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Abstract

Background: Periodontal disease in addition to being the most prevalent
chronic inflammatory illness known to mankind and the main reason for adult
tooth loss, it has also been related to a number of other medical conditions,
including Cardiovascular disease (CVD).

CVD and periodontitis are closely related. Periodontitis increases the
systemic inflammatory burden, which worsens CVD and the CVD can affect
the progression of periodontal disease. We don’t fully understand how one
disease can affect another disease. The purpose of this study was to determine
the prevalence and severity of periodontitis in patients with CVD according to
the new 2017 classification of periodontal and peri-implant diseases.

Methods: This cross-sectional study included 137 participants with CVD.
Patients’ data was collected as face-to-face interviews, followed by clinical
examination for each participant. Aproximal plaque index and bleeding on

probing were recorded. Probing depth and clinical attachment level were
measured. The subjects were categorized into three groups: periodontally
healthy individuals, gingivitis and periodontitis. The severity of periodontitis
has been identified.

Results: Out of 137 subjects who participated in the study, 57 were male
and 80 were female, with a mean age of 54.5 years. Poor oral hygiene and
periodontitis were found to be much higher among CVD patients. 97.0% of
them have periodontitis and 90.5% have severe forms (stage III and IV).

Conclusions: Periodontitis is relatively common in patients with CVD. Further
research is necessary to determine whether the association is fundamental and
if the management of periodontal disease could be beneficial for the CVD
patient.

Keywords: Periodontitis, Cardiovascular disease, Systemic inflammation,
C-reactive protein

Abbreviations: CVD: Cardiovascular disease, MMPs: Matrix
metalloproteinases, HsCRP: High sensitivity C-reactive protein, LPS:
Lipopolysaccharide, IL-6: Interleukin 6, BOP: Bleeding on probing,
PD: Probing depth, CAL: Clinical attachment level.

Introduction

Periodontitis is a chronic inflammatory illness that affects millions of
people worldwide and is one of the most common long-term infections.
10-15% of people have severe forms of the illness, which places a
significant inflammatory load on the population. According to reports,
those with advanced periodontitis are far more likely to experience
cardiovascular disease (CVD), which includes atherosclerosis,
myocardial infarction, and stroke. It is well-recognized that coronary
heart disease and premature death in males are closely associated. A
growing body of evidence suggests a connection between periodontal
disease and an elevated risk of CVD.'*

Periodontal disease is initiated by bacteria predominantly anaerobic
gram-negative microorganisms for instance, Porphyromonas
gingivalis (P. gingivalis), Prevotella intermedia, Tannerella forsythia
and others in the subgingival plaque or biofilm, or their microbial
products particularly lipopolysaccharide (LPS) or endotoxin (a
constituent of the cell wall of these gram-negative bacteria), inducing
inflammation in the adjacent gingival and periodontal tissues.
However, it is now generally acknowledged that the host response

plays a significant role in mediating the degradation of collagen and
connective tissue in the gingiva and periodontal ligament as well as
the loss of alveolar bone.>”’

When LPS and other chemicals reach the gingival tissues, they
trigger and spread immuno-inflammation, which results in the
production of more proinflammatory cytokines than normal. they,
along with other inflammatory mediators, trigger the formation of
matrix metalloproteinases (MMPs), which break down the connective
tissues of the gingiva and periodontal ligament; they, along with
prostaglandins, promote the resorption of alveolar bone.*®

There is evidence of systemic inflammation in individuals with
chronic destructive periodontitis, as shown by elevations in C-reactive
protein (CRP), fibrinogen, interleukin 6 (IL-6), and other circulating
indicators, such as higher cholesterol levels.!®!" Inflammation
throughout the body has been linked to CVD and periodontitis.
Additionally, the risk factors for both periodontitis and several
systemic disorders, notably cardiovascular disease, include smoking,
being a man, being of a certain race or ethnicity, stress, age, and, in
particular, diabetes.’

The American Academy of Periodontology reports that although
the research isn’t conclusive yet, those with periodontal disease are
almost twice as likely to have coronary artery disease. In this regard,
one study discovered that the prevalence of common oral health issues
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including gingivitis, cavities, and tooth loss were just as effective at
predicting CVD illness as high cholesterol levels.'

Given the high prevalence of both periodontal disease and CVD in
industrialized cultures, a relationship between the two conditions may
have significant public health implications. The potential effects on
public health and the possibility that this research will help develop
periodontal disease treatment plans that can break this link make it
worthwhile to look into the relationship between periodontal disease
and CVD. Additionally, when combined with other risk profile
characteristics, periodontal parameters such as bleeding on probing,
probing depth (PD), and clinical attachment level (CAL) may help
determine CVD risk.'>!*

The current study aimed to estimate the prevalence and severity
of periodontitis in patients with CVD according to the new 2017
classification of periodontal and peri-implant diseases,'” as well as to
develop an effective risk assessment criteria for CVD.

