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Abstract. Background. Atherosclerosis is a chronic and progressive condition of the arteries, characterized by the
thickening and hardening of their walls due to the formation of atherosclerotic plaques. Low-grade
inflammation is implicated in the pathogeny of atherosclerosis. Chronic apical periodontitis (CAP), the chronic
inflammation around the root apex of infected teeth, is associated with a low-grade inflammatory state, so a
connection between atherosclerosis and CAP have been suggested. The aim of this study was to conduct a
systematic review with meta-analysis to answer the following PICO question: In adult patients, does the
presence or absence of atherosclerosis affect the prevalence of CAP? Methods. The PRISMA guidelines were
followed to carry out this systematic review. A bibliographic search was performed in PubMed-MEDLINE,
Embase, and Scielo. Inclusion criteria selected the studies presenting data on the prevalence of CAP in patients
diagnosed with atherosclerosis and control patients. The statistical analysis was carried out using RevMan
software. Study characteristics and risk ratios with 95% confidence intervals (CIs) were extracted. Random-
effects meta-analyses were performed. Risk of bias was assessed using the Newcastle-Ottawa scale, adapted for
cross-sectional studies. To estimate variance and heterogeneity between trials, the Higgins I? test was used. The
quality of the evidence was evaluated using GRADE. Results. The search strategy recovered 102 articles, and
only five met the inclusion criteria. Meta-analysis showed and overall OR =2.94 (95% CI = 1.83 — 4.74; p < 0.01)
for the prevalence of CAP among patients with atherosclerosis. The overall risk of bias was moderate. The
quality of the evidence showed a low level of certainty. Conclusions. Patients with atherosclerosis are almost
three times more likely to have CAP. This finding supports the hypothesis that chronic inflammatory processes
in the oral cavity could significantly impact cardiovascular health, emphasizing the importance of an integrated
approach to oral and systemic health care. This result should be translated to daily clinical practice: the
healthcare community should be aware of this association and suspect atherosclerotic pathology in patients who
show a high prevalence of CAP. Likewise, patients with atherosclerosis should be monitored in the dental clinic
for CAP.

Keywords: atherosclerosis; endodontics; epidemiology; apical periodontitis; prevalence; survey;
population-based study

1. Introduction

Apical periodontitis is an inflammation of the tissues surrounding the apex of the tooth, caused
by the immune reaction triggered by bacterial antigens passing from the infected root canal [1]. The
estimated prevalence of apical periodontitis is around 52% [2]. Periapical chronic inflammation,
called chronic apical periodontitis (CAP), causes destruction of the periapical bone, which is evident
on X-rays as a radiolucent image around the apex of the affected tooth [3].

Atherosclerosis is a chronic and progressive condition of the arteries, characterized by the
thickening and hardening of their walls due to the most common formation of atheromatous plaques
[4]. These plaques are accumulations of lipids, cholesterol, calcium, and other substances that deposit
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in the innermost layer of the arteries, known as the intima, which is in contact with the blood and
lined with endothelial cells [5]. Atheromatous plaques can restrict blood flow or even completely
obstruct an artery, leading to severe cardiovascular problems such as myocardial infarctions or
strokes [4]. Atherosclerosis can be characterized as an independent form of inflammation, sharing
similarities but also having fundamental differences from low-grade inflammation and various
variants of canonical inflammation [6]. There are numerous factors that act as inducers of the
inflammatory process in atherosclerosis, including vascular endothelium aging, metabolic
dysfunctions, autoimmune, and in some cases, infectious damage factors [4,6]. Low-grade chronic
inflammation can lead to vascular inflammation and endothelial dysfunction, which can
subsequently lead to atherosclerosis [6]. Oral inflammatory processes, such as periodontal disease [7]
and chronic apical periodontitis [8], are associated to low-grade inflammation [9]. For this reason,
studies have been conducted investigating the possible association of periodontal disease [10] and
chronic apical periodontitis [11] with atherosclerosis. Early endothelial dysfunction has been found
in young men with apical periodontitis compared to healthy control patients [12]. Some studies have
found a relationship between CAP and cardiovascular diseases associated with atherosclerosis, such
as myocardial infarction [13], hypertension [14] or stroke [15]. Additionally, some experimental
studies carried out in animals have found that CAP exacerbates atherosclerosis [16,17].

