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Objective: The main purpose of this study is to determine the presence of carotid artery cal-
cification (CAC) detected on digital panoramic radiographs (DPRs) retrospectively and cor-
relate the findings with cardiovascular risk factors including gender, age, smoking status,
hypertension, diabetes, and hyperlipidemia, along with atherosclerotic cardiovascular dis-
ease and periodontal status.
Methods: This clinical study is registered at ClinicalTrials.gov as NCT04017078. DPRs, peri-
odontal status and cardiovascular risk factors of 1,101 patients (576 males, 525 females)
were evaluated. The patients were grouped based on whether CAC was detected in dental
DPRs [CAC (+)] or not [CAC (—)]. Periodontal status was categorised as gingivitis, periodonti-
tis, and gingivitis with reduced periodontium (periodontally stable patient).
Results: Out of 1,101 patients, whose mean age was 42.1 & 15.5 years and 525 (47.7%) were
female, 34 (3.1%) were diagnosed with CAC on DPRs. No significant difference was observed
between groups considering gender, hypertension, diabetes, hyperlipidemia, smoking, and
periodontal status. Patients aged 40-55 years (n=398, 36.15%) and patients older than
55 years (n =222, 20.16%) were associated with CAC (odds ratio =4.49, 95% confidence inter-
val=1.65-12.17, P=0.003; odds ratio =4.41, 95% confidence interval = 1.33—14.61, P=0.015,
respectively).
Conclusion: Among all parameters, only age exhibited significant correlation with an
increased risk of carotid calcification. Further studies with prospective designs and larger
study populations are needed.
© 2021 The Authors. Published by Elsevier Inc on behalf of FDI World Dental Federation.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

consequence of this calcification, occurs as a result of partial
or complete occlusion of the carotid arteries.

Atherosclerosis is a highly prevalent chronic inflammatory
vascular disease and the major cause of cardiovascular death.
The earliest macroscopic signs of atherosclerosis are fatty
streaks. Over time, these evolve into atheromatous plaques,
and the vessels may become partially or fully occluded.
Clinical manifestations vary based on the rate, degree and
location of the vascular occlusion.” Stroke, a major clinical
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Since stroke is anticipated to be one of the primary causes
of death by 2030, its early diagnosis is important in order to
overcome mortality and morbidity.>* For this reason, pan-
oramic radiographs, which are used routinely in dental prac-
tice, might be useful tools for the detection of carotid artery
calcification (CAC), and their use might achieve early detec-
tion in asymptomatic patients.* CAC can be detected when
the bifurcation and proximal internal carotid areas of the
carotid artery are observed in panoramic radiographs.®

Periodontal diseases are chronic inflammatory diseases
that are triggered by bacteria. The two most common forms
of periodontal disease are gingivitis and periodontitis. Peri-
odontitis results in a loss of the alveolar bone support of the
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teeth, whereas gingivitis is localised to the gingiva.®’” Accord-
ing to the Global Burden of Disease Study, severe periodonti-
tis is the sixth most encountered disease worldwide with an
overall prevalence of 11.2%, and it affects about 743 million
people.® Several epidemiological studies have shown that
gingivitis® and periodontitis'® may be associated with stroke
by adversely affecting early atherosclerotic processes,
increasing the risk of atheroma plaque development and
plaque rupture.”*

Several studies have pointed out the correlation between
CAC detected on digital panoramic radiographs (DPRs) and
periodontal status.®'* ** Studies performed on specific popu-
lations, such as nonsmokers'® or individuals over 60 years of
age,' found that there may be a significant relationship
between CAC and periodontal conditions,*'* whereas no
correlation was observed in studies conducted with general
populations.®'? Only one study used the definition of peri-
odontitis together with clinical and radiographic data,™*
whereas others used only radiographic bone loss® or peri-
odontal risk."*"*

As a result of the methodological differences and inconsis-
tency of the findings in previous studies, additional studies
are needed to comprehend the possible relationship between
periodontitis and CAC. The main goal of this research is to
retrospectively establish the presence of CAC detected by
DPRs and then to correlate the findings with periodontal sta-
tus, atherosclerotic cardiovascular disease, and cardiovascu-
lar risk factors such as age, gender, smoking status,
hypertension, diabetes, and hyperlipidemia. The authors
hypothesise that more CAC might be observed on DPRs of
individuals with periodontitis, and CAC might correlate with
various cardiovascular risk factors such as age, gender, smok-
ing status, hypertension, hyperlipidemia, and diabetes.

