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Objectives: To investigate the relationship between
the presence of periapical lesions (PL) and levels of
glycosylated hemoglobin (HbAlc), and C-reactive
protein (CRP) in patients with type 2 diabetes.

Methods: This cross-sectional study was conducted at
Ibn Sina National College for Medical Studies, Jeddah,
Kingdom of Saudi Arabia, between September 2013
and February 2015. Medical and dental history and
Sociodemographic data were obtained from participants.
Dental and periodontal examinations were conducted
and blood samples were obtained to determine levels
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of HbAlc and CRP. The presence of PL was recorded
from panoramic and periapical radiographs. Descriptive
statistics and multivariable linear and logistic regression
models were used for data analyses.

Results: One hundred patients were included; mean
age was 48.9 = 8.5 years. Of these patients, 14% had
no PL, whereas 25% had one or 2 lesions, 32% had 3
or 4 lesions, and 29% had >5 PL. The mean HbA1c was
9.8% (z 2.5) mg/L and CRP was 6.9 mg/L (z 6.3). The
presence of PL was significantly associated with a higher
level of HbAlc independent of age, gender, probing
depth, and plaque index (p=0.023). Individuals with PL
were also more likely to have a high CRP level (>3 mg/L)
independent of the previous covariates (odds ratio: 1.19;
95% confidence interval: 1.01-1.41).

Conclusion: Periapical lesions are associated with a
poorer glycemic control and a higher CRP level in type
2 diabetic patients.
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Type 2 diabetes is a complex multifactorial disease
that results from insulin resistance and relative
insulin deficiency.! Type 2 diabetes affects the immune
system and is coupled with compromised immune
response that leads to chronic inflammation, gradual
tissue breakdown, and reduced ability for tissue repair.”
Diabetes is becoming a major health concern as the
prevalence of type 2 diabetes continues to increase
worldwide and is considered by some as a new epidemic.
In Saudi Arabia, for example, a recent systematic review
reported a prevalence of 32.8% and the predicted
prevalence of 35.4% in 2020 and reaching 45.4% in
2030.%> Oral symptoms of uncontrolled diabetes may
comprise a plethora of conditions, such as dry mouth,
tooth decay, periodontal diseases, delayed wound
healing, and increased incidence of infection following
surgery.* The probable relationship between chronic
oral infections, such as chronic apical periodontitis
and periodontal diseases, and systemic health is an
intriguing facet confronted by the medical and dental
profession.”® The prevalence of periapical infection
is estimated to be between 0.6-13.3%.” Periapical
infection is caused by microbiotas similar to those that
cause periodontal disease.” A bidirectional relationship
between periodontal disease and diabetes has been
extensively studied.®” A consistent relationship between
diabetes and an increased risk of periodontitis has
been shown and the magnitude of this increased risk
is dependent on the level of glycosylated hemoglobin
(HbAlc). Periodontal infection was also found to
compromise diabetic status and its treatment was
shown to improve glycemic control.® The research on
the pathogenesis, progression, and healing of periapical
infections in diabetic patients is relatively limited.>"
For example, in an animal study, hyperglycemia was
found to negatively effect the pulpal healing in rats."
A more recent animal study showed that the presence
of periapical and periodontal infections adversely
influences the glycemic condition of diabetic rats and
increased the HbAlc levels in normoglycemic rats."
Segura-Egea et al” in a retrospective cohort study,
found that the prevalence of apical periodontitis in
diabetic patients to be more compared with controls
(81.3% versus 58%). An epidemiological study of native
Americans conducted to identify factors influencing
the retention of endodontically treated teeth showed
that diabetes was one of the factors associated with a
decreased retention of root-filled teeth.'* A recent cross-
sectional study found that periapical lesions were more
common in diabetics than in non-diabetic controls.”
Schulze et al'® proposed the potential influence of
periapical infection on diabetes control in a case of

type-1 diabetic patient. An increase in insulin demand
was noticed prior to endodontic intervention, which
was significantly decreased one day following root canal
preparation.

The C-reactive protein (CRP) is an acute phase
pentameric protein that is found in blood plasma and
secreted by the liver, and its level rises in response to
inflammation. CRP expression is regulated principally
by interleukin-6. The primary biological function
of CRP is recruiting the complement system and
macrophages to mediate the elimination of pathogens
and the host necrotic cells.”” It has been shown that
hyperglycemia stimulate the secretion of interleukin-6
and tumor necrosis factor-alpha which leads to the
increased secretion of serum CRP'™ Conversely, it
has ben reported that CRP could increase the risk of
diabetes.” Inflammation is most frequently caused
by infection or tissue injury. C-reactive protein is
the commonly used inflammatory biomarker and its
importance and clinical usefulness has been reported
extensively.® Periapical lesions are predominantly
chronic diseases of infectious origin that cause chronic
inflammatory reactions and it was shown that CRP is
significantly increased in apical inflammation.” Since
HbA1lc is the standard test for monitoring diabetes and
CRP is an important marker for subclinical systemic
inflammation, this study was aimed to investigate if
there is a relationship between the presence of periapical
lesions and serum levels of HbAlc and CRP in type 2
diabetic patients.