This study aimed to conduct a systematic review with meta-analysis to investigate the possible
association between atherosclerosis and the prevalence of CAP. The null hypothesis was that the
prevalence of CAP in patients with atherosclerosis is similar to that of the healthy general population.

2. Materials and Methods

To conduct this systematic review the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [18,19] were followed.

2.1. Review Question

The review focused on answering the following research question, structured according to PICO
method (population, intervention, comparison, and outcome): In adult patients (P), does the presence
of atherosclerosis (I) compared to its absence (C), affect the prevalence of CAP?

2.2. Eligibility Criteria

The inclusion criteria established were: (a) epidemiological studies published until December
2024; (b) studies comparing atherosclerotic patients with healthy control subjects; (c) studies
diagnosing the atherosclerotic condition clinically or by imaging techniques; and (d) studies assessing
the prevalence of AP, both in atherosclerotic patients and in control healthy subjects, using
radiological methods.

The exclusion criteria were as follows: (a) In vitro or animal studies, (b) case series, (c) studies
reporting data only from atherosclerotic patients, (d) studies not reporting the radiological
prevalence of CAP, (e) studies including patients with atherosclerosis in the same experimental group
as patients with other pathologies, without differentiating the data obtained in each pathology, and
(f) studies that had been no initial agreement among the reviewers were excluded.

2.3. Search Strategy and Information Sources

Once the PICO question and inclusion criteria were established, the search strategy was
designed. A bibliographic search was conducted with no time or language limits in
PubMed/MEDLINE, Web of Science, Scopus, EMBASE, and SCIELO. For the electronic search
strategy, terms from the Medical Subject Heading (MeSH) and text words (tw) were combined as
follows: (“arteriosclerosis”[All Fields] OR “coronary artery disease”[All Fields] OR "atherosclerosis”[All
Fields] OR “arterial disease”[All Fields] OR "atherosclerotic plaque”[All Fields]) AND ("periapical
pathology”[All Fields] OR “apical periodontitis”[All Fields] OR “periapical infection”[All Fields] OR
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“endodontics”[All Fields] OR “periapical disease”[All Fields]). A complementary screening was
performed by searching for any additional studies through the references of the included studies that
did not appear in the database search. A search was conducted in the grey literature, but it did not
provide useful data (https://opengrey.eu/; https://scholar.google.com/; https://www.greynet.org/).

The selection of the articles was done by three authors individually (J.J.S5-E, M.L-L., and D.C-B.)
reading the titles and abstracts, or full text if further clarification was necessary. A second stage
involved reading the full texts of all selected articles to definitively assess whether or not they met
the inclusion criteria. Disagreements on eligibility were resolved by discussion and consensus.

2.4. Data Extraction

One of the authors (M.L-L.) was responsible for data extraction, while three reviewers (J.M-G.,
D.C-B and ] .J.S-E) verified the tabulated data to ensure the absence of typo errors and carried out the
analysis of the articles; the articles in disagreement were discussed. For each study, the following
data were extracted: authors and year of publication, study design, the total sample size and that of
the control and experimental groups, main variables, methods used to diagnose CAP and to detect
atherosclerosis, and main results, including the number of control and atherosclerotic patients with
and without CAP.

2.5. Data Synthesis and Analysis

The outcome variable studied was the prevalence of CAP, calculated as the percentage of
individuals with at least one tooth affected by CAP. In each selected study, the odds ratio (OR) was
calculated with its 95% confidence interval (CI), aiming to measure the effect of the relationship
between atherosclerosis and the prevalence of CAP.