Materials and methods

This study was approved by the Baskent University Institu-
tional Review Board (D-KA18/24) and supported by the Bas-
kent University Research Fund. All study procedures were
performed in accordance with the Declaration of Helsinki
and the Baskent University Research Committee Regulations.
This clinical study is registered at ClinicalTrials.gov as
NCT04017078.

This cross-sectional study evaluated DPRs, periodontal
status, cardiovascular risk factors and atherosclerotic cardio-
vascular disease of 1,101 patients (576 males, 525 females)
who were referred to Baskent University, Faculty of Dentistry,
Department of Periodontology, during 2016—2018. Subjects
with no medical records and DPRs not showing vertebra C3
and C4 were excluded.

Medical histories

Along with gender and age, data on hypertension, diabetes,
hyperlipidemia, atherosclerotic cardiovascular disease (coro-
nary heart disease, carotid artery stenosis, peripheral artery
disease, and abdominal aortic aneurysm), and smoking sta-
tus were recorded. All data were obtained from the hospital
records of the patients. Subjects were classified into three age

subgroups (<40 years, 40—55 years, >55 years). Patients were
also grouped according to their smoking status, as never
smoked, current smokers, and former smokers.

Periodontal clinical examination

Each participant was examined for periodontal status. On
periodontal examination, plaque index (PI),** gingival index
(GI),"> bleeding on probing (BOP), probing pocket depth
(PPD =distance between gingival margin and bottom of the
periodontal pocket), and clinical attachment level (CAL = dis-
tance between the cemeno-enamel junction and the bottom
of the periodontal pocket) were evaluated. All periodontal
measurements were recorded at six sites around each tooth
using a periodontal probe (‘O’ probe with the Williams probe,
the University of Michigan), excluding the third molar, by two
experienced periodontists (MBC, YS). Interobserver agree-
ment of the trained periodontists blinded for CAC was at a
substantial level (x=0.80). The periodontal status was cate-
gorised as gingivitis, reduced periodontium with gingivitis or
periodontitis. When probing depths were 3 mm or less, BOP
values were >10% of sites and no clinical attachment loss
and/or recession occurred, the diagnosis has been made as
gingivitis. If gingival inflammation was accompanied with
clinical attachment loss and/or recession, probing depths
were <3 mm and BOP values were >10% of sites, diagnosis
was reduced periodontium with gingivitis (stable periodonti-
tis patient with history of treated periodontitis).'® Finally, the
patients who had interdental CAL at >2 non-adjacent teeth,
or buccal or oral CAL >3 mm with probing depths >3 mm at
>2 teeth were diagnosed with periodontitis."’

Radiographic evaluation

All digital panoramic images were obtained with the same
device (Veraviewpocs 2D; Morita, Kyoto, Japan), with the fol-
lowing exposure parameters: 64—66 kVp, 6—9 mA, and 10 s.
An observer with seven years’ experience in the Dentomaxil-
lofacial Radiology Department of our university analysed
each of the images twice with 30 days between analyses,
using ClearCanvas (Synaptive Medical, Toronto, ON, Canada)
software on an LED monitor under low light (HP Prodisplay
P221 21.5” LED Backlit LED monitor; HP Inc., Toronto, Canada).
Intraobserver agreement was calculated (x=0.89). The CAC
findings were characterised as one or more radiopaque
masses close to the cervical vertebrae at or below the level
of the intervertebral space between C3 and C4 on the DPR'®
(Figures 1 and 2). The CACs were defined as present (+) or
absent (—) by the dentomaxillofacial radiologist. According to
the CAC scores, the study population was divided into two
groups as CAC (+) and CAC (-).

Statistical analysis

We used the Kolmogorov-Smirnov Test to assess whether the
continuous variables have normal distributions. Levene’s
Test was performed to understand the homogeneity of var-
iances. Categorical data were represented in terms of number
of cases and percentages, whereas descriptive statistics for
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Fig. 1-Image of a digital panoramic radiograph (DPR) show-
ing a unilateral radiopacity of suspected carotid
calcification on the left side (arrow).

continuous variables were demonstrated as mean + SD or
median (min-max) percentiles where applicable.