Methods. This cross-sectional study was conducted
at Ibn Sina National College for Medical Studies in
Jeddah, Kingdom of Saudi Arabia, between September
2013 and February 2015. Patients who were seeking
dental treatment who satisfied the inclusion/exclusion
criteria were asked to participate in the study. The
inclusion criteria were: patients older than 30 years,
history of type 2 diabetes mellitus (DM) for more than
5 years diagnosed according to the American Diabetes
Association,® absence of cognitive impairment, and
agreed to undergo clinical and radiographic examination,
and the required laboratory tests. Exclusion criteria
included: type 1 diabetics and immune compromised
patients, patient on antibiotic treatment or those who
had received such treatment in the previous 3 months,
smoking, pregnant women, and patients with less than
20 remaining teeth or presented with acute periodontal
or periapical conditions. The research was conducted
in accordance with the principles of the Helsinki
Declaration and the study was reviewed and approved
by the ethics committee of Ibn Sina National College
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for Medical Studies, and an informed consent was
obtained from participants prior to their enrollment.
Age, gender, level of education, and medical and dental
history were obtained from each participant. Panoramic
and periapical radiographs were taken and a calibrated
examiner recorded the number of teeth with periapical
lesion. The periapical status was judged using the
periapical index method proposed by Orstavik et al.*» >
When a score of 3 or more was given, the tooth was
considered as having a periapical lesion. For multirooted
teeth, the root with the highest periapical index score
was recorded. The periapical index scores were recorded
for root-filled or non-filled teeth. Prior to starting the
study, the examiner was calibrated and intra-examiner
reliability for periapical index scores was evaluated by
rescoring radiographs of 20 patients not involved in the
study and the Cohen’s kappa value was 0.93.

Periodontal assessments consisted of the following:
probing depth (PD), bleeding on probing (BOP),
plaque index (PI), and the number of teeth present was
completed by a calibrated examiner. Intra-examiner
reliability was assessed in 10 subjects not involved in
the study and the reliability was 90% for recording
the probing depth within Imm. An experienced
phlebotomist obtained the blood sample from each
participant at Ibn Sina National College hematology
laboratory to determine the levels of serum glycosylated
hemoglobin (HbAlc) and C-reactive protein (CRP).
Clinical and radiographic examinations and collection
of blood samples was carried out on the same day for
each participant.

Statistical analysis. The results are presented as mean
+ standard deviation (SD). Comparisons between males
and females for the studied variables were performed
using an independent sample t-test. Linear regression
model was used to test the association between HbAlc
and different variables, whereas logistic regression model

was used for the CRP and different variables. A value
of p<0.05 was considered to be significant. Statistical
analyses were performed using the Statistical Package
for Social Sciences (IBM Corp., Armonk, NY, USA)

version 20.

Results. The first 100 patients who satisfied the
inclusion/exclusion criteria were included. Of these,
14% had no periapical lesions, whereas 25% had one
or 2 lesions, 32% had 3 or 4 lesions, and 29% had
5 or more periapical lesions. The characteristics and
periodontal status of diabetic type 2 patients and their
HbAlc and CRP levels are presented in Table 1. The
mean age for the study sample was 49.0 + 8.5 years.
The sample comprised of 60 males and 40 females with
no statistical significant difference in age (p=0.07). Also,
Table 1 shows that there were no significant differences
between males and females in HbA1c and CRP levels,
and number of teeth and periodontal parameters. In
the multivariable linear regression model, as shown
in Table 2, the presence of periapical lesions was
significantly associated with a higher level of HbAlc
independent of age, gender, probing depth, and plaque
index (p=0.023). Table 3 shows that individuals with
periapical lesions were also more likely to have a high
CRP level (>3 mg/L) independent of the previous
covariates (odd ratio: 1.19; 95% confidence interval:
1.01-1.41). Furthermore, independent sample t-test
showed that subjects with HbAlc values of 29%
had significantly more number of periapical lesions
(mean=3.8 + 3.3) compared with those with <9%
HbAlc levels (mean=2.6 + 2.2), (p=0.047). A trend was
also seen for CRP levels where subject with CRP values
of >3 mg/L had more number of periapical lesions
(mean=3.7 + 3.2) compared with those with <3 mg/L
CRP levels (mean=2.7 + 2.6) but it was not statistically
significant, p=0.07.

Table 1 - Characteristic of the study sample and comparison between males and females.

