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CHAPTER 3

Abstract

Aim

This study explores the association between Coronary Artery Calcium (CAC) scores and
dental pathology such as missing teeth, the (peri-apical) health status and restoration grade
of the teeth, and the grade of alveolar bone loss seen on a dental panoramic radiograph
(Orthopantomograph — OPG).

Materials and Methods

In this retrospective cross-sectional study, data was collected from three hospitals spread in
the Netherlands. Patients were included when a CAC score and an OPG were available, both
recorded within a maximum period of 365 days from 2009-2017. The CAC score was measured
on a CT scan, using the Agatston method. To assess dental pathology, the number of missing
teeth, the number of dental implants, alveolar bone loss, caries, endodontic treatments, peri-
apical radiolucencies, bone loss at implants, impacted teeth and dental cysts, were determined
on the OPG. All observers were calibrated. The electronic health records provided information
about: gender, age, smoking, Diabetes Mellitus, hypercholesterolemia, hypertension and Body
Mass Index (BMI).

Results

212 patients were included. We found a statistically significant association between the
number of missing teeth and the CAC score. When modeling age, sex, and other well-known
risk factors for cardiovascular disease, the significant correlation was no longer present after
multivariate correction. Furthermore, the results showed a trend for more teeth with peri-
apical lesions and a higher percentage of mean alveolar bone loss in the group with the
highest CAC scores.

Conclusion

This study showed that being edentulous or missing teeth is correlated to higher CAC scores
however failed to be an independent predictor of atherosclerotic cardiovascular diseases. The
number of (missing) teeth is an easily accessible marker and could be used as a marker for
atherosclerotic cardiovascular disease (ACVD) risk by almost any healthcare worker. The current
study needs to be considered as an explorative pilot study and could contribute to the design
of further (prospective) studies on the relationship between dental pathology and coronary
artery calcification by adding clinical information and extra cardiovascular biomarkers.
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Introduction

Atherosclerotic cardiovascular diseases (ACVD) are one of the leading causes of death and
morbidity in the Western world.[1] The underlying pathology, atherosclerosis, is a progressive
disease characterized by the accumulation of lipids and fibrous elements in the arteries.
Over the past two decades, inflammation has emerged as an integrative factor for coronary
atherosclerosis. Inflammation can be evident in all stages of this disease, from initiation through
progression and, ultimately, the thrombotic complications of coronary atherosclerosis.[2]

Remarkable epidemiological and pathological associations between oral health and
cardiovascular diseases have been reported. The first study that found evidence for the
association between dental pathology and coronary heart disease was in 1989 by Mattila
et. Al..[3] Since then a multitude of cross-sectional and longitudinal studies have implicated
periodontitis as a risk for ACVD in addition to the well-known risk factors including smoking,
hypercholesterolemia and diabetes.[4]

Tooth loss is the ultimate event representing dental pathologies. Various articles have found
that missing teeth are predictors of incident CVD, for example as was reported by Liljestrand
et al..[5] More recently an interesting meta-analysis on tooth loss and risk of ACVD and
stroke was published.[6] Dental caries is a lifelong disease and traditionally considered as
an important cause of tooth loss. Dental caries has a multifactorial etiology; consumption
of dietary carbohydrates, composition of the oral flora and poor oral hygiene are the most
important etiological factors. Frencken et. al determined in their systematic review a global
age-standardized prevalence of untreated dentine carious lesions in the permanent dentition
of 35% There were no significant differences between sexes and disease prevalence reached
its peak at age 25, with a second peak later in life at around 70 years of age.[7]

Another dental pathologic condition that can lead to tooth loss is apical periodontitis. This is
a chronic inflammation around the apex of a tooth, in most cases caused by bacterial invasion
of the pulp and root canal, most often as a result of untreated dental caries. This condition is
frequently asymptomatic and may progress with the resorption of apical periodontal ligament
and surrounding alveolar bone; some cases flare up, however most peri-apical lesions are
discovered on routine dental x-ray’s during dental checkups. These peri-apical lesions contain
bacteria which can be translocated throughout the body and lodge in various organs and also
in atherosclerotic lesions.[8][9] Nevertheless there are only a few studies that have suggested
an association between chronic apical periodontitis and cardiovascular disease.[10]