Subjects and methods

A cross-sectional study was carried out at the largest heart center
in Benghazi /Libya (National Heart Center). The Research Ethics
Committee of the Faculty of Dentistry/University of Benghazi
reviewed and approved the study protocol. All participants received
an explanation of the procedure and provided informed consent. A
total of 137 patients, both male and female, were included in the study
(sample size calculation was based on the number of patients who
visited the National Heart Center by statistic).

Inclusion criteria

Patients with CVD for at least 6 months and aged > 20 years were
included in the study. Patients with a known history of congenital
heart disease and patients with a risk of infective endocarditis were
excluded from the study. Patients with a history of malignancy and
patients who had received periodontal therapy within six months
before the examination were also excluded from the study.

Data Collection Method:

Patients’ data included the patient’s age, sex, smoking status,
frequency of brushing, history of heart disease and heart surgery,
medications, and any systemic diseases other than CVD. All cases
were diagnosed based on the patient’s medical history, which was
reviewed by a certified physician, as well as some laboratory tests.

Clinical Periodontal Examination:

The clinical examination was performed by one examiner who
calibrated the exact diagnostic procedure for the patients. The

aproximal plaque index (API) by Lange'® and the bleeding on pobing
(BOP) by Ainamo and Bay'” were used to assess the periodontal and
oral hygiene status.

With a periodontal Michigan O probe, a full mouth periodontal
examination and periodontal charts were done for all the participants.
Probing depth (PD) and clinical attachment level (CAL) were
measured on six locations of the teeth (mesio-facial, mid-facial,
disto-facial, mesio-lingual, mid-lingual, disto-lingual) excluding third
molars. Tooth loss due to periodontitis will be addressed through
history taking from the patient.

Based on the clinical examination and periodontal status according to
the new 2017 classification of periodontal and peri-implant diseases,'®
subjects were categorized into three groups: periodontally healthy
individuals, gingivitis and periodontitis. The severity of periodontitis
was determined as (stage I, stage II, stage III and stage IV).

Statistical Analysis

Version 28 of the Statistical Package for Social Science (SPSS) was
employed in the investigation.

The findings were summarized using descriptive statistics, such as
means, standard deviations, and percentages. Spearman’s correlation
coefficient was used to assess numerical correlations.

Results
Demographic Data and Personal Behavior:

To estimate the prevalence and severity of periodontitis in a sample
of the Libyan population with CVD, a clinical cross-sectional study
including 137 participants was conducted. Out of 137 subjects that
took part in the study, the average age was 54.5 + 13.2 years; 57
(41.6%) men and 80 (58.4%) women made up the study’s participant
population.

Out of the 137 participants, 95 (69.3%) have hypertension and 57
(41.6%) have diabetes mellitus.

Smoking status was assessed as a smoker, former smoker and non-
smoker. Out of the 137 participants, 21 (15.3%) were smokers, 21
(15.3%) of them were former smokers and 95 (69.4%) were non-
smokers. All smokers were male (Table 1).

Examination of the oral cavity reveals poor oral hygiene in almost
all of the participants (97.0%). The average aproximal plaque index
(API) was 82.5% and the average bleeding on probing (BOP) was
46.1% (Table 2).

Table | Descriptive data of CVD patients with different stages of periodontitis

Total Sample Periodontitis Stage
Parameters

Mean % SD Stage | Stage Il Stage Il Stage IV
Age 13.7+50.45 12.0+ 385  13.4+50.2 5.7453.7 123+ 61.5
Sex Female n (%) 2 (2.6) 3(3.9) 12 (15.5) 60 (78)

Male n (%) 0 (0) 4(7.1) 17 (30.4) 35 (62.5)

. Male n (%) 0 (0) 3(14.3) 4(19) 14 (66.7)

Smoking Status Female n (%) 0 0 0 0
Medical Condition
Hypertension n (%) 1 (1.1) 6 (6.3) 20 (21.1) 68 (71.5)
Diabetes Mellitus n (%) 0 (0) 2 (3.5) 9 (15.8) 46 (80.7)
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Table 2 Periodontal clinical parameters of CVD patients with different stages of periodontitis

Total Sample

Periodontitis Stage

Parameters

Mean = SD Stage | Stage Il Stage Il Stage IV
Clinical Parameters
Mean CAL (mm) 5.9£2.3 2.25+0.5 3.7£0.4 6.4%15 8.0+1.5
Aproximal plaque index (API)% 82.5+23.4 79+28.38 86.3£22.5 76.3£269 83.6+20.3
Bleeding on probing (BOP)% 46.1£39.3 39.5+47.2 55.3£40.1 30.8+32.2 47.7+40.6
Number of missing teeth 10.0+8.1 1.5£0.7 2.3%2.7 2.7+1.6 13.4+7.4

The majority of the 137 participants (97.0%) had some form of
periodontitis, ranging from stage I to stage IV periodontitis and 3%
of these cases have gingivitis ( Figure 1).