The average changes in groups were evaluated by
Student’s t-test. For comparisons of not normally distributed
data, we performed the Mann-Whitney U test. Categorical
data were analysed by Continuity Corrected Chi-square or
Fisher’s Exact test if needed.

In order to determine the best predictor(s) for the exis-
tence of CAC, multiple logistic regression analysis was per-
formed. Any variable with a univariable test having a P-value
of <0.25 was taken as a candidate for the multivariable model,
together with all variables of known clinical importance.
Odds ratios, 95% confidence intervals and Wald statistics for
each independent variable were also analysed. Data analysis
was executed using SPSS Statistics for Windows, Version 17.0
(SPSS Inc., Chicago, IL, USA). A P-value less than 0.05 was con-
sidered statistically significant.

Results

A total of 1,450 DPRs were evaluated. Of those, 197 radio-
graphs having imaging artefacts and 152 patients with miss-
ing clinical data were not included in the study (Figure 3). The
study analyses were thus performed on 1,101 DPRs. The
mean age of the study population was 42.1 + 15.5 years and
525 (47.7%) of all participants were female. Among those sub-
jects, 34 (3.1%; 13 males, 21 females) had one or more radi-
opaque masses detected on the digital images. The most

Fig. 2-Image of a digital panoramic radiograph (DPR) show-
ing a unilateral radiopacity of suspected carotid calcification
on the right side (arrow).

commonly recorded chronic disease was hypertension,
which was followed by atherosclerotic cardiovascular dis-
ease. Of the study population, 43% were current smokers. In
terms of periodontal status, 51% of the patients were diag-
nosed with gingivitis, 39% with periodontitis, and 9% with
reduced periodontium with gingivitis.

Characteristics of the patients with and without CAC are
presented in Table 1. The mean ages of the two groups were
48.0 £ 11.0 and 41.9 + 15.6 years for participants with and
without CAC, respectively, and the difference was statisti-
cally significant (P=0.003). In the CAC (+) group, the propor-
tion of patients under 40 years of age was significantly lower,
at 17.6% (P =0.003), but increased for the 40- to 55-year range
to become significantly higher, at 58.8% (P =0.009), than for
the CAC (-) group, while the proportions of patients over 55
for both groups were statistically similar (23.6% and 20.1%,
P=0.780). The percentage of female subjects was higher in
CAC (+) than CAC (-) at 61.8% and 47.2%, respectively, but the
difference was not significant (P = 0.135). No significant differ-
ences were detected in the presence of hypertension, hyper-
lipidemia, diabetes, and atherosclerotic cardiovascular
disease (all P values > 0.1), and the profiles of CAC (+) and
CAC (—) patients in terms of their smoking history were also
comparable (all P values > 0.5). While the incidence of gingivi-
tis was elevated in the CAC (-) group, and by contrast diagno-
ses for both periodontitis and reduced periodontium with
gingivitis were higher in CAC (+) patients, none of these dif-
ferences were statistically significant (all Ps > 0.1).

In order to differentiate between groups with and without
CAC, the effects of the factors considered to be the most
determinant were examined with multivariate logistic regres-
sion analysis, and the results are presented in Table 2. Varia-
bles determined as P < 0.25 as the outcome of univariate
statistical analysis were included in the regression model as
potential risk factors. The variable of diagnosis was also
included in the multiple regression model as a candidate risk
factor for clinical considerations, although its P-value from
the univariate analysis was found to be greater than 0.25.

Multivariate logistic regression analysis revealed that age
was an independent risk factor for CAC (Table 2). Considering
other potential risk factors, for subjects who were between 40
to 55 years old the risk of CAC increased 4.491 times (95% CI:
1.657—-12.173) compared to subjects who were younger than
40 years (P=0.003). In addition, a 4.408-fold (95% CI: 1.330
—14.615) increase was observed in individuals who were older
than 55 years (P =0.015).

Discussion

The goals of the current study were: (i) to investigate the prev-
alence of CAC on DPRs; (ii) to correlate the findings with peri-
odontal status, atherosclerotic cardiovascular disease, and
cardiovascular risk factors. A total of 1,101 DPRs were exam-
ined and the prevalence of CAC was 3.1 %. Our findings are in
accordance with previous studies, which found the preva-
lence of CAC in DPRs between 0.4% and 4.0%.'°~%' On the
other hand, higher prevalence rates were found in some pre-
vious studies,”®'®??7?* and these higher values attributed to
ethnic dietary and geographic differences, along with sample
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1450 dental panaromic radiographs
(DPRs) were evaluated.