Periodontitis on the other hand, is a chronic multi-causal inflammatory disease of the supportive
tissues of the teeth with progressive loss of attachment and alveolar bone, finally leading to tooth
loss.[11] It is the most common oral disease, affecting 30-50% of the adults and approximately
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10% of the population in its most severe form.[12] Quite some research has been performed to
identify pathophysiological mechanisms to explain the association between periodontitis and
coronary heart disease.[13] Recently an update on the association and plausible mechanisms
how periodontitis can be a risk factor for ACVD has been published.[14]

Since inflammation has emerged as an integrative factor for cardiovascular disease, many
studies used biochemical inflammatory biomarkers such as cytokines (IL-6, TNF-a), cell
adhesion molecules (P-selectin) and acute-phase reactants (CRP, fibrinogen) as surrogate
parameters for cardiovascular risks.[15] However, in addition to inflammatory biomarkers,
there are a number of clinical non-invasive surrogate markers of cardiovascular disease.
These are related to the endothelial function and arterial stiffness, including measurement
of the carotid arteries, echocardiography, ankle-brachial index, flow-mediated dilation (FMD)
in the brachial artery and pulse waved velocity analysis.[16] These surrogate cardiovascular
biomarkers have been widely used to explore the association between dental pathology and
cardiovascular diseases.[17]-[19]

Nowadays, Coronary Artery Calcium (CAC) scoring has emerged as a widely available, consistent
and reproducible means of assessing risk for major cardiovascular outcomes, especially useful
in asymptomatic people for planning primary prevention interventions.[20] Coronary artery
calcium provides superior discrimination and risk reclassification of cardiovascular disease
in intermediate-risk individuals, compared with ankle-brachial index, high-sensitivity CRP
and family history.[21] CAC scoring has sporadically been used to investigate the association
between periodontitis and cardiovascular diseases. [22] [23] The current retrospective cross-
sectional pilot study explored the association of Coronary Artery Calcium (CAC) scores with
radiographic parameters of dental pathology, including missing teeth, periodontal disease,
dental caries and peri-apical disease.



Elevated coronary artery calcium scores are associated with tooth loss

Materials and methods

For this retrospective cross-sectional study, data were collected from three hospitals on
different locations in the Netherlands (Academic Medical Centre, Amsterdam; Isala Hospital,
Zwolle; Ziekenhuis Gelderse Vallei, Ede). Patients were included when the hospital data
provided a CAC score and a dental panoramic radiograph (Orthopantomograph — OPG), both
obtained within a maximum period of 365 days between them, from 2009-2017. All data were
anonymized before accessed. This study was approved by the Medical Ethical Committee
(15.06107) of the Isala Hospital, Zwolle and accepted by the other participating hospitals. The
Medical Ethical Committee waived the requirement for informed consent.

Patient characteristics

The electronic health records provided information about: sex, age, smoking, diabetes
mellitus, hypercholesterolemia, hypertension and body mass index (BMI). When diabetes
mellitus, hypercholesterolemia or hypertension were not mentioned in a patient file, but
the corresponding medication was available (e.g. metformin and/or insulin, statins and
antihypertensive drugs), the patient was scored positively for that disorder. BMI was calculated
with the noted height and weight on the day of the CT-scan for the CAC score.

Coronary Artery Calcification

Most of the included patients received a CAC CT-scan because of presentation with symptoms
suspected for myocardial ischemia. The CAC scan of the heart was rapidly acquired,
prospectively electrocardiogram-triggered and without contrast. The CAC score was quantified
using the Agatston method where the area of calcified atherosclerosis (defined as an area of at
least 1 mm? with a CT density >130 Hounsfield units [HU]) is multiplied by a density weighting
factor and summed for the entire coronary artery tree using a 2.5 to 3.0 mm slice thickness
CT dataset.[24]

Dental pathology

To asses dental pathology, the following markers were evaluated on the OPG: number of
missing teeth, number of dental implants, alveolar bone loss, caries, endodontic treatments,
peri-apical radiolucencies, bone loss around dental implants (as a sign for peri-implantitis),
impacted teeth and dental cysts. A total of 5 observers were involved in assessing the OPGs and
calibration was conducted as follows. Observers A and B (2 dentists, trained by a periodontist)
scored the number of present teeth, dental implants and the alveolar bone loss. Observers A
and B were calibrated by comparing individual scorings of 10 random OPGs. The results were
mutually evaluated, to roughly calibrate the two examiners. Subsequently, 10 new OPGs were
scored individually and the agreement was statistically determined. This intra-class correlation
coefficient was 0.87. After four weeks the intra-examiner reliability was determined. The same
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10 OPGs were scored again and compared with the scores from 4 weeks earlier. The intra-
examiner reliability was 0.76 for observer A and 0.73 for observer B. According to Fleiss, scores
between 0.4 and 0.75 represent fair to good reliability and scores higher than 0.75 represent
excellent reliability.[25]