B Gingivitis

[]Stage | Periodomtitis
[]Stage Il Periodomtitis
m Stage Il Periodomititis
M Stage IV Periodomtitis

Figure | Pie chart showing the percentage of gingivitis and different stages of
periodontitis in CVD patients.

Periodontitis and Medical Status

With 95 (69.3%) patients, hypertension was the most common medical
condition among patients with CVD, followed by 57 (41.6%) patients
with diabetes mellitus. Table 1 shows the prevalence of medical
conditions in each stage of periodontitis. 1.1% of hypertensive
individuals had stage I periodontitis, 6.3% had stage II periodontitis,
21.1% had stage I1I periodontitis, and 71.5% had stage IV periodontitis.
Patients with diabetes mellitus had 0% stage I periodontitis, 3.5%
stage II periodontitis, 15.8% had stage III periodontitis, and 80.7%
had stage IV periodontitis (Table 1).

Prevalence of Periodontitis in CVD

The incidence and percentage of stages of periodontitis in CVD
patients are shown in Figure. 1. Stage IV was the most common stage
of periodontitis with 69.3% (95) followed by stage III with 21.2%
(29) then stage II with 5.1% (7) while the least common stage was
stage I with 1.4% (2) as shown in Figure. 1. The average tooth loss
was 10.0+ 8.1. Out of the 137 participants, 128 (93.4%) have missing
teeth and 9 (6.6%) of them have all teeth present (Table 2).

Correlation between Various Variables

Table 1 displays descriptive data from CVD patients with various
stages of periodontitis. There was no significant association between
gender and periodontitis stages (Table 1). There was a strong positive
correlation between age and stage of periodontitis (rs = 0.4). The most
advanced stage of periodontitis, which is stage IV, was more common
in older patients and vice versa (Table 1).

Discussion

Periodontal disease’s significance in the etiology of cardiovascular
disease has recently gained considerable attention. Previous research

has yielded conflicting results regarding whether periodontitis is
associated with an increased risk of cardiovascular disease; however,
numerous studies have shown that patients with chronic destructive
periodontitis have evidence of systemic inflammation, which can link
periodontitis and cardiovascular disease.'®?! Furthermore, smoking,
male gender, aging, and diabetes are all risk factors for periodontitis
and cardiovascular disease.’

This study aimed to estimate the prevalence and severity of
periodontitis in patients with CVD, as well as to develop an effective
risk assessment criteria for CVD. A total of 137 participants were
included. The mean age of the participants was (54.5 + 13.2) years
and this was in agreement with previous studies that reported similar
mean ages of participants.’** In addition, gender distribution showed
a higher prevalence of CVD in females (58.4%) than in males (41.6%)
among the participants. This result contradicts other studies, which
stated the number of males was significantly higher than female
patients.>** Although, there was a significant association between
periodontal disease and CVD in men and women, no significant sex
difference was found (P > 0.05) and this result aligned with a study
by Leng et al. who stated that the increased risk of CVD is associated
with periodontal disease independent of sex.?

Periodontal clinical parameters such as plaque index (PI), bleeding
on probing (BOP), and CAL were used to evaluate the condition
of periodontal tissues. These are the most reliable parameters to
assess periodontal health status and are commonly used in studies
nowadays.?>?2¢27 Considering plaque accumulation, the average
score was notably high (82.5 £ 23.4) which has been testified by
earlier studies.”* suggested that high plaque scores in patients
with CVD may be because of neglecting oral health care as a whole
due to their systemic illness. Accordingly, it can be concluded that
a high plaque score in the present study typically was the effect of
poor oral hygiene. Additionally, inadequate oral hygiene in patients
with CVD could be related to antidiuretic drugs, which could reduce
salivary flow and decrease lubrication in the oral cavity, consequently,
promoting dental biofilm accumulation.?” In addition to the patients’
substantial deposition of dental biofilm, the rate of gingival bleeding
was (46.1%).