To determine the overall OR and its 95% CI for the prevalence of AP, a random-effects meta-
analysis was performed using the RevMan software (Review Manager Web. The Cochrane
Collaboration, 2019) software version 5.4. To estimate the variance and heterogeneity of the studies,
the Tau? and the Higgins I? test were used, considering slight heterogeneity if it ranged from 25% to
50%, moderate from 50% to 75%, and high if the heterogeneity was greater than 75% [20]. The level
of significance was applied to p = 0.05.

2.6. Risk of Bias Assessment

The methodological risk of bias of the selected articles was assessed using the Newcastle-Ottawa
Scale [21], adapted for cross-sectional studies [22]. This scale was adapted to the outcome of interest,
classifying the items into two domains: sample selection and outcome. They were given points (*)
depending on the aspect required were present or missing. Three authors (M.L-L., D.C-B., and J.J.5-
E.) independently assessed the risk of bias of each of the included studies. In case of disagreement,
the authors discussed until they reached an agreement. Two domains, sample selection, and outcome,
were considered. The evaluation of each item was made according to the following criteria:

A) Domain “Sample selection” (maximum: six points):

1) Representativeness of the sample: Truly representative of the average in the target population
(random sampling) => three points; Somewhat representative of the average in the target population
(non-random sampling) = two points; Selected group of users > one point; No description of the
sampling strategy => no points.

2). Sample size: Justified, the study provided sample size calculation, or the entire population
was recruited (and the loss rate was <20%) => one point; Not justified size no points.

3). Atherosclerotic condition: The atherosclerotic condition was verified by imaging techniques
=> two points; Atherosclerotic condition was established only clinically = one point; The condition
of atherosclerosis was not established either clinically or by imaging methods =» no points.

B) Domain “Outcome” (maximum: six points):
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1) Assessment of the outcome: Training and calibration for the methodology of assessing
radiographically periapical lesions with inter- and intra-agreement values provided = two points;
Training and calibration for the methodology of assessing radiographically periapical lesions, with
inter- or intra-agreement values not provided =» one point; Training and calibration not mentioned
= no points.

2) Type of radiographs used: Computed tomography or periapical radiographs - two points;
Panoramic radiographs - one point; the type of radiography used is not specified = no points.

3) Inclusion of third molar in the total sample of teeth: Third molar included => one point. If the
study did not mention that third molar was excluded, it got one point in this domain; third molar not
included =» no points.

4) Number of observers: Radiographs were studied by two or more examiners => one point; only
one examiner studied the radiographs = no points.

The maximum possible score was 12 points. High risk of bias was defined as 0 to 4 points,
moderate risk of bias was considered for the studies scoring 5 to 8 points, and finally low risk of bias
was assigned to studies scoring between 9 and 12 points.

Articles were assessed independently by 4 reviewers (J.].S-E., D.C-B., M.L-L., ].].5-M.), and cases
of disagreements in the risk of bias were discussed until a consensus was achieved.

2.7. Grading Recommendations Assessment, Development and Evaluation

The GRADE tool was used to assess the overall quality and certainty of the evidence (Grading
Recommendations Assessment, Development and Evaluation) [23]. Four investigators (M.L-L. J.].S-
E., B.S-D., and ].J.5-M.) independently carried out the assessment. This procedure defines an initial
level of certainty according to the design of the included studies and, subsequently, analyzes different
domains such as the risk of bias, inconsistency, indirectness, imprecision, publication bias, dose-
response gradient, confounding factors, or the magnitude of the effect to conclude at a final level of
certainty. Having a high or moderate level of evidence, if it was highly likely or possible that the true
effect was close to the estimated conclusion, allowing a recommendation to be made. A low or very
low level of evidence indicates that confidence in the result is limited or very weak, respectively [24].

3. Results

The search strategy to select the articles that have been included in this systematic review has
followed the PRISMA 2020 guidelines, as shown in the flowchart (Figure 1).
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Figure 1. Flowchart of the search strategy following the PRISMA 2020 guidelines for systematic reviews and

meta-analyses.

