 diabetes mellitus and chronic periodontitis
(T2DM+CP) than other study groups. Factor 2. Study group patients
with type 2 diabetes mellitus only (T2DM); Factor 3. Study group
patients with type 2 diabetes mellitus and chronic periodontitis
(T2DM+CP); Factor 4. Study group patients with chronic
periodontitis only (CP).

status.*® A definite conclusion cannot be drawn regarding
the extent of the relationship, whether controlling one
factor will improve the other.

The present study had some limitations. The cause of the
association between low BMD and T2DM and CP could
not be manifested. It can be emphasized that the differences
arise due to cross-sectional study design, limited sample
size, disease complications, controlling the confounding
factors, BMD measurement technology, sites of BMD
measurement, and the methods used to assess periodontal
disease or diagnose diabetes. The duration of the disease
and BMI can also be crucial compounding factors but
were not considered in the present study. Body mass
index (BMI) was not calculated; the duration of diabetes
affliction was not recorded. Although our study showed a
correlation between BMD and glycated hemoglobin and
clinical periodontal parameters in T2DM and CP patients,
a definite relationship could not still be established.

Conclusion

To summarize, our findings suggest that low BMD is
associated with T2DM and chronic periodontitis. The
early diagnosis of reduced BMD will significantly impact
periodontal tissues. It can be considered an indicator of
the existing periodontal condition, which needs to be
examined by a dentist. Similarly, patients with T2DM
should be evaluated for the risk of osteoporosis to
reduce the risk of bone loss and fracture risk. Further
longitudinal studies that show the associations between
mandibular and skeletal BMD and the severity of
periodontal disease in diabetes subjects and include larger
study populations are required. BMD in individuals with
diabetes with or without chronic periodontitis should
be studied prospectively to elucidate the mechanism
by which hyperglycaemic state might affect bone mass.

Figure 2. Correlation between bone mineral density (BMD) and
glycated hemoglobin (HbA1c) in all the groups by scatterplot. As
observed, with increasing levels of HbA1c, BMD value decreases,
suggesting decreased BMD in diabetic subjects in all the study
groups. Study group 2. Patients with type 2 diabetes mellitus only
(T2DM); study group 3. Patients with type 2 diabetes mellitus and
chronic periodontitis (T2DM+CP); study group 4. Patients with
chronic periodontitis only (CP).

Finally, interventional studies to investigate the effect on
BMD and blood sugar levels in diabetics with or without
chronic periodontitis will provide a more comprehensive
understanding of bone remodeling.
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