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Abstract

Aim: The aim of the present study was to determine the prevalence of carotid artery calcification (CAC) in postmenopausal females
on panoramic radiographs and to study the correlation of CAC with possible risk factors such as hypertension, osteoporosis, and
hypercholesterolemia, among others. Materials and Methods: Totally, 1214 panoramic radiographs of postmenopausal females
attending the Department of Oral Medicine and Radiology were examined for the presence of CAC. The subjects were also assessed
for the presence of various risk factors and the possible correlation to CAC. Statistical analysis was done using Chi-square test,
and P < 0.05 was considered to be statistically significant. Results: Two hundred and seventy-eight postmenopausal females
presented with CAC and a prevalence of 22.9%. These patients presented with a medical history that was laden with risk factors,
of which hypertension (71.2%) was the most common risk factor. Hypertension, hypercholesterolemia, osteoporosis, and obesity
were significantly (P < 0.05) related to the presence of CAC while age, diabetes, and smoking were not significantly (P > 0.05)
related to CAC. Conclusion: The incidental finding of CAC on panoramic radiographs during the routine dental examination can
provide life-saving information for the identification of postmenopausal females who are at a higher risk for stroke. Oral clinicians
should, therefore, record a proper medical history of such patients to identify the atherogenic risk factors and refer such patients
to the physician for careful evaluation and conformation of the disease.
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INTRODUCTION

menopause is not synonymous of climacterium.!"
Menopause, an array of physiological effects, seen in the

Menopause, by annotation is the time at which cyclic  fifth decade of a woman’s life owed to the diminution in

ovarian function, as illustrated by menstruation, ceases. It
is a physiological state bequeathing rise to robust diversity
at systemic and oral level. The term menopause literally
means “without estrogen.” It is a physiological unfolding
portrayed by the enduring cessation of menstruation and
is often attributed by the term climacterium. However,
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estrogen output secondary to a bereavement of follicular
function. It has been implied by disparate studies that
menopause initiates a host of physiologic changes.* It is
well cited that calcified atheroma in the common carotid
artery can be ascertained in panoramic radiograph and
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this can succor as an imperative tool for early detection of
carotid artery calcification (CAC). Apperception of CAC
by panoramic radiograph proclaimed to be ranging from
0.43% to 9.4%, depending on the age and lifestyle of the
samples comprehended in the studies. The radiopaque
masses disclosed on OPG as CAC were more commonly
instituted in females, unilaterally or bilaterally."

The physiological changes connected with menopause and
different processes concord with aging result in women
being at a disproportionately high risk of developing stroke,
which has been accounted for to be the third driving motive
behind death in most countries after cardiovascular diseases
and cancer.l! Components are prompting carotid artery
atherosclerosis incorporate increasing age, systolic hypertension,
hypercholesterolemia, diabetes mellitus, obesity, physical
inactivity, coronary artery disease, and cigarette smoking more
than 20 packs/year.” Postmenopause female are established to
foster hypertension and carotid artery atherosclerosis as they
customarily mellow an atherogenic blood lipid profile during
menopause and because of increased hepatic lipase activity
and decreased low-density lipoprotein, both related to reduced
estrogen levels.”! Friedlander and Lande initially reported
the vicinity of CACs on panoramic radiographs.” Studies in
literature affirmed an expanded danger of extracranial carotid
calcifications in women after menopause and an increased
incidence of arteriosclerosis in women between 45 and 60 years
of age were also been reported."” The dental practitioners,
therefore, ought to have the competency to recognize such
findings and allude the patients to general physicians.

The aim of the present study was to determine the
prevalence of CAC on panoramic radiographs of
postmenopausal females and to study the correlation of
CAC with conceivable risk factors such as hypertension,
osteoporosis, and hypercholesterolemia, among others.