The baseline search recovered 102 titles. After the removal of duplicates, 78 articles remained, of
which 62 were excluded after reading abstract for being unrelated to the topic, and 16 were selected
for full text. After full-text reading, 11 articles were excluded for the following reasons: five did not
provide the necessary data [11,12, 25-27], in three studies some patients in the experimental group
did not have atherosclerosis [28-30], and other three studies did not establish the radiographic diagnosis
of CAP [31-33]. The excluded articles and the reasons for their exclusion are shown in Table 1.

Table 1. Excluded studies and their reasons for exclusion.

Reasons Excluded studies
Friedlander et al. 2010 [25]
1 Cotti et al. 2011 [12]
Not providing the necessary data Glodny et al. 2013 [26]

Liljestrand et al. 2016 [27]
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Chauhan et al. 2019 [11]
Frisk et al. 2003 [30]
Willershausen et al. 2009 [28]
Pasqualini et al. 2012 [29]
Jansson et al. 2001 [31]
Cowan et al. 2020 [32]
Liu et al. 2023 [33]

Some patients in the experimental
group did not have
atherosclerosis

Not establishing the radiological
diagnosis of CAP

3.1. Characteristics of the Included Studies

Finally, five studies were selected and included for systematic review and meta-analysis (Table 2).

Table 2. Studies on the prevalence of CAP and atherosclerosis included in the meta-analysis: study design,
subjects and sample size, diagnostic methods, and main results.

Diagnostic methods

. . for CAP and .
Author, year Study design Subjects atherosclerotic Main results
condition
AP lat
Petersen et al. Control — 255 CT scan ogitive(lzor;veit; ethe
2014 Cross-sectional Atherosclerotic — Healing scanning from P . Y .
. aortic atherosclerotic
[34] 276 CTs of abdominal aorta
burden.
CAP was
ind dentl
Costa et al. 2014 Control - 36 Periapical radiographs mndepencenty

Cross-sectional associated with

[35] Atherosclerotic— 67  Coronary angiography coronary artery
disease
Gomes et al The number of teeth
m al.
2016 Retrospective Control - 216 Ortopantomography with CAP in midlife
P Atherosclerotic — 62 Incident CVE was an independent
[13] .
predictor of CVE
. CAP was
Gonzalez- L
Ortopantomography significantly

Navarro et al.

Cross-sectional

Control — 48

Having suffered an

associated with

2[22(]) Atherosclerotic - 83 atherotrombotic CVE atherotrombotic
CVE
. CAP was associated
Malvicini et al. . Control — 38 OrtoPantomography with 5-fold increased
2024 Cross-sectional . Carotid wall thickness .
Atherosclerotic — 27 odds of having
[37] Doppler ultrasound

carotid plaques

The studies [13, 34-37] analyzed the association between atherosclerosis and the prevalence of
CAP, diagnosed radiographically. For each study, the study design, included subjects, variable
analyzed, diagnostic methods, and main results are summarized in Table 2. Four of the included
studies were cross-sectional [34-37], with level 4 of evidence according to the Oxford Centre for
Evidence-Based Medicine [38], and one was retrospective studies [13], with level 3 of evidence.
Regarding the diagnosis of CAP, three of the included studies used panoramic radiographs to
identify teeth with apical pathology [13,36,37], one study used periapical radiographs [35], and
another study used a whole-body CT scan [34] (Table 2).

Concerning the atherosclerotic condition of patients in the atherosclerosis group, two studies
included patients who had suffered cardiovascular events (CVE) associated with atherosclerosis [13,
36]. Other study one used CT scan [34], and another one used coronary angiography [35]. Finally,
other study used Doppler sound to assess carotid wall thickness [37].

An evidence table was elaborated with data from the included studies (Table 3). The number of
patients with at least one tooth with CAP in both the control and the atherosclerotic groups were the
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key data extracted in each of the studies. Then, the prevalence of CAP in patients with atherosclerosis
and in healthy control subjects was calculated, as well as the corresponding OR for each study and
for the overall sample.

Table 3. Studies about atherosclerotic patients and the prevalence of CAP. Results extracted and compiled,

descriptive statistics and odds ratios calculated.

