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ABSTRACT

Coronary heart disease has a major impact on global health, potential morbidity and mortality and, like
periodontal disease, has a high prevalence. In addition, the two conditions share common risk factors,
such as smoking, diabetes mellitus and age. The aim of this study was to evaluate the association
between periodontal disease, atherosclerosis and intima-media thickness of the carotid artery. This is a
cross-sectional observational study carried out at the Hospital de Urgéncia of the University of
Pernambuco (PROCAPE) with a sample of 92 patients aged between 19 and 82 years. Anamnesis and
periodontal evaluation were performed using the plaque index, bleeding index, probing depth, gingival
recession. The intima-media thickness of the carotid artery was obtained by ultrasound. The prevalence
of periodontal disease index was 74.2% and 11.8% of gingivitis. In the bivariate analysis, there was a
statistically significant correlation between periodontal disease and the presence of atheroma plaque,
but this relationship was not maintained in the multivariate analysis. The presence of atheromatous
plaques was greater in patients with moderate to severe periodontal disease. There was a statistically
significant correlation between the presence of periodontal disease and the presence of atheroma
plaques, as well as an increase in the thickness of the intima-media of the carotid artery. However, this
association was not verified in multivariate analyzes.

Keywords: Periodontal disease, Atherosclerosis, Gingivitis, Carotid intima-media thickness,
Atheromatous plaque.

RESUMO

A doenca coronariana tem grande impacto na saude global, potencial morbidade e mortalidade, e assim
como a doenca periodontal apresenta alta prevaléncia. Além disso, as duas condi¢fes compartilham
fatores de risco comuns, como tabagismo, diabetes melitus e idade. O objetivo deste estudo foi avaliar
a associacao entre doenca periodontal, aterosclerose e espessura da intima-média da carotida. Trata-se
de um estudo observacional transversal realizado no Hospital de Urgéncia da Universidade de
Pernambuco (PROCAPE) com amostra de 92 pacientes com idade entre 19 e 82 anos. Foi realizada
anamnese e avaliacdo periodontal através do indice de placa, indice de sangramento, profundidade de
sondagem, recessdo gengival. A espessura da intima-média da artéria carétida foi obtida por ultrassom.
A prevaléncia de indice de periodontite foi de 74,2% e 11,8% de gengivite. Na anélise bivariada houve
correlagdo estatisticamente significativa entre doenca periodontal e a presenca de placa de ateroma,
mas essa relagcdo ndo se manteve na anélise multivariada. A presenca de placas de ateroma foi maior
em pacientes com doenca periodontal moderada a grave. Houve correlacdo estatisticamente
significativa entre a presenca de doenca periodontal e a presenca de placas de ateroma, bem como,
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aumento da espessura médio-intimal carotidea. No entanto, essa associagdo nédo foi verificada nas
analises multivariadas.

Palavras-chave: Doenca periodontal, Aterosclerose, Gengivite, Espessura médio-intima da caroétida,
Placa ateromatosa.

1 INTRODUCTION

Periodontitis is a multifactorial disease characterized by the loss of supporting tissues of the
teeth making possible the loss of teeth as well as allowing the entry of bacteria and their subprocesses
into the bloodstream, which activate the host's immune and inflammatory response [1]. Research
involving the systemic implications of periodontitis has grown exponentially. Epidemiological studies
relate periodontal disease to several systemic pathologies, among them cardiovascular disease [2]. One
of the main causes of cardiovascular disease is atherosclerosis, which is defined as the progressive
accumulation of lipids, macrophages, calcium, fibrotic tissue and other components in the coronary
artery wall [3].

The suggested mechanism of the relationship between periodontitis and coronary disease
consists in the release of inflammatory bacteria, endotoxins and cytokines into the bloodstream, which
are derived from periodontal disease. Such agents may cause increased carotid intima-media thickness,
atheromatous plaque formation, and thromboembolytic events. Vascular and endothelial changes were
seen in patients with periodontitis [4]. In fact, there are reports that oral bacteria and their by-products
can spread in the bloodstream and can settle in the vascular wall. Atherosclerotic plaques were detected
in DNA, RNA and antigens of a variety of bacterial buccal species [5]. It is noteworthy that studies
indicate that the association between periodontitis and atherosclerosis independent of other risk factors
[1, 6]. There is evidence that periodontitis may contribute to endothelial dysfunction, a marker that is
a substitute for atherosclerosis, since studies have associated low values for flow-mediated dilatation
of the brachial artery, probably due to thickening of the carotid intima-media layer [7].