Observers C, D and E (2 oral and maxillofacial surgeons and an endodontist) scored caries,
restorations, endodontic treatments, peri-apical radiolucencies, bone loss at implants,
impacted teeth and dental cysts. Peri-apical radiolucencies (osteolytic lesions) and dental
caries were recorded as present or absent without consideration of size.[26] When in doubt,
“present” was assigned. To calibrate the observers, twenty OPGs (randomly selected from the
database) were scored and the agreement for each variable was statistically determined by
calculating a Cohen’s Kappa value. The intra-examiner reliability was 0.98 for caries, 0.90 for
restorations, 1.0 for endodontic treatments, 0.89 for peri-apical radiolucencies, 0.74 for bone
loss at implants, 1.0 for impacted teeth and 0.73 for dental cysts.

Number of missing teeth

The number of present teeth was measured by counting all teeth visible on the OPG, including
third molars and radices relictae. Pontics of fixed partial dentures and prosthetic dentures were
not counted as teeth. The number of missing teeth was calculated by subtracting the number
of present teeth from the expected total of 32 teeth. Dental implants were counted individually.

Alveolar bone loss

To score the loss of alveolar bone for each tooth, the cemento-enamel junction (CEJ), the
alveolar crest and the apex of the root had to be visible. Using a modified Schei ruler, the loss
of alveolar bone was measured in tenths of percentages of the root length. In this study the
distance representing the biological width was determined at 2 mm on the Schei ruler, based
on the used magnification factor of the printed OPGs, instead of the 1 mm in the conventional
Schei ruler, used for intra oral radiographs.[27][28] Both the mesial and the distal sites were
measured. The highest score of each tooth was used for analysis. To determine the alveolar
bone loss of a tooth, the transparent Schei ruler was placed on a printed OPG with the marking
of the biological width at the CEJ landmark, perpendicular to the longitudinal axis of the tooth
and was moved until the last radius covered the apex landmark. The amount of alveolar bone
loss was then determined by identifying the position of the alveolar crest relative to the
markings of the ruler. For teeth decayed or restored beyond the CEJ, the cervical margin of
the decay or restoration was used as the CEJ landmark. For dental implants, the most apical
outline of the crown and the apical end of the implant were used as respectively the CEJ and
apex landmarks.



Elevated coronary artery calcium scores are associated with tooth loss

Statistics

Descriptive statistics (mean + standard deviations [SD] or numbers [%)] of subjects) were used
to present patient characteristics and clinical findings. The Shapiro-Wilk test was used for the
calculation of the normality of distribution of CAC scores. The patients were grouped in tertiles
based on the CAC scores. The mean numbers of the dental pathologies scored on the OPG
were calculated per group and possible differences between groups were tested by ANOVA.
A backward stepwise linear regression model with variables with p<0.01 to stay, was applied
to explore any contributing dental factor that appeared to have an uni-variate significance with
CAC scores in relation to traditional cardiovascular disease risk factors (age, sex, BMI, diabetes,
hypertension, hypercholesterolemia, smoking). For the latter analysis, CAC scores were log
transformed to better approach normality of data distribution. Analyses were performed using
IBM SPSS Statistics 26 software (SPSS Inc., Chicago, IL, USA). P-values <0.05 were considered
significant.

37



38

CHAPTER 3

Results

We retrieved 212 patients with an available CAC score and an OPG both recorded within a
maximum period of 365 days between them. In 121 (57.1%) patients, the CAC score was
assessed before the OPG, in 89 (42.0%) patients the OPG was first available and in 2 (0.9%)
patients the CAC score and OPG were taken at the same day. The mean intermediate period
between these two radiographic investigations was 170 days (SD 127 days).