Atherosclerotic .
. Control subjects
Authors and patients Odds
No. subjects CAP CAP Ratio p
year CAP/ CAP/ o
Total Prevalence Total Prevalence (95%CI)
(%) (%)
Petersen et al. 2.77 <
1 228/271 2. 161/2 1
2014 [34] 3 8/276 826 61/255 63 (1.86-4.15) 0.001
Costa et al. 3.09
2014 [35] 103 34/67 50.7 9/36 25.0 (126-7.55) 0.012
Gomes et al. 1.65
27 18/62 29. 43/21 19. 12
2016 [13] 8 8fe 20 3/216 99 (0.87-313) 126
Gonzalez- 266
Navarro et al. 131 39/83 47.0 12/48 25.0 a 22'_5 82) 0.013
2020 [36] ’ ’
13.20
Malvicini et al. <
65 18/27 66.7 5/38 13.2 (3.84-
2024 [37] 45.38) 0.001
OVERALL 1,108 337/515 65.4 230/593 38.8

CAP: chronic apical periodontitis.

The five studies included a total of 1,108 people, 515 atherosclerotic patients and 593 control
healthy subjects. Patients with atherosclerosis showed a CAP prevalence of 65.4%, much higher than
that found in the control group (38.8%). Data from four of the five studies [34-37] provided significant
OR values greater than 1 (1.65-3.09), indicating association between atherosclerosis and periapical
status. One of the studies [13] did not provide a significant OR (1.65; p = 0.126).

3.2. Meta-Analysis of the Prevalence of Chronic Apical Periodontitis

The data shown in Table 3 were used to perform the meta-analysis, which forest plot is shown
in Figure 2. The blue squares represent the point estimate of the OR, and these are proportional in
area to the study size. The horizontal lines represent the 95% confidence intervals. The black diamond
shows the statistical summary of the five studies, and the red dotted vertical line indicates the
calculated overall OR. This overall OR was determined using the inverse variance random effects
method, resulting in an OR = 2.94 (95% CI = 1.83 — 4.74; p < 0.01). The heterogeneity value was I> =
54% (Tau? = 0.15; p = 0.07) indicating a moderate level of heterogeneity among the studies.

Atherosclerotic patients  Control subjects Odds Ratio Ddds Ratio

Study or Sut Events Total _Events  Total Weight IV, Random, 95% €1 Year IV, Random, 95% CI

Petersen et al. 2014 228 276 161 255  30.7% 2.77[1.86, 4.15] 2014 ——

Costa et al. 2014 34 67 5 36 16.5%  3.09[1.26,7.55] 2014 —

Gomes et al. 2016 18 62 43 216 22.9% 1.65 [0.87, 3.13] 2016 1

Gonzdlez-Navarro et al. 2020 i 83 12 48 19.1% 2.66 [1.22, 5.82] 2020 —

Malvicini et al, 2024 18 27 5 38 10.8% 13.20 |3.84, 45.38] 2024 ]

Total (95% CI) 515 593 100.0% 294 [LK3, 4.74] e

Total events 337 230 '

Heterogeneity; Tau® = 0.15; Chi' = 8.73, df = 4 (P = 0.07); I' = 54% =

Test l?'?uwrvllrf:‘ll 7= 4.43(F < 0.00000) he Al 2 19
EY Cockeibier ¥ Y Controls subjects Atheroscleratic patients

Figure 2. Forest plot of the OR and its 95% confidence interval comparing the prevalence of apical periodontitis
in patients with arteriosclerosis and healthy control patients. The estimate is based on data from the five selected

studies.
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3.3. Risk of Bias Assessment

According to the Newcastle-Ottawa Scale [21], risk of bias was evaluated for each study (Table
4). The five studies were classified as moderate risk of bias. The overall sum of the scores of the five
studies was 30, indicating a moderate overall risk of bias.

Table 4. Risk of bias of individual studies assessed using the Newcastle-Ottawa Scale for assessing risk of bias.
The maximum possible score was 12 points (60 points for the five studies). High risk of bias was defined as 0 to
4 points, moderate risk of bias was considered for the studies scoring 5 to 8 points, and finally low risk of bias

was assigned to studies scoring between 9 and 12 points.