Regarding the frequency of periodontitis among CVD patients, there
were 97% (133 out of 137 participants) have periodontitis which
was in line with several studies that documented similar results.?>¢:3
Moreover, our results presented that 90.5% of the participants have
severe forms of periodontitis (stage III & IV), but stage I periodontitis
was the least prevalent stage of periodontitis (1.4%) followed by stage
I (5.1%). These results agree with Schmalz et al. who concluded that
the majority of the patients (88.7%) with severe heart failure had stage
III or IV periodontitis.*

In addition, the average tooth loss was 10.0+ 8.1. Out of the 137
participants, 128 (93.4%) have missing teeth and 9 (6.6%) of them
have all teeth present.
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Concerning the medical status of patients, our results demonstrated
that hypertension and diabetes mellitus were the most prevalent
medical conditions (69.3% and 41.6% respectively) and this was in
accordance with previous studies, which confirmed that the most
common medical problems in their studies were hypertension and
diabetes mellitus.*® Furthermore, our study also revealed the frequency
of periodontitis with different stages among hypertensive and diabetic
patients with CVD. Considering hypertension, the present study
detected a high prevalence of severe periodontitis (Stage IV, 71.5%) in
CVD patients. Similarly, Tadjoeddin et al.** reported a high incidence
of severe periodontitis (Stage III, 71.4%)) in hypertensive patients.
The association between periodontitis and hypertension could be
attributed to many factors including stress, tobacco smoking, aging,
socioeconomic factors and the amount of pathogenic periodontal
bacteria.’'**

Regarding diabetes, our study documented a high frequency of severe
periodontitis (Stage IV, 80.7%) in diabetic patients with CVD. This
fact agrees with Schmalz et al.** who expressed a high frequency of
severe periodontitis (70.9%) in diabetic patients with CVD, depending
on the definition of the American Academy of Periodontology/Centers
for Disease Control and Prevention (AAP/CDC) case definitions of
2007.3 Moreover, Tadjoeddin et al.’* established a high frequency
of severe periodontitis (Stage III, 83.1%) in diabetic patients. In
addition, many patients with CVD have been receiving diabetes
therapy for several years. Therefore, there is a general assumption that
diabetes mellitus is the main cause of CVD. Furthermore, diabetes is
considered a significant risk factor for severe periodontitis®® and this
could explain the link between CVD and periodontitis.

In our research, we also found a significant association between age
and periodontitis stage (rs = 0.4). Moreover, severe periodontitis (stage
IV) was more prevalent among patients of older age and this fact was
in agreement with other studies.’’*® The alteration in the periodontium
associated with the age of the patient supports the idea that age could
be a risk indicator for periodontal disease progression.?* The current
study found a substantial link between periodontal disease and CVD,
as well as a near-100% incidence of periodontal disease in CVD
patients, and almost all CVD patients had a severe form of the disease
with 90.5% having stage III and IV periodontitis. Although there was
a positive correlation between periodontal disease and an increased
risk of CVD, we cannot rule out the possibility that general risk factors
such as tobacco use, male gender, race/ethnicity, stress, aging, and,
in particular, diabetes, have an effect on the severity of periodontal
disease and are also considered CVD risk factors. Periodontal disease
was substantially associated with CVD; thus, periodontal parameters
such as bleeding on probing (BOP), probing depth (PD), and clinical
attachment level (CAL) may be effective risk assessment criteria
for CVD. A high serum level of high-sensitivity CRP (HsCRP) is a
biomarker of systemic inflammation that greatly increases the risk of
CVD?* and could be used to assess CVD risk. However, because
HsCRP cannot be used to diagnose CVD with certainty, periodontal
parameters and HsCRP could be utilized in conjunction with other
risk factors. Therefore, our approach has been to evaluate the situation
in which the dentist discovers severe periodontitis (PD>6 mm) and
must determine whether to refer the patient for specialist evaluation.
According to the literature, severe periodontitis is strongly associated
with CVD. As a result, they could be used in conjunction with other
risk factors such as obesity, tobacco smoking, race/ethnicity, stress,
advancing age, hypertension, and, in particular, diabetes, and the
patient should be referred for consultation if there is one positive
dental risk factor and one positive general risk factor.

Conclusion

To the best of our knowledge, this is the first study to estimate the
prevalence and severity of periodontitis in Libyan population with
CVD. Periodontitis is relatively common in patients with CVD.
Therefore, more research is needed to determine the strength of the
link between CVD and periodontal disease and if the management
of periodontal disease could be beneficial for the CVD patient. We
believe the optimal strategy for assessing the relationship between
CVD and periodontal disease would be a longitudinal examination of
systemic inflammatory markers and changes in periodontal parameters.
Although, the current study does not prove causation, nonetheless, the
results fit well with the existing literature’s conclusions.
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