Variables Males Females Total P-value
N of patients 60 40 100 -
N of patients with PL 49 37 86 0.13
Age (years) 50.1+7.5 46.9 £ 9.6 49.0 + 8.5 0.07
Number of teeth 24.1 +4.0 23.8+3.9 24.0+3.9 0.7
Number of PL 39+3.5 33+22 3.79+3.1 0.3
HbAlc (%) 10.1 £ 2.6 9.5+2.4 9.8+2.5 0.3
CRP (mg/L) 6.6 + 6.9 7.4 +5.4 6.9 +6.3 0.5
Probing depth (mm) 29+0.8 2.7+0.6 2.8+0.8 0.1
Bleeding score (%) 60.4 + 26.7 61.7 £ 24.7 60.9 + 25.8 0.8
Plaque score (%) 40.7 + 36.4 54.6 + 37.8 46.2 + 37.4 0.7

Data are presented as mean + standard deviation except number of patients and number of patients
with periapical lesions (PL) that are presented as numbers. HbAlc - glycosylated hemoglobin,
CRP - C-reactive protein, N - number
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Table 2 - Predictors of glycosylated hemoglobin in the linear regression models.

Unstandardized Standardized
Variable coefficients coefficients t-test Povalue
B-coefficient ~ Standard error Beta
Age 0.012 0.027 0.040 0.444 0.658
Males 0.061 0.476 0.012 0.128 0.899
Plaque score -0.004 0.006 -0.064 -0.689 0.493
Probing depth 1.379 0.299 0.422 4.617 0.001
Number of periapical lesions 0.176 0.076 0.210 2.307 0.023
* Significant difference
Table 3 - Predictors of high levels of C-reactive protein (>3 mg/L) in the logistic regression models.
Variable B-coefficient  Standard error Od.ds 95%. Confidence P-value
ratio interval

Age -0.038 0.027 0.962 0.913 1.014 0.150

Males 1.120 0.490 3.065 1.174 8.001 0.022

Probing depth 0.481 0.316 1.618 0.871 3.005 0.128

Plaque score -0.008 0.006 0.992 0.979 1.004 0.190

Number of periapical lesions 0.173 0.088 1.189 1.001 1.412 0.049°

* Significant difference

Discussion. This cross-sectional study investigated
the relationships between periapical lesions and the
serum levels of HbAlc and CRP in type 2 diabetic
patients. The results revealed that a significant relation
does exist. The presence of periapical lesions was
significantly related to higher levels of both HbAlc
and CRP. Furthermore, periapical lesions were more
frequent in uncontrolled type 2 diabetics. The results
of the current study support a previous finding, which
showed that periapical lesions were more prevalent in
type 2 diabetics when compared with non-diabetics."”
The present results also are in line with the results of the
study by Mesgarani et al,* where they found a higher
frequency of periapical lesions in long-term diabetes
when compared with short-term diabetes. The data on
the relationship between periapical lesions and systemic
CRP levels in type 2 diabetic patients could not be
validated nor compared with other studies due to lack
of previous reports.

Diabetic patients have increased susceptibility to
chronic infection and inflammation of the oral tissues,
especially when they are poorly controlled. Infection
on the other hand can compromise diabetic status and
results in high HbAlc level, which could explain the
relationship between HbAlc and presence of periapical
lesions in the present study. While the observed increase
in the CRP level in the presence of periapical lesions
could be due to an increase in the infection burden.
C-reactive protein is an acute phase protein that is
significantly increased in the presence of infection and

inflammation. Inflammation of the periapical area is
mainly a consequence to bacterial infection of the tooth
pulp.'® Periapical infection causes several local tissue
responses to limit the spread of the infection. This
infection leads to activation of the innate immunity.
Gram-negative bacteria produce lipopolysaccharide that
causes periapical inflammation through the initiation
of intracellular pathways on inflammatory cells and up-
regulation of proinflammatory cytokines, for example
IL-1beta, IL-8, TNF-alpha, and prostaglandin E2. These
cytokines could pass into the systemic circulation and
then interact with free fatty acids, as well as advanced
glycated end-products, that is characteristic of type 2
diabetes.'®*?* The activation of this inflammatory
cascade could stimulate an increase in insulin resistance
and cause modification in the metabolic mechanism
of type 2 diabetics. Hyperglycemia impairs collateral
circulation and subsequently produces diverse changes
in pulp and periapical tissues.” The increase in glucose
levels may inhibit the function of macrophages,
initiating an inflammatory condition that impairs
cellular proliferation of the host resulting in delayed
wound healing of the pulp and periapical tissues."
Additionally, the inflammatory response in the presence
of hyperglycemia can be associated with a decrease in
osteoprotegerin and IL-4,° and an up-regulation in
certain cytokines.**!

One limitation for this study is being cross-sectional
and henceforth, a cause and effect relationship cannot
be concluded. Another limitation is that the recruited
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sample was taken from a group of patients at one
institution; thus, the findings cannot be generalized.

In conclusion, the results of this study showed

that the number of periapical lesions was significantly
associated with a higher serum level of HbAlc.
Uncontrolled type 2 diabetics had higher number of
periapical lesions. The presence of periapical lesions was
also significantly associated with a high serum level of
CRP. Further prospective clinical studies are warranted

to

investigate the effect of treatment of periapical

lesions on the glycemic control of diabetic patients and
the systemic levels of CRP.
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