Sample selection Outcome
Inclusi
Sampl Out:
Representative ar'np ¢ Atheroscler wteom Type of on of No. of .
size . e . . Risk of
ness of the . otic radiogra  third  observ .
calculati .\ assessm bias
sample on (max condition ent (max ph molar ers
(max 3) 1) (max 2) 2) (max 2) (max  (max1)
1
Petersen
etal 5
: *% % *
2013 (m:l)era
[34]
Costa et 7
al. 2014 * * ** ** * (modera
[35] te)
G
ctal ;
. * *% * *
2016 (m‘t)j)era
[13]
Gonzale
Naje-lrro 6
* * * ** * (modera
etal. te)
2020
[36]
Malvaci ”
nl et al' * *3% * 3% *
2024 (mct);i)era
[37]
30
OVERA
3 1 8 2 7 4 5 (modera
LL
te)

3.4. Publication Bias

Publication bias could not be assessed quantitatively as there were fewer than the required
minimum of 10 studies [20]. However, a funnel plot was plotted to illustrate the possible existence of
publication bias (Figure 3).
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Figure 3. Funnel plot for estimates in meta-analysis of the prevalence of chronic apical periodontitis in patients
with atherosclerosis and healthy control patients. Studies with higher power and lower standard error are placed

towards the top. Studies with lower power are placed towards the bottom.

3.5. GRADE Evaluation: Level of Certainty

The certainty of evidence was assessed using the GRADE tool (Table 5). All included studies
were observational; therefore the initial level of certainty is low. The domain risk of bias, according
to its overall result (moderate), was classified as “not serious”. The domain inconsistency received
the ‘not serious’ classification as the heterogeneity was moderate (I2 = 54%). Indirectness domain was
classified as ‘not serious’ as the studies did not perform indirect comparisons or present indirect
results. The included populations were representative of the atherosclerotic patients and CAP was
reliably evaluated. However, the domain of imprecision was rated ‘serious’ since the 95% CI of the
estimated effect (OR) was out of 0.75-1.25, and the number of included studies was moderate (only 5
studies). While there were not enough studies to perform a quantitative assessment of publication
bias, it was not considered significant enough to downgrade the quality of evidence, as studies from
various journals with varying sample sizes were included and none were funded by the private
sector. For all the above, the certainty of the evidence was classified as low, indicating that the true
effect might be markedly different from the estimated effect.

Table 5. Grade assessment of certainty level (GRADE Working Group grades of evidence) [23].

Certainty assessment

No.

Risk . . . Other Certain
of Study Inconsiste  Indirectn = Imprecisi . . Importance
. . of considerati ty
studi design . ncy ess on
bias ons

es

Atherosclerosis — apical periodontitis

Not OR: 2.94
Observatio ) Not Not ) ®O00 IMPORTA
. seriou . . Serious® (1.83-4.74)
nal studies serious® serious Low NT
s? p<0.01

Explanations: a. Detailed in table 4: Risk of bias summary (moderate). b. I> = 54% (p=0.07). c. 95% CI out of 0.75-
1.25. Low certainty: The true effect might be markedly different from the estimated effect.



https://doi.org/10.20944/preprints202502.0059.v2

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 February 2025 d0i:10.20944/preprints202502.0059.v2

10 of 15

4. Discussion

The aim of this systematic review and meta-analysis was to investigate the relationship between
the prevalence of CAP and atherosclerosis. After analyzing the studies published in the literature to
date, the null hypothesis can be rejected, that is, the prevalence of CAP is higher in patients with
atherosclerosis compared to healthy control subjects. This finding supports the hypothesis that CAP
could significantly impact cardiovascular health, emphasizing the importance of an integrated
approach to oral and systemic healthcare.