—> * Imaging artifacts (n: 197)

Excluded (n:349)

» Lack of medical data (n:152 )

Study population (n:1101) was divided into two groups.
* CAC (+) group: Patients with CAC on the DPR
* CAC (-) group : Patients without CAC on the DPR

!

!

CAC (-) Group
(n:1067)

CAC (+) group
(n:34)

!

!

Periodontal clinical evaluation was performed
Smoking status and medical datas were
recorded

l

Data was analysed (n: 1101)

Fig. 3-Flow-chart of the study.

size, sample type, imaging methods (analogue versus digital
imaging), and diagnostic errors.**?*?°

The average age of the study population was 42.1 +
15.5 years, which is lower than that of previous studies.’*'*?
This difference occurred because age-related exclusion crite-
ria were not used in the present study; although the preva-
lence of CAC in young patients is lower, the process of
atherosclerotic lesion formation begins in infancy.”’” Thus,
panoramic radiographs should be evaluated considering the
fact that CAC may occur at any age.”

Three groups were formed based on the age of the partici-
pants. It was found that the number of patients aged 40
—55 years in the CAC (+) group was significantly higher than
that of the CAC () group (P =0.009), and the rate of patients
under the age of 40 was significantly lower in CAC (+)
(P=0.003). These results are consistent with the literature’®**
and confirm that with older age, there is an increase in sus-
pected cases of carotid calcification and thus an age-depen-
dent risk for this condition.

In the present study, out of 34 patients with CAC, 21
(61.8%) were female and 13 (38.2%) were male; this difference
was not statistically significant. This result is consistent with

numerous earlier studies,??1?%2%% \whereas Tamura et al.>*

reported that the CAC incidence in female subjects was
almost three times that of males. This discrepancy between
the studies might be due to the sample size of the study.
Diabetes, hypertension, and hyperlipidemia are well-
defined risk factors for atherosclerosis; however, previous
studies reported different results about the relationship
between these risk factors and CAC. For instance, Ertas
et al.>” found that CAC was correlated with hypertension and
hyperlipidemia but not with diabetes, whereas Ramesh et al.?
reported a correlation between diabetes and CAC as well. In
addition, there are many studies in the literature that did not
find a relationship between diabetes,* hypertension,?®**3°
hyperlipidemia,®**** and CAC. In this study, no significant dif-
ferences were found between groups with or without CAC
with respect to diabetes, hypertension, and hyperlipidemia.
This may be due to the fact that our sample consisted of rela-
tively younger individuals as compared to previous studies.
In this study, we classified patients according to their
smoking habits. No difference was observed in smoking
behaviour between groups with or without CAC. In contrast
to our study, many studies have observed a significant
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Table 1 - Characteristics of the study population

Variables CAC (-) CAC (+) P-value
(n=1,067) (n=34)
Cardiovascular risk factors
Mean age (years) 41.9+156 48.0+11.0 0.003*
Age groups
<40 years 475 (44.5%) 6(17.6%) 0.003
40-55 years 378 (35.4%) 20(58.8%) 0.009'
>55 years 214 (20.1%) 8(23.6%) 0.780
Gender
Female 504 (47.2%) 21(61.8%) 0.135'
Male 563 (52.8%) 13(38.2%) >0.999
Hyperlipidemia 9(0.8%) 0(0.0%)
Hypertension 116 (10.9%) 1(2.9%) 0.250°
Diabetes 51(4.8%)  3(8.8%)  0.230
Smoking status
Never smoked 559 (52.4%) 16 (47.1%) 0.661
Ex-smoker 50 (4.7%)  1(2.9%)  >0.999
Current smoker 458 (42.9%) 17 (50.0%) 0.519'
Smoking free time of 8 (1-30) 17 (17-17) -
ex-smokers (years)
Number of cigarettes smoked 15 (1-60) 20 (3—-40) 0.273"
per day (cigarettes/day)
Duration of smoking (years) 15 (1-50) 15 (1-40) 0.813°
Atherosclerotic cardiovascular 70 (6.6%) 1(2.9%) 0.720'
disease
Diagnosis
Gingivitis 549 (51.5%) 14 (41.2%) 0.315'
Periodontitis 418 (39.1%) 15 (44.1%) 0.687"
Reduced periodontium with 100 (9.4%)  5(14.7%) 0.365°
gingivitis

CAC, carotid artery calcification.
Statistical significant (P < 0.05).