MATERIALS AND METHODS

One thousand two hundred and fourteen postmenopausal
females attending the Outpatient Department of the College
of Dentistry for various routine dental complaints were
incorporated in the study. All females aged 50 years or over,
with a history of cessation of menstruation for 12 months
were randomly selected for the study. A written informed
consent was obtained from all patients prior to the study.
Ethical Clearance was obtained from the Institutional Ethical
Committee. All the study subjects required a panoramic
radiograph for the evaluation of the associated dental problems.
Hence, in accordance with the ethical considerations none
of the patients were exposed to unwanted radiographic
radiations only for the study to identify the CAC. All panoramic
radiographs were taken with the Dentsply Gendex Orthoralix

9200 (Dentsply Asia, Milford, USA), and the magnification
factor was 1.23. All reported measurements were adjusted
according to this factor. The OPGs were evaluated for the
presence or absence of CAC. The OPGs with low diagnostic
qualities were excluded. The panoramic radiographs were
examined on standard light boxes, under good lighting
conditions, standardized screen brightness, and resolution to
determine the dental anomalies. The radiopaque nodular mass
which was adjacent to the cervical vertebrae, inside or below the
C3-C4 intervertebral disk level, or to the retromandibular area,
generally at an angle of 45° from the angle of the mandible,
which was independent of the hyoid bone was considered as
a CAC" The CAC’s wete scored as present or absent.

The subjects were also assessed for the presence of various
risk factors and were questioned about the time elapsed
since the cessation of menses, history of hypertension,
diabetes, high cholesterol levels, and smoking habits. One
hundred and seventy-nine patients of the total 1214 patients
were referred from the orthopedic department with a
confirmed diagnosis of osteoporosis. The patients were
thoroughly examined clinically and laboratory tests were
requested for the confirmation of the undetlying systemic
disease. Patients who reported a systolic blood pressure of
140 mm of Hg and diastolic blood pressure of 90 mm of
Hg and taking hypertensive drugs for the past 6 months
were considered as hypertensive patients. Those patients
who presented with a blood cholesterol level of >200 mg/dl
and currently taking medications for the same for 6 months
were regarded as hypercholesterolemic patients. Patients
who reported with a fasting blood sugat level of >126 mg/
dl over the past 6 months and taking medications for the
same were regarded as diabetic. Patients with a body mass
index of 27-29.9 were considered overweight and those
with a body mass index of >30 were considered as obese.

The data were entered using computer software SPSS 12.0
(SPSS Inc., Chicago, USA) and analyzed using the Chi-square
test,and P < 0.05 was considered to be statistically significant.

RESULTS

The study included 1214 postmenopausal females of age
50 years and above with a mean age of 62.47 * 5.27 years.
Totally, 617 patients were 50-60 years age group, 499
females were from 61 to 70 years age group and 98 females
were of age =71 years. Two hundred and seventy-eight
postmenopausal females presented with CAC with a
prevalence of 22.9%. A total of 126 (45.3%) patients
presented with calcifications on the left side [Figure 1], while
102 (36.7%) patients had calcifications on the right side
and 50 (18%) patients showed bilateral calcifications. Of
the patients from age group 50-60 years, 117 patients had

Qournal of Natural Science, Biology and Medicine | August 2015 | Vol 6 | Supplement 1) S2




Patil: Carotid artery calcification in postmenopausal females

Figure 1: Panoramic radiograph showing carotid artery calcification

CAC, 145 patients from the 61 to 70 years age group showed
CAC and only 16 patients of age 71 and above presented
with CAC. No significant (P > 0.05) difference was found
between the age of the patient and the presence of CAC.

These patients presented with a medical history that was
laden with risk factors, of which hypertension was the
most common risk factor affecting 198 patients (71.2%) of
the hypertensive patients [Table 1]. A total of 288 patients
presented with hypercholesterolemia, of which 202 (70.1%)
patients had CAC [Table 2]. Diabetes was present in 392
postmenopausal females, out of which 74 (18.1%) patients
showed CAC on panoramic radiographs [Table 3]. Of the 179
patients with osteoporosis, 84 (46.9%) patients showed CAC
[Table 4]. In the present study, a total of 319 patients normal,
596 overweight females and 299 females were obese [Table 5].
About 31.9% obese patients showed calcifications while 27.9%
normal patients and 16.8% over weight females presented
with CAC findings on panoramic radiographs. Statistically
significant (P < 0.05) difference was observed between
the correlation of hypertension, hypercholesterolemia,
osteoporosis, and obesity to the presence of CAC. Only 16
patients had the habit of smoking, of which only 3 had CAC.
There was no statistically significant (P > 0.05) difference
between smoking and presence of CAC.