The overall OR provided by the meta-analysis (OR =2.94; p < 0.01) suggested that patients with
atherosclerosis are nearly 3 times more likely to present CAP than patients without this condition.
However, the overall risk of bias was moderate and the evaluation of the level of certainty, carried
out with the GRADE tool [24], concluded that the level of certainty is low, that is, the true effect might
be markedly different from the estimated effect.

4.1. Methodological Differences and Heterogeneity

Among the included studies there are marked differences in the methodology used to detect
apical periodontitis and to diagnose atherosclerosis. This has probably influenced the calculated
heterogeneity value (I? = 54%). Each radiographic technique has its own limitations for diagnosing
periapical pathology. Periapical and panoramic radiographs are useful for initial evaluations of
pathology [39], but CBCT provides more advanced and detailed information [40]. However, CBCT
has significant drawbacks, such as its high cost and lower accessibility, so it should be reserved for
specific cases of diagnosis and follow-up of periapical pathology [41].

Regarding the diagnosis of atherosclerotic conditions, all included studies confirmed the
atherosclerotic status of patients clinically or by imaging techniques. Therefore, there is
correspondence between the conditions of the included studies and the specific research PICO
question, without indirectness, and this has been considered in the evaluation of the level of certainty.

The first study investigating the possible association between CAP and coronary heart disease
was carried out in 2003 [30], but was not included in the review because the study sample involved
patients with different pathologies. On the contrary, all the studies included in the systematic review
determined the relationship between the prevalence of CAP in control healthy subjects and in
patients with atherosclerotic condition, assessed clinically or by imaging techniques.

The study by Petersen et al. (2014) is the one that contributes the highest percentage of subjects
(48%) to the meta-analysis and also the one that finds the highest prevalence of CAP in both
atherosclerotic patients and controls. The results of this study provided an OR of 2.83 (p < 0.01) for
the association between atherosclerosis and CAP. Three other studies [35-37] included in the
systematic review also provided similar OR values. On the contrary, the study conducted by Gomes
et al. (2016), including 278 subjects, provided a non-significant OR = 1.65 (p = 0.126). The prevalence
of CAP found both in the control group (20%) and the atherosclerotic group (29%) in this study are
strikingly low compared to that calculated for the healthy world population (52%) [2], this could
explain its non-significant result. Other differences in the results of the included studies may be
attributed to variability in the methodologies used to diagnose CAP and atherosclerosis, as well as
population and design differences.

4.2. Pathophysiological Implications

Although it is not the objective of this study, the application of the criteria of biological
plausibility and scientific coherence stated by Hill [42] advises analyzing the possible biological
mechanisms that could explain the association between endodontic infection and atherosclerosis. The
relationship between CAP and atherosclerosis can be explained by several pathophysiological
mechanisms [43]. Chronic inflammation from CAP may induce endothelial dysfunction [12,44], a
critical step in the development of atherosclerosis. Endothelial dysfunction, characterized by reduced
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nitric oxide production, adversely affects vascular tone regulation and promotes the formation of
atherosclerotic plaques [44].

Low grade chronic inflammation can also increase the risk of atherosclerosis and insulin
resistance which are the leading mechanisms in the development of cardiovascular diseases (CVD)
[45]. Apical periodontitis is associated with elevated levels of inflammatory markers such as
interleukins, immunoglobulins, and C-reactive protein in humans [46]. These findings suggest that
apical periodontitis contributes to low-level systemic inflammation [47] and is not limited to a
localized lesion, leading to an increased risk of cardiovascular diseases [48]. Additionally,
inflammatory mediators released during CAP, such as interleukins and C-reactive protein, may enter
the bloodstream, contributing to vascular damage [7,49,50]. The presence of chronic inflammation in
adults with CAP could act as a risk factor for various cardiovascular diseases, contributing to the
reduction in flow-mediated dilation and an increase in carotid intima thickness [12,37].

Another proposed mechanism involves the potential role of bacterial dissemination. Pathogens
associated with CAP, such as Porphyromonas endodontalis and Enterococcus faecalis, may invade
the bloodstream and adhere to vascular endothelium, directly contributing to plaque formation and
vascular inflammation [43,51,52]. This bacterial insult can synergize with systemic inflammation to
accelerate the progression of atherosclerotic lesions, highlighting the multifaceted nature of this
association [53].