The background characteristics of these patients are presented in Table 1. The population
of this study consisted of 54% (n=114) male patients. The mean age was 57.8 years (SD 12.2
years). The mean BMI was 28 kg/m? (SD 4.9 kg/m?). Fifteen percent (n=32) of the patients
were diabetic, 40% (n=85) of the patients suffered from hypercholesterolemia, and 60%
(n=128) of the patients were treated for hypertension. The smoking status and smoking
history for all patients was divided into three categories: 41% (n=86) of the patients had never
smoked, 41% (n=86) of the patients were past-smokers and 18% (n=39) of the patients were
current smokers. There was no information available about the period of time the past smoker
patients had been smokers (pack-years).

We observed that 70 (33%) patients had a zero CAC score while the remainder (n= 142) had
CAC scores ranging from 1, up to 20000. This prompted us to stratify all individuals into tertiles
(Table 1): group 1 containing the zero CAC scores, group 2 (n=70, 33%) had CAC scores in the
range of 1-125, and group 3 (n=72, 34%) had CAC scores ranging from =126 to 6141, but also
included one outlier subject with a notable CAC score of 20000.

Table 1. Patient characteristics

Total CAC CAC CAC
n=212 Tertile 1 Tertile 2 Tertile 3
n=70 n=70 n=72
Age (years) 57.8+12.2 50+ 11 59+ 10 65+ 10
Male sex 114 (53.8) 32 (28.1) 32(28.1) 50 (43.9)
Body Mass Index (kg/m?) 28.0+4.9 28+5 29+5 27+5
Diabetes mellitus 32(15.1) 9(28.1) 10 (31.3) 13 (40.6)
Hypertension 128 (60.4) 34 (26.6) 47 (36.7) 47 (36.7)
Hypercholesterolemia 85 (40.1) 16 (18.8) 34 (40.0) 35(41.2)
Smoking® Current 39 (18.4) 17 (43.6) 8(20.5) 14 (35.9)
Ever 86 (40.6) 21 (24.4) 34 (39.5) 31(36.0)
Never 86 (40.6) 32(37.2) 28 (32.6) 26 (30.2)

Values represent number of subjects (%) or mean * standard deviation
a: For 1 patient the smoking status was unknown.
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The dental findings and the dental pathology in this study population are arranged per CAC-
tertile group in table 2. The study population consisted of 43 (20.3 %) edentulous patients and
169 (79.6%) dentate patients. First, we observed a significant higher percentage of edentulous
patients in the higher CAC tertile (p=0.009); there were 22 patients edentulous in the latter
group, while only 9 and 12 patients in CAC tertile 1 and tertile 2 respectively. The edentulous
patients in the highest CAC tertile had significant less implants (for implant retained dentures)
than the patients in the lower CAC tertiles (p=0.006); 46% of the edentulous patients in the
highest CAC tertile had implants versus respectively 89% and 92% of the edentulous patients
in CAC tertile 1 and 2.

169 (79.1%) patients in the study population were dentate. 152 (89.9%) of these dentate
patients had only natural teeth and 17 (10.1%) of these patients had a combination of natural
teeth and dental implants. The number of missing teeth per CAC tertile was significant
(p=0.03); the mean number of missing teeth was 7.6 (SD 6.6) in the lowest CAC tertile and
11.0(SD 7.6) in the highest CAC tertile. Additionally, the number of teeth with untreated caries
was significantly higher in the tertile with the highest CAC scores (p=0.05). Furthermore, the
results showed a trend for more teeth with peri-apical lesions and a higher percentage of
mean alveolar bone loss in the CAC tertile group with the highest CAC scores, with a p-value
of respectively 0.07 and 0.06 All other dental findings were not correlated to the CAC scores
and are listed in table 2.
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Table 2. Dental conditions

All subjects CAC CAC CAC p-value
n=212 Tertile 1 Tertile 2 Tertile 3
n=70 n=70 n=72