Cardiovascular disease is one of the leading causes of mortality in the world, accounting for
16.7 million deaths annually [8]. Nevertheless, periodontitis is considered a public health problem,
given its high prevalence and its indication as a risk factor for cardiovascular disease by the European
Society of Cardiology and the American Heart Association [8,9]. A better understanding of the
relationship between periodontitis and cardiovascular disease may necessitate the integration of
periodontal treatment and maintenance into the public health system in order to prevent and treat
cardiovascular disease. In addition, it can help provide a complete and personalized preventative

medical approach. Therefore, the purpose of this study is to analyze the association between periodontal
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diseases, atherosclerosis and the thickness of the carotid artery intima-media layer and to correlate it

with other common risk factors.

2 METHODS
2.1 ETHICAL CONSIDERATIONS

This study was approved by the ethics and research committee with human beings of the Federal
University of Pernambuco, under the n°. 1363157. All participants signed the Informed Consent Form
(TCLE).

2.2 TYPE OF STUDY AND SAMPLE
This is a cross-sectional observational study with a sample composed of 92 patients over 18

years of age attended at the University of Pernambuco Emergency Room (PROCAPE).

2.3 INTERVIEW AND PERIODONTAL EXAM

Anamnesis and completion of a form with information on gender, age, medical history,
smoking, oral hygiene habits and body mass index (BMI) were performed. The intrabuccal physical
examination was performed by a single dental surgeon previously calibrated and included assessment
of oral and periodontal hygiene through plaque index, bleeding index, depth of probing, gingival
recession, presence of furca lesion and dental mobility. The periodontal probe used was the UNC-15
(Hu-Friedy, Chicago) hand probe that was introduced parallel to the tooth, measuring six points
(mesiovestibular, mediovestibular, distobuccal, mesiolingual, mediolingual, distolingual) in each
tooth. Recent data were obtained through previously requested examinations of cardiac risk markers

and inflammatory markers.

2.4 CAROTID ULTRASOUND

In order to measure the thickness of the intima-media layer of the carotid artery,
ultrasonography was performed by a PROCAPE cardiologist with the patient in the supine position and
the ultrasound beam perpendicular to the structures to be visualized, in an environment with reduced
and quiet luminosity. The common carotid artery was evaluated for the thickness of its walls and for

the presence or absence of atheromatous plaque, and the maximum thickness was recorded.

2.5 STATISTICAL ANALYSIS
The data were analyzed by the IBM SPSS 20 program, using descriptive statistical techniques

and univariate, bivariate and multivariate inferential statistics techniques. In the univariate analysis the
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normality of the data was verified through the Kolmogorov-Smirnov and Shapiro-Wilk tests; in the
bivariate, the correlation between the presence of atheromatous plaques and carotid intima-media
thickness versus periodontal disease was verified using the chi-square test and the Kruskal Wallis test,
together with a multiple comparison of the mean of the orders. Multivariate analysis was performed

through logistic regression. The level of significance was 5%.

3 RESULTS

In summary, PROCAPE patients in the study period presented the periodontal parameters as
presented in table 1, with averages for probing depth and insertion loss of 3.2 and 4.3 millimeters,
respectively; platelet and bleeding rates were 40% and 27.2%, respectively.

Table 1. Descriptive statistics of the periodontal parameters of patients assisted in the Pernambuco University Cardiology
Emergency Room — PROCAPE.

Periodontal Parameter Minimum Maximum Average Deviation
Standard
Probing depth (mm) 1,7 6,0 3,2 0,8
Attachment Loss (mm) 2,4 8,8 4,3 1,3
Plagque index (%) 0,0 100,0 40,0 21,3
Bleeding index (%0) 0,0 60,9 27,2 17,5

With the aid of Table 2, it can be verified that the prevalence of periodontal disease in
PROCAPE patients was 74.2%. Gingivitis presented a prevalence of 11.8%. Among periodontal
diseases, moderate chronic periodontitis was the most frequent, occurring in 38.8% of the patients in

the sample. As to the extent of periodontal disease, it prevailed of the generalized type.