* Student’s t-test.

T Continuity corrected chi-square.
 Fisher’s exact test.

§ Mann-Whitney U test.

relationship between smoking status and CAC.”****® How-
ever, consistent with our results, Monteiro et al.>* and Atalay
et al.*’ reported that smoking is not associated with preva-
lence of CAC. These disparate results may be due to the use
of different populations across studies.

Table 2 - Multivariate logistic model for association of
carotid calcification

Variables OR  CI9%% Wald P-value
Age groups

<40 years 1.000 - - -

40-55 years 4491 1.657-12.173 8.714  0.003

>55 years 4.408 1.330-14.615 5.885 0.015
Gender female 1.910 0.932-3.915 3.126 0.077
Hypertension 0.128 0.016-1.022 3.761  0.052
Diabetes 1.784 0.500-6.365 0.796 0.372
Diagnosis

Gingivitis 1.000 - - -

Periodontitis 0.892 0.392-2.026 0.075 0.784

Reduced periodontium 1.286 0.424-3.903 0.197 0.657
with gingivitis

CI, confidence interval; OR, odds ratio.
Statistical significant (P < 0.05).

According to a recent consensus report, periodontitis is
regarded as an important risk factor for developing carotid
atherosclerosis. There are several proposed mechanisms that
may link periodontitis and atherosclerosis. One such mecha-
nism is based on the direct participation of oral bacteria in
the pathogenesis of the atherosclerotic plaque. Another
potential mechanism is the activation of the host inflamma-
tory response that leads to increased serum levels of media-
tors such as C-reactive protein, interleukin-1f and 6, and
tumour necrosis factor-alpha®.

Studies of the relationship between periodontal disease
and CAC detected by DPRs used different assessment meth-
ods to define periodontal condition. For instance, some stud-
ies used an association between periodontal bone loss and
CAC,>*%%° whereas others evaluated the correlation between
CAC and periodontal risk.'>"® Periodontitis was diagnosed
using pocket depth, bone loss, and BOP values in only one
study.'* In the present study, periodontal disease was cate-
gorised into three groups using the latest World Workshop
classification system."” To the best of our knowledge, the
present study is the first published report to correlate the
findings of such calcifications with age, gender, diabetes,
hypertension, hyperlipidemia, smoking, and periodontal sta-
tus in the general population. In this study, we found no cor-
relation between periodontal disease and CAC. This result is
in agreement with the two studies performed with general
population samples®'? but inconsistent with the results of
the others conducted in older populations.®'* The relatively
younger population of our study may explain the absence of
an effect of periodontitis on CAC.

Angiography is the most accurate method to assess
atherosclerotic disease, but it is an invasive procedure.
Therefore, Doppler ultrasonographic examination is used
as a gold standard for diagnosis of atherosclerosis because
similar results to angiography can be obtained with this
non-invasive method. CAC can also be detected via DPR,
which is an imaging tool mostly used in dental practice.
However, a recent review reported wide variation in the
specificity of CAC detection by DPR compared to the gold
standard of carotid artery ultrasound examination.*!
Because of its retrospective design, Doppler ultrasono-
graphic examination could not be used in the present
study, which is a main limitation of the study. Other limi-
tations include the fact that it was a retrospective study
and had only a single radiologist. Lastly, in the advanced
stages of periodontitis, teeth are frequently extracted
because of the loss of supporting structure. In light of this,
the lack of the evaluation of tooth loss may be regarded as
a limitation of this study.

In conclusion, using DPRs, CAC was detected in 3.1% of the
patients, and the results of the current study showed no cor-
relation between periodontal status and CAC. The cause of
these results was likely particular elements of the study
design and study population. It is important to clarify the pos-
sible relationship between periodontitis and CAC with addi-
tional studies and to draw attention to this issue. Clinicians
should conduct routine DPRs in more detail to detect the
presence of CAC since broad use of DPRs may lead to early
diagnosis and can be life-saving for patients who are asymp-
tomatic. In addition, early detection of CACs by DPRs may
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allow for faster referral to a physician for further medical
evaluation.
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