Edentulous 43 (20.3) 9(12.9) 12 (17.1) 22 (30.6) 0.009 *V
With implants 29 (67.4) 8(88.9) 11 (91.7) 10 (45.5) 0.006"
With implants 7 (16.3) 3(33.3) 2 (16.7) 2(9.1) 0.109
with bone loss
Dentate 169 (79.6) 61 (87.1) 58 (82.9) 50 (69.4) 0.009 *V
Missing teeth 9.4+7.1 7.6%6.6 10.0£ 6.8 11+7.6 0.033"
Dental implants 03+1.0 0.2+0.6 04+15 0.3+0.8 0.397
Implants with 0.1+0.6 0.1+£0.3 0.2+0.9 0.12+04 0.440
bone loss
Restored teeth 12555 11.9+5.0 13155 12.7+6.2 0.535
Endodontically 1.9+22 1.7+£2.0 1.8+2.4 2.1+22 0.640
treated teeth
Teeth with peri- 2924 29+26 2421 35+24 0.070
apical lesions
Teeth with caries 3.2+27 3.1+£33 2.7+19 40+2.7 0.050
Radices relictae 0.5+1.2 0.7+1.5 0.2+0.6 0.6+1.2 0.136
Impacted teeth 0.3+0.7 0.4+0.9 0.310.6 0.310.6 0.363
Cysts 0.1+0.4 0.1+0.4 0.2+0.4 0.1+£0.3 0.725
Mean alveolar 21.5+10.7 20.2+£11.2 20.1+9.5 244+11.1 0.064

bone loss (%)

Values represent number of subjects (%) or mean + standard deviation. Group differences were tested with
one-way ANOVA. Tertile 1: CAC score = 0, Tertile 2: CAC score 1-125, Tertile 3: CAC score >125. *From the same
Chi-square analysis. V Statistical significant, P-value <0.05

Table 3 displays the results of modeling the CAC variation in the study population by a
backwards-linear regression. Potential confounders initially included were age, sex, BMI,
diabetes, hypertension, hypercholesterolemia and smoking. Tooth loss was the only dental
pathology used in this model. Age, BMI and the missing teeth were continuous parameters
and all other were categorical parameters. Higher age, male sex and hypercholesterolemia
accounted for most of the variance in CAC values. Tooth loss had a standardized Beta
correlation coefficient with the CAC scores of 0.11 (versus 0.49 for age, 0.23 for male sex and
0.17 for hypercholesterolemia) and showed a trend to be associated but this failed to reach
statistical significance (p=0.079).
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Table 3. Final backward linear regression model to explore variations in CAC values among 212 subjects.

B p-value
Age 0.49 0.000
Male sex 0.23 0.000
Hypercholesterolemia 0.17 0.004
Missing teeth 0.11 0.079

B = Standardized Beta coefficient
Potential confoundersinitiallyincluded in model; Age, sex, age, BMI, diabetes, hypertension, hypercholesterolemia,
smoking. Higher age, male sex and hypercholesterolemia accounted for most of the variance in CAC values
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Discussion

This retrospective, cross-sectional pilot study is the first that explored the association and
possible correlation between CAC scores and the common dental pathologies. The most
obvious and definitive dental pathological event is tooth loss. We observed a statistically
significant association between the number of teeth lost and the CAC score. However, when
adjusted for age, sex and hypocholesteremia, this correlation was no longer significant
(p=0.079). Furthermore, we found univariate trends in dentate patients for an association
between higher CAC scores and teeth with peri-apical lesions and untreated caries.

Tooth loss is the ultimate state of dental pathology. Most tooth loss before middle age is
caused by dental caries. Dental caries is a disease with a multifactorial etiology; consumption
of dietary carbohydrates is one of the most important etiological factors. Carbohydrate intake
is also associated with increased risk for cardiovascular diseases and they can therefore
indirectly effect each other.[29] Furthermore, tooth loss is the “end point” of periodontal
disease. This prolonged state of chronic inflammation with increased levels of C-Reactive
Protein (CRP) is a proven risk factor for cardiovascular diseases.[14] Besides, smokers are much
more likely to develop periodontitis than non-smokers and smoking has a strong negative
effect in response to periodontal treatment.[11] Smoking has therefore a well-known common
effect on cardiovascular diseases and tooth loss. Above all, tooth loss might provide harmful
health benefits and has been considered to impact quality of life.[6][30]