Table 2. Distribution of frequencies of periodontal status of patients from the PROCAPE in the presence or absence of
periodontal disease and scope thereof.

Presence and Extent of Periodontal Disease
Periodontal With Period | Di Total
condition No Periodontal Disease Ith Periodontal Disease % (n)
% (n) Localized Generalized
% (n) % (n)
Periodontal Health 14,0 (13) 14,0 (13)
Gingivitis 11,8 (11) 11,8 (11)
Mild Periodontitis 3.2(3) 5,4 (5) 8,6 (8)
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Moderate

Periodontitis 6,5 (6) 32,3 (30) 38,8 (36)
Severe

Periodontitis 22(2) 24,7 (23) 26,9 (25)
Total 25,8 (24) 74,2 (69) 100 (93)

The correlation between periodontal disease and the presence of atherosclerotic plaque in the
common carotid artery in the studied group is initially displayed through a bivariate analysis,
summarized in Table 3. In this table, it appears that the presence of atherosclerotic plaque was more
frequent in patients with moderate periodontal disease (88.9%), and severe periodontal disease (92%)
than in patients without or with mild periodontal disease periodontal disease (68.8%), this being a

significant difference at a level of 5 %.

Table 3. Frequency of atheroma in common carotid artery in patients assisted in PROCAPE according to his periodontal
status.

Atherosclerotic plague Presence

Periodontal Status p Value*
No Yes
% (n) % (n)
No Periodontal Disease or Mild 31,2% (10) 68,8% (22)

Periodontal disease

0, 0,
Moderate Periodontal Disease 11,1% (4) 88,9% (32) 0,04
Severe Periodontal Disease 8,0% (2) 92,0% (23)
*X2 test

However, in multivariate analysis, using logistic regression, periodontal disease showed no
significant association with the presence of atheromatous plaque in the carotid artery. This occurred
even with different statistical models and methods to make up to it, and even varying the way of
categorizing and treating periodontal disease quantitative variables in its original form or categorized
mode. Illustrating this situation, Table 4 shows the summary data of a logistic regression model that
includes variable periodontal disease along with other variables to estimate their effects on the
probability of the presence of atherosclerotic plaques in carotid artery. There is, on the model in the
table, the variables that had a significant effect on the level of 5%, on the probability of the presence
of atheromatous plaques were only diabetes and thickness of each inner / middle carotid.

The other variables mentioned (except periodontal disease) in the model are those that were
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associated with the presence of atheromatous plaque in significant level (p <0.05) or close to it (p

<0.20), the various models tested. The model is the one best suited when it keeps the variable

periodontal disease.

Table 4. Data summaries of logistic regression of the presence of atheromatous plaque in the common carotid in patients
assisted in PROCAPE based on diabetes, thickness of the intima / media carotid, smoking, total cholesterol rate, gingival

bleeding index and periodontal disease.

Variables p Value OR" Cl1 95% OR™
Diabetes 0,02
Without Diabetes
Com Diabetes 12,5 1,4-115,9
Thickness of the intima / media carotid 0,04
Up to Imm
>1lmm 9,6 1,0-92,3
Smoking habit 0,23
Never smoked
Smoker or ex-smoker 2,9 0,5-16,6
Total cholesterol ratio 0,28
Up to 200 mg / DI
> 200mg/dL 2,6 0,5-15,0
Gingival bleeding index 0,18
Up to 25%
> 25% 3,8 0,5-27,9
Periodontal Disease-PD 0,95
Without PD or with mild PD
Moderate PD 0,77 1,3 0,2-8,8
Severe PD 0,88 1,2 0,1-13,9

* Odds Ratio, with the first category of each variable as the reference.
** 95% confidence interval for the odds ratio.

Regarding the relationship between periodontal disease and the thickness of the intima / media

of the common carotid artery, a significant difference was identified in thicknesses of these layers

among PROCAPE patients with various periodontal conditions (p = 0.002 by the Kruskal Wallis test).