DISCUSSION

Atherosclerosis is a radical inflammatory disorder that
may prompt to peripheral artery disease, coronary artery
disease or stroke. Atherosclerosis, leading to strokes
and heart attacks are a noteworthy well-being issue. The
prevalence of atherosclerosis associated with mortality
and morbidity is very high in developed countries is on the
ascent in developing countries.!"? Several components for
the stroke can be assembled as modifiable and unmodifiable
risk factors. The modifiable factors include hypertension,
diabetes mellitus, hypetlipidemia, obesity, smoking, and
carotid atherosclerotic disease, whereas the gender, age,
ethnicity, and heredity are unmodifiable factors.”! Early
detection of these risk elements reduces the morbidity
and mortality." The physiological changes connected with

Table 1: Correlation of CAC and a history
of hypertension

Subjects Number of Number of  Total (%)
patients with patients without
CAC (%) CAC (%)

Number of patients 198 (71.2) 321 (34.3) 519 (42.7)
with hypertension

Number of patients 80 (28.8) 615 (65.7) 695 (57.3)
without hypertension

Total 278 (22.9) 936 (77.1) 1214 (100)

CAC: Carotid artery calcification

Table 2: Correlation of CAC and a history
of hypercholesterolemia

Subjects Number of Number of Total (%)
patients with patients without
CAC (%) CAC (%)
Number of patients with 202 (70.1) 86 (29.9) 288 (23.7)
hypercholesterolemia
Number of 76 (8.2) 850 (91.8) 926 (76.3)
patients without
hypercholesterolemia
Total 278 (22.9) 936 (77.1) 1214 (100)
CAC: Carotid artery calcification
Table 3: Correlation of CAC and a history
of diabetes
Subjects Number of Number Total (%)
patients with of patients
CAC (%) without CAC
(%)
Number of patients with 74 (18.9) 318 (81.1) 392 (32.3)
diabetes
Number of patients 204 (24.8) 618 (75.2) 822 (67.7)

without diabetes

Total 278(22.9) 936 (77.1) 1214 (100)

CAC: Carotid artery calcification

Table 4: Correlation of CAC and a history
of osteoporosis

Subjects Number of Number of Total (%)

patients with patients without

CAC (%) CAC (%)

Number of patients 84 (46.9) 95 (53.1) 179 (14.7)
with osteoporosis
Number of patients 194 (18.7) 841 (81.3) 1035 (85.6)
without osteoporosis
Total 278 (22.9) 936 (77.1) 1214 (100)

CAC: Carotid artery calcification

Table 5: Correlation of CAC and BMI

BMI Number of Number of patients Total (%)
patients with without CAC (%)
CAC (%)
Normal 89 (27.9) 230 (72.1) 319 (26.3)
Overweight 100 (16.8) 496 (83.2) 596 (49.1)
Obese 89 (31.9) 210 (60.1) 299 (24.6)
Total 278 (22.9) 936 (77.1) 1214 (100)

CAC: Carotid artery calcification, BMI: Body mass index
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menopause and other age-related procedures in females
frames the danger of creating a stroke. Epidemiologic
studies have shown that 16% women die of a stroke, when
contrasted to only 8% of men who die of stroke."! Most
of the strokes result from ischemic cerebral injury due to
thrombus or emboli formation.

Carotid artery calcification, particularly close to carotid
bifurcation can result in a stroke."" Panoramic radiographs
are routinely used as a part of the assessment of patients
with dental problems and have discovered to be valuable
in detecting the atherosclerosis. CAC may be seen in
the standard panoramic radiograph adjacent to the
cervical vertebrae at the level of the C3-C4 intervertebral
intersection or to the retromandibular area, by and large
at an angle of 45° from the angle of the mandible,
independent of the hyoid bone. They may seem as either
a radiopaque vertical line or nodular radiopaque mass
inferior to the angle of the mandible."!! The adequacy of
panoramic radiography has been established by disparate
studies done to assess their proficiency in the diagnosis of
CACs in the patients without symptoms but with a high
risk of stroke. The findings of these studies demonstrated
that panoramic radiography is more commonly used, least
expensive and easier when contrasted with the previous
diagnostic methods and is considerably less invasive.l" It
must be noted that CAC must be located in the radiography
field for it to be viewed on the radiograph, as lack of
awareness of this may bring about erroneous selection of
patients with or without the calcification.)