In the current study we defined the number of teeth by counting the teeth on dental
panoramic radiographs (Orthopantomographs — OPGs). The number of present teeth, and
correspondingly the tooth loss, is an easily accessible marker and can be determined by
anyone; the general practitioner, the dentist or even the patient itself. We assumed that
loss of teeth was a result of dental pathology with dental caries and periodontal disease as
leading causes. This should be carefully interpreted since in some cases perhaps a tooth may
have been lost due to non-pathological causes such as orthodontic treatment, dental trauma
and agenesis. However, the incidence of those events is low. The OPGs were also used to
determine the number of dental implants, alveolar bone loss, caries, endodontic treatments,
peri-apical radiolucencies, bone loss at implants (as a sign for peri-implantitis), impacted teeth
and dental cysts. Regarding the alveolar bone loss, intra-oral radiographs are considered the
standard for dental radiographic diagnostics. Nevertheless, studies have shown that OPGs and
intra-oral radiographs are in great agreement.[31] For the illustration of the actual peri-apical
health, a peri-apical radiograph shows a better diagnostic accuracy than an OPG.[32] Similarly,
small peri-apical lesions may be better visible on intra-oral radiographs. While the OPG has a
high specificity, the sensitivity is low for the detection of apical periodontitis in treated and
untreated teeth, especially in the incisor area.[33]
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Since only radiographical and no clinical information was obtained to determine the oral
health status, no assumptions could be made on the activity of the dental pathology. The
observed pathology can be in an active, in a chronic or in a remission state. For example,
alveolar bone loss does not necessarily accompany an active periodontitis process. Also, the
peri-apical lesions could only be scored on the presence and not on activity. Peri-apical lesions
can be active, inactive or a result of a healing process, i.e. a scar from previous flare-ups.
However, an inactive process or a “scar” might still have caused an inflammatory process in
another part of the body.[34] Previous studies in which they found a relation between (peri-
apical) periodontal disease and cardiovascular diseases used clinical information.[9][13]

The maximum time allowed between the OPG and CT scan was one year. However, the average
time between these two radiographic assessments was 170 days. We are aware that there is

| “

the possibility that all “scored” parameters, both for CAC scores and dental pathology, could
have changed in the course of the time difference between them. We assume the pathological
processes, calcium deposition as well as progression of dental pathology, are both rather slow
processes and changes within 1 year will not be large. For this pilot study we deemed the

maximum of 1 year acceptable.

The CAC score is used as a strong and proven biomarker for atherosclerotic cardiovascular
diseases. The presence and extent of CAC can predict the presence of coronary artery stenosis,
but in general it is a better marker of the extent of coronary atherosclerosis than the severity
of the stenosis. However, the absence of CAC (CAC = 0) has been shown to be the strongest
“negative risk factor” as compared to normal or negative values of multiple other novel risk
markers for future CVD events, including carotid intima-medial thickness (CIMT), absence
of carotid plaque, family history, ankle brachial index, B-type natriuretic peptide (BNP),
albuminuria, family history, and hsCRP. This “power of zero” provides the strongest degree of
individual “de-risking” available as compared to traditional and other novel biomarkers.[35]
CAC scoring is especially useful in asymptomatic patients, but CAC also has prognostic value in
symptomatic patients. However, in symptomatic patients, a CAC score of 0 does not carry the
same high negative predictive value as it does in asymptomatic patients.[36][37] In this study,
the vast majority of the included patients were symptomatic.
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Conclusion

This study provides suggestive evidence that Coronary Artery Calcium is associated with the
ultimate “hard” endpoint of dental pathology, i.e. tooth loss. It should be considered as a
pilot study and further studies need to confirm the current findings. Nevertheless, the current
findings add to the wealth of research showing the relationship between oral pathology and
atherosclerotic cardiovascular diseases, in which tooth loss can be considered as an easy
accessible possible marker for cardiovascular and overall health status. Health workers,
especially general practitioners, dentists and cardiologists must be aware that tooth loss is
sign of poor oral health and that patients with extensive tooth loss may have an increased risk
for cardiovascular disease.



Elevated coronary artery calcium scores are associated with tooth loss

Acknowledgments

The authors thank R.M. de Bie F. Ong, J.H. Ham, B.O. van Hamond and G. Wempe for their
research work during their thesis, dr. H. Hirsch, M.O de Lange and dr. R.J. Walhout for providing
their data and R.M. Brohet for his help with the statistics.

45



46

CHAPTER 3

References

(1]
[2]

E)

[4]

(5]

[6]

[71

(8]

[9]

(10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

WHO, “WHO (2015). Cardiovascular diseases (CVDs) - Fact sheet N°317, World Health Orginisation.,” 2015.

P. Libby, P. M. Ridker, and G. K. Hansson, “Inflammation in atherosclerosis: from pathophysiology to
practice.,” J. Am. Coll. Cardiol., vol. 54, no. 23, pp. 2129-2138, Dec. 2009.