According to multiple comparison of average orders, periodontal disease patients with no or mild

disease presented reduced thickness (0.90mm) than those with moderate periodontal disease (1.09mm,

p = 0.002), and severe periodontal disease (1,11mm; p = 0.002). But the difference between these

thicknesses patients with moderate to severe periodontal disease was not significant (p = 0.76). Figure

1 illustrates these comparisons and differences.
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Figure 1: Relationship between periodontal disease and the thickness of the intima / media of the common carotid artery
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In multivariate analysis, however, periodontal disease had no significant effect on the
probability of occurrence of intima thickness / average carotid larger than 1mm, even in different
models and logistic regression methods. Table 5 presents a summary of the best adjusted model when
it keeps the variable periodontal disease. It appears that the most significant variable of this model (and
also other tested) was C-reactive protein of interest. Also in this model the presence of atheroma, total
cholesterol level and probing depth showed significant effect on the probability of occurrence of intima
thickness / average carotid larger than 1mm.

Note that the probing depth only showed a significant level of 5% when the reactive protein C
rate was treated in a categorized way, and at the 1%-level when it itself was also categorized. This, on
the one hand, illustrates the non-linear relationships between variables (which justified the multivariate
logistic regression-type, with the thickness of the intima / media also treated in a categorized way); On
the other hand, it points to a parameter associated with periodontal thickness of the intima / media of
the carotid artery, regardless of the level of periodontal disease is not. Specifically, it is observed in
Table 5, that a patient of the population studied in the survey of depth average that is greater than 3mm
is 11 times more likely to have a thickness of the intima/media of higher carotid than 1mm.

Table 5. Summary data of logistic regression of the thickness of the intima/media of common carotid artery (up to 1 mm
vs.> 1 mm) in patients assisted in PROCAPE due to the presence of atheroma, c-reactive protein rate, total cholesterol rate
, probing depth and periodontal disease.

Variables p Value OR" IC 95% OR™

Presence of atheromatous plaque in the carotid 0,04

Without plaque

With plaque 11,7 1,1-139,5
C-reactive protein rate 0,00

Up to Img/dL

> 1mg/dL 14,3 1,9 -105,0
Total Cholesterol Ratio 0,04

Up to 200mg/dL
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> 200mg/dL 31 1,1-9.1
Depth of Periodontal Probing 0,01

Up to 3 mm

>3 mm 11,3 1,9-65,0
Periodontal disease-PD 0,30

Without PD or with mild PD

Moderate PD 0,27 0,3 05-2,3

Severe PD 0,12 0,2 03-1,6

* Odds Ratio, with the first category of each variable as the reference.
** 95% confidence interval for the odds ratio.

4 DISCUSSION

Periodontal disease is a public health problem [1] and is highly prevalent today. In this study,
there was a high prevalence of gingivitis and periodontitis among the subjects, which is in agreement
with similar studies [10,11]. 74.2% of the patients evaluated had periodontitis and 11.8% had gingivitis.
The gingival bleeding index was 27.2%. Regarding the severity of periodontitis, the results corroborate
with data from other studies in which there is a higher prevalence of moderate and severe periodontitis
among the study population [10-12].

Several studies have shown the association between periodontitis and atherosclerotic
cardiovascular diseases [1, 6, 11, 13-15]. The scientific literature states that the correlation between
periodontal disease and atherosclerotic cardiovascular disease occurs independently of the presence of
confounding risk factors [1, 6, 13, 16]. In this study, a statistically significant difference (p = 0.04) was
observed in relation to the association between periodontal disease and the presence of atheromatous
plaques, with the presence of atheroma plaques being more frequent in moderate and severe
periodontitis compared to individuals with periodontal health and mild degree of periodontal disease.
However, after multivariate analysis, there was no significant association between periodontal disease
and the presence of atheroma plaques in the carotid artery. Differently from the results of a study [13],
which underwent a follow-up of three years, verifying that the progression atherosclerosis has a parallel
relationship with the periodontal condition, both microbiologically and clinically. A study conducted
in 2016 [17] analyzed 86 patients and found a significant positive correlation between the variables:
depth of probing, gingival recession, clinical level of insertion and bleeding at the probing. The means
of periodontal parameters in patients with obstructed arteries were significantly higher than those
without coronary artery obstruction.