Experimental studies have also demonstrated that CAP can exacerbate atherosclerosis. Conti et
al. (2020) and Gan et al. (2022) documented that animal models with CAP developed higher levels of
systemic inflammation and atherosclerotic plaque formation compared to controls. These findings
support the hypothesis of a bidirectional connection between oral inflammatory pathologies and
cardiovascular diseases [54].

4.3. Clinical Implications

The results of this systematic review and meta-analysis have an evident clinical interest, as they
suggest a relationship between atherosclerosis and endodontic disease. Dentists should be aware that
CAP could serve as a potential cardiovascular risk indicator, and physicians should consider oral
health as an integral part of the evaluation and management of patients with atherosclerosis.
Interdisciplinary collaboration is essential to address these risks effectively. For example, early
detection and treatment of CAP could reduce systemic inflammatory states and potentially mitigate
the progression of atherosclerosis. Similarly, periodic monitoring of atherosclerosis patients in dental
clinics could help identify undiagnosed CAP cases. Therefore, it is essential to consider this
relationship in the daily clinical practice of dentists and healthcare professionals in general.

This systematic review, together with other published studies [55-58], have highlighted the
relationship between CAP and several systemic diseases [43,54] making it crucial for clinicians to
study these relationships to better understand and communicate the prognosis of a tooth undergoing
endodontic treatment. Moreover, systemic diseases can influence the outcome of root canal treatment
[49].

However, the results of this review must be considered in their entirety. The GRADE system
was applied to assess the certainty of evidence, starting at a low level due to the observational nature
of the included studies. Domains such as risk of bias, inconsistency, and indirectness were classified
as "not serious,"” while imprecision was rated "serious" due to the confidence intervals and the limited
number of studies. Overall, the evidence was classified as low certainty, suggesting that the true effect
might differ substantially from the estimated effect.

4.4. Strengths and Limitations of the Study

The conducted meta-analysis has been based on a robust methodological approach, adhering to
PRISMA guidelines for systematic reviews [18]. The inclusion of five studies involving 1,108
participants allows for a statistical synthesis providing a highly significant OR for the association
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between atherosclerosis and CAP. The use of standardized tools, such as the Newcastle-Ottawa Scale
and the GRADE system, ensures a rigorous evaluation of bias and evidence quality.

Despite its strengths, this study has notable limitations. First, the number of studies included in
the meta-analysis was limited (n=5), which may affect the generalizability of the results. Additionally,
methodological heterogeneity among studies was moderate (I> = 54.2%), reflecting differences in
diagnostic techniques used to identify CAP and atherosclerosis. For instance, while some studies
employed panoramic radiographs, others used periapical radiographs or computed tomography,
potentially influencing the detection of periapical lesions.

Another limitation is the lack of population representativeness in the samples studied. Most
patients were selected from university dental clinics, potentially introducing selection bias.
Furthermore, not all studies excluded edentulous patients, which might have altered the CAP
prevalence estimates.

4.5. Future Directions

Future studies should focus on prospective designs to establish causal relationships between
CAP and atherosclerosis. Additionally, evaluating the impact of endodontic treatment on the
progression of atherosclerosis and exploring the role of specific inflammatory biomarkers in this
association would be valuable. Finally, the inclusion of more diverse and representative samples will
allow for greater generalizability of results.

5. Conclusions

This systematic review and meta-analysis suggests a significant association between
atherosclerosis and CAP. Patients with atherosclerosis are almost three times more likely to have
CAP, highlighting the importance of considering oral health as a key component in the prevention
and management of cardiovascular diseases. This result should be translated to daily clinical practice.
Integrating oral care strategies into medical practice could improve overall health outcomes in
patients with these chronic conditions. It is important for the healthcare community to be aware of
this association in order to suspect atherosclerotic pathology in patients who show a high incidence
of periapical pathology in their dental history.
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