K. J. Mattila et al., “Association between dental health and acute myocardial infarction.,” BMJ, vol. 298, no.
6676, pp. 779-81, Mar. 1989.

H. C. M. Donders and J. de Lange, “The association between periodontitis and atherosclerosis: The current
state of knowledge,” J. Cranio-Maxillary Dis., vol. 1, no. 1, p. 17, 2012.

J. M. Liljestrand, A. S. Havulinna, S. Paju, S. Mannist6, V. Salomaa, and P. J. Pussinen, “Missing Teeth Predict
Incident Cardiovascular Events, Diabetes, and Death.,” J. Dent. Res., vol. 94, no. 8, pp. 1055-1062, Aug. 2015.
F. Cheng et al., “Tooth loss and risk of cardiovascular disease and stroke: A dose-response meta analysis of
prospective cohort studies.,” PLoS One, vol. 13, no. 3, p. e0194563, 2018.

J. E. Frencken, P. Sharma, L. Stenhouse, D. Green, D. Laverty, and T. Dietrich, “Global epidemiology of dental
caries and severe periodontitis - a comprehensive review.,” J. Clin. Periodontol., vol. 44 Suppl 1, pp. S94—
S105, Mar. 2017.

E. Matsuzaki, H. Anan, and N. Matsumoto, “Immunopathology of Apical Periodontitis and Refractory
Cases,” J. Tissue Sci. Eng., vol. 07, no. 03, pp. 3-7, 2016.

A. C. Georgiou, W. Crielaard, I. Armenis, R. de Vries, and S. V van der Waal, “Apical Periodontitis Is Associated
with Elevated Concentrations of Inflammatory Mediators in Peripheral Blood: A Systematic Review and
Meta-analysis.,” J. Endod., vol. 45, no. 11, pp. 1279-1295.e3, Nov. 2019.

Y. Berlin-Broner, M. Febbraio, and L. Levin, “Association between apical periodontitis and cardiovascular
diseases: a systematic review of the literature.,” Int. Endod. J., vol. 50, no. 9, pp. 847-859, Sep. 2017.

B. L. Pihlstrom, B. S. Michalowicz, and N. W. Johnson, “Periodontal diseases.,” Lancet (London, England),
vol. 366, no. 9499, pp. 1809-20, Nov. 2005.

P. N. Papapanou and C. Susin, “Periodontitis epidemiology: is periodontitis under-recognized, over-
diagnosed, or both?,” Periodontol. 2000, vol. 75, no. 1, pp. 45-51, Oct. 2017.

H. A. Schenkein and B. G. Loos, “Inflammatory mechanisms linking periodontal diseases to cardiovascular
diseases.,” J. Clin. Periodontol., vol. 40 Suppl 1, pp. S51-69, Apr. 2013.

M. Sanz et al., “Periodontitis and cardiovascular diseases: Consensus report,” J. Clin. Periodontol., vol. 47,
no. 3, pp. 268-288, 2020.

J. Moriya, “Critical roles of inflammation in atherosclerosis,” J. Cardiol., 2018.

M. A. J. Gimbrone and G. Garcia-Cardena, “Endothelial Cell Dysfunction and the Pathobiology of
Atherosclerosis.,” Circ. Res., vol. 118, no. 4, pp. 620-636, Feb. 2016.

M. S. Tonetti et al., “Treatment of Periodontitis and Endothelial Function,” N. Engl. J. Med., vol. 356, no. 9,
pp. 911-920, Mar. 2007.

S. Paraskevas, J. D. Huizinga, and B. G. Loos, “A systematic review and meta-analyses on C-reactive protein
in relation to periodontitis.,” J. Clin. Periodontol., vol. 35, no. 4, pp. 277-90, Apr. 2008.

A. Schmitt, M. C. Carra, P. Boutouyrie, and P. Bouchard, “Periodontitis and arterial stiffness: a systematic
review and meta-analysis.,” J. Clin. Periodontol., vol. 42, no. 11, pp. 977-987, Nov. 2015.

P. Greenland, M. J. Blaha, M. J. Budoff, R. Erbel, and K. E. Watson, “Coronary Calcium Score and
Cardiovascular Risk,” J. Am. Coll. Cardiol., vol. 72, no. 4, pp. 434-447, Jul. 2018.



[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

(34]

[35]

[36]

[37]

Elevated coronary artery calcium scores are associated with tooth loss

J. Yeboah et al., “Comparison of novel risk markers for improvement in cardiovascular risk assessment in
intermediate-risk individuals.,” JAMA, vol. 308, no. 8, pp. 788-95, Aug. 2012.