The association between these two diseases was confirmed by several studies, however it is
worth mentioning that these studies present significant methodological variability [1]. A meta-analysis
analyzed 15 observational studies, which included a total of 17,330 patients, demonstrating that the
presence of periodontal disease was associated with carotid atherosclerosis (OR: 1.27; 95% CI: 1.14-
1.41); authors found substantial statistical heterogeneity (12 = 78.90%, p <0.0001), this fact may be
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related to the fact that these studies were carried out in different ethnicities [18]. A large case-control
study found that the risk of a first myocardial infarction was significantly higher in patients with
periodontal disease, even after adjusting for confounding factors. These results reinforce the possibility
of an independent relationship between periodontal disease and myocardial infarction [19]. In a cross-
sectional analysis of a large cohort study conducted in the Netherlands, it was found that 60,174 of the
participants showed an independent association of periodontitis with atherosclerotic cardiovascular
diseases [20].

Some articles address the link between periodontitis and endothelial dysfunction. The results
demonstrate that periodontitis is associated with impaired endothelial function [21-24] and that
periodontal treatment may improve cardiovascular condition [25-28]. The relationship between
periodontitis and atherosclerosis has been described by two mechanisms: caused directly by the
periodontal pathogens or indirectly by bacterial components or inflammatory mediators. A third
mechanism that would also support this connection is the relationship between periodontitis and lipid
profile. Periodontal inflammation may adversely affect serum lipid control and also contribute to an
increased risk of cardiovascular disease. In addition, lipid dysregulation would also increase
susceptibility to periodontitis, as dyslipidemia is associated with a state of systemic inflammation [29].
This suggests a possible bidirectional relationship between dyslipidemia and periodontitis [30].

Faced with these facts, one of the interests of cardiology is to find a surrogate marker for
subclinical atherosclerosis. Ultrasonographic measurement of carotid artery intima-media thickness
has been suggested as an alternative diagnostic feature. It is a very widespread method because it is
non-invasive, low cost and without associated risks [31,32]. The carotid ultrasound is able to visualize
the first alterations of the walls of the arteries, monitoring arterial changes and their association with
risk factors [33]. This fact justifies the use of this test in the methodology of the present study,
which verified that the carotid artery intimal layer in patients with moderate or severe periodontal
disease presented thicker, statistically significant (p = 0.002), in relation to patients with periodontal
health or with mild periodontal disease. Dietrich (2013), in a systematic review, found that there is a
significantly higher incidence of atherosclerotic cardiovascular disease in individuals with more severe
periodontal disease when compared with individuals without periodontal disease or the mild degree of
this pathology [34,35]. The multivariate analysis of this study showed that the periodontal diagnosis
did not present significant effects on the probability of occurrence of carotid intima-media thickness
greater than 1 mm. The depth of the probing showed a significant effect (p = 0.01) in relation to the
thickness of the intima intimal layer greater than 1 mm. Probe depths greater than 3 mm increased 11.3

times the occurrence of an intima-media thickness greater than 1mm.
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Unlike most studies, the non-correlation between periodontal disease and the presence of
atheroma / increased carotid thickness after multivariate analyzes may be due to the age range of the
study patients. A total of 92 patients participated, of which 38 (41.3%) were 60 years of age or older.
And all age-stratified studies report stronger associations in younger individuals compared to older
individuals. In fact, most studies failed to demonstrate an association between PD and cardiovascular
disease incidence in older adults (> 60-65 years) [1,34]. Unexpected or unanalyzed confounders may
have occurred, genetic factors not yet known for susceptibility to cardiovascular disease. It is necessary
to carry out longitudinal studies to obtain a deeper knowledge about these proposed hypotheses and
mechanisms of action, as well as a causal relationship between these two diseases. Well-designed
interventional studies are also needed to prove the effect of periodontal treatment on variables related
to cardiovascular disease. The identification of these mechanisms will also enable new therapeutic

alternatives that can have effects and be of potential use in both diseases.

5 CONCLUSION

There was a statistically significant correlation between the presence of periodontal disease and
the presence of atheromatous plaques, as well as increased carotid intima-media thickness. However,
this association was not verified in multivariate analyzes. There are several reasons that may justify the
differences between the results of our study and previous studies. Among them, the diversity of
methods used for both the diagnosis and measurement of periodontal disease and the resources to

measure the thickness of the middle intima layer.
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