The present study evaluated the incidence of CACs in
postmenopausal females aged 50 and older. The mean age
of the patients in the present study was 62.47  5.27 years.
The present study revealed that 278 postmenopausal females
presented with CAC with a prevalence of 22.9%. Cohen ¢z al.
studied 1879 panoramic radiographs of males >55 years of
age and reported a prevalence of 3.8% for CAC.I"" Uthman
and Al-Saffar showed a prevalence of 38.8% in patients with
stroke-related diseases and 11.6% prevalence of CAC in
patients without stroke-related diseases."”! They showed an
equal gender predilection for CAC. Taheri and Moshfeghi
revealed a prevalence of 11.0% in 200 postmenopausal
women, which were much lower than the findings of the
present study.l) Tanaka ¢# a/ evaluated 659 panoramic
radiographs from 80 years old subjects and reported a
prevalence of 4%." The related prevalence among females
was 0.2%, which was also much lower than the findings of
the present study. Contrasts in the prevalence rates in various
studies may be identified with differences in gender, race,
the study span, and sample size.

In the present study, 45.3% patients presented with
calcifications on the left side while 36.7% patients had

right-sided calcifications and 18% patients showed
bilateral calcifications. No statistically significant relation
(P > 0.05) was found between the presence of CAC and
the side of involvement, similar to the findings of Taheri
and Moshfeghi.l! They showed a prevalence of 40.9%
of CAC on the right side, 31.8% on the left side, and
27.3% on both sides. Uthman and Al-Saffar also reported
a nonsignificant relation of CAC and the side involved,
however, they reported a higher incidence of bilateral
calcification when compated to unilateral calcification.'”
Whereas, Ohba ¢7 al. reported calcification involvement
to be 3 times more prevalent on the right side than on the
left side in a Japanese population."” The distinction in the
side involvement can be explained by the way that carotid
bifurcation level contrasts in connection to the cervical
vertebrae and also the right and left sides. In addition,
bifurcation levels on the level of C5 may not be noticeable
on the panoramic radiograph.

Cohen ¢ al. reported that 86% of the observed CAC’s
are present in patients with at least one risk factor for
cerebrovascular disease with significant differences
between the two groups.'s A statistically significant
difference was observed between the presence of CAC
and history of hypertension in the current study (P <
0.05), similar to the findings of Taheri and Moshfeghi and
Uthman and Al-Saffar.*'7 However, Tanaka ez 4/ did not
report any statistically significant correlation between the
presence of CAC and high blood pressure. This could be
credited to race and age differences of patients selected
for the study.!"

In the present study, 288 patients presented with
hypercholesterolemia, of which 202 (70.1%) patients
had CAC and this correlation was statistically significant
(P < 0.05). The finding of the present study was similar
to the findings of Taheti and Moshfeghi,l’ Uthman and
Al-Saffar,l'”! and Tanaka e# a/!" who also reported a
statistically significant difference between the presence of
CAC and high cholesterol levels. Totally, 27 patients of the
36 patients with hypercholesterolemia presented with CAC
in their study on 200 postmenopausal women. The vicinity
of CAC in hypercholesterolemic patients is legitimized by
the way that the fat accumulation in atherosclerotic plaque
is mainly of cholesterol and its esters.)

Cardiovascular disease and osteoporosis are common
age-related conditions. There has been an increase in
the biological and epidemiological proof to bolster the
connection between the two diseases. Low bone mineral
density has been related to increased cardiovascular
mortality, morbidity, and subclinical measures of
atherosclerosis in various epidemiologic studies.***?!
Previously, it has been shown that low skeletal bone mineral
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density in postmenopausal females’ results in endothelial
dysfunction which is the first phase of atherosclerosis.”!
Since calcification in the vascular walls is the last stage of
atherosclerosis, it is plainly apparent that elderly males and
females with such calcifications may have an expanded
risk of osteoporosis or fractures. Friedlander e 4/ initially
demonstrated a significant inverse association between
CAC detected on panoramic images and femoral neck bone
mineral density measured using dual X-ray absorptiometry
in postmenopausal white females.” The findings of the
present study also demonstrated a significant (P < 0.05)
relation between osteoporosis and presence of CAC.
It is troublesome in clinical practice to allude every
postmenopausal women for bone mineral density testing
when considering the cost-effectiveness, along with
the limited facilities and scarcity of trained technicians.
The incidental perception of CAC on dental panoramic
radiographs recommends a high-risk of osteoporosis;
however this has been utilized to identify eldetly people
with a high-risk of cardiovascular diseases and might be a
useful indicator to identify asymptomatic individuals who
should be referred to medical professionals for further
examinations for osteoporosis.!'**!

The correlation of diabetes mellitus with the presence
of CAC was not statistically significant (P > 0.05) similar
to the findings of Taheri and Moshfeghi.l! However,
Uthman and Al-Saffar, who assigned diabetic and
hyperlipidemia patients to a metabolic group, showed
significant differences regarding the increased incidence
of CAC in patients with metabolic diseases.!'” Friedlander
and Maeder when compared 49 diabetic patients aged
55 years old and higher with no previous history of any
cerebrovascular event with 314 controls, reported CAC in
20.4% of diabetic patients.” The overall relative risk of
stroke and recurrent stroke were reported to be greater
in patients with diabetes mellitus.” Larger, multicenter
studies with accurate tests of blood sugar levels and similar
laboratory circumstances are needed to establish a precise
relationship association between diabetes and CAC findings
on panoramic radiographs.

Association of obesity with atheromas in the carotid
artery was also significantly (P> 0.05) related, with 31.9%
of obese patients with calcifications. Thus, obesity may
be considered a potential risk factor for cerebrovascular
events. Notwithstanding, Friedlander and Altman did not
report any measurably noteworthy distinction between
obesity and presence of atheromatic plaques in the carotid
arteties.”) Kumagai ¢7 a/. found a relatively higher prevalence
of CACin smokers (14.1% males and 14.3% females) when
compared with nonsmokers (4.8% males and 9.0% females)
on panoramic radiographs.” The higher incidence of CAC
in male smokers was fundamentally related while there was

no factually noteworthy connection in females, similar to
the findings of the current study. Taheri and Moshfeghi also
reported no significant association between smoking and
CAC.Y However, it can be asserted that the combination
of age and smoking status might influence the prevalence
of CAC findings on panoramic radiographs.

Dental practitioners ought to have the competence to
diagnose CACs and be able to identify and distinguish them
from various anatomical structures such as thyroid cartilage,
cricoid cartilage, triticeous cartilage, submandibular lymph
nodes, hyoid bone, styloid process, stylohyoid ligament,
stylomandibular ligament and other pathological lesions
observed in this region.”” The morphology of CAC can
be confused with the above structures by an inexperienced
clinician and frequently cause ambiguity. Substantiation of
CAC must be conducted with cervical spine radiographs,
angiography or Doppler ultrasound analysis and imaging; ™"

The present study demonstrated a prevalence of 22.9%
CAC in postmenopausal females, who were associated
with one or more atherogenic risk factors. It is not only
hormonal changes but also natural phenomena such as
puberty, pregnancy, and menopause that incline women
to many disease conditions. Along these lines, panoramic
radiographs ought to be precisely analyzed in the area of
the carotid artery in patients with systemic disease such
as hypertension, osteoporosis, diabetes, etc., as well as
those with absence of any symptoms. Further studies with
larger sample size, in diverse population among various
other high-risk groups are encouraged. The limitations
of panoramic radiography ought to be considered when
detecting CAC. Hence, factors such as obesity, high
cholesterol levels, smoking, and hypertension may provide
further information than CAC’s among dental patients.
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