D. W. Groves et al., “Comparison of Frequency and Duration of Periodontal Disease With Progression of
Coronary Artery Calcium in Patients With and Without Type 1 Diabetes Mellitus.,” Am. J. Cardiol., vol. 116,
no. 6, pp. 833-837, Sep. 2015.

S. A. Nakib et al., “Periodontitis and coronary artery calcification: the Atherosclerosis Risk in Communities
(ARIC) study.,” J. Periodontol., vol. 75, no. 4, pp. 505-510, Apr. 2004.

A. S. Agatston, W. R. Janowitz, F. J. Hildner, N. R. Zusmer, M. Viamonte, and R. Detrano, “Quantification
of coronary artery calcium using ultrafast computed tomography.,” J. Am. Coll. Cardiol., vol. 15, no. 4, pp.
827-32, Mar. 1990.

J. L. Fleiss, The design and analysis of clinical experiments. Wiley, 1999.

V. E. Rushton and K. Horner, “The use of panoramic radiology in dental practice,” J. Dent., vol. 24, no. 3, pp.
185-201, May 1996.

0. Schei, J. Waerhaug, A. Lovdal, and A. Arno, “Alveolar Bone Loss as Related to Oral Hygiene and Age,” J.
Periodontol., vol. 30, no. 1, pp. 7-16, 1959.

W. J. Teeuw et al., “Validation of a dental image analyzer tool to measure alveolar bone loss in periodontitis
patients.,” J. Periodontal Res., vol. 44, no. 1, pp. 94-102, Feb. 2009.

S. B. Seidelmann et al., “Dietary carbohydrate intake and mortality: a prospective cohort study and meta-
analysis,” Lancet Public Heal., vol. 3, no. 9, pp. e419-e428, 2018.

A. E. Gerritsen, P. F. Allen, D. J. Witter, E. M. Bronkhorst, and N. H. J. Creugers, “Tooth loss and oral health-
related quality of life: A systematic review and meta-analysis,” Health Qual. Life Outcomes, vol. 8, no. 1, p.
126, 2010.

R. E. Persson, S. Tzannetou, A. G. Feloutzis, U. Bragger, G. R. Persson, and N. P. Lang, “Comparison
between panoramic and intra-oral radiographs for the assessment of alveolar bone levels in a periodontal
maintenance population.,” J. Clin. Periodontol., vol. 30, no. 9, pp. 833-839, Sep. 2003.

C. Nardi, L. Calistri, S. Pradella, I. Desideri, C. Lorini, and S. Colagrande, “Accuracy of Orthopantomography for
Apical Periodontitis without Endodontic Treatment.,” J. Endod., vol. 43, no. 10, pp. 1640-1646, Oct. 2017.

C.Nardietal., “Is Panoramic Radiography an Accurate Imaging Technique for the Detection of Endodontically
Treated Asymptomatic Apical Periodontitis?,” J. Endod., vol. 44, no. 10, pp. 1500-1508, Oct. 2018.

T. Kvist and L. van der Sluis, “Report of the first ESE research meeting - 17(th) October 2014, Amsterdam, the
Netherlands: The relationship between endodontic infections and their treatment with systemic diseases.,”
International endodontic journal, vol. 48, no. 10. England, pp. 913-915, Oct-2015.

M. J. Blaha et al., “Role of Coronary Artery Calcium Score of Zero and Other Negative Risk Markers for
Cardiovascular Disease: The Multi-Ethnic Study of Atherosclerosis (MESA).,” Circulation, vol. 133, no. 9, pp.
849-858, Mar. 2016.

T. C. Villines et al., “Prevalence and severity of coronary artery disease and adverse events among
symptomatic patients with coronary artery calcification scores of zero undergoing coronary computed
tomography angiography: results from the CONFIRM (Coronary CT Angiography Evalu,” J. Am. Coll. Cardiol.,
vol. 58, no. 24, pp. 2533-2540, Dec. 2011.

M. J. Budoff et al., “Prognostic Value of Coronary Artery Calcium in the PROMISE Study (Prospective

Multicenter Imaging Study for Evaluation of Chest Pain).,” Circulation, vol. 136, no. 21, pp. 1993-2005, Nov.
2